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STRUCTURE OF SCIENTIFIC PROGRAMME OUR THOUGHTS
Our warm and hearty welcome to all delegates for the XX World's Poultry Congress
being held at New Delhi, India during 2-5 September 1996. In this connection, it is
desirable that we say few words on philosophy and the basic concepts of the organization
of the Scientific Programme of the Congress.
An international meet of the kind we are having now, can be structured in following
ways :
a) Highlight purely academic matters covering the subject of the concerned Congress.
b) Developing discussions covering several subjects focussing on a problem or
issue oriented structure.
c) Amalgamation or combination of above two to give a meaningful interpretation
and correctional measures of technical or academic validity with a view to solve
the practical problems that are faced by the industry or a common man.
Obviously, the first two approaches have some advantages and some
disadvantages.When the structure of a scientific congress delves only on pure academic
matters, there is an ample opportunity for the scientific body to go into indepth
discussions on a subject to promote basic understanding of the issue in question. For
instance, if one talks on some of the biotechnical phenomena like gene-splitting,
production of transgenic individuals, etc., the scientific community will have a hayday to go deeper and deeper in their discussions. Bold and sometimes unbelivable
theories will be analysed, newer concepts will be expounded and the academicians
may either arrive at or succeed to emphatically differ even on basic or fundamental
concepts. All this, while the scientist concerned with applied aspects will practically
sit through the proceedings - uncomprehending , uninformed and unenlightened. This
is not decrying the significance of fundamental issues of science or technology. After
all, progress made in science automatically leads to improved technological innovations
which are the backbone of practical apphcations in field situations.
On the other hand, if one chooses to structure a scientific congress based primarily on
issue-oriented topics, response from the academicians would be different. For example,
consider the case of "Broiler Ascites" - an issue with which we are all immensely
concerned. In this case, different scientists would react differently. The farm scientist
will find fault with feed, the climatologist will blame anoxia or altitude, the
physiologists will blame pulmonary hypertension and the anatomist will blame the
ratio of ventricular weight to body weight. Not to be left behind, the molecular geneticist
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would butt in with his theory that gene modulations will overcome the problem. None
of the above can be a cause, if considered in isolation. The applied scientist or a
practitioner is looking at the issue from one angle while the theoretical scientist views
it from the other. The cause and the effects notwithstanding, the real answer to a
question is evasive. This examplifies the drawback of problem or issue-oriented
approach.
The purpose of a Congress is best served if there is a meaningful amalgum of both
theory and the practice, the former offering irrefutable answers to the latter. It is this
approach we have tried to adopt while structuring the scientific component of the
present Congress.
We have two scientific Symposia, one on FAO sponsored "Rural Poultry Development"
and the other the present burning poultry health problem, i.e. "Infectious Bursal
Disease". Under no circumstances, they can be termed as high-strung scientific
exercises although in the IBD Symposium, a sprinkling of scientific discoveries would
be discernable. The six Plenary Sessions in the Congress are devoted to six major
components of the profitable poultry production viz. breeding, management, nutrition,
health cover, product technology, marketing and financing poultry operations etc. - all
down to earth operations of practical importance and of great significance to the industry.
These represent highly practical problems faced by the farmer day in and day out and
hopefully practical solutions will be investigated and discussed. In FAO Symposium,
issues and problems of different nature, even from the point of view of the developing
countries e.g. India, Africa and Bangladesh, are examined. In addition, we have seven
well structured Technical Sessions devoted mostly for discussion of the latest scientific
advancement and the discoveries, particularly in the realms of Poultry Genetics
and
Breeding, Physiology and Nutrition, Poultry Diseases and health cover and
Other Avian Species. As regards Poultry Management, transfer of technology. Poultry
Products Technology, Marketing and Planning and Policy for Poultry Development,
one will notice a mix of scientific knowledge coupled with practical experinence. They
should find great interest amongst poultry practitioners. The seven major topics will
have sub-sessions totalling 40 individual sessions. Thus, while scheduling the
Programme of the Congress, we have tried to bring out a balanced structure, taking
care of both the technical and practical aspects of very important topics of Poultry
Science. The discussions and deliberations will show whether we succeeded in our
endeavour.
We tried to invite almost all well-known poultry scientists in their area of their
specialization. Some had other preoccupations. Several topnotch scientists in poultry
health were not available as they had earlier committed to attend the International
Symposium on Marek's Disease being held in U.S.A. at the same time as our Congress.
Despite these problems, we seem to have fairly succeeded in getting positive response

from most of the outstanding scientists in almost every area of Poultry Science.
Besides Universities, we have also speakers from the industry. Scientists from about
50 countries are to present about 300 scientific papers in the Congress. Key speakers
have been allotted fifteen minutes each and oral presentations ten minutes each. We
fondly hope that all speakers will follow the given time schedule so that sufficient
time is available for discussions amongst delegates. The success of the Congress
largely depends on their cooperation and help in this regard.
Separate sessions on display of "Scientist Posters" and "Student Posters" have been
arranged. In each category, five Best Poster Awards are being given.
The présent Congress is first of its kind to be organized in a developing country . In
view of this, special emphasis was given to invite as many scientists as possible from
Africa, Asia, Far East and Latin America to bring to the world's notice the problems
faced by their countries and to search out solutions. Thus we expect to have a wide
spectrum of scientific opinions and thoughts and a fruitful interaction between the
delegates.
The proceedings consist of four volumes incorporating Chairmen's Papers, Keynote
papers, papers selected for Oral Presentation and selected abstracts.
We have received 970 abstracts from different countries of the world. Some of them
were selected for Oral Presentation, and a large number invited for Poster Display.
All selected abstracts and papers received from students participating in the
International Youth Programme, in which 92 students are participating during the
Congress, are also being published in Conference Proceedings. A separate book on
the "Programme of the Congress" and "The list of participants" is also being published.
Organizing an International Congress is no small task. We are fortunate that most of
the outstanding poultry scientists from both the developed and developing countries
have readily and sponteneously responded and contributed to the Congress. We are
grateful to all of them.
The Scientific Programme Committee and the Editorial Committee have had a
stupendous task of selection of programme contents and suitable speakers. The
work also involved ensuring their participation, receiving and processing the papers
and abstracts, editing and getting them ready for publication in good time. The fact
that these proceedings are in your hand is an ample testimony to their efforts. The
WPS A (IB) greatly appreciates the help of the Committee Members.
We would like to mention to all speakers that their papers have been processed for
publication in the Conference Proceedings with very minor editorial changes as were
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considered desirable to ensure clarity, conformity and uniformity. We sincerely hope,
they would not have any objections for these small changes made by us.
At the Secretariat, this gigantic task was ably shared by a team of willing and efficient
Scientist colleagues viz. Dr. P.V. Rao, Dr. R.G. Dhawedkar, Dr. A. N. Sawhney and
Dr. R A. Deore for meticulous scrutiny and preparations for the proceedings. We
are also grateful to the secretarial staff for their constant help more specifically Mr.
M.V. Pimpalkhare, Ms. Daya Salgaonkar, and Mrs. Lata Joshi and others who bore the
brunt of all the secretarial work, typing of the manuscripts and attending to all related
correspondence. The WPSA (IB) expresses its deep sense of appreciation to them.
In the midst of our work, we had a severe jolt. In January 1996, we lost Dr. B.V. Rao,
- our President, mentor, guide, friend and philosopher who was mainly responsible for
bringing XX World's Poultry Congress to India. We would like to dedicate our
efforts and these Conference Proceedings to the memory of this great man who
cherished a desire to bring Indian Poultry Science and Industry on the International
map.
We hope you will have interesting, informative and fruitful deliberations during the
Congress. We also hope that you would enjoy attending the Congress and more
intimately know India and its people.
B.S. SATHE
Secretary General
XX World's Poultry Congress 1996, India
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B. K. SONI
Chairman
Scientific Programme Comittee

Activities of the Executive Committee of the
World's Poultry Science Association 1992-1996
Committee meetings
The Executive Committee of the WPS A has met amiually on the following occasions:
immediately before the XlXth World's Poultry Congress in Amsterdam, The
Netherlands in 1992; immediately after the Conference of the Asian Pacific Federation
in Seoul, Korea, in 1993; just before the 9th European Poultry Conference in Glasgow,
Scotland in 1994 and just before the 11 th International Symposium on Current Problems
in Avian Genetics "AVIAGEN '95" held near Krakow, Poland in 1995. The minutes
have been published as follows: World's Poultry Science Journal 49:199-204 (1992
meeting); 50:91-95 (1993 meeting); 51:106-109 (1994 meeting); 51:358-362 (1995
meeting). In addition, in each of the past four years, there have been other meetings
involving the President and two or three members of the Executive Committee at which
various administrative matters relating particularly to aspects of WPSA promotion,
WPS Journal production and Association finance have been considered. Where policy
issues have arisen, these have been referred to meetings of the Executive committee.
The President
The period under consideration has been marked by great activity on the part of the
President, Dr Piet Simons, who has travelled to many countries each year in order to
support local branches, encourage the formation of new branches and to promote the
principles and ideals of the WPSA. His endeavours have been successful in helping to
maintain the level of WPSA membership during a period when many areas of the
world have been affected by recession. However his achievement in terms of stimulating
the formation of new branches has been remarkable. At the beginning of 1992 there
were 40 branches, by the early months of 1996 there were 52.
Conferences
Following the enormous success of the XlXth World's Poultry Congress in Amsterdam
in 1992, the WPSA Executive Committee was particularly pleased to observe the success
of the subsequent regional Conferences in Seoul (1993) and Glasgow (1994) - organised
respectively under the aegis of the Asian Pacific and European Federations. The fact
that so many worthwhile symposia and conferences continue to be organized by
individual branches and the two Federations is testimony to the strength of the
Association. The Executive Committee has been much impressed by the enthusiasm
of the India Branch in its preparation for the XXth Congress in New Delhi, but shares
with its members the great sadness following the sudden death of Dr B.V. Rao on
January 26th, 1996.
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Journal production
During the period under review, major changes have been introduced to the way in
which the World's Poultry Science Journal is published and distributed. For the five
years up until the end of 1993 this was undertaken on behalf of the WPS A by
Butterworth-Heinemann. Because of the high cost of this arrangement, and in order to
achieve greater flexibility, other options were investigated. The outcome was to enter
into an arrangement with Watt Pubhshing of Mount Morris, lUinois, USA in which
they printed and distributed the journal and the WPS A became the publisher.
Unfortunately, there have been inevitable difficulties arising from the many consequent
changes and these have led to delays in publication. For details see the Editor's annual
reports for 1993 and 1994, Worid's Poultry Science Journal 50:321 and 51:240-241.
While the new arrangement has been beneficial and an excellent relationship has been
established with Watt Publishing, recent further changes have involved the transfer of
printing and distribution to a company in the Netherlands. With the strengthening of
the Editorial team by the appointment of an Assistant Editor at the beginning of 1996
(Dr Peter Lewis, University of Bristol, UK) the future prospects for WPSJ are excellent.
Membership records
For several decades, the task oÇ keeping the Association's membership records up-todate has presented problems. Apart from the small number of non-branch members,
the system that has been followed since the branch structure became established has
been for Branch Secretaries to keep local records and to inform the Association Secretary
promptly of changes. The importance of promptness can be appreciated by the need to
ensure that copies of the WPSJ are sent to those who are current members of the
Association at their correct addresses. Accurate membership records are also vital in
the process of determining the membership dues sent to the Association each year.
The four years under review have seen considerable progress in improving the
Association's membership data base and in the way in which information is prepared
for the despatch of journals. However, severe difficulties continue to arise because
some branches fail to keep good records and/or fail to let the WPSA Secretary know
when there are changes. This was a factor contributing to the delay in preparing the
Association's Membership Directory, published earlier this year.
Finance
Arising from the financial difficulties affecting the Association at beginning of the
past four-year period, several steps were taken to improve the situation. The fact that
by the end of 1994 the Treasurer was able to be reasonably optimistic in his report is a
measure of the success of the policies that have been followed (World's Poultry Science
Journal 51:239-240). Reference has been made above to the changes in the publication
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arrangements for the WPSJ. These have resulted in considerable cost savings. With
regard to income, two actions have been significant. Firstly, assisted by a new system
of annual invoicing, the process of collecting dues from branches has been improved,
and more branches are helping by responding promptly. Secondly, by actively
publicising the problems being faced by the WPSA in producing and distributing the
its journal, over 80 organisations and individuals around the world became sponsors of
the World's Poultry Science Journal, each contributing $500 annually, or sometimes
more. Among the sponsors, listed in each issue of the journal and in the Membership
Directory, are many national and international companies. For the generous help of
sponsors, the Association extends its grateful thanks.
Newsletters
In 1993 the President initiated a series of annual Newsletters, appointing Peter Hunton
(Senior Vice President) as Editor. The purpose is to help keep Sponsors of the Journal
and Branch Secretaries up-to-date with activities within the Association. It is hoped
that in the years ahead the Newsletter will develop and become firmly established as
an information source.
The future
At the time of writing, many members of the Association are looking forward to the
gathering in New Delhi for the XXth Poultry Congress. Many will be visiting India
for the first time and be able to appreciate the friendliness of its people, its great historic
culture and the wealth of opportunity that exists in this huge country with a poultry
industry that is at an early stage of development. The scope in all areas of activity is
vast and will provide a further dimension as delegates from many countries meet to
exchange information and ideas, develop understanding and explore opportunities for
subsequent liaison and collaboration. For those in commerce, the tremendous size of
the market in India will enhance the impact of the nearby International Poultry Exhibition
and provide great scope for increased trade and the development of business
opportunities.
The World's Poultry Science Association is in a strong position to make good progress
in the remaining years of this century and in the next millennium — following the
XXIst World's Poultry Congress in Montreal, Canada in 2000. There are enormous
opportunities for improving the living standards of many millions of people through
the development of poultry industries in many parts of the world. Although the
Association has over 50 branches, there remain many countries where the establishment
of a branch has still not been achieved, and others where great benefit would arise
from increased WPSA membership and greater branch activity. In countries with well
established poultry industries, many excellent WPSA meetings have been planned for
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the years ahead. Within the Executive Committee much thought is being given to
providing WPSA members with a wider range of information. Part of the outcome is
likely to be a return to four issues of the journal each year. The information technology
and information transfer revolutions that are taking place provide many opportunities
as well as challenges which the WPSA does not intend to ignore. Basic information
about the WPSA is already available on Internet.

Chris Hann
Editor, W.P.S.A.
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SYMPOSIUM -1
RURAL DEVELOPMENT WITH A FOCUS ON
EMPLOYMENT, INCOME AND ROLE OF WOMEN

STRATEGIC
FEEDING
SUPPLEMENTATION
THROUGH LOCALLY AVAILABLE RESOURCES
C.V. Reddyi and S. QudratuUah^
^Formerly Professor in Poultry Science and Dean,391/3 R.T, S.R. Nagar
Hyderabad-500038 (A.P.) India
^Department of Poultry Science, College of Veterinary Science, A. P.
Agricultural University, Hyderabad 500038 (A.P.) India

Although large and medium scale layer and broiler units in developing nations
are growing at least 10% annually since last decade, the contribution through
meat and eggs is estimated to be about 50% from the trditional small scale backyard
units including free range birds. The local Governments in most of the Asian and
African countries also encourage small poultry units through subsidized programs
to serve as sources of income, employment and proper nutrition to the village
families. The shortage of the conventional raw feed materials (maize, wheat, oil
cakes, fish meal etc) for production of meat an eggs from rural poultry can be
overcome significantly through supplementation of some novel feed resources like
millets, fruits and vegetable wastes, shrub leaves, insects, termites, earthworms,
and aquatic plants which can serve as good sources of protein, energy, vitamins
and minerals. But appropriate technology has to be developed to improve the
skills of the users through proper training and maximum utilization of
environmental feed resources for sustainable village poultry. There are two
approaches for possible future research and development to aid feed and poultry
production in developing countries: 1) to assist large scale commercial poultry by
reducing feed costs through utilization of alternate feed resources and 2) to improve
the efficiency of small scale village poultry by supplementing locally available
novel feed resources.
INTRODUCTION
The world wide increase of meat and eggs derived from poultry during the last decade
is remarkable. Poultry research, multi-lateral, bilateral and the local government aid
and technology transfer have all supported this development. In recent years, the main
goals in poultry research were to solve problems for the factory like 'Intensive Systems'
of production of highly valued commecial strains. The beneficiaries of this development
have been all too few in the developing countries. This intensive system involving
high technology and automation with 'High External Input' (HEI) dominating the
poultry industry of the developed countries is not necessarily appropriate and sustainable
to densely populated developing and the third world countries.

PRODUCTION SYSTEMS
In recent years, eggs and poultry meat in many developing countries especially in Asia
and Africa have constituted important components of human diet. Today's poultry
industry as practiced in the third world and other developing nations including India
can be broadly classified into two systems. (1) 'Intensive' or industrialized commercial
farming (2) 'Extensive' or traditional farming. The intensive or industrialized
commercial farming which exists in and around metropolitan and urban cities utilize
sophisticated high technology characterized by high yielding commercial strains,
environmentally controlled housing, automated feeding and management practices.
Depending on the size of poultry and level of technology employed, the intensive
farming can be further classified into three sub-systems, a) Very large scale commercial
farming (having 100,000 birds more) b) Large scale commercial farming (50,000 to
100,000 birds) c) Medium scale commercial farming (10,000 to 50,000 birds). These
commercial units requiring HEI are mostly managed by resource-rich people who cater
to the needs of urban areas and export markets. The intensive systems of production
can negatively affect the resource-poor rural people by competing and suppressing the
utilization of locally available feed resources, by altering familiar working patterns
and by increasing unemployment and by degrading nutrition to rural people and hence
we will not deal with this system in this paper.
In the 'extensive' traditional farming system, flock sizes of 10-20 birds in Africa, 2050 birds in Bangladesh, 50-100 birds in Pakistan, and 1000-5000 birds in India and
China seem to be typical to day as small backyard units in many rural areas. It is
reported (Parrel, 1992) that almost 75% of eggs and poultry meat produced in Africa
and 50% of eggs produced in South Asian countries are derived from rural poultry
raised on traditional farming system. In China 80% of birds belong to local breeds
raised in rural areas whose average yield is around 120 eggs/year. Therefore depending
on size of unit and method of management, the 'extensive' system of poultry farming
which exists in rural areas of Africa, Asia and the Pacific can be further classified into
three sub-systems, a) Small scale units (5,000 to 10,000 birds) b) backyard units (1000
to 5000 birds) c) Scavenging or free range units (50 to 1000 birds). Although, the
intensive commercial layer and broiler farms have grown much faster in the last decade
in some countries (China, India, Pakistan, Thailand, some South East Asian nations),
the eggs and poultry meat produced by the 'extensive' traditional sector employing
mostly 'Low Internal Inputs' (LII) has become common in rural areas of Africa and
many South Asian nations. The traditional farming systems employ mostly well-adopted
indigenous or cross-bred chickens to which minimum inputs are used from local
resources for their management, feeding and housing. The small holder units maintained
by resource-poor small and marginal farmers are considered useful not for mass food
production but as an important source of employment and income and bridging the

nutritional gap through supply of eggs and poultry meat to a large number of rural
people. They can also be integrated into existing farming systems and can assist rural
women to fully engage themselves and achieve some level of economic independence
and autonomy within the household. Since feed is the major cost item in any system
of poultry production, we will discuss here more about using locally available feed
resources in the traditional systems for a sustainable rural poultry farming.
PRESENT FEED SITUATION
Maize, wheat, barley, oats are the most commonly used energy-rich feed stuffs in
conventional poultry diet. But their production in Asia, Africa, and Pacific nations has
never been adequate both for human consumption and industrial use. Hence, there is
a severe shortage of cereals for use in poultry feeds. Similarly the cost of conventionally
employed vegetable oil meals/cakes (soybean, peanut, sunflower, sesamum, rape) and
animal proteins (fish meal, meat meal) are highly prohibitive and their supply is
inconsistant. Therefore, there is a continuous search for some novel energy and protein
sources of foods to sustain the traditional village poultry farming. The potential
availability of some energy-rich feeds (milling by-products, roots and tubers, molasses,
mango seed kernel, salseed meal etc) used by rural household units and scavening
birds in various regions of developing nations is shown in Table 1.
Table 1. Potential availability of some novel energy-rich sources in developing nations
Feed stuff

Rice by-products
Wheat by-products
Sorghum
Millets
Cassava

Sweet potato

Molasses

South
Asia

South
East
Asia

China

Middle
East

Africa

Pacific

+
+
+
-1-

(except
India)
+
(except
Pakistan)
+
(except
Fiji)

Mango seed kernel
Dates
Salseed meal

+

(except
India)

NOVEL ENERGY RICH SOURCES
Millets and Milling By-products
Millets which are small seeded coarse cereal grains generally contain more protein
and high fiber than maize and wheat. Asia accounts for about 48% of world millet
production- China, India, Pakistan, Burma and Yemen being the major producers. They
have high levels of tannin and can replace maize at levels ranging from 20-40% (Asha
Rajini et al., 1986, Reddy et al., 1989) with better growth and fed conversion in chicks.
Pearl millet (Pennisetum typhoïdes), Ragi or finger millet (Eleusine corocana) sorghum
or milo (Sorghum vulgäre) are cheaper energy sources than maize and wheat and can
serve as ready choices to provide energy for rural poultry (Table 2). Important byproducts like broken rice, rice polishings, rice bran and wheat bran obtained in the
milling processes also serve as good sources of energy, B-complex vitamins and trace
minerals. They can be included at 10-20% level depending on the nutritive value and
still maintain optimum growth, egg production and fed conversion (Narhari et al. 1981).
Replacement of maize by par-boiled rice bran at 20% level has also not resulted in any
adverse effects on the performance of chicks (Gohl, 1981; Eswaraiah et al., 1986).
Table 2. Replacement of maize by millets and milling by-products on broiler performance
Type of
cereal used
Maize (37.5%)

Body wt at
8 weeks (gm)

F.C.R.

1185^

2.53*'

References

Complete replacement by
Sorghum (Jowar or Milo)

1277^

2.47^

Asha Rajini

Finger millet

OÓQ*^

2.50^"

et al. (1986)

Pearl millet

1356'^

2.40^

Maize (48%) replaced by

1052^

2.27^

Rice polishing (20%)

1067^

2.34^

Rice polishing (30%)

1009^

2.45"

Narahari

Rice polishing (20%)

1066^

2.30"

et al. (1981)

Roots and T\ibers
The most important in this category is cassava (Manihot esculenta) commonly grown
as a subsistance food crop for humans in most developing countries accounting for
about 18% of cereal supply in human diets. Tapioca, a product made from cassava
roots is usually processed into chips, flour or pellets for animal and poultry feed as a
cereal substitute. Cassava root meal is rich in energy, low in fiber but has only 3%
crude protein. One disadvantage with this meal is its cyanogenic glucosides which
liberate HCN and which is toxic to poultry. Gowdh et al., (1989) observed that boiled
tapioca meal can replace maize completely resulting in better weight gains of broiler
chicks (Table 3). In some African countries, dried sweet potato and several yam species
are grown extensively for their starch value. They are used upto 30-35% level in broiler
Table 3. Performance of broiler chicks fed on differently processed tapioca meal
Corn : Tapioca
Types of tapioca

100:0

Control
Raw tapioca
Autoclaved
Boiled
Fermented
Soaked

0:100

50:50

Wtgain
(gm)

F.E.R.

602^"^''

1.97

Wt. gain
(gm)

F.E.R.

Wt. gain
(gm)

F.E.R.

612^^^
61 ó'^^
643'»
589'''^

1.98
1.91
1.81
1.86
2.00

558^^'
585^^^
620'='»
524^

1.90
1.97
1.84
2.11
2.00

Source : Gowdh et al., (1989)

diets without any adverse effects on their performance. The peels are also used by
scavenging birds. Taro (Colocasia esculenta), gaint taro (Alocasia macrorrhiza) and
tannia (Xanthosoma sagittifolium) are some energy rich aroids grown in India, China,
Japan, and Philippines and their energy content is almost equal to maize (Ravindran
and Rajguru, 1985). Their studies indicate that cooked taro meal can be included upto
10% level in poultry diets but calcium supplementation seems to improve the
performance of backyard and scavenging birds (Table 4).
Fruits, Fruit and Vegetable By-products
Some important fruit and fruit by-products abundantly available in China, India and
Pacific nations are bananas and plantains which are largely wasted during collection.

transport and preservation. Other fruit wastes like guova, orange, mango etc. which
are seasonally available in some Asian countries are good sources of energy and vitamin
A. Some common vegetable wastes like cabbage, tomato, carrot, cauliflower can also
be usefully employed as good sources of energy and vitamins for rural poultry.
Other Agro-industrial By-products
Mango seed kernel meal, a residue obtained from mango seeds (Mangifera indica) is
rich in carbohydrates but has a high tannin content (0.4 - 0.5%). The tannins can be
removed through soaking or boiling and treated mango seed kernel meal can be
Table 4. Performance of WL chicks fed taro-corn meal (TCM)
Diet

Trial 1
Control (maize)206''
10% uncooked TCM
10% cooked, unpeeled TCM
10% cooked, peeled TCM
Trial 2
Control (maize)211^
20% uncooked TCM
20% cooked, unpeeled TCM
20% cooked, peeled TCM
l%CaCO,

Wt. gain
(gm)

Feed intake
(gm)

430

2.90^

166'^
183^
201^

365
405
420

455

2.16^

155'^
182*^
195''

370
440
440

FCR

2.20'
2.21'
2.09^

2.38'
2.42'
2.25'

Source : Ravindran and Rajguru, (1985)

employed to replace maize upto 25% in poultry diets (Reddy, 1975). India is the largest
producer of mangoes accounting for about 60% of world total production and has high
potential for processing mango seed as feed for manogastric animals. Date palm
(Phoenix dactylifera) is the major crop in hot, arid lands of Persian Gulf and African
countries. Ground whole dates are very rich in energy and suitable for poultry feeding
at 30% level. Salseed meal (Shorea robusta) after extraction of oil contains 10% crude
protein and has similar energy value to that of maize. But it has high content of tannins.
Baruhah et al., (1978) reported that tannins can be removed by boiling salseed meal
in hot water and can be included in chicks and layer diets upto 5-7% without any
adverse effects. Molasses which is a by-product of sugar industry in many parts of
Asia, Africa, Pacific and Latin America is profitably employed upto 3-5% in layer
diets.

Leaf Meals
Generally green leafy meals serve as good sources of protein, carotene and trace
minerals. Some of the dried leguminous leaf meals such as siratro (Microptelium
atropurpurium) at 2% level and peanut leaf meal 10% level were used in layer diets
as shown in Table-5 substituting for dried alfalfa meal which gave equal performance
in egg production, egg weight and feed conversion (Reddy et al., 1973). Hussain et al.,
(1991) used luecaena leaf meal (Luecaena leucocephala) at 15% level and found that
it is benificial for optimum growth and feed efficiency in chicks. But they also reported
that anti-nutritional factors like mimosine and tannins would be the limiting factors for
using luecaena at higher levels. Sonaiya (1995) used fresh neem leaves at 10% level
in layer diets and found higher production and egg weight than those receiving either
O, or 10% dried neem leaves (Table 5). Neem leaves contain a toxic factor 'triterpenoid'
(nimbocinone) which if detoxified could be used even at higher levels. Cassava leaf
meal could also be used at 5% level in layer diets without any adverse effects on egg
production,egg quality and hatchability (Johnson, 1973). Several of these leaf meals
are abundantly available in rural areas at economic prices for feeding backyard poultry.
Table 5. Utilization of some leaf meals on the performance of layers
Type of leaf meal

% level
used

Egg
production

Egg weight

F.C.R.

(gm)

%
Siratro leaf meal

Peanut leaf meal

Neem leaves -

0
2
4

67.7^

49. P

67.6^

49.4^

61.0*'

50.8*'

1.8
1.7
2.0

0
5
10

66.7^

55.8^

65.2^

55.2^

64.4*'

56.0^

1.8
1.9
1.8

0

61.9^

47.8*^

-

81.0^

55.5<^

-

59.5^

41.0^

-

(Control)

10
(Fresh)

10
(Dried)

NOVEL SOURCES OF ANIMAL PROTEIN
Earthworms
Earthworms occur in most parts of the world and serve as natural food sources for
poultry raised under free range system. Maize earthworm diets either live or dried
supplemented with Ca, P and vitamins were highly palatable to poultry and their
performance was almost comparable (Table 6) with those fed commercially formulated
diets (Togoba, 1980). The amino acid content of earthworm homogenate corresponded
fairly well with the requirements of chickens. It was shown that in an area of 25 m^,
1kg of fresh earthworm biomass could be produced daily which was sufficient to feed
15 chickens as animal protein source. One possible limitation would be harvesting
methods because no satisfactory mechanical means for collecting earthworms has been
developed for large scale poultry operation.
Table 6. Mean body weights of chicks fed proprietary diet, and maize earthworm diets (1-8 weeks)
(average of two trials)
Age in
weeks

1
4
6
8

Proprietary
diet
(gm)

Worms/
maize diet
(gm)

Worms/maize/
Vitamins
(gm)

Worm powder/
maize/vitamins
(gm)

68
263
451
632'^

69
197
279
370^

68
243
433
603"

72
267
453
628'^

Source : Togoba (1980)

Insects
Insects form a part of natural diet for many kinds of birds including poultry. The protein
content of house fly (Musca domestica) and their pupae is about 60% and M.E value
is 2,500 k.cal/kg. The amino acid content of fly pupae is comparable to bone and
fishmeal. It is also rich in fat and minerals. Calvert (1979) showed that dried fly pupae
when substituted for soybean meal in chick diets upto the fourth week of age, no
difference in weight gain, feed efficiency were found between chicks fed pupae or
standard ration (Table 7). Several coprophagus insects can convert human excreta and
degrade manure effectively into protein rich food useful for scavenging chickens. Other
insects which were found to be of feed value to chickens are grass hoppers and Mermon
cricket (Anabrus simplex). Mormon cricket meal contains 58% and grass hopper meal
76% crude protein. The chemical composition and amino acid profile of some insect
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meals shown in Table 8 reveal that they are of higher nutritional value compared to
soybean meal which is a conventional protein source in most parts of the developed
countries. Many of these insect meals can be used with maize-based diets for rural
backyard poultry. Since cricket crop is seasonal, its full economic potential for free
range birds depends on its efficiency of utilization and range land vegetation. The
utiHty of cockroaches, cater piliers, termites, and beetles were also studied as economical
protein sources for rural poultry.
Table 7. Performance of chicks fed house fly pupae Vs Soybean meal diet. (0-2 weeks)
Diet type

Soybean meal
Fly pupae

Expt.
No.

Wt. gain
(gm)

Feed consumed

F.C.R.

1
2
1
2

63^
87^
62^
96^

108^
183^
113^
192b

1.7P
2.10^
1.82^

•

2.oœ

Source: Calvert (1979)
Table 8. Chemical composition and important amino acid profíle of some insect meals Vs soybean
meal
(% dry matter)
House
fly
pupae

Mermon
Cricket

Grass
hopper

Silkworm
pupae

Soybean
meal

Crude protein

63.0

58.0

76.0

48.0

44.0

Crude fat

15.0

16.0

8.0

27.0

2.5

Constituent

—

9.0

9.0

3.0

6.0

2500

—

2700

2900

2240

Lysine

5.8

6.2

5.8

6.8

3.2

Methionine

2.6

1.3

1.0

2.9

0.6

Cystine

0.4

1.4

0.5

1.1

0.7

Tryptophan

—.

0.5

1.5

1.4

0.6

Threonine

3.4

4.8

2.4

4.7

1.7

Crude fiber
M.E. (K.cal/Kg)
Amino acids
(g/lOOg protein)

Source : compiled from text
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Silkworm pupae is a by-product obtained from silk industry and it is available in large
quantities in China, India and Japan. It contains about 48% protein and 27% crude fat
and high vitamin content and requires deoiling to improve its keeping quality and
nutritional value. Deoiled silkworm pupae contains about 80% crude protein and it is
profitably used by replacing fish meal completely in layer diets and 50% in chick
diets. (Virk et al., 1980)
Animal Wastes
Food and wastes are closely interlinked. Livestock produce enormous volume of its
own wastes in confined areas. In addition, municipalities and households produce
large amounts of garbage and other animal excreta wastes. Feeding of animal wastes
results in reducing feed cost and lower price of animal products. Animal wastes
supply a good amount of protein, phosphorus, and other expensive nutrients to poultry.
Cow manure has marked benificial effect on growth of chicks and feed conversion
probably due to unidentified growth factors. Sinha et al. (1977) and Sadgopan et al.
(1979) have shown that dried poultry manure can be used upto 10% level in chick diets
without any adverse effects (Table 9) and can serve as good source of protein for
scavenging birds.
Table 9. Utilization of dried poultry manure (DPM) in growing chicks (0-8 Wk)
Type of

Criteria

chicks
W.L. chicks
(0-8 wk)
Broiler chicks
(0-6 wk)
R.I.R. chicks
(0-8 wk)

Wt. gain
(gm)
RC.R.
Wt.gain
(gm)
F.C.R.
Wt. gain
(gm)
F.C.R.

D.RM. in diet (%)^
0

5

10

15

420^

507"

507''

506"

3.40
534^

2.95
590^"

2.97
627"

3.14
587^"

2.87
476^

2.58

—

2.58
465

2.77
456

2.60

—

2.81

3.04

Snail meal
The African gaint snail (Achatina fúlica) is wide spread in South East Asia and the
Pacific and it serves as a potential source of protein for rural poultry. Studies by Cress well
and Kompiang (1980) showed that snail meal contained about 60% protein, 2% calcium,
0.8% phosphorus, 4% lysine and 1% methionine and M.E. content of 3400 K. cal/ Kg.
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They also observed that raw snail meal has a depressing effect but boiled snail meal
was found to be benificial upto 15% level by replacing maize in poultry diets (Table
10).
Table 10. Performance of chicks fed graded levels of snail meal
Level

Wt.gain

F.C.R.

Level

Wt. gain

(g)
Raw sn^il meal

0
5%
10%
15%
20%

F.C.R.

(g)
Boiled snail meal

676^
718^
720^
517^
332''

1.75^*^
1.73^^
1.67^^'
1.76^
2.09^^

0
5%
10%
15%
20%

676^'
122'
742^
713^
680^

1.75=>''
1.73^''
1.63^
1.64^
1.63^

Future research to promote rural poultry
It is believed that in rural areas of Africa and Asia the 'extensive' traditional poultry
farming systems which serve as catalysts to promote the growth of agro-based industry
on the principles of ecological sustainability by utilizing the natural and other
environmental resources, economic efficiency and social equity have been blamefuUy
neglected. There seem to be three main reasons for failure of rural backyard poultry
program. (1) Adoption of inappropriate technology (2) Lack of training and evaluation
of farmers (3) Failure to utilize locally available resources thus recognising rural poultry
production is only a sub-system within the complex agricultural production program.
To overcome these deficiencies, the local governments or International agencies may
establish 'Research Centers on Rural Poultry Farming Systems' (RECENT - RPFS)
in developing nations especially in Africa and other third world countries. The main
objective of the RECENT - RPFS (unlike the urban - located poultry research centers
which mainly concentrate on problems concerning 'Intensive system' of production)
is to utilize the locally available resources of feed, housing materials and unproductive
labour to improve the profitability of native or cross - bred chickens through gainful
employment. A multi-disciplinary team of poultry scientists (like a breeder, nutritionist,
disease and or extension specialist) may work in RECENT - RPFS to develop an
appropriate technology for small scale backyard units to make them economically
profitable, ecologicUy sustainable, technically feasible and socially compatible. It also
calls for synthesizing or blending of 'Indigenous - Technology - Knowledge' (ITK) of
local farmers with the package of technology developed by the poultry scientists in
13

RECENT - RPFS. Such technology should be transferred through training of the farmers,
farm - women, unemployed rural youth so that they can confidently use the locally
available resources and increase the productivity of small scale and free range poultry.
In third world countries, most farmers are resource - poor, often uneducated, illeterate,
Uve in unpredictable risk - prone environments where inputs and marketing infrastructure
are often unreliable but nevertheless they are intelligent and professionals in their own
field and often willing to adopt innovations they consider to be advantageous (Brady,
1981). They are also good economists in allocating their scarce resources among
competing and diverse enterprises (PAO, 1990). Since their income is inadequate,
farmers often try to reduce costs by avoiding risks for ensuring a steady income (Pineiro,
1989). Therefore in view of the complexity and instability of the backyard rural poultry
farming system, great care is required in selecting appropriate technology.
CONCLUSION
Research with a farming system's perspective offers a good possibility for increasing
productivity and profitability of rural poultry. In this context, it is a pre - requisite to
take into consideration the concerns, cultural, socio - economical and political conditions
and the experiences of the subsistance farmer. Purther to promote rural poultry
development with limited resources, training of farmers in efficient management with
locally available feed resources, disease control ready markets and a fair price for the
produce adequate credit system for the purchase of required input are necessary. It also
seems necessary to adopt 'Low Inputs for Sustainable Poultry Development' (LISPD)
rather than using 'Low Internal Inputs' (LII) alone or 'High External Inputs' (HEI) so
as to develop appropriate and affordable technologies which comply with the needs
of small holder poultry units. Universities, national, and international research centers,
Governmental and non- Governmental organisations have to play key roles in helping
to identify needed policy changes and to encourage their implementation.
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EMPLOYMENT, INCOME GENERATION AND SKILL
DEVELOPMENT THROUGH RURAL POULTRY
DEVELOPMENT
E. B. Sonaiya
Department of Animal Science Obafemi Awolowo University, Ile-Ife,
Nigeria

Rural poultry development will require the application of available information
in science and technology on a holistic approach. This includes non-formal
education in savings and credits, poultry management, environmental awareness
and income generation. The target groups must be women and youth. With greater
dependence on local NGO and local expertise for the provision, in a participatory
way, of technical input (training, orientation and information) and credit support
to many small village co-operatives, both skill development and employment/
income generation can be achieved. Simple skills to be taught farmers include
disease cause and effect, feed supplement choice and preparation, egg storage and
incubation, chick and grower management and efficient cock exploitation for
greater income. More advanced skills to be taught to development workers and
small scale entrepreneurs include leadership and group management principles,
ration formulation based on locally available feed resources, proper care and use
of veterinary products and commercial skills for profit optimisation. As most rural
families own poultry, the clientele to train (by the training NGO and GO) and to
serve on a commercial basis (by the local entrepreneur) is available.
INTRODUCTION
Rural poultry production in Africa makes minimal use of land, labour and capital. The
birds scavenge for most of their feed using resources no longer directly useful to man
(Sonaiya, 1990a). It is a production system that can be afforded by even the poor and
represents a significant part of the rural economy. In Burkina Faso, rural guinea fowl
production earns about CFA 2 billion annually for the villagers from export of guinea
fowls and eggs (Ouandaogo, 1990). There is an increasing role and significance for
rural poultry in sustainable rural development and natural resource utilisation. For
example, in order to forestall the breakdown of the intricate biological web within the
Korup National Park in south western Cameroon, rearing of small livestock is one of
the projects introduced (CTA, 1995).
In order to realise its potential, rural poultry requires research and development efforts
in health, feed resources, genotype and socio-economics (CTA, 1990). The work of
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members of the African Network for Rural Poultry Development (ANRPD) in the past
five years has focused on health, feed and genotype (Sonaiya, 1995). In order to sustain
the rate of adoption of new technologies in production, there must be commensurate
development of employment and income opportunities as well as in skill development.
SKILL DEVELOPMENT
Crop-Poultry Integration Skills
In Africa, the majority of farmers have less than 1 ha for cultivation. Such small farms
employ the traditional slash-and-burn system of agriculture. Increased population
pressures, shortage of new land to clear and shortened fallow periods are making slashand-burn agriculture more destructive of soils. The Alternatives to Slash-and-Bum
Initiative (ASB), sponsored by the United Nations Development Programme (UNDP)
and coordinated by the International Centre for Research in Agroforestry (ICRAF),
encourages the integration of crops and livestock. Examples of integrated systems
involving poultry (Smith, 1990) include: Poultry/Fish; Pig/Poultry/Fish; Poultry/Fish/
Rice/Vegetables.
In Poultry/Fish systems, ducks make use of the fish pond water surface and feed in the
shallow parts of the pond whilst the fish thrive on the plankton growth made possible
by the droppings of ducks. In Pig/Poultry/Fish systems, the animal manure is used
directly to feed the fish. In Poultry/Fish/Rice/Vegetables systems, ducks and fish are
produced together until the build up of organic matter leads to decreased fish production.
The fish ponds are drained and the crops planted on the empty pond beds for 2-3 planting
seasons after which the ponds are filled and duck/fish production is reintroduced.
There is need to provide training in fish farming for potential integrators who may be
crop farmers or poultry keepers. Such training has many advantages in relation to the
sustainable management of the whole farming system. The choice of waterfowls (geese
and ducks) as the poultry species to be integrated provides additional advantages. Ducks
can be used to control insect pests of pigs and crops and to remove weeds from ponds.
They thus combine well with pig production and fish ponds but not with some crops
like rice on which they cause great damage. The ducks can be put into paddy fields
after harvest to consume fallen rice grains and green weeds. Geese are excellent grazers
and can be integrated with crops such as coffee, banana, and pineapple around which
they clear the grass without eating the crop. They have been used to control weeds in
Kiwi fields in Egypt.
Integration provides additional sources of income and makes possible a more efficient
utilisation of available land, labour and time.
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Poultry Production Skills
For proper development of rural poultry, there must be adequate methods of disease
control, reliable supply and efficient utilisation of feed resources, significant reduction
in chick and grower mortality and proper selection of breeding cocks. Rural poultry
producers need to learn about cause and effect of diseases and how to prevent diseases
through sanitation and flock management. The most prevalent disease is Newcastle
disease; and its control is by vaccination. There is need to train farmers and intermediate
staff on how to handle vaccines and their administration to the birds so as to avoid
inactivation of the vaccine. The training of voluntary or entrepreneur village vaccinators
has proved successful in disease control in Burkina Faso, Niger and Zaire.
To improve the diet of scavenging birds, farmers need to be able to identify the main
nutrient supplied by each scavenged material. Many of these materials are by-products
of human food processing, but they may need further processing like drying or
fermentation. There is need to acquire the ability to recognise other materials that are
not normally used for human food and to prepare them into a suitable form for poultry.
The techniques of production of maggots and earthworms and of increasing digestibility
through fermentation need to be transferred to farmers.
Developing skills in simple management techniques will increase the productivity of
eggs and meat and reduce mortality of chicks and growers. Provision of nest boxes,
clean water and shelter from predators and weather are examples of such skills. Another
is the efficient use of cockerels and cocks in the flock. The main use of cocks is to
fertilise the hen's eggs. The determination of proper ratio of cock to hen and of the
duration of service of any particular cock can be imparted easily to rural poultry
producers. When properly learnt, this knowledge can improve the rate of genetic gain
in the flock and of the farmer's income.
Employment and Income Generation
Rural poultry generates income when the products are sold in the market. As most of
the eggs are hatched by the hen, the main saleable product is the live bird - chicks,
growers, cockerels and adult cocks and hens. The lessons to be taught here - that of
maximising income and not flock size - can only be properly learnt when disease and
mortality are under reasonable control. Most producers keep far more chicks, growers,
cockerels and cocks than is optimal for income generation or for the scavengable feed
resource base (Cummings, 1992; Roberts, 1992).
Trading in chicks and growers require certification of vaccination. This can provide an
opportunity for enterprising "barefoot vets." The trade in cockerels, cocks and spent
hens does not have to be "on shank." A link with urban and suburban fast food vendors
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can be profitable for rural poultry producers. This is demonstrated by the roaring trade
the "grillages" in Ouagadougou are doing in roasted guinea fowls supplied from outlying
villages.
With provision of nest boxes and suitable management (such as keeping hens confined
until 10 AM, and removing some eggs from the clutch regularly so as to delay the
onset of brooding and so increase the laying period and number of eggs laid), eggs can
become available in tradeable quantities. In such situations, skills in marketing eggs
have to be learned. Shell egg handling, cleaning, storing, processing, and, if necessary,
grading are skills that can very easily be taught and learnt within the Hmits of rural
poultry production.
As the volume of birds and eggs traded increase, there will be need for training in
further processing. It will then become advisable to turn over the marketing to a cooperative which can provide the necessary marketing functions such as grading,
packaging, marking, standardisation, storage, further processing as well as provide
advisory services to rural poultry producers who are its suppliers. A great service that
such a co-operative can render to its members is to teach them how to keep simple
written records of inputs, outputs and profits (Table 1). This skill in record keeping is
essential if money is to be borrowed to improve any aspect of production.
Table 1. Simple records for a free range poultry system*
Inputs
Night shelter
Feed supplement
Nest boxes
Vaccines
Other medications
Total expenses
Outputs
60 eggs per year X 3-4 hens
X price per egg (210 X _)...
Sale of 4-5 males at 15 weeks
X average price (4.5 X )...
Sale of 3-4 hens at 1-1.5 years
X average price (3.4 X )...
Total income
Less total expenses
Profit (or Loss)
* Average of 10 birds per flock
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CONCLUSION
Rural poultry development can be a vehicle for general rural development. As
employment and income (through credit and savings) are generated and skills developed
by rural poultry producers who are usually women and youth, there will be a nurturing
of entrepreneurs willing to invest themselves in sourcing inputs (feedstuffs, simple
equipment like nest boxes, chicken wire and syringes), in marketing functions
(aggregation, retailing, processing, value addition) and in providing financial services
(Sonaiya, 1992).
Parallel to these entrepreneurs must be the non-profit services that non-governmental
organisations (NGO) and governmental organisation (GO) provide. These services will
be in development, documentation and dissemination of information on the evolving
appropriate technologies. The relevant GO - agricultural schools, research institutions,
universities, ministries and parastatals - must collaborate with NGO in field activities.
At the continental level, the ANRPD still appears well suited to coordinate the required
training of rural poultry producers and rural poultry development workers throughout
Africa (Sonaiya, 1990b; 1993). The task will be much easier with the installation of a
regional programme for training, research and development in rural poultry in the
FAO Regional Office in Accra.
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PLANNING AND IMPLEMENTATION OF POULTRY
PROJECTS IN DEVELOPING COUNTRIES
B.S. Sathe
World's Poultry Science Association (India Branch), Pune 411004, India

In the developing world, a rural poultry farmer is often engaged in mixed farming
practices and poultry is an important source of income, employment and organic
manure. The farming takes several diversified forms and productivity depends
upon land, human resources and skills, infrastructure and capital. Social, economic
and political situation also plays a significant role. All these factors need to be
considered while planning sustainable rural poultry projects. Rural poultry
projects in Africa (e.g. Nigeria) and Asia (e.g. Bangladesh, India) indicate that
proper policy formulation and execution requires detailed sectoral reviews
(including poultry) to identify priorities, options, size and locations of projects.
Local and international market surveys to analyse potentials, trends and market
forces and training of local persons to improve local national database and project
management and monitoring skills are necessary. Analysis of rural poultry projects
worldwide indicates the need for greater cooperation between local institutions,
adequate input-output supplies and professional support services which could be
initially provided by the Government and later by cooperatives, Non-Govt.
Organizations (NGOs) or private sector on workable cost-recovery basis. Suitable
training of beneficiaries to develop skills and entrepreneurships, involvement of
economically backward people especially rural women, training of local trainers
(subject matter specialists) and appropriate research to identify test and adopt
practical, economically viable and environmental friendly technologies are other
important needs. There is a need for greater financial support from International
Development and Funding Organizations in developing local skills, institutional
capabilities and infrastructure facilities. Small holder rural poultry farmers
primarily need help in better breeding stocks, supplentary concentrate feed and
health cover while large projects need both-output linkages and capital.

INTRODUCTION
In the developing economy, a rural farmer is often a small holder engaged in mixed
and diversified farming practices. For him, poultry can be an important source of income
and employment besides the fact that poultry provides a nourishing food and is an
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important source of organic manure. These farmers are often economically poor and
lack resources, infrastructure, new skills and capital. Social, religious, economic and
political situations of the country also play a significant role. All these factors need to
be considered while planning and implementation of sustainable rural poultry projects.
POLICY FORMULATION
A pre-requisite to proper policy formulation and funding is a detailed sectorial review
including trends and prices of inputs-outputs and market forces in national and
international markets including those in neighbouring countries. This information is
often lacking in developing countries. Experience shows that they often have a poor
data base, lack local skills to collect, collate and review the data, frame the policy and
implement it and monitor the project. International Development or Funding Agencies
have to provide support to developing countries in above areas.
The FAG Expert Consultation on Strategies for Sustainable Animal Agriculture in
Developing Countries (1990) has laid emphasis on sustainability and conservation of
natural resources and environment while formulating and planning rural projects.
PREPARATION OF THE PROJECT
Experience gathered from rural poultry projects in developing countries has shown
that following points need to be considered for preparation of the project.
(a) Is the project technically feasible, financially viable, socially acceptable and
ecologically sound?
(b) What are the required inputs-outputs. Can the linkages with producers be
established?
(c)

Is adequate data base including market forces available?

(d) Can the proposed activity be continued and be economically self supporting on a
long-term basis, without much dependence on outside inputs or intervention (e.g.
raw material, manpower, capital etc.)?
(e) Is it necessary to protect the local industry by levying duties, levies, taxes etc. on
imported raw materials or finished products or providing incentives on exports?
(f)

Are local institutions capable to provide the required support in training, research
and extension. If not, what support is required?

(g) Does the project have possibilities of meeting more food supply with increasing
human population?
(h) Does the project generate human employment. If so, to what extent?
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(i)

Is it desirable to have the project at a given location or is it more appropriate to
bring the finished products from nearby area?

(j)

Is there any risk of over production and market glut?

(k) Can the long term risks (e.g. economic, political, environmental etc.) associated
with the project be identified and measures taken to prevent them?
(1)

Is crop-animal integration possible in the given project (e.g. poultry-paddy, duckfish paddy etc.)?

IMPLEMENTATION OF PROJECTS
Many support services are required for rural poultry projects in developing countries.
(a) FARMING SUPPORT
These include inputs like supply of chicks, feed,health cover, management,training
and outputs (e.g. marketing of poultry eggs, meat).
Experience shows that initially many of these services have to be provided by
Government Agencies. Eventually, they need to be replaced by self-supportive
and paid services from cooperatives or private agencies in time bound manner.
Amongst developing countries, mode of supply of inputs has been different (e.g.
day old chicks or grown up pullets, local breed or improved breeds; supplementary
concentrate or fully balanced feed; health cover through quahfied veterinarians,
para vets or farmers trained for the purpose). Experiences are varied. No
generalization can be made.
(b) FINANCIAL SUPPORT
Adequate financial support is necessary to provide initial capital inputs (housing,
equipment, birds, feed, health cover, insurance) to individual beneficiary. Many
rural poultry projects in developing countries have been funded by the International
organizations through the financial institutions. Experience shows that major
problems are (a) non-identification of suitable beneficiaries (b) absence of training
(c) delay in providing inputs including capital, (d) high cost of servicing the credit,
(e) absence of close monitoring during implementation and (f) lack of evaluation
of the projects. Scattered location of farmers in rural areas and absence of adequate
network of rural branches of the bank results in high credit delivery cost. Recent
experience in Bangladesh and India suggests that involvement of Non-Government
Organizations (NGOs) or Self Help Groups (SHGs) could be a solution to this
problem.
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EVALUATION OF PROJECTS
Post evaluation studies conducted by Investment Centre of FAG (1989) (which includes
Livestock projects) funded by various international agencies between 1970-1980 in
developing countries (27 in Asia Project, 13 in European and Middle East, 19 in Africa
and 16 in Latin America - Caribbean) have revealed seven problems. They were
identified in 7 different categories. (Table 1). Results showed that major problems
were related to (a) cost overruns (b) time overrun and Lower Economic Rate of Return
(ERR) than what was projected during the appraisal (Tables 2 and 3). These results
indicate the need to ensure better designing and proper implementation of the projects.
Table 1. Problems in project implementation
Problem category

Problem Type

Conceptual

Too many or unbalanced components
Too big project
Schedule too tight
Non-sustainable
Inflexible (cannot respond to
changing circumstances)

Technical

Production technology deficiency
Poor engineering

Financial/Economic

Under-estimated costs
Counterpart and recurrent budget shortage
Low output prices or market problems

Social

Inequitable benefit distribution
Slow adoption

Institutional

Bad management or staffing
Unsuitable organisational structure
Ineffective technical assistance.
Procurement difficulties.
Land acquisition difficulties
Poor monitoring and evaluation.

Environmental

Natural disaster
Resource degradation

Political

Turmoil or war
Insufficient Government commitment.

Source : FAO Investment Centre - Tech. Paper 6. (1989).
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Table 2. Project performance indicators
Sub-Sector

No.
of projects

Actual Costs

Time over run

(90% of (110% of
6 Mo
Appraisal) Appraisal) or over

12 Mo
or over

Actual err

Major
Adjustments
24 Mo Equal or Less than Al
Bl
or over better than
10%

%of Projects
Rural Development
Irrigation
Services
Livestock
Forestry
Fisheries

13
16
13
20
10
3

30
6
31
15
28
0

60
62
46
30
43
100

100
81
69
90
57
66

80
75
54
80
28
66

60
31
23
47
14
66

11
47
33
13
33
0

55
13
0
53
33
33

28
19
15

33

28
69
23
25
10
66

TOTAL:

75

19

49

81

68

38

25

33

13

34

-

Source : Fao Investment Centre Tech. Report 6 (1989).
Notes : (a) Expressed as percent of those projects for which data exist on each indicator.
(b) Includes 5 projects which were not IC prepared but which have been covered by study
because of their close association with other IC projects (e.g. as repeaters of IC Projects).
A 1 = between preparation and appraisal
B1 = during implementation

Table 3. Problem incidence / severity ratings* by major problem category and
sub-sector
Livestock Forestry

Rural
development

Irrigation

Services

23
17
12
8
31
4
4
1

26
22
20
8
19
2
0
3

22
11
13
1
50
1
1
1

24
12
18
7
27
4
6
2

100

100

100

PROBLEMRATING12.8

8.6

8.7

Problem
category

Fisheries

All products

23
13
12
2
37
0
6
5

26
24
20
4
26
0
0
0

23
16
16
6
31
2
4
2

100

100

100

100

12.7

9.0

16.7

10.7

% of Problem Scores
Conceptual
Technical
Financial
Social
Institutional
Environmental
Political
Other
TOTAL :-

Source : Fao Investment Centre.
* Average problem incidence / severity score per project.
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In India, many banks have conducted expost evaluation studies of rural poultry projects.
Studies of National Bank for Agriculture & Rural Development (NAB ARD) in Kerala,
Madhya Pradesh and Maharashtra have indicated that the projects had a positive impact
on generating rural income and employment. The deficiencies observed were lack of
timely availability of inputs, frequent fluctuations in prices of feed, eggs birds and
inadequate disease diagnostic and marketing facilities. A need for greater coordination
amongst implementing agencies was also indicated (Table 4).
Table 4. Ex-post evaluation of poultry schemes in India by NAB ARD
Scheme

Reference Average No. of
Year of
Unit size/ Units
study
Beneficiary

No. of
Beneficiaries

Unit cost
Rs./bird

Net Income
per bird
Rs.

Broiler
development

1989-90

800 Per
cycle

1988-89

539 birds

Financial Incremental
rate of employment
return
generated
FRR - %
per year
(Man Days)

100

40

43.53

0.80/bird
cycle

50

15956

Kerala

development
Maharashtra

Poultry (layer)

1029 birds

44
34

20
14

153.58
152.22

14.62
17.62

23.20
25.50

5472
10692

Poultry (layer)
1990-91
development
Madhya Pradesh

9492 birds

45

25

145.00

42.76

43.4
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COUNTRY EXPERIENCE
AFRICA
In most of Africa, poultry is a small scale rural sector facing the earlier mentioned
problems of planning and execution of projects. Intensive production has suffered
mostly due to technical, institutional and economic problems. Poor technology,
training and management have hampered growth of intensive poultry sector.
In Nigeria, in 1963-64, almost 100 % poultry was in small backyard units having
poor productivity. The Government policies like over- valuation of local currency,
subsidized importation of parent stocks and feed, prohibition on importation of
eggs and poultry meat, availability of credit at lower interest etc. helped a few
larger poultry units, but seriously hampered overall growth at national level. It
discouraged local producers of maize and other feed ingredients. Due to overall
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inflation, large size poultry projects needed more foreign exchange which was
scarce. The present situation suggests that for small rural poultry sector, the
priorities are supply of improved birds, disease prevention (specially Newcastle
disease) and supplementing scavenging feeding with home grown feeds. Larger
units need to consider vertical integration with better supply of inputs and market
support for outputs.
BANGLADESH
In Bangladesh,poultry production is mostly with small rural poultry households.
Due to scarce foreign exchange resource and poor availability of locally produced
feed ingredients, large scale poultry growth is difficult. The policy thrust is mainly
to develop rural poultry sector through supply of birds with improved productivity,
vaccination through village vaccinators, supplementing scavenging through some
concentrate feed, training of village extension workers, cheaper credit through
local rural bank and involvement of NGOs and SHGs particularly for women
beneficiaries. Although this has helped rural poultry growth, whether the policy
will meet national needs of egg / poultry meat for the growing human population
remains to be critically examined.
INDIA
Policy adopted for poultry development by India has comparatively helped to
achieve sustained high poultry growth in last 2-3 decades, mainly under the semiintensive and intensive systems. However, problems like high feed costs, disease
mortality, lack of development of rural markets and seasonal fluctuations in egg
and meat prices continue to hamper the growth.
Since the small farmer lacks the knowledge and skill in brooding of young chicks,
a new scheme comprising a "Central Mother Unit" to provide grown-up pullets,
poultry feed, health cover and market support, and "Satellite Small Farmer Units"
to produce eggs has been implemented with some success.
The IFAD assisted Tamil Nadu Women Development Project in South India has
indicated that SHG and NGO linked programmes are particularly helpful for small
holder rural women. More indepth studies are required to assess the impact.
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PROTECTION AGAINST IMPORTANT DISEASES
INCLUDING NEWCASTLE DISEASE
P.B.Spradbrow
Department of Veterinary Pathology, The University of Queensland,
Brisbane, Australia

Newcastle disease is the most important infectious disease affecting village poultry,
often destroying the entire chicken population of villages. Control by vaccination
is now possible with the use of thermostable vaccines that are given on food if
necessary. The Australian Centre of International Agricultural Research (ACIAR)
has funded numerous trials of these vaccines in Asia and Africa. Delivery of vaccine
to villages is now a major problem, as commercial vaccines are not available in
the small quantities required by single families or single villages. Local small scale
production of thermostable vaccine for distribution in liquid form may provide a
solution. ACIAR has sponsered the development of a new thermostable vaccine
in Australia, Strain 12, that is freely available to laboratories in developing
countries. Once Newcastle disease can be controlled, vaccines to protect village
chickens against other killing diseases, including fowl cholera, will be required.

INTRODUCTION
Village chickens that survive mainly by scavenging are an important resource for rural
people in most developing countries. Chickens and eggs become available for
consumption, sale or barter and for various social or traditional uses. The productivity
of village chickens is low but the inputs are minimal. Housing is simple, or often no
special housing is provided. Small amounts of grain may be used to supplement
household scraps as an additional source of food in some areas. In the poorest countries
the chickens depend entirely on the scavenging resource base of their environment. In
many countries women and children tend the poultry and receive any benefits that
result.
Village chickens have, until recently, received little scientific attention. In most areas
they receive scant attention from their owners, who favour a system of opportunistic
harvesting of such birds that survive. Two major areas of attrition are apparent. The
first is Newcastle disease. The velogenic forms of Newcastle disease virus that are
present in Asia and Africa frequently destroy entire village flocks. Because of these
losses, regarded as inevitable by the owners, improving the husbandry of the village
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flock is deemed wasteful . Consequently a secondary cycle of major losses occurs
during the brooding perod, attributed to starvation, prédation and exposure. The losses
during brooding could be reduced by improved husbandry, which will not eventuate
until Newcastle disease can be controlled. Until recently it has been very difficult to
vaccinate village chickens against Newcastle disease.
Constraints On Vaccination of Village Flocks
Vaccination of commercial chickens against Newcastle disease is a relatively successful
undertaking. Village chickens, by contrast, have proved very difficult to vaccinate.
Conventional Newcastle disease vaccines are relatively heat-labile, and it is difficult
to retain viability during transport to remote areas and storage in undeveloped villages.
Conventional vaccination requires physical control over the chickens, and near feral
village flocks prove very difficult to catch. Conventional vaccines are sold in large
dose vials, usually 1000 doses, which are unsuitable for small family flocks. Village
flocks are small, scattered and multi aged, placing them beyond the reach of technical
vaccination teams. Any method of vaccination that is proposed must be suitable for
application by the owner of the chickens.
Thermostable, Oral Newcastle Disease Vaccines
The Australian Centre for International Agricultural Research (ACIAR) has sponsered
projects on vaccination of village chickens against Newcastle disease for more than a
decade. The initial studies were undertaken in Australia and Malaysia and then extended
to other countries in Asia and to parts of Africa. Further studies in Africa have been
supported by various non-government organisations and by FAQ.
The basis of these vaccines for village flocks are thermostable strains of Newcastle
disease virus that infect when given orally and that spread between chickens that are in
contact. The viruses that have been used most frequently are variants of the avirulent
Australian V4 strain of Newcastle disease virus. This strain was already relatively
heat resistant and it responds readily to selection for enhanced heat resistance. Strain
V4 was the parent of several experimental and commercial vaccines. Other strains of
Newcastle diesease virus have also responded to selection for enhanced thermostability.
In initial studies it was shown that vaccination with V4 virus induced reasonable levels
of antibody and protected against challenge with a velogenic Malaysian challenge
strain. Protection was demonstrated in laboratory trials, in pilot village studies and in
large control areas . Similar protection was demonstrated against velogenic challenge
strains from other Asian and African countries. These vaccines overcome the problems
of transport, storage and lack of access to the chickens. The first vaccine procedures
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used V4 virus applied to the surface of a suitable food-for example, commercial pellets,
unhusked rice, cooked white rice or wheat. Some foods, such as raw white rice, proved
unsuitable vehicles for the vaccine.
Oral vaccination is not as efficient as vaccination by other routes such as the conjunctival
sac or nasal cavity. Two doses of oral vaccine are usually required to give protection,
but protection is then registered in both vaccinated and in contact chickens. It is
envisaged that, once oral vaccination has proved its efficacy to the satisfaction of the
villagers, they will be prepared to improve husbandry and more efficient methods of
vaccination will become feasible.
Production of Newcastle Disease Vaccine in Regional Laboratories
It has now been amply demonstrated that robust Newcastle disease vaccines of the V4
type, delivered orally if necessary, can reduce the prevalence of Newcastle disease in
village chickens. The logistical problems of large dose ampules and of the delivery of
single ampules to villages remains. These problems may not be overcome until transport
infrastructures are greatly improved. Until that time, it may be possible to produce
Newcastle disease vaccine on a cottage industry scale in regional laboratories. The
equipment that is required is an egg incubator, a candling lamp and a refrigerator.
There is no requirement for freeze drying if the vaccine is to be used within a few
weeks of production. Wet vaccine can be produced by mixing infected allantóle fluid
with a suitable protective diluent such as 1% gelatin.
ACIAR has funded the production of a new seed vaccine containing an avirulent,
thermostable Australian strain of Newcastle disease virus similar to V4. This seed
material is avilable to laboratories in developing countries who wish to explore the
possibility of vaccine production. This virus, designated I^, has proved to be antigenic
and to spread between chickens by contact. Successful protection trials have been
conducted in several Asian countries. The most extensive of these were in Vietnam
where both laboratory and pilot village studies were concluded.
In December 1995 ACIAR helped conduct a workshop at the Poultry Reference
Laboratory, University of Pretoria, Onderstepoort, Republic of South Africa. Delegates
from 14 African countries attended. Those following the laboratory stream of the
workshop were instructed in the techniques required for producing Newcastle disease
vaccine on a small scale in embryonated eggs, and for testing such vaccines. Vaccines
produced in local eggs would need to be tested for safety, but they would not introduce
to the vaccinated poultry any micro-organisms that were not already circulating in the
population.
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OTHER IMPORTANT DISEASES
As Newcastle disease is controlled, a whole new science of village chickens will need
to be researched. At first, only the other killing diseases will seem to be important to
the villagers. Fowl cholera (a pasteurellosis) will be the next pestilence to require
control. ACIAR has a project in progress already that seeks to produce suitable vaccines
for use in chickens and in ducks. Only when the disease that kill chickens acutely and
in large numbers can be prevented will the infectious disease affecting production
require attention. It may well be that, by this time, populations of village chickens will
be kept under conditions of improved husbandry. In some countries they will be replaced
by small scale commercial operations and conventional vaccines will suffice. Infectious
bursal disease and fowlpox, now only an occasional nuisance, will become important.
Chickens are not the only species of village poultry. In some areas of some countries,
ducks are the predominant bird, while guinea fowl feature in some parts of Africa. In
ducks the viral disease duck plague is as important as Newcastle disease is in chickens.
A further ACIAR project is attempting to improve vaccines against duck plague.
CONCLUSIONS
The key to improving the overall productivity of village poultry in developing countries
has been the control of Newcastle disease. Conventional vaccines were unsuitable for
use in villages. Vaccines with the specific properties of thermostability and oral
infectively have ovecome this problem. It will now be possible to exploit the productive
potential of the village chicken more efficiently, and other infectious diseases will
become more important. At first the major killing diseases such as fowl cholera will be
encountered, as these will require special vaccines tailored for village conditions. As
village poultry come to resemble commercial poultry more closely, infectious diseases
that affect production will come to prominence. These will probably be encountered
with conventional vaccines.
REFERENCES
COPLAND, J.W. (Ed) (1987) Newcastle Disease in Poultry. A New Food Pellet
Vaccine. Monograph No.5 Australian Centre for International Agricultural Research,
Canberra, Australia.
SPRADBROW, P.B. (Ed) (1992) Newcastle Disease in Village Chickens Control with
Thermostable Oral Vaccines, Proceedings No. 39. Australian Centre for International
Agricultural Research , Canberra, Australia.
SPRADBORW, P.B. (1993/94) Newcastle disease in village chickens. Poultry Science
Reviews 5; 57-96
34
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The paper stresses the need for a new research thrust on village chicken keeping.
Past research has not explicitly included user differentiation and participation in
the technology development process. Many developed production technologies
including specialised breeds and intensive management systems are not compatible
with the socio-economic circumstances in the village chicken production system.
Ownership pattern, control and access of resources and distribution of benefits
are issues, which are not adequately addressed. Village chicken production systems
contribute over 80% of the poultry products in most countries in Africa. Most
literature indicates that disease, and specifically Newcastle disease, is the major
constraint in the production system. However, there is no clear understanding of
the relationships of diseases and other production aspects. Laboratory and onstation research results on control of diseases are promising. However, on-farm
testing and continuous impact assessment are required in order to introduce
technologies compatible with socio-economic circumstances in the rural sector.
Most literature reports that subsistence village chicken production in Africa is in
the domain of women and children. However, the local knowledge, role and
perceptions of the target groups are not adequately incorporated in the technology
development process. This situation calls for gender-aware programmes to improve
the African village chicken production system.
INTRODUCTION
Africa has fifty-two independent countries. These countries are at different stages of
socio-economic development measured in terms of Gross Domestic Product (GDP) as
well as Human Development Index (HDI). According to Instituto del Tercer Mundo
(1992) the HDI is a better indicator of human welfare than the GDP. Nevertheless Map
1 (a) and (b) shows that most of the countries with HDI less than 0.5 also have low
GDP. These countries are average egg producers. According to Quresh (1992) the
African countries can be put in four categories on the basis of rate of increase in egg
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Map 1. African countries developement
stages:
HDI
(a),
GDP
(b)
and egg
production.

Maps la, Ib and le
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Figure 1. Rural farming system in Africa: main components of a household in a
mixed farming system
production between 1960 and 1990 shown in Map 1 (c). Incidentally, the average
producers are the countries dominated by rural poultry production.
Rural poultry have been described by various workers (Sonaiya, 1990; Martin, 1992
and Spradbrow, 1993). Common terms in all these descriptions are; free range,
scavenging and scratcher chicken, which imply low-input production systems. In some
definitions, it is stated that the chickens are of indigenous type (Spradbrow, 1993),
while Sonaiya (1990) includes any genetic stock, unimproved or improved. Another
aspect considered in these descriptions is the flock size, which is small, with the upper
limit suggested to be 100 (Martin, 1992). Other definitions included economics aspects
showing that the production system is a low-input low-output system. The intensive
commercial poultry production enterprises found in rural Africa are not included in
these descriptions. Village chicken production system in the context of this paper is the
village chicken keeping where the chickens form part of the whole farming system and
are closely interrelated with the other components of the farming system. The subsistence
farming system is complex (Figure 1) and inclusion of the socio-economic aspects in
the definition of village chicken production system, will bring additional dimensions.
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Another commonly reported feature of African village chicken systems is the
management which is mainly the domain of women. To support this school of thought,
one would need to have an understanding of the socio-economic importance of rural
poultry in Africa. Key issues in understanding the socio-economic aspects of poultry
include; ownership, labour profile, control and access of resources and distribution of
benefits in the production system. The succeeding sections of this paper will look into
the socio-economic aspects of rural poultry production in Africa, on the basis of
secondary information and the author's field experience in Tanzania.
OWNERSHIP PATTERN
There is dearth of information on the ownership pattern of village chicken production
systems. In a series of country reports on smallholder rural poultry production in Africa,
no country gave a clear picture of the ownership pattern (CTA, 1990). In a number of
situations it was mentioned that women and children take care of the chickens. Kuit et
al., (1986) discussing ownership of poultry in Mali said, "Although ownership of poultry
resides with the head of the household, women and even children are the chief decision
makers from day to day". On the other hand, Williams (1990) describing the traditional
poultry keeping system in Ghana, refers to the owner of the chickens who has to move
the chicken from homestead to fields as 'he'. In a recent workshop on village chickens
in Pretoria, group discussions on the ownership of village chickens revealed that there
are within-country variations. In Ethiopia, Kenya, Uganda and Tanzania, three patterns
were described; family ownership, women and men ownership and individual
ownership, depending on the mode of acquisition of the chicken (purchase, inherit or
gift). Therefore general statements on ownership may be misleading.
The ownership of village chickens in most African societies is a product of social and
cultural aspects of society. For example in one of the societies in Tanzania where village
chickens are owned by men, it was reported that in the past it was a taboo for women
to eat poultry products. Based on this taboo or stereotype, chickens in this society are
owned by male members of the family only. In other societies, mainly in the pastoral
communities, men are not associated with poultry because they are responsible for
ruminant stock. In the coastal areas of Tanzania where there is no tradition of keeping
large stock both male and female farmers own chickens (field observations).
Understanding the relationship between ownership of resources and labour profile,
control and access of resources as well as the distribution of benefits accrued, is a prerequisite to successful interventions in the village chicken production system.
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LABOUR PROFILE
Discussion on the overall labour profile for rural women is beyond the scope of this
paper. Suffice it to say, most women in rural Africa are over-burdened with various
activities, exacerbated by the poor social infrastructure. Activities in the traditional
village chicken keeping are; cleaning, attending the brooding hens and chicks in the
first few days of life and supplementary feeding of grains, particularly when the chickens
are confined. These activities are in the sphere of the household and are carried out by
women and children. Involvement in the marketing of the products varies from one
community to another, depending on ownership pattern, distance to markets and the
person in charge of decision making for product sale. There are cases where women
cannot participate in marketing, if it will involve going some distance from the
homestead.
In introducing poultry improvement technologies that require labour input, it is important
to know the opportunity cost of labour for the different household members and for
different seasons. This has to be calculated with an appreciation of the gender specific
activities found in all human cultures. There is scanty information on labour input
from women and children and its effect on village chicken production systems. In a
small data base on rural poultry production in Africa with over 200 entries none of the
studies did a critical analysis of the labour input let alone gender desegregated data.
It could be interesting to relate the various village chicken production constraints with
the labour opportunity cost of the different gender categories. For example, where
women are responsible for caring of the chicks, chick mortality could be related to
available labour input from women. Similarly, activities such as disease control,
construction of shelters and marketing will be affected if they are not priority areas for
say, men who might be socially responsible. Disease control in village chickens is an
area, which depends greatly on the extension/advisory services. For successful village
chicken interventions, the extension/advisory services should be able to target the
potential information users. This may be a problem in African countries which already
have problems in maintaining an efficient agricultural extension system, are targeting
poultry extension efforts in commercial poultry production system, and make little
effort to understand village chicken or the intra-household dynamics including gender
roles.
DISTRIBUTION OF BENEFITS
Reports on functions of village chickens have shown similarities across the African
countries (Williams, 1990; Kaiser, 1988; Bourzat and Saunders, 1988; Yami, 1995;
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Table 1. Production parameters of village chicken production systems in Africa reported in literature
Reference

Shanawany
and Banerjee
(1991)

Country

Bukina Faso

Minga, et al
(1989)

Tanzania

Wilson et al.
(1987)
Wilson
(1979)

Eggs/clutch

Egg weight (g)
(g)

Hatchability
(%)

44-49

39-42

12-18

30-40

60-90

6-20

41

50- 100

Ethiopia

Bourzat and
Saunders
(1989)

Veluw
(1987)

Clutches/year

2.7-3.0

Ghana

2.5

Mali

2.1

Sudan

4.5

10.87

1.1-1.7

(%)

1.0-1.2

83

1.2

2.2

72

10

Mortality

Mature weight
(kg)
Cocks
Hens

>80

50

34.4

69.1

1.6

1.02

40.6

90

2.1

1.31

98

56

50

Diambra, 1990). The main functions of rural poultry are; home consumption (meat
and eggs), social obligations and sales or in exchange for goods and services. In Niger,
home consumption and ceremonies account for 35%, gifts 20%, sales or barter 45%
(Kaiser, 1988). In Ghana chickens play a special leading role in cementing marriages,
friendships and even resolving quarrels and enmity between neighbours, lovers, brothers
and comrades (Williams, 1990). Referring to a specific traditional society of the
Manprusi in Ghana, Veluw (1987) report the functions of poultry as; 35% sacrifice,
28% sale, 15% consumption, 13% gift and 10 % breeding stock. In the case of Ghana,
71 % of the eggs are kept for hatching, 18% for sale, 5% for gifts and 5% for consumption.
Importance of cash economy is rapidly diffusing into even the remotest areas of
developing countries. Village chickens have been identified as one of the sources of
income and particularly to the households which do not have access to land or other
important resources such as cattle. Village chicken production in Niger has been reported
to produce higher income than minimum labour wage (Kaiser, 1990). In Ghana village
chickens are estimated to contribute over 15 % of the household cash income (Veluw,
1987). Village chicken production systems in Africa have been ridiculed because of
the low production potential (Table 1). It can be argued that the high mortality rate is
the major cause of low production levels because this result in a low annual yield of
about two chicken per hen (Veluw, 1987; Bessei, 1993). However, comparative data
for the other parameters might not be rational because they are not backed up with
costs and benefit analysis. Some schools of thought consider production efficiency of
the village chicken production system is high because of the low inputs involved.
Another key issue for consideration is the validity of poultry production data reported
in literature. Most of the data found in literature is based on estimates by responsible
professionals. Where field surveys have been conducted there are limitations especially
where the data depend on the memory recall of farmers who normally do not keep
records.
There is dearth of information on the village chicken marketing system as well as
distribution of benefits accrued from village chickens in Africa. In the data base of
over 200 entries reviewed none has looked into these aspects. However, access to
products and benefits of the production system is crucial for the successful adoption of
improvement technologies. How the outputs (economic and social) of village chickens
are shared in a household depends on the socio-economic behaviour of the household.
Although women and children have key roles in decision making in village chicken
production, distribution of the benefits is not so clear. In the preceding section there
was mention of the taboos in some societies where women can not eat some chicken
products (for example eggs). In Ghana where cocks are used for sacrifices, the blood is
for ancestors, and the meat is eaten by male household members. Negative response to
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poultry improvement projects from women was reported in Sudan, where the women
had no access to the income accrued from poultry. It is therefore imperative to
understand gender relations, and their influence on household economic
behaviour in poultry projects aiming at improving the welfare of women. The high
variation in socio-economic circumstances within and between countries will require
case by case analysis.
WOMEN, CHILDREN AND NON-GOVERNMENTAL ORGANISATIONS IN
VILLAGE CHICKEN PRODUCTION
Literature on African traditional village chicken production systems mentions women
and children as the main keepers of chickens. Poultry production is dominated by
women even where intensification has been introduced. This situation is supported by
Bradley (1992) in a review of historical relationships between women and poultry
development. He explained the closer association of poultry and women because there
are livestock kept in the sphere of the household. In response to this paradigm, poultry
keeping has ranked high among small enterprises suggested for improving the economic
status of women in rural Africa. Where these introductions have been guided by
government policies, the target groups are not reached. A major constraint in achieving
the objectives of such projects is the prevailing inferior socio-economic role of women
in the African rural society. It is therefore important to understand the
interrelationship between the status of women and economic and social services
available in rural areas.
The role of non governmental organisations (NGOs)in village chicken keeping can be
discussed in view of the NGOs role in poverty alleviation. Advancements in women in
development programmes have resulted in the formation of a number of NGOs, which
emphatically support gender-aware anti-poverty programmes. NGOs are better placed
than government institutions for the inclusion of gender in their programmes, because
of their innovative nature and flexibility compared with the more rule-bound culture of
most bureaucracies (Kabeer, 1995).
The preceding discussion on the socio-economic aspects of village chicken production
shows that in some situations there are social constraints which prevent women having
access to a fair share of resources and benefits of the production system. NGOs
following process-based approach to policy design, can best address this problem in
rural poultry development projects. Transformation of the village poultry production
system from subsistence to income-generating activity will require organisational
building, particularly for input supply systems and marketing. This is an area where
again NGOs have advantages over the bureaucratically managed planning institutions.
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There are examples of NGOs in the Asian continent, which have successfully organised
farmer groups and associations in poverty alleviation programmes, such as; Grameen
Bank of Bangladesh and the Self-employed Women's Association of India. The
success of NGOs in Africa is yet to be assessed. Needless to say the differences in
culture within and between societies warrant case by case analysis of the prevailing
situation.
FUTURE PROSPECTS
Review of literature on village chicken production systems in Africa show that scientists,
development agents and policy makers do not have clear understanding of either village
production system or the socio-economic aspects in village chicken keeping. Further,
the validity of the data given in literature is questionable because of the weaknesses
associated with the data collection methods. There is need to review the available data
collection techniques in use and examine alternatives. The recent developments in
participatory techniques as tools for data and information collection in rural
areas can be employed to improve data collection in village chicken production
systems.
The socio-economic structure of village chicken production systems calls for genderaware interventions. Although village chickens are predominantly the domain of women,
interventions directed at women must be introduced cautiously. NGOs have a key role
to play in capacity building and organisational aspects to address the disadvantaged
groups. However, in view of scarce resources, networking for co-ordination purposes
is necessary. Networks should involve the producers, in order to address producer
needs. As indicated above the village chicken production system is a component of the
whole farming system. There is need to understand the various factors affecting the
production system at household level, village level and external factors from urban or
national level. Long term efforts are required to achieve this.
The future of the village chicken production system in Africa is promising because
donor agencies such as United Nations as well as NGO's have realised that addressing
this sector will target the poorest and the most disadvantaged groups in developing
countries.
The Food and Agriculture Organisation of United Nations is supporting a research
programme in Africa to investigate ways of stimulating evolution of the village chicken
production system into a more productive market oriented system. An in-depth review
of literature will be carried out in collaboration with institutions which support rural
poultry production in the tropics. Field studies will be conducted in four African
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countries namely; Ethiopia, Gambia, Tanzania and Zimbabwe with a critique review
of the data collection methods used in poultry development projects. Alternative methods
including use of participatory tools will be tested in Zimbabwe and Tanzania. The
village chicken production system will be studied at five different levels; flock level,
household level, inter-household level, village level, inter-village level to
identify the relationships and their effects on flock management and disease
epidemiology.
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IMPROVING SKILLS OF THE SMALL FARMERS IN
POULTRY MANAGEMENT
Quazi M Emdadul Huque
Bangladesh Livestock Research Institute avar, Dhaka 1341,
Bangladesh
This article discusses the present production systems of chicken and ducks in
Bangladesh with their characteristic features (small scale farming, semi-scavenging
model of rural poultry production with seven components). The skill improvement
processes of small farmers in poultry management practiced in Bangladesh are
described which is mostly based on the experiences gathered from the developing
process of the model and in transferring technology to the existing production
systems. Women's participation in small scale poultry farming uplifts the socioeconomic status and generates income for the destitute and poor women. The
action programmes of the model is an effective processes of skill improvement of
the rural small farmers.

INTRODUCTION
Small-scale poultry farmers are the main producers of the poultry in many developing
countries. Improving skills of the small farmers requires special strategies in order to
move from "no-input" scavenging poultry keeping to profit oriented egg and meat
production. Improving skills of these farmers has a great impact on production efficiency
and to increase their market share and thus their income.
Poultry in Bangladesh includes chicken, duck, and a small number of pigeon, geese,
guinea fowl and quail. About 89 per cent of the rural household keep poultry and the
average number per household is 6.8. The number of poultry in the country is estimated
to be about 129.94 million (chicken 116.47 million and ducks 13.47 million), which
grew at an annual rate of 6.49 per cent over 1990-1994 (DLS,1994). The share of
poultry in the animal protein component of human diet is estimated to be 30 per cent in
1995. In the last few years, small commercial poultry farming is expanding in the
country in the peri-urban areas as layer and broiler farming and cockerel raising. In the
rural areas, small scale farming of poultry, duck and mini hatchery are developing by
the support of institutional credit, NGO and public sector technical support. The number
of poultry farms is 1,11,608 out of which 89,702 farms raise a maximum 50 birds per
farm. The number of duck farms is 20223. Almost all farms are small enterprises
except a few number of large farms.
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The poultry production of Bangladesh is mostly under small farmers management
systems. In an estimate on the production based on the year 1991, it was found that
about 96 per cent of egg and 98 per cent of meat of chicken were produced by small
farmers (Huque and Stem, 1993). This paper will provide a short overview of the
production systems of chicken and duck of Bangladesh and a semi-scavenging small
farming model of rural poultry production and describes the skill improvement process
of the farmers which are mostly based on the experiences gathered from the developing
process of the model and in transferring technology to the existing production systems
of Bangladesh. The process of learning technical know-how in the model is considered
as one of the strategies for skill improvement.
POULTRY PRODUCTION SYSTEMS IN BANGLADESH
The chicken production systems of Bangladesh are divided into five production subsystems (Table 1) and the duck production systems are divided into four. The production
systems are as under.
Chicken Production Systems
(table 1 here)
(i) Smallholder native scavenging chicken consisting of several birds with local
germ plasm: Native chicken are extensively raised in the backyard with night
shelter and little supplementary feeding by rural people specially women and
children; the males are normally raised for meat and breeding purposes, while
the hens are raised for egg production and reproduction. An estimate showed
that about 75 per cent of the eggs and 86 per cent of the meat is produced by this
system (Huque and Stem, 1993). These birds are raised with httle or no inputs
and productivity is very low and irregular with an average annual egg production
35-45 eggs weighing 33-38 gm (Huque et al. 1990).
(ii) Crossbred rural scavenging production with crosses between native and
several improved breeds provided by the public sector: White Leghorn (WL),
Rhode Island Red (RIR), Fayoumi are available in public sector poultry farms.
These are mainly being used for improvement of local chickens through a
crossbreeding program through chick, egg and pullet distribution, and cockerel
exchange activities. At present, this program has got less priority in Bangladesh.
(iii) Small commercial rural farming by women with pure line improved breeds/
their crosses available at public sector poultry farms: This system of
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production is one of the main activities of public sector with collaborative program
of Non-Government Organization (NGO) managed completely by the women.
At the beginning, this type of birds were used for the semi-scavenging model
developed with seven components for rural poultry development. Many small
farmers transferred their farming from pure line stock to hybrid stock after having
their improved skill.
(iv)

Small commercial farming with imported hybrids by unemployed youth
and women: The small farming commercial producers receive day-old chicks
from local hatcheries or imported ones. A large number of youth and women
have become small-scale poultry farmers in the vicinity of big cities. The youths
receive training from Department of Livestock Services, Youth Training Centers
and NGOs. This production system is expanding in the country with the
improvement of skills of the small farmers.

(v)

Large commercial poultry agribusiness based on hybrids imported from
overseas as day-old chicks or parent stock birds: These commercial layer
and broiler enterprises are expanding in the vicinity of the cities for catering egg
and meat to the cities. Numbers of this type of industrial ventures are very few
which produce only 4 per cent eggs and 2 per cent meat of total production of
Bangladesh (Huque and Stem, 1993).

Duck production systems
Duck production has an important economic role in Bangladesh and about 43 percent
of the annual per capita egg consumption was duck eggs (BBS,1984). Ducks are mostly
reared by the small, marginal, landless poor and vulnerable section of the countryside.
Almost all households keep ducks where any form of water bodies like rivers, ponds,
lakes, big natural water basin and low lying areas are available. Ducks are mainly
raised for egg and the meat is produced as a by-product(Huque,1991). It was found in
a survey that out of the total duck population, about 56 per cent were native, 28 per
cent Khaki Campbell, 13 per cent cross bred and the rest were Indian Runner, Cherry
valley, Muscovy, Jinding and Pekin (Amber, 1994). The national duck production
programme was launched with one central duck breeding farm, three regional
multiplication farms and 12 regional duck rearing farms in public sector. Two more
regional duck farms are under way to be established this year. Non-government
organizations(NGO) have a major duck production programme in the country. More
than 80 per cent ducklings is produced by the 'rice husk heating' method by the NGO.
Four duck production systems are practiced which are presented in table 2.
(table 2 here)
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i)

Smallholder integrated scavenging: The smallholder integrated scavenging
ducks are reared for egg and meat production. Duck eggs are mostly hatched by
broody chicken and reared first one or two weeks by the hen and later reared by
individual farmers. The birds have access to confined water areas of pond, canals,
basins, low lying areas and rivers as well as coastal regions. This allows the
birds to get high-value aquatic weeds, snails,insects, crabs, small fishes, etc.
which fulfill the need of feed requirement. In certain periods of the year, some
farmers who keep ducks in confinement collect snails and feed them fresh to
their ducks.

(ii)

Herding system: The herded ducks have a free access to big natural water
basin (haor),low lying areas (beel) and swamp areas. The flocks scavenge and
forage whole day in the open fields and meet their feed requirement. A young
boy (caretaker) normally looks after the herded flock during the day foraging
period. The herded ducks are not generally supplemented with feed except in
lean season (in the month of July and August, the water level is quite high in the
water bodies and ducks gets less feed). The ducks find enough feed during grazing
in the water bodies. All hatching is being done by the traditional 'rice husk
heating process'. The method is quite successful with hatching percentage more
than 70 per cent on the total egg set.

(iii)

Duck-cum-fish farming: This system of duck farming is becoming popular in
Bangladesh. As the fish farming does not need any extra feed for fish, this
production system is economically more viable and getting more popularity.
Intensive system of management with balanced feeding is being practiced in
this farming. The Fisheries Research Institute is making efforts to use duck
droppings for higher fish production. This is making technology which is
transferred to the farmers' fields through the farming system research programme.

(iv)

Improved system: The improved system of duck farming is managed by the
government and NGOs. Ducks are kept under complete confinement with
balanced feeding though in some cases they are allowed to swim in pond within
the farm area.

SMALL FARMING POULTRY DEVELOPMENT MODEL
Small farming semi-scavenging poultry development model is a self-sustainable
complete package based on almost all local resources. This model has given an
opportunity for income generation of the poorest of the poor and landless poor,
particularly destitute or landless women in Bangladesh (Table 3). The improvement of
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the poverty alleviation through the model is presented in Table 4. This model is one of
the main chicken development programs of the Government of Bangladesh in
collaboration with NGOs. The model has not been executed yet for duck development
programme, as ducks are not raised extensively in all areas of the countryside. The
model has two core elements: (a) prevention coverage of major poultry diseases through
self employment and (b) improvement of skill of small farmers for higher egg and
meat production. The action programmes of the small farming poultry development
model are proved to be very effective in the skill improvement process described in
this paper. The model has a package of seven components supported by small amount
of credit supply without any collateral support:
Table 3 and Table 4 here
i)

Poultry workers (women vaccinator),

ii)

Chick rearers,

iii)

Key rearers,

iv)

Model rearers

v)

Mini hatcheries,

vi)

Egg collectors,

vii)

Feed sellers

i)

Poultry workers: Group formation is an important criterion for this component.
At least 20 landless poor (having only homestead), almost all women, need to
form a group in the target village. One woman from each group is selected and
provided 10-day basic training on poultry vaccination and health control along
with a some idea on poultry husbandry. On completion of initial training, they
are supplied with a vaccination kit box along with a thermos-flask and on regular
basis stock of vaccines and drugs. The poultry workers return to their villages
and vaccinate all birds in the villages by charging Taka 0.50 per bird. The average
income of the different components are presented in Table 4. After three weeks,
the workers receive a refresher training for 9 days in two times with certain
intervals. The workers will take part in a group discussion once in a month.

ii)

Chick Rearers: Chick rearers are selected from best poultry workers and offered
additional 9-day training thrice with several months of intervals on chick rearing.
They rear 250 to 300 improved day-old chicks up to eight weeks of age under
intensive system of feeding with balanced starter ration. They rear 4-5 cycles of
chicks commercially in a year. The chicks are sold to the Key Rearers and Model
Rearers.
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ii)

Key Rearers: Key Rearers are the group members of the village and are given
training on ideal method of poultry rearing for additional 4 days in two times
with a few months of interval. They purchase 10 to 15 birds from the chick
rearers and rear them up to 80 weeks of age for egg and meat production. They
raise their birds under semi-intensive system with supplemented feeds.

iv)

Model Rearers: Model rearers are selected from the experienced and technically
skilled 'Key Rearers' for production of hatching eggs for local hatchery. They
are trained additional 4 days in two times and acquire a higher level of technical
capability (improved skill) of poultry rearing. They purchase best selected 26
pullets and 4 cocks from chick rearer at the age of 8 to 12 weeks and rear under
intensive system with balanced ration. The primary output of this model is to
supply hatching eggs to the mini hatchery along with some table eggs and meat.

v)

Mini Hatcheries: Women are selected from the group members and are given
training on rice husk heating method for 21 days for chicken and 28 days for
duck to produce day-old chicks/ducklings. They purchase hatching eggs from
the egg collector and hatch it in their mini hatchery. The chicks or ducklings are
sold to the chick rearers.

vi)

Egg collector: One woman member from each area is selected and developed
as an egg collector. She receives 3 days training on egg handling and care for
hatching and table eggs. She is responsible for buying eggs from model rearer
and supply it to mini hatchery.

vii)

Feed seller: One woman is selected as feed seller and is given 3 days initial
training on feed identification, preparation of balanced ration and their proper
hand mixing system. They are supplied feed formula for different types of birds.
All group members purchase feed from this feed seller to avoid feed adulteration
and quality feed.

Small ammount of credit is one of the important factors for whole operation of the
model as the landless poor or destitute women do not have their own funds for starting
these activities. A collateral less credit is given to all component members depending
on their size of operation. Poultry workers do not get any loan but they receive
vaccination kit and flask as grant. At the beginning. Chick rearer. Key Rearer, Model
rearer, Mini hatchery. Egg collector and Feed seller receive loan at the rate of Taka
6000.00, 2000.00, 4000.00, 6000.00, 2000.00 and 6000.00, respectively. With the
weekly repayment system, loan recovery is almost 100 per cent. Farmers can get loan
again after completion of repayment. The model is operated in collaboration with
Government and NGOs in an integrated package program.
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SMALL FARMERS SKILL IMPROVEMENT
Small scale farming of poultry is the major operational program of poultry in Bangladesh
as 96 per cent of eggs and 98 per cent of poultry meat is produced by the small farmers.
Skill of the farmers and its improvement depends on the production systems of poultry
of a country. In the context of Bangladesh, five production systems in chicken and four
production systems in ducks are being practiced. All the skill improvement process
described here are effective in the small farming context of Bangladesh. Small farmers
skill improvement in poultry management is being done by the following process:
1. Group forming of the primary target beneficiaries: Formation of a group with
the primary target beneficiaries is a factor for developing skill. Selection of the
target beneficiary need to be based on interest, needs of incumbent and their level
of social and educational background.
2. Training: Training is one of the most important tools for skill improvement. The
nature of trainings are:
a) Primary training on poultry production and health care based on class room
instruction along with the practical knowledge.
b) Functional training at the farm by work in hand from first to last steps of
operation.
c) Refresher training at certain intervals following the problems faced by the
poultry farmers are needed to upgrade farmers' skill and management used by
the farmers.
3. Demonstration: Demonstrations in each steps of the production chain along with
its economic benefits and sustainable production systems are required.
4. Group meetings: Group meetings among the farmers in presence of technical
officials are useful to uplift the knowledge of the members.
5. Visits: Organized farm visits in a group with the members of farmer to the
neighboring poultry farms/ demonstration farms are good efforts to teach new
techniques.
6. Mass communication: Mass communication programs are effective system of
farmers skill improvement. It can be conducted in different ways, such as
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broadcasting special bulletin through television, radio and video program on poultry
husbandry with its economic viability.
7. Publications: Publication and distribution of posters, leaflets, pamphlet, training
materials etc. are recognized as tools for skill improvement.
8. Input services: Input services like birds, feeds, vaccines and medicines, credit etc.
are essential for expressing the skills following the training.
9. Advisory services: Advisory services for continuous upgrading of technical knowhow are required for the farmers on a regular basis through the extension agents.
Number of extension agents and their frequent contact are also important for
covering the target areas.
10. Efficiency improvement training: Efficiency improvement training is required
to increase the level of skills for higher technical knowledge. After the first stage
of learning and the adoption of simple techniques, an efficiency improvement
training is essential as further steps of skill improvement.
11. Output services: Output services such as an increased focuses on marketing and
processing of the products are essential for skill improvement.
12. Field day, workshop and seminar: are an effective processes for farmers to increase
their knowledge and skills.
13. Inter-agency cooperation: for continuous input output services are required for
keeping standard flow of the operation which helps to maintain the improved skills.
14. Management information system: A group of best farmers' skills information
can be collected through a management information system and identify the facts
of management skills for higher production and transfer these gained experiences
to the other producers.
WOMEN PARTICIPATION IN POULTRY RAISING
Women in the small farm participated quite actively in the various activities involved
in poultry production. In the small farm, almost all work such as brooding operation,
feed preparation and feeding, rearing of chicks and ducklings, egg collection, gathering
ducks or chicken for night safety and the other daily chores are performed by the
women. Sometimes only input procurement and marketing of the produce are shared
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by the men, none the less women participate in major decisions related to the poultry
production. In many cases women themselves do procurement and marketing also.
But it is important to notice that the income from the sale is spent by women. In a
society traditionally dominated by men, small poultry farming provides women with a
unique opportunity for economic empowerment. In the large commercial enterprises,
the farmers engage women workers for most of the farm works like egg collection,
feeding etc.
STRATEGY FOR RESEARCH
The present attempt is to conduct adaptive and field problem based research in
Bangladesh. As the major share of egg and meat production is coming from small
scale farming, an alternative improved type of birds for catering this farming is required
for increasing the rural production. A research experiment has been undertaken on the
small poultry farming with different combinations of pure Une chicken breeds and
their crosses with the financial support of IFAD. Another emphasis has been given to
utilize local feed resources along with the non-conventional feed resources to reduce
the feed cost.
The need for research on small scale poultry farming is not generally recognized but
small scale poultry farming is promising in developing countries as the demand of
poultry products in developing world is growing very rapidly and it requires less
investment. To meet the increasing demand of eggs and meat, research efforts need to
be directed towards the small scale poultry farming in developing countries as the
problems in developing countries are different than in the developed countries. The
transfer of technical know-how in different stage of skills and adoption of techniques
is the major constraint in small scale rural poultry production. The research efforts are
also needed to be undertaken in these areas.
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Table 1. Chicken production systems
Systems

No. of
birds

Breeds/
types

Feeding
systems

Major
participant

Smallholder native
scavenging chicken

4-5
to 20

NC

Scavenging
with
kitchen
waste Sc
grain
supplement

Women &
children

Crossbred rural
scavenging
production

1 to
50

NCXWL,
NCXRIR,
NCXF.

Scavenging,
Kitchen
waste Sc
supplementary
feeding

Women &
children

Small commercial
rural farming

10 to
300

WL,RIR,
F^FXRIR

Balanced
diet feeding & semiscavenging

Destitute
women &
landless poor

Small commercial
farming

50 to
5000

IH(L5cB)

Balanced
diet
feeding

Unemployed
youth & women

Large commercial
poultry
agribusiness

More
than
5000

IH(L&B)

Balanced
diet
feeding

Business
community
(Employed
many women
workers)

NC=Native Chicken, WL=White Leghorn, RIR=Rhode Island
F=Fayoumi, IH=Imported Hybrid, L=Layer, B=Broiler.

Red,
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Table 2. Duck production systems
Sys teins

No. of
ducks

Breeds/Types

Feeding systems

Major
participants

Smallholder
integrated
scavenging

1 to
20

L,

KC,

LXKC.

Scavenging,
foraging &
supplementary
feeding

Women & children

Herding
system

50 to
1000

L,

KC,

LXKC

Fully scavenging &
foraging with
little supplement
in lean season

Unemployed youth
& children

Duck-cumfish

50 to
more

KC,

Balanced diet
feeding

Unemployed youth
& women

Improved
system

50 to
more

L, KC, J,
B,LXKC.

Balanced diet
feeding

GO & NGO's Farms

LXKC

L-Local, KC=Khaki Campbell, LXKC= Local X Khaki Campbell, J= Jinding, B=Beijing
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Table 3 . Average yearly income and cost & return analysis of
different component of beneficiaries of the model.
Beneficiaries

Farm size
(acre)

Average yearly
net income per
household
(In taka)

Benefit/cost
ratio.

Poultry worker

0.11

3175.2
($ 79.38)

2.56:1

Chick rearer

0.14

8592.36
($214.81)

1.29:1

Key rearer

0.11

4723.08
($118.08)

3.86:1

Model rearer

0.12

6001.08
($150.03)

1.52:1

Mini hatchery

0.15

12558.96
($313.97)

1.60:1

Feed seller

0.09

9087.36
($227.18)

1.06:1

Egg collector

US $ 1 =Taka 40.00,

-

6000.00
($150.00)

-

- = not available.
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Table 4. Percentage of poverty alleviation through the model
Components

% of household
below poverty
line without
model

% of household
below poverty
line in the
model area

% of poverty
alleviation in
one year

Poultry Worker

80.00

52 . 00

28.00

Chick Rearer

65.00

33.33

31.67

Key Rearer

82.85

54.26

28.59

Model Rearer

82.50

50.00

32.50

Mini Hatchery

37.50

37.50

0.00

Feed Seller

67.50

42.50

25.00

Egg Collector

///^

//•^

-f^Pr-

Source: Anonymous, 1996, \t^= Not available
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SEMI-SCAVENGING MODEL FOR RURAL POULTRY
HOLDING
Hans Askov Jensen
Poultry Development Strindbergsvej 104 2500 Valby, Denmark

The Semi-Scavenging Model for rural poultry holdings, developed in Bangladesh,
has proven to be a viable system. To improve the technical side of the model a
number of adaptive research projects are under implementation such as field
testing of different breed combinations, feeding methods and scavenging conditions
in specific areas.Preliminary results of these research projects clearly indicate a
potential for technical improvements of the model and that the type of HYV breeds
is of less importance at smallholder level. Furthermore it gives reasons to believe
that the model is or can be competitive to intensive poultry production.
INTRODUCTION
The terminology Semi-Scavenging is used for small poultry flocks under partly controlled
management and where the scavenged feed accounts for a substantial part of the total
feed consumed. A Semi-Scavenging Poultry Model is an integrated system to provide
supplies and services to establish and to maintain a semi-scavenging poultry sector.
Scavenging poultry accounts for by far the largest number of livestock in the developing
countries. Scavenging hens are, however, more or less neglected as an income generating
activity by institutions, as well as by the poultry holders themselves. Previously, the
main activities to improve scavenging poultry holdings have been introduction of
cockerel exchange programs and vaccination campaigns. However, the effect has been
rather limited because it has not been followed by other management activities.
In Bangladesh there has,during the past decade, been developed a successful model
for semi-scavenging poultry holding. In 1995 more than 600,000 smallholders were
established and the number is now increasing by more than 100,000 per year.
THE BANGLADESH MODEL
Organization
The Model is a three pronged organization where each prong has its specialized
functions. The institutional structure behind the model is the Government through the
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Department of Livestock Services, DLS and NGO's, mainly Bangladesh Rural
Advancement Committee, BRAC. In figure 1 is shown the three lines involved in the
Model and the tasks of each line.
PRODUCTION

SUPPLY

SERVICE

BREEDERS

PARENT STOCK

VILLAGE GROUP

HATCHERIES

FEED

TRAINING

CHICKEN REARERS

VACCINE/MEDICINE

CREDIT/SAVINGS

SMALLHOLDERS

MARKETING

EXTENSION

Fig.l. Integrated Semi-Scavenging Production Model
PRODUCTION LINE
Breeders. Small low cost parent farms with 25 parent hens per farm. The hens are kept
in confinement and fed with balanced feed. The Parent Stock is of improved breed
such as White Leghorn, Rhode Island Red and Fayoumi and the male and female are
of different breed.
Mini Hatcheries. Small low cost hatcheries operated with close to 100 % solar energy.
Black pillows filled with rice husk is heated in the sun and the eggs are placed into a
cylinder between 2 pillows for hatching. Each hatchery has a capacity to hatch 1,000
chickens per month.
Chicken Rearers. Small rearing farms, each with a capacity of 200- 300 chickens.
The chickens are reared in a low cost house from day old to 8 weeks of age. The
chickens are fed with balanced feed supplied by the local feed seller.
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Smallholders. Small farms with only 10 hens, mainly HYV breeds, supphed by the Chicken
Rearers and a few local Desi hens. The hens are kept under semi-scavenging conditions
and fed with 30 - 70 % supplemented feed and scavenge for the remaining part.
SUPPLY LINE
Parent stock. The parent stock is supplied by DLS at market price for day old chickens.
The breeds are mainly Fayoumi, White Leghorn and Rode Island Red.
Feed. The feed is supplied by a number of small feed sellers located in the villages.
The sellers purchase local by-products from the milling industry and mix it with
fishmeal, vitamins and mineral. A feed seller sells about 1 ton of feed per month.
Vaccine/medicine. A number of Poultry Workers are trained to vaccinate the birds.
The vaccine is supplied free of charge by the Government but the Poultry Workers
charge a vaccination fee.
Marketing. The eggs are collected by Egg Collectors and marketed in the nearby
towns or the poultry holders sell the eggs and chickens themselves in the village.
SERVICE LINE
Group formation. The involved NGO forms small village groups with some 30
members. The groups hold weekly meetings to discuss relevant subjects and new poultry
holders are selected from the groups.
Training. Before a poultry holder is established she has been through a 4 days training
programme followed by refresher courses.
Credit. Depending on the activities, each member is provided with a small loan ranging
from USD 25 to USD 200. The repayment period is 1 year.
Extension. Extension services are provided as a cooperation between the Government
and the involved NGO.
The organization of the Model is well developed and well functioning. There is, however,
a big gap on the technical side. The scientific resource base for semi-scavenging
poultry holdings is rather weak and a professional network for this discipline is not
established yet (Dolberg , 1996).
STRATEGIES
Breeding
In general, breeding strategies in developing countries have focused far too much on
63

the genetic potential of the breeds. It is, however, stressed, that improved breed can
never be a substitute for bad management.
The objectives of a breeding strategy for the semi-scavenging poukry holdings are:
To maintain breeding stocks with a genetic potential, which matches the best
smallholders' management skills for producing eggs on the basis of a behavior
condusive to semi-scavenging conditions. To maintain the breeding stock under
circumstances which give the best health security and produce parent stocks with a
uniform antibody status in order to obtain the best immunity from the vaccination
program. To have a multiplication and distribution system which optimize the financial
results for the end users, in this case the smallholders, taking the productivity in the
multiplication units into due consideration. The semi-scavenging model is in fact an
integrated production chain and all links involved shall be considered in the formulation
of a breeding strategy. Breeders and Chicken Rearers, where the birds are kept in
confinement and fed with balanced feed, must inter alia also be viable units. The
complexity of a breeding strategy is illustrated in figure 2. In reproduction links, the
egg yield and feed efficiency are the most important traits, while at the smallholder
level traits as survival rate and scavenging behavior are more important.

BF

A

BALANCEO FEED

BAI

100 %

PS
ANCED

H

MH

FEED

CR

SH

BALANCEO FEED

100 %

100 %

SUPPLEMENTED FEED

60 %

BREEDING POLICY
HIGH E-OQ YIELD

HIGH SURVIVAL RATE

HIGH FEED EFFÍCIENTCY

GOOD SCAVENEOEHS

BF ■ BREEDING FARMS
CR - CHICKEN REARERS

^^ ' f^f^^^''^ STOCK
SH - SMALLHOLDERS

M H - MINI HATCHERIES

Fig. 2. Production Line for Semi-Scavenging Model
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Even though indigenous breeds are developed and adapted to the local environment, it
will not be viable to use them as female parents in a programme as outlined in figure 2.
A programme where indigenous breeds are used as parent males may be viable in
some areas.
Sazzad (1992) and Quader et al. (1988) have shown in an experiment carried out under
field conditions in Bangladesh that improved breeds are superior to the local Desi hens
and Rahman (1995) has shown that a cross between two breeds, RIR and Fayoumi, is
superior to the pure breeds under semi-scavenging condition in Bangladesh. Chandrasiri
et al. (1994) observed, in a deep litter system, a laying intensity of 27, 53 and 76 % for
the breeds Village type , Village x Commercial and Commercials 579) respectively.
The laying intensity for the Village type was close to be the same under scavenging
conditions which also is in agreement with Quader et al.(1988).
An ongoing experiment with 8 different breed combinations ,including hybrids, indicates
that the choice of breeds is not so important as seen from the average smallholder point
of view. The experiment comprises 320 smallholders' each with some 4 HYV hens and
4 Desi hens. The performance data are recorded by field assistants visiting the
smallholders twice a week. Preliminary results shown in table 1 indicate an insignificant
difference between the breed combinations. Egg in 5 months cover the period from 6
to 11 month of age and the average egg yield cover 2 hatches, 11 month of production
for first hatch and 8 month for the second. Only the difference between the breeds AB
and 'Sonali' is significant (p < 0.05).
Table 1. Comparison of breeds under simi-scavenging conditions (Rahman, 1995)
Breed
AB, commercial hybrid
ARIR X Fayoumi
Fayoumi X AB
RIR X AB
RIR X Fayoumi, SONALI
RIR xW. Leghorn
SONALI X AB
W. Leghorn x AB

Egg No. in 5 month

Average No. of eggs

43
54
53
51
53
59
51
41

92
103
110
100
115
113
110
96

ARIR = Commercial parent male (brown) x Rhode Island Red female
At the low and medium management level, it is of less importance which kind of
improved breeds are used as parents, because the genetic potential can not be fully
materialized. However, a combination of semi-scavenging condition and high
management skill may be able to utilize a higher genetic potential.
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The preliminary conclusions to be drawn are
The semi-scavenging model developed in Bangladesh can provide an environment
and management skills to utilize the genetic potential of breeds with a higher value
than the capacity of randomly selected HYV breeds.
There is no rationale behind use of commercial layers under semi-scavenging conditions
at smallholder level. However, use of commercial hybrids as parent hens will enhance
the viability of the rural parent farms and a combination of hybrid parent hens and a
HYV male may be a viable solution for the smallholders.
An appropriate breeding strategy may be use of commercial brown hybrids as parent
hens and a colored improved breed as parent male. Even though the strategy may not
be the optimal solution, it is manageable and can be applied till a better strategy has
been developed. Furthermore, the proposed strategy provides optimum opportunities
for parent farms to be viable operations.
REARING
It is well known that the mortality rate is very high under pure scavenging conditions,
especially during the first 4 to 8 weeks of age. The high mortality rate, and the following
high number of eggs used for natural hatching, are the main causes for low offtake from
a scavenging poultry flock. An offtake below one chicken per adult hen per year is reported
by Smith (1990), and is also in line with ñeld observations in Bangladesh and India.
An efficient method to decrease the mortality rate, is to keep the chickens in conñnement
and vaccinate them against the prevailing diseases during the first part of the rearing
period.
Even though the model in Bangladesh is based on rearing of HYV chickens in
confinement till 8 weeks of age, the traditional hatching and brooding still are an
important element as a side activity for the smallholders. Under traditional brooding,
the mortality rate often exceeds 50 % to 8 weeks of age. Wickramenratne et al. (1994)
found that predators count for up to 88 % of the mortality and that colored birds had a
higher survival rate than white birds.
There is a close relation between the weight and growth rate of the chickens and the
mortality rate (Roberts et al. 1994; Huque, 1990).
In table 2 is illustrated the interaction between age at start of lay and the monthly egg
yield. It is evident that the early starters also have the highest monthly egg yield. The
maximum yield for a 4 months period has been 89 eggs or 75 % of lay.
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A proper rearing strategy will be to rear the chickens in confinement for the first 8
weeks of life, provide balanced feed and use of vaccination programme.
Table 2. Age at point of lay vs. laying intensity
Age at
1st egg
Months

Smallholding
N

8 mo.

9 mo

6
7
8
9

11
30
24
5

21
16
12
10

19
15
10
13

Number of eggs
6-10 mo.
67
51
34 .
24

Min

Max

±SD

27
14
9
6

89
88
62
41

20
20
15
13

± SD = Standard deviation.
Provide sufficient amount of supplemental feed during the remaining part of the rearing
period to allow the chickens to be developed in accordance with their genetic
background.
Provide supplemental feed and protection to natural brooded chickens during the first
4-8 weeks of age.
The composition of supplemental feed will depend on the kind of scavenged feed
available. A form of free choice feeding may be the best method until further information
is available. It is important to ensure that the chickens are developed normally after
leaving the confinement.
LAYING PERIOD
The rationale behind the semi-scavenging model is that the fewer eggs produced per
hen is compensated by lower feed cost assuming scavenged feed is available without
any cost. The availability of scavenged feed is as such the cornerstone in the model but
also the most difficult item to deal with. First, the amount of scavenged feed is an
unknown factor and second, the amount fluctuates over the seasons. The gap between
scavenged feed available and the feed required, is to be filled with supplemental feed.
In order to estimate the amount of supplemental feed, an area's carrying capacity and
the density of birds has to be known. Furthermore, the composition of available
scavenged feed has to be known in order to compose a balanced supplemental diet.
With our present knowledge, it is impossible to create the optimum conditions for the
hens and therefore the productivity will be lower than for hens kept under commercial
intensive conditions.
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In table 3 is shown performance data from three different locations in Bangladesh. The
age, season and breeds are all the same at the three sites( Rahman, 1996). There is no
doubt that the location has a great effect on the performance. Manikganj is by far the
best place and Rajshahi shows the lowest performance data. The higher mortality caused
by predators in Rajshahi is probably because it is a sugar cane area with many predators
and furthermore, the area is less suitable for scavengers than the two other areas.
Table 3. Location effect on egg yield, mortality rate and supplementary feed from
6 to 11 months of age

Number of eggs/hen
Mortality, diseases, %
Mortality, predators, %
Sup. feed, gm/bird/day

Jessore

Manikganj

Rajshahi

48
19
1
59

74
11
0
41

33
16
8
52

The knowledge of the composition of the supplemental diet is limited, and the same
are methods to determine an area's carrying capacity. An experiment with free choice
of cereals and protein concentrate is planned and with free access to the feed during 23 hour in the evening. The rational is, that high yielding layers must not consume more
feed than they are able to pay for and by giving the feed in the evening they still will be
motivated for scavenging for their feed in the morning.
SOCIO-ECONOMIC ASPECTS
Semi-scavenging poultry holdings are an income generating activity with very low
barriers. In rural areas nearly everybody is familiar with poultry and there are no taboos
related to poultry. The initial investment is low, the turnover is fast and the processing
and marketing are simple.
The gender issues are an important aspect too. Traditionally women are involved in
livestock, especially the poultry is under the women's responsibility. Poultry holding
is a very suitable activity for poor landless and destitute women in rural areas.
Ten semi-scavenging hens can, in many areas, provide the same income as a woman
day labour, which means that the woman can stay at home and take care of the children
and other family activities without affecting the family income.
To be involved in the process of establishing and operating a small flock of poultry is
very educational. The women learn to organize themselves into groups, to administer
loans, and the value of proper management. If they do not feed the hens properly then
they will stop laying and if they do not vaccinate the chickens then they will die.
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Experiences from Bangladesh (Jensen, 1995) show, that after two years in the
programme the main part of the smallholders have established additional income
generating activities and are on their way out of the poverty circle.
ACKNOWLEDGEMENTS
The author is grateful to DANIDA and IFAD for funding the Smallholder Livestock
Development Project, SLDP, to the staff of DLS, BRAC and Bangladesh Livestock
Research Institute for providing information and to the members of the Technical
Assistance Team, Frauds Dolberg, Hanne Nielsen, Tamas Ferhervary and Dr.Ziaddin
Ahmed, for fruitful discussion and cooperation and to Dr. Poul Sorensen, Danish Institute
of Animal Science, for conducting the statistical analyses.
REFERENCES
CAHANDRASIRI,A.D.N.,GUNARATNE,S.P.,WICKRAMERATNE,S.H.and
ROBERTS, J.A. (1994) The Egg and Meat Potential of Village Chickens under
Scavenging System. SUSTAINABLE ANIMAL PRODUCTION AND THE
ENVIRONMENT. Proceedings of 7th AAAP Animal Science Congress in Bali,
Indonesia, July 11-16,1994, pp 73-75
DOLBERG, F. (1995) Personal communication
HUQUE,Q.M.E., EMDADUL, M.H. and RIGOR,E.M. (1990) The Effect of Chicken
Separation on the Productivity of the Hens and Chick. Asian Journal of Animal
Science.Vol 3(No.2) 121-123
JENSEN, H.A. (1995) Semi-Scavenging Poultry Holding. Review of Performance at
Village Level. Status Progress Report. Phase 3, SLDP.
QUADER,M.A.and RAHMAN,M. (1988) Farming-System. Research Report, Rabi
1988-89. Bangladesh Research Institute,pp 25-31 and pp 47-54.
RAHMAN, M. (1995) HYV Crossbreed under Semi-Scavenging Conditions. SLDP
Seminar Bangladesh.
RAHMAN, M. (1996).Personal communication.
ROBERTS, J.A., GUNARATNE, S.R (1994) The Benefit from use of Creep Feeder
for Scavenging Chickens in Villages Sustainable Animal Production and the
Environment. Proceedings of 7th AAAP Animal Science Congress in Bali,
Indonesia, July 11-16,1994, pp 69-70

69

SMITH, A. J. (1990) The Integration of Rural Production into the Family Food Supply
System. CTA Proceeding of Smallholder Rural Production pp 115-128. Thessaloniki
Greece, October 1990.
WICKRAMERATNE, S.H.G., GUNARATNE, S.P., CHANDRASIRI,A.D.N. and
ROBERTS, J.A. (1 994)Chick Mortality in Scavenging village in Sri Lanka.
Sustainable Animal Production and the Environment. Proceedings of 7th AAAP
Animal Science Congress in Bali, Indonesia, July 11-16,1994, pp 71-72

70

SYMPOSIUM - II
INFECTIOUS BURSAL DISEASE

ROLE OF BIOSECURITY AND MASS IMMUNISATION
IN IBD CONTROL - INDIAN EXPERIENCE
B.D. Survashe
Ventri Biologicals, Vaccine Division Of Venkateshwara Hatcheries
Limited, Pune, 411 025, India

Eventhough classical IBD was prevalent since 1971, India experienced vvIBD
beginning in November 1992, taking a heavy toll of 60 to 70% in layer birds and
upto 30% in broilers. Inadequate vaccination coverage of commercial poultry
birds and total lack of biosecurity in highly congested commercial poultry farms
were the basic reasons for such a fast spread of the disease in its first phase.
Exposure to excessively high field virus dose was the major single reason for
breakdown of immunity in outbreaks in vaccinated birds. Proper use of Lukert
Type, including for day old protection strategy, Intermediate and Killed IBD
Vaccines initially and to some extent of Intermediate + Type Vaccine in later phase,
were found useful in containment of outbreaks. However, the hotter IBD vaccines,
when used indiscriminately, showed emergence of IBH/Hydropericardium
Syndrome, late Marek's, Coryza, RDC, E.coli and other secondary infections.
The Biosecurity/Disinfection Programmes were physically undertaken by field
staff for reducing the heavy load of virus in infected farms and dense poultry
pockets. The vvIBD situation could be brought under control by efforts by
following judicial vaccination along with biosecurity and disinfection measures
and stress on management systems.
Eventhough infectious bursal disease (IBD), caused by a virus belonging to family
Bimaviridae, was first reported in the township of Gumboro, Delmarva, USA in 1957,
India experienced the same beginning in 1971. Ajinkya, Survashe and Sardeshpande
recorded this disease in the Bombay - Pune poultry belt, confirming their observations
by making the first virus isolation and identification in 1976-77 in India.
Since then, moderate mortality (3% - 5% in layer flocks and 1% - 3% in broiler flocks)
but severe immunosuppression, marked by depressed immunological response to ND
vaccination and increased incidence of coccidiosis in spite of preventive and curative
measures against coccidiosis, was characteristic of "classical IBD" in India upto the
end of 1992.
A very virulent form of IBD (vvIBD) was observed by scientists for the first time in
November - December 1992 in the Calcutta region (Hugh and 24 Pargana Districts)
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and other regions in eastern parts of India,adjoining Bangla Desh. Poultry farmers
reported concurrent incidence of this disease in Bangla Desh at the same time. Poultry
marketing sources also reported its incidence earlier in Nepal in August, 1992, which
was later confirmed by IVRI workers. This wave of vvIBD appears to have spread
from West Bengal to Orissa, Visakhapatnam - Hyderabad - Chittoor - Nellore (all in
Andhra Pradesh) and Namakkal (Tamil Nadu). It further spread to Maharashtra,
Kamataka (Bangalore and Mysore belts), Gujarat, Madhya Pradesh, Punjab and Haryana
within 6-8 months, mainly in high density poultry population pockets.
In the initial phase, the disease outbreaks in layer birds were characterised by heavy
mortality (spike on 5 day) ranging from 40% to 70% and when complicated with
concurrent ND infection upto 80% in certain instances. Mortality in broiler birds varied
from 20% to 30% during initial phase. Incidence was observed in the 7 -13 week age
group initially.
Later on, the mortality in layer and broiler flocks decreased considerably due to a mass
immunisation programme undertaken by the farmers. Practical demonstrations on the
farms and various regional meetings concerning biosecurity and disinfection also
helped to moderate the outbreaks. Now the situation is fairly well under control.
However, 5 to 10% farms still experience vvIBD problems, especially in highly
populated poultry areas where the hygienic conditions are not satisfactory. These farms
show about 2 to 7% mortality of IBD in broilers due to cyclical infection and about 10
to 25% mortality of layers. The use of the Induced IBD Method (Application of bursal
triturates from infected birds in drinking water) is also a culprit in this case, perpetuating
the infection in the field.
RECENT STATUS OF THE IBD SITUATION AND SECONDARY
COMPLICATIONS ARISING AFTER VARIOUS "DESPERATE" MEASURES
FOR CONTROL OF vvIBD IN INDIA
Faced with persistent high mortality in flock after flock, especially in thickly populated
poultry areas like Namakkal and Hyderabad, poultry farmers adapted some "desperate
measures". One such is the "Induced Bursa" practice (adding bursal triturate from
infected birds to drinking water or introducing intact infected birds in the healthy flock
or using infected litter for the next batches of broiler growers) for reduction in IBD
mortality. This served to reduce mortality but increased the incidence of severe
immunosuppression leading to alarmingly high incidences of secondary complications
like E.coli infections, CRD, Coryza, Fowl Cholera and IBH.
Unrestricted use of Hot IBD vaccines for more than 3 cycles of broiler farming and
indiscriminate use of IBD "intermediate" strain vaccines at a very early age, especially
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in broiler chicks with low/irregular maternal antibody status, lead to emergence of
IBH/Leechy Heart Disease (Hydropericardium) Syndrome in Punjab, Hariyana, U.R,
M.P., Orissa and Maharashtra. This was probably a result of severe immunosuppression,
which allowed reactivation of dormant adeno virus infection.
WvIBD' WORLD SCENARIO AND INDIA
It seems that vvIBD was first reported in Belgium and the Netherlands in 1987 followed
by France, Germany and UK by 1991. The Middle East, Egypt, South Africa, Nigeria
and Asian Pacific nations, including Japan, Indonesia, Philipines, were affected by
1991-92. Recently, China was also reported to have been affected. So, the incidence
of vvIBD in India by 1992 seems to be a natural consequence of its global spread.
European isolates emerged with a shift in pathotype without antigenic drift. Japanese
isolates were proved to be related to European strains. Indian isolates were also reported
by Pirbright Laboratory to be similar to European isolates.
The United States is fortunate in not having vvIBD. There "immunosuppressive" variant
IBD strains (Rosenberger) are prevalent.
Four isolates from Calcutta, Hyderabad, Namakkal and Maharashtra were studied in
detail by crossneutralisation tests at the Poultry Diagnostic & Research Centre (PDRC),
Loni near Pune. It was concluded that these isolates have no significant antigenic
variation from standard Serotype-I Virus and these isolates produced >60% mortality
in SPF chicks, confirming their "vvIBD" nature. Later on, Namakkal and Bangalore
isolates sent toWeybridge Reference Laboratory, U.K. by others reconfirmed our earlier
diagnosis of vvIBD.
EPIDEMIOLOGY
It was observed that the spread of the disease in India was related to mass movement of
egg and cull bird vans carrying contaminated egg trays, gunny bags and infected
faecal materials. These carried contagion from farm to farm, region to region and
finally from State to State. Contaminated litter disposal trucks, basket brooders, litter,
cages, feeders and waterers and curtains soiled with infected faecal material helped in
cycling the infection from batch to batch. "All-in, all-out nock" systems are not used
in India. In thickly populated poultry belts like Hyderabad and Namakkal, the spread
of the disease occurred very fast due to extremes of unhygienic conditions. This
necessitated the scientific community to think about role of biosecurity and mass
vaccination programmes for control of this malady.
ROLE OF BIOSECURITY
It was observed that even though mild IBD live vaccine like the 'Lukert" type vaccine
was available for use in grower chicks and IBD killed vaccine for breeder flocks, few
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enlightened farmers were using vaccines for classical IBD problems. A large population
was left unvaccinated. Hence, spread and extent of the infection was enormous in the
first phase of the disease episode. The field virus loads were overwhelming. Thus
there was a phenomenon of "overriding" of the field infection over the vaccinal
responses. This necessitated judicial use of newly adopted vaccination, biosecurity,
disinfection programmes and stress management of birds on commercial farms.
It was necessary to cut down the overwhelming field virus doses which were bringing
about rapid decay of maternal immunity levels resulting in susceptability to field
infection before development of active immunity by vaccine virus. The concerned
scientists understood the importance of effective disinfection measures on the farm
premises and control of mass movement of infected egg trays, egg van and cull bird
vans. Hence, they organised farm disinfection campaigns, farmers meetings and traders
meetings, along with vaccination - disinfection demonstrations and scientific meetings
with international specialists in this area.
The following biosecurity measures were advocated to the farmers:
A.

During the Outbreak

1

Quick disposal of dead birds by burning or burial and destruction of ailing birds to
avoid build-up of infection in affected pens.

2

Spraying of flocks with virucidal compounds like Kohrsolin-TH, Dispol,
Chloramine T, etc.

3

Addition of sanitizers in drinking water, like idophore compounds.

4

Separation of personnel involved with infected pens/sheds and healthy sheds/pens.

5

Liberal use of virucidal disinfectants for personal hygiene before and after entering
the infected sheds/pens.

6

Ad lib supply of clean drinking water to avoid dehydration of birds which
precipitates and aggravates IBD incidence in flocks.

7

Use of antistress therapy in drinking water.

8

Use of Vitamin E and C/levamisole etc., in proper dosage to modulate the
immuneresponses.

B.

After the Outbreak (before bringing replacement flocks)

1

The recovered broiler flock should be disposed off at the earliest opportunity and
recovered layer flocks should be removed to newly- cleaned and disinfected sheds,
2 weeks after recovery.

2

In both the above cases, the emptied shed should be first cleared of the infected
feeders, waterers, cage brooders, cages and any other equipment. These materials
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and equipment should be thoroughly scrubbed for removal of organic matter. They
should then be cleaned with hot water containing a detergent and virucidal
disinfectant and finally with plain water.
3

The washing of infected sheds using a forced water jet followed by a disinfectant
- containing water jet, starting from the ceiling to the walls and finally the flooring
is desirable. Keeping the floor wet overnight after scrubbing with disinfectant is
good for complete action.

4

Use of a flame torch for disinfection of cages, equipments, flooring, cracks and
crevises of walls is most effective for removal of sturdy organic matter which
protects IBD virus for a long time.

5

The litter from infected sheds should be sprayed with 3% formalin and disposed
off after placement in bags. This can be composted away from poultry farms,
preferably in pits.

6

All ground within 3 feet of the sheds should be scraped and sprinkled with lime
powder.

7

The basket brooders used in infected flocks should be disposed off and new ones
should be put in place.

8

Old used curtains should be disinfected before reuse.

9

The formalin fumigation should be used with proper humidity and high temperature
in the cleaned shed.

10 The beetles infesting the sheds should be controlled with malathion spraying since
they carry IBD virus mechanically.
MASS IMMUNIZATION PROGRAMME
During the first phase of vvIBD outbreaks, the available, mild Lukert type live vaccine
could not work effectively because it could not break the barrier of maternal immunity
before the field virus and hence there were vaccinal breaks. The scientists tried to
overcome this hurdle by developing a modified Lukert vaccine with higher bird
adaptivity initially and later on a vaccine with an intermediate strain. Subsequently,
we also modified this original intermediate strain. These strategies paid rich dividends
of a progressive reduction in vvIBD incidence in the country. Thus, we have now the
following vaccines in our arsenal against vvIBD:
1

Mild, but modified, Lukert type vaccines.

2

Standard intermediate vaccines.

3

Modified intermediate plus type vaccine

4

IBD killed vaccine
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Judicial use of these vaccines and vaccination schedules helped in effective control of
IBD in India. Thus, the following principles were found useful
1 Use of 2 live vaccinations during the grower stage followed by a killed vaccination
at 16th - 22nd week in breeder flocks helps in effective transfer of maternal immunity
in one-day-old commercial chicks. This takes care of the chicks upto 15 to 18 days,
protecting them from early field infection ubiquitously present on the farms. The
establishment of ELISA technique facilities at different laboratories in places of high
poultry density helped in determining maternal immunity status and analysis of vaccinal
responses.
2 Priming of the commercial chicks with high-titred Lukert vaccine at one to three
days of age along with MD vaccine by the subcutaneous route is useful in taking care
of chicks with or without maternal immunity, upto 28 to 30 days provided the booster
vaccination with IBD intermediate vaccine is carried out between 12 to 18 days by
intraocular route.
3 One more booster vaccination with IBD Intermediate Vaccine in drinking water at
22 to 28 days age (in broiler/layer respectively) takes care of the flocks upto 35 to 40
days. Rarely, a repeat booster at 35 days is needed in layer growers where late outbreaks
occur at 40 to 50 days.
4 Use of IBD intermediate plus vaccine is unavoidable when infection pressure is
high and the above vaccination regimen is not working. However, withdrawal of this
hot vaccine and replacement with standard intermediate vaccine was found to be a
wise policy after 2 to 3 cycles when the mortality situation come a little under control.
5
Use of IBD (killed) vaccine by the subcutaneous route (0.2 to 0.3 ml/chick)
simultaneously with IBD intermediate live vaccine by intraocular route on 12 to 18
days helped to reduce mortality when outbreaks were occuring by 35 days. IBD (killed)
vaccination and live vaccination by intraocular route on the 6th day was useful when
outbreaks were occuring at 25 to 28 days.
Finally, it can be concluded that vvIBD situation could be brought under control mainly
by judicious mass vaccination regimens adjuncted with biosecurity,disinfection
measures and stress management.
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CONTROL OF VERY VIRULENT INFECTIOUS
BURSAL DISEASE (GUMBORO DISEASE) IN THE
NETHERLANDS WITH MORE VIRULENT VACCINES
B. Kouwenhoven and J. van den Bos
^

De Kleine Haar 2, 3925 MT Scherpenzeel, The Netherlands

In 1987 the poultry industry in European countries was hit by outbreaks of
infectious bursal disease caused by a recently emerged very virulent serotype 1
virus. By that time breeders were vaccinated with both live and inactivated oil
emulsion vaccines. While it was thought that this provided the offspring with a
long-lasting uniform passive immunity, outbreaks occurred at ages varying from
approximately 14 to 28 days. This variation appeared to be due to greatly varying
titres of the breeders and hence of the maternal antibody levels of their offspring.
The obvious lack of passive protection necessitated vaccination with live vaccines.
The optimal age at which broilers coming from oil emulsion vaccinated parents
could be vaccinated with this vaccine type varied from 14 to 21 days. However,
while intermediate-type vaccines prevented the outbreaks to some extent, they
failed in situations of high infection pressure. As time went by we found three
significant reasons for these failures. First, there was no knowledge of the maternal
antibody status and its decay in the broilers flocks. Timing of vaccinations with
live vaccines therefore was more based on "belief and feeling" than on the level of
maternal antibody concentrations. Second, variation of maternal antibody titres
within a flock, and in particular between flocks, also intefered with a good timing.
However, the most significant cause was the ability of the virulent field virus to
"break through" much more maternal antibody, i.e. infect the broiler at a much
younger age, than the intermediate vaccine viruses. This meant that in situations
of high infection pressure, vaccination with such vaccines always came too late.
The problem of the ineffectiveness of intermediate vaccines was overcome by the
use of "hotter" vaccines. In a field experiment nearly 29 million birds on 96 problem
replacement layer and 714 broiler flocks were vaccinated with either the LZ 228
E (Mycopharm) or the Bursa Plus (Duphar) vaccine. Only 4 minor disease
outbreaks occurred. The "hot" vaccines had no adverse side effects. Technical
results were the same as in non-diseased flocks vaccinated with intermediate
vaccines. The problem of timing the vaccinations was solved later by application
of a mathematical formula to calculate the optimal vaccination age in broilers.
This formula was developed on the basis of ELISA titres measured in great
numbers of sera during the above field experiment.
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INTRODUCTION
Since the emergence of highly pathogenic IBD virus in 1987 in The Netherlands and
Belgium, it has caused heavy losses on the European continent. In 1988 outbreaks
caused by identical viruses were observed in the UK and in 1989 in Northern and
Southern Africa and Asia. Later IBD caused by this type of virus was observed in
China, Japan and Russia. Up to the present this very virulent biological (not serological)
variant has not been encountered in the Americas, Australia and New Zealand.
To cope with the disease, various live and inactivated vaccines employed in different
vaccination strategies were attempted. Live vaccines used had little or intermediate
residual pathogenicity.
Strategies such as application of live vaccines at various ages, injection of inactivated
or live vaccines at e.g. day-old or 12 days of age with the intention to circumvent the
neutralizing effect of the high maternal antibody concentrations, met with more or less
success. Meanwhile it became clear that vaccines with a low residual pathogenicity
did not work at all, whereas intermediate vaccines often failed in high infection pressure
situations. While injection of broilers with inactivated vaccines at 12 days was
successful, it was too laborious. Meanwhile it appeared in the areas with the highest
poultry density and infection pressure in The Netherlands that the use of vaccines with
more residual pathogenicity had a very beneficial effect as compared with the oftenfailing intermediate vaccines. The same phenomenon became evident later also in
various other countries. This paper deals with the experiences gathered with both vaccine
types to control the disease in The Netherlands.
VERY VIRULENT GUMBORO VIRUS, A TEST CASE FOR VACCINATION
STRATEGIES
By the time of the first outbreaks most breeders in The Netherlands were vaccinated
with live and inactivated (oil emulsion) vaccines (OEV). Immunity against IBDV is
mainly antibody mediated, with the yolk antibodies transferring passive immunity to
young chicks. It was supposed that chickens coming from oil emulsion vaccinated
breeders were hatched with antibody concentrations that were high enough to make
vaccination with live vaccine necessary only after 4 weeks of age. For this reason until
1986 most broilers in the Netherlands had not been vaccinated with live vaccines.
Since there were no major problems, it seemed that the broilers were protected by the
above vaccination strategy indeed.
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(Broilers in The Netherlands (W. Europe) are kept in closed houses with concrete
floors which are cleaned and disinfected thoroughly between grow-outs.). Replacement
layers were routinely vaccinated with only live vaccine at about 3 weeks.
The virulent virus first struck broilers. Mortality varied fi-om approximately 1-30%
with exceptional cases as high as 80%. Later the virus extended to the replacement
layer segment with standard mortalities of approximately 50 - 60%.
It caused "classical" pathological changes i.e. severe haemorrhages and oedema of the
bursa of Fabricius, frequently kidney degeneration and muscle haemorrhages. Its
exceptional virulence caused 95 to 100 % mortality in 4 weeks-old SPF birds. Since
SPF birds vaccinated with classical serotype 1 vaccines were immune, we concluded
initally that the newly-emerged causative virus was a biological but not a serological
variant of the classical serotype 1. Later work done elsewhere with monoclonal
antibodies confirmed this.
While we saw the first outbreaks in about 4-weeks-old broilers, later outbreaks also
occurred in younger birds, even as young as 10 to 14 days. This disproved the belief in
the booster-effect of the inactivated vaccines.
In contrast, it soon became evident that the relatively high maternal antibody
concentrations played a role in the failure of the reintroduced vaccinations with live
vaccines. Moreover, they were economically counterproductive: the disease struck flocks
hatched with higher concentrations at a later age with consequently higher economical
losses.
For this reason, many integrations stopped vaccination with inactivated vaccines.
It can be concluded that the vaccination strategy used until the appearance of the very
virulent virus was good, most hkely since there was no challenge with a genuine virulent
virus. Under these conditions any strategy may be the right one. However, when very
virulent virus emerges in a population, the value of a different strategy soon appears.
INTERMEDIATE VACCINES IN SO-CALLED EMULSION BROILERS
In a first attempt to overcome the problem we reintroduced vaccination of broilers
with hve intermediate type vaccines like D78, LZ 228TC and Bursine 2.
The optimal age of vaccination with these vaccines was established experimentally by
vaccination of broilers coming from oil emulsion vaccinated breeders with high and
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medium circulating antibody titres. Birds varying in age from 3 to 24 days were
vaccinated at 3 or 4 days intervals. The effects of the vaccinations were measured by a
challenge with a very virulent isolate 2 weeks later.
It appeared that these so-called (E)mulsion broilers (coming from OEV vaccinated
parents) and hatched with intermediate and high titres, mounted a quick and good
immunity by vaccination with the intermediate LZ 228 TC or D 78 vaccines
(Mycopharm, de Bilt: Intervet, Boxmeer, The Netherlands respectively) when
vaccinated at day 17. Antibody developed slower and to lower titres when birds were
vaccinated at an earlier age, that is when maternal antibody concentrations were higher.
Vaccines took best when the mean Elisa titres were 1:500 and preferably around 1:350.
From the time this knowledge became available, broilers were vaccinated mainly
between 14 and 21 days of age. This was considerably later than was practised until
then. Undoubtedly these vaccinations limited the disease.
However, there were many vaccination "breaks" at various ages as stated above, in
particular in areas with high poultry density.
CAUSES FOR BREAKS AFTER VACCINATION WITH INTERMEDIATE
VACCINES
The causes we noticed for these breaks and our measures to overcome t^em were the
following:
First we observed a great variation(spread) of titres in just-hatched chicks. As an
example, the individual titres of 120 four-days-old replacement layer birds examined
are depicted in fig. 1. They give a good reflection of the real titre distribution within the
actual flock composed of many thousands of birds. It is clear from the figure that those
chicks hatched with the lowest titres are susceptible to the vaccine virus at a significantly
younger age than those hatched with the highest titres. This means that it is problematic
to establish one average age for vaccination. That "average" age is too late for the
birds hatched with low titres and too soon for those hatched with the highest titres. The
slope in fig. 1 is relatively small, hence the spread in this flock is not bad. It can be
imagined that in other flocks variation can be much greater (greater slope).
In an attempt to overcome the disadvantage caused by variations in passive antibody
levels, multiple vaccinations of the offspring with intermediate vaccines were used. In
fig. 2 the serological results of such a vaccination scheme on a replacement layer farm
are displayed. Each line represents the average of 50 wing banded birds that were
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tested individually at 3 or 4 day intervals as given in the figure. It appears that
notwithstanding five vaccinations (at days 8, 13, 17, 21 and 26), there was on the
average seroconversion from day 34. Only some individual birds seroconverted some
days before. At day 29, birds were not inmiune as demonstrated by challenge of a
sample of birds with virulent virus in an isolator. In contrast, when birds were 6 weeks
old, they had high titres and were immune. These results demonstrate that in spite of
multiple vaccinations, birds are not "hit" by the vaccine until their titre is very low. It
also shows that after vaccination there is a lag (window) of approximately 10 days
after the last vaccination during which birds are not immune. While these multiple
vaccinations may have been of some help in the field, they usually failed in situations
of high infection pressure.

1771 Red. n-120

Figure 1.

Figure 2.
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Second, there were also sometimes great titre variations between hatches from different
breeder flocks. This was due to inadequate vaccination of breeders with OEV. Various
flocks had such low titres that they could not have been OEV vaccinated at all.
To overcome the effect of this titre variations, hatcheries avoided, as much as possible,
combination of hatches from breeder flocks with greatly differing titres.
The major cause was the ability of the field virus to break through a considerably
higher concentration of maternal antibody than the (intermediate) vaccine viruses.
In the experiment summarized in table 1, chicks coming from breeders that had been
vaccinated with live vaccine only, so called non-emulsion (NE) broilers, were inoculated
orally at various ages either with an intermediate vaccine virus (D78) or with an identical
dose of the standard very virulent field virus. The latter reflects a situation of high
infection pressure in the field. It appears that the virulent virus caused bursal damage
(measured by bursa-body weight ratio) after inoculation as early as day 6, whereas the
vaccine virus did so only when inoculated at day 20. When seroconversion is taken as
the criterion, the vaccine virus obviously "took" at a somewhat earlier age, viz. after
application at day 14. In so-called emulsion (E) broilers similar differences were found.
It is clear that in a situation of high infection pressure the virulent virus invades flocks
many days before any vaccine virus can. Results also show that while mortality was
high after infection at older ages, it was low after infection at young ages. The latter
result is in accord with experience of poultry farmers that had started flocks on old
infected litter.
Table 1. (Vir)uleiit IBDV invades chicks far before (Vacc)ine virus can (Non
Emulsion Chicks)
Infected
at day

6
10
14
16
20
23
27
34
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Bursal Damage

Seroconversion

Mort (%)

VIR

VACC.

VIR

VACC.

VIR

+
+
+
+

_
+
+
+
+

±
±
+
+
+
+
+
+

_
-

0
0
0
5
30
35
10
40

-f

+
+
+

+

+
+
+
+
+

In the field, where houses are cleaned and disinfected and the chicks are vaccinated
with intermediate vaccine, infection most likely takes place as follows:
Some field virus left in pockets after a first outbreak is ingested and multiplies in
chicks with low maternal antibody concentrations. After some multiplication cycles it
is built up in much higher concentrations in the litter and in more areas. Other chicks
that meanwhile have a titre that can be overcome by the field virus but not by the
vaccine virus, are now infested by so much virus at one time that they succumb. In
such flocks a vaccination always comes too late.
We concluded that we needed vaccines that could overcome residual maternal antibody
better than the intermediate vaccines. This meant a change to vaccine viruses with
more residual pathogenicity. Unfortunately this is associated with a better invasive
property. However, we were aware that no available vaccine could overcome a maternal
antibody titre as high as the virulent virus.
MORE INVASIVE VACCINES
The Veterinary Authorities licensed the experimental application on farms of three
vaccines that were slightly more pathogenic than intermediates.
The first was Bursa-Vac, a Gumboro (IBDV) vaccine produced by Sterwin Laboratories,
Millsboro, Del., USA. It was used for a year on 11 distinct problem broiler farms
(mortality of 10 to 30% in 6 or more successive flocks) in the most dense poultry
concentration area with high infection pressure. While the disease regularly recurred
on conventionally-vaccinated (intermediate vaccine) farms in the area, it did not do so
on the 11 experimental farms.
These results encouraged us to continue the field experiments with two other vaccines,
the LZ 228E (Mycofarm Netherlands B.V., P.O.Box 8, 3730 AA de Bilt, The
Netheriands) and the Bursa Plus (Solvay Duphar B.V, PO.Box 2, 1380 AA Weesp,
The Netherlands). These vaccines are slightly less virulent than the Bursa-Vac. While
the latter causes slight mortality in SPF birds, the LZ228E and Bursa Plus do not.
From Oct. 1990 to Nov. 1991, a total number of 28,830,840 birds were vaccinated with
either of the two vaccines on 96 replacement layer- and 714 broiler problem farms (or
neighbouring problem farms). These farms all had histories of infection with very
virulent IBDV. The farms all agreed to participate in serological monitoring. Titres of
at least 18 sera from each flock of just-hatched chicks were measured. In case broiler
flocks included offspring from more than one breeder flock, sera were examined from
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18 chicks from each flock. Based on experience gathered so far and on the experience
gathered in the above experiment, the optimal age of vaccination was estimated. At the
day of vaccination at least 18 sera per flock were again examined. If chicks were
housed in more than one house, 18 sera were collected in each house. The day before
slaughter, an additional 18 samples per house were tested.
Only 4 broiler farms were affected and none of the replacement layer farms. Three of
these outbreaks occurred in very small houses of about 5000 birds that had not been
incorporated in the serological testing. The fourth was a 12.4 % loss in one of four big
houses of one farm, with the other three houses remaining free.
Obviously, the "hotter" vaccines very effectively prevented outbreaks of very virulent
IBDV. This can be explained on the one hand by their ability to break through slightly
more residual maternal antibody than the intermediate vaccines. On the other hand the
success also results from their ability to multiply better in the host, resulting in more
and longer lateral spread than the intermediate vaccines.
NO ADDITIONAL ADVERSE EFFECTS
The perception "hot" is, of course, relative. These vaccine strains, in our opinion, are
only slightly more virulent than the intermediate vaccines like D 78, LZ 228TC and
Bursine 2. In the field technical results of "hot" and conventionally vaccinated flocks
were the same. The more invasive vaccines had no more adverse effects than the
intermediate. Results in table 4 show that there were no differences between the technical
results of 26 "hot" and 95 "conventionally" vaccinated (mostly D78) flocks that had
not suffered from the disease. All flocks belonged to one integration, which means that
the flocks were fed the same feed and results were calculated the same way.
Table 2. Gumboro field vacinations with hot vaccines (Technical Performance of
Vaccinated Broilers 96 Conventionally Vaccinated Flocks Versus 27 "Hot"
Vaccinated Flocks)

Mortahty (cum%)
Av growth/day (g)
Feed conv. (bruto)
Feed conv. (1500 g)
Production count
Condemnations (%)
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conv.
5.1
43.4
1.93
1.83
214
1.65

"hot"
5.6
43.5
1.92
1.85
214
1.42

diff.
ns
ns
ns
ns
ns
ns

ESTIMATION AGE OF VACCINATION IN BROILERS
The many serological data enabled us to calculate the mathematical distribution of the
maternally derived ELISA titres and their decay.
From this originated the following procedure and formula:
It should be considered that this formula applies for "hot or intermediate plus" vaccines
that take at an average flock titre of 1:500.
Collect blood samples of preferably 18 to 24 just-hatched chicks by decapitation and
perform an ELISA test. Take square roots of individual titres and calculate the MEAN
SQRT. The optimal vaccination age (in case vaccination should be done at a mean
ELISA titre of 1: 500) follows from
(MEAN SQRT - 22.36)72.82 (+ 1)
where 22.36 is the sqrt of 500. (+ 1) is added since it is often usual to call just- hatched
chicks 1-day-old.
If serum is taken from 2-or 3-days-old chicks, 2 or 3 should be added. We recommend
taking samples from chicks that are not older than 3 days. Otherwise, one may run the
risk of being too late for vaccination.
This formula still has the disadvantage of calculating on the basis of an average chicken,
which actually does not exist, as discussed before. However, a vital part of the success
of any vaccine depends on the best possible timing. We found the ELISA test and the
above formula practicable to work with under field situations where results have to be
generated quickly. The ELISA test with its limitations helped greatly discovering
vaccination failures. Meanwhile the formula also proved successful elsewhere in the
field.
It appeared recently that the age of vaccination with intermediate vaccines could be
calculated with the same formula when 7 days were added to the result.
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IN OVO TECHNOLOGY FOR CONTROL OF
INFECTIOUS BURSAL DISEASE (IBD)
CE. WhitfillS A.P. AvakianS R.P. Gildersleevei, E.E.
HaddadS C.A. RicksS N. Chettle^, and P.R. Lehrbach^
^Embrex Inc., PO Box 13989, Research Triangle Park, NC, U.S. A., 27709,
^Central Veterinary Laboratory, Weybridge, England and ^Cyanamid
Webster, Castle Hill NSW, Australia

In recent years IBD has reemerged as a worldwide problem. The occurrence of
very virulent (vv) infectious bursal disease virus (IBDV) in Europe, Africa, and
Asia and IBDV variants in North America have caused signifícant economic
problems for these regions. New approaches to IBDV vaccination must be explored
because of the failure of conventional vaccines. In ovo vaccination and virusantibody complex vaccines are two new approaches considered in this paper. The
safety and efficacy of IBDV-antibody complex (IBDV-Ab) vaccines administered
in ovo were assessed. In Experiment (Expt.) 1, specific pathogen free (SPF) eggs
vaccinated with strain 2512 IBDV-Ab hatched and survived normally, while eggs
given 2512 IBDV alone (no antibody) had a reduced hatch and 15% post hatch
mortality. Gross bursal lesions were first seen on day one in birds given IBDV
alone and on day 7 in birds given IBDV-Ab. Birds receiving either IBDV vaccine
were protected from day 28 IBDV DV86 challenge, but only those given the IBDVAb vaccine produced an antibody liter. In Expt. 2 broilers were vaccinated as in
Expt. 1. Maternal antibodies waned by day 28 with active immunity first being
measured by ELISA on day 42. Birds vaccinated with IBDV-Ab had a higher
geometric mean liter than birds vaccinated with IBDV alone (2211 vs 1149). Birds
in both IBDV vaccinated groups were protected from DV86 challenges given on
days 14,21, and 28. In Expt. 3 a different intermediate plus IBD vaccine virus was
used to formulate IBDV-Ab vaccines. Birds were challenged with DV86 starting
on day 18 of age and every three days thereafter until 39 days of age. Birds given
the IBDV-Ab vaccines had a higher percentage of protected bursae (94% and
100%) and seroconversion rate (100%) than birds given IBDV alone (80%
protected, 60% seroconverted). These data indicated that complexing antibody
with IBDV prior to in ovo administration resulted in safer and more efficacious
vaccines.
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INTRODUCTION
Infectious bursal disease (IBDV) causes a highly contagious acute infection of chickens.
IBDV has a tropism for lymphoid tissue, with immature B cells in the bursa of Fabricius
(bursa) being the primary target. Susceptible birds infected in the first week of life
with virulent IBDV become immunosuppressed (Saif, 1991). Once a disease well
controlled by vaccination (Lasher and Shane, 1994), pathogenic shifts in Europe and
the U.S.A. during the 1980s resulted in significant outbreaks worldwide. A very virulent
(vv) IBDV emerged in 1987 in Holland and Belgium causing significant morbidity
and mortality in growing chickens over two weeks of age (van der Berg and Meulemans,
1991). A year later vvIBDV was isolated in the United Kingdom (Chettle et al., 1989).
By 1989 vvIBDV was a problem in the Middle East and most of Africa (Lasher and
Shane, 1994). Asia was not to be left out with the vvIBDVs arriving in China, Russia
(Gaudry, 1993), and Japan (Nunoya, et al., 1992) in the 1990s. To date the vvIBDVs
have not been isolated in North America or Australia. However, less pathogenic but
economically important IBDV variants (Rosenberger et al., 1985; Snyder et al., 1988;
Rosales et al., 1989) became prevalent in North America in the 1980s. The presence of
vvIBDV in Europe, Africa, and Asia and of IBDV variants in North America have
been major problems for the poultry industries of these regions. Despite extensive
vaccination of breeders and progeny, IBD outbreaks causing significant economic loss
still occur. It is apparent that new vaccination strategies need to be employed to help
combat this costly disease.
The concept of in ovo vaccination was first reported by Sharma and Burmester (1982)
where it was demonstrated that 18-day old embryos could be successfully immunized
to Marek's disease. More recently, it has been shown that infectious bronchitis (Wakenell
and Sharma, 1986), Newcastle disease (Ahmad and Sharma, 1993), and IBDV (WhitfiU,
et al., 1995a) live vaccine viruses can be used both safely and efficaciously in ovo. The
1992 commercialization of an automated in ovo method of vaccination has made in
ovo vaccination common place in North America and is being used in the U.K., Italy,
Israel, and Egypt. The commercial in ovo use of licensed Marek's disease vaccines has
recently been described (Gildersleeve, et al., 1993; Sarma, et al., 1995).
The second licensed live vaccine for in ovo administration is for IBD. To date one IBD
vaccine has been Ucensed for in ovo administration in the U.S.A. and at least two
others are in the licensing process. In addition, one in ovo IBD vaccine is progressing
through the U.K. regulatory path.
This paper describes the in ovo use of several experimental IBD vaccines that were
developed using a new concept in live vaccine technology. This novel vaccine type
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utilizes specific hyperimmune antiserum or antibody that is mixed in the appropriate
ratio with an infectious virus to form a virus-antibody complex that can be administered
by inoculation (Whitfill, et al., 1995a; Whitfill et al, 1995b). A virus-antibody IBD
vaccine was recently licensed for post hatch use in the U.S.A.
MATERIALS AND METHODS
In experiment (Expt.) 1 SPF Leghorns were used, and in Expts. 2 and 3 broilers with
maternal antibodies to IBDV were utilized. The formulation of IBDV-antibody complex
(IBDV-Ab) vaccines used in Expts. 1 and 2 were as previously reported (Whitfill et
al., 1995a) using 100 EID^^ 2512 strain of IBDV and 24 units of bursal disease antiserum.
The formulation of IBDV-Ab vaccines used in Expt. 3 was similar to that previously
described (Whitfill et al., 1995a), except that an intermediate plus virus similar to 2512
strain in invasiveness was used. In addition to IBDV-Ab vaccines, the same IBDV
strain and virus titer used in the IBDV-Ab vaccines was administered without being
complexed with antibody (IBDV alone) in the three experiments. All vaccinations
were given in ovo through the air cell at a depth of 1" on day 18 of embryonation. The
IBDV challenge in all cases was 100 CID^^DVSó (Chettle et al., 1989). Gross bursal
lesion of acute infection (edema and hemorrhage) seen three days post challenge
indicated a bursa susceptible to the challenge virus. Antibody titers to IBDV were
determined in Expts. 1 and 2 by a commercial ELISA (Idexx, Inc.), and in Expt. 3 by
the quantitative agar gel diffusion (AGD) test.
RESULTS AND DISCUSSION
In Expt. 1, SPF chickens were vaccinated in ovo with either IBDV-Ab vaccine, IBDV
alone, or saline. IBDV-Ab vaccination resulted in gross bursal lesions on day 7 of age,
but lesions were not present on days 1, 3, or 5 of age. The IBDV vaccine alone caused
reduced hatchability, gross bursal lesions on day 1 of age, and 15% post hatch mortality.
Birds receiving IBDV-Ab had a normal hatch and no post hatch mortality. On day 28,
birds vaccinated with IBDV-Ab had a geometric mean antibody titer (GMT) of 2055,
while those given IBDV alone had a GMT of 87. All IBD vaccinated birds had protected
bursae when challenged on day 28 with DV86. The complexing of the virus with
antibody prior to administration delayed gross bursal lesions until day 7, prevented the
decreased hatch and increased post hatch mortality seen with the virus alone, and
stimulated protective immunity. This suggests that the IBDV-Ab vaccine would be
safe to administer to broilers.
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Table 1. In Ovo day 18 vaccination of broilers with IBDV-Antibody Complex
vaccine IBDV serum geometric mean antibody titers
IBDV GM Antibody Titer^1
Age (days)
21

28

35

42

1178 1245

369

0

10

688

45

6

1149

621

42

41

2211

Treatment Groupe

7

14

Negative Control

2990

100 EID3Q IBDV

2491

867

100 EID3Q IBDV-Ab

2361

1035

' IBDV antibody tiler measured on 9-10 birds per group by ELISA.
2 100 EID.Q IBDV = IBD vaccine virus alone; 100 EID^^ IBDV-Ab = IBDVantibody complex vaccine.

In Expt. 2, broilers were vaccinated with either IBDV-Ab vaccine, IBDV alone, or
saline and antibody titers to IBDV measured weekly for seven weeks. These data show
that maternal antibodies waned by day 28 of age and active humoral immunity could
be measured beginning on day 42 (Table 1). At 42 days of age, birds vaccinated with
IBDV-Ab vaccine had a GMT greater than birds vaccinated with IBDV alone (2211
vs. 1149). This suggests that the IBDV-Ab vaccine induced a stronger or accelerated
humoral immune response. Protective immunity was assessed by challenging twenty
birds from each group on days 14,21, and 28 of age with DV86. All birds were cUnically
protected (no mortality or morbidity for 14 days) on days 14 and 28 of age. The
unvaccinated control group challenged on day 21 had 20% mortality and 10% morbidity
(30% affected), while both IBDV vaccinated groups exhibited 100% clinical protection.
Thus, the IBDV-Ab vaccine was shown to be effective in the face of maternal immunity
and a highly virulent IBDV challenge. The IBD vaccine virus alone also stimulated
protective immunity, but was shown in Expt. 1 to be unsafe for in ovo administration.
In Expt. 3, broilers were vaccinated with either 1000 EID^^ IBDV plus 300 units antibody
(Ab), 100 EID5Q IBDV plus 30 units Ab, 1000 EID^^ IBDV alone, or saline. The virus
to antibody ratio was the same for both IBDV-Ab formulations. Starting on day 18 of
age and every three days thereafter until day 39 of age, ten birds from each group were
challenged with DV86 and their bursae examined three days post challenge for gross
lesions. All birds given 1000 EID^^ IBDV-Ab vaccine and 94.0% given 100 EID^^
IBDV-Ab vaccine were protected from the DV86 challenges (Table 2). In comparison,
80% of the birds vaccinated with 1000 EID^^ IBDV were protected. It is important to
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note that on days 27 and 30, 80% and 40% (respectively) of birds given 1000 EID3Q
IBDV alone had bursae susceptible to the DV86 challenge. This indicates that a window
of susceptibility to the challenge virus occurred as maternal immunity waned. This
window of susceptibility was either absent (1000 EID^^ IBDV-Ab) or greatly reduced
(100 EID5Q IBDV-Ab) when using the IBDV-Ab vaccines. Thirty-eight percent (38%)
of unvaccinated positive control birds were protected from acute bursal lesions; but
once maternal antibody waned around day 27, 100% of the bursae were susceptible.
Birds were tested weekly for antibodies to IBDV by AGD test. On days 35 and 42,
100% of the birds given either IBDV-Ab vaccine had seroconverted. In contrast, on
days 35 and 42, 66% and 60% (respectively) of the birds given 1000 EID^^ IBDV
alone had seroconverted. These data suggest enhanced immunity as evidenced by a
greater percentage of birds in the IBDV-Ab vaccine groups seroconverting, greater
number of birds protected, and the reduction or ehmination of a window of susceptibility
when compared to the IBDV alone vaccinated birds.
Table 2. In Ovo day 18 vaccination of broilers with IBDV-Antibody Complex
vaccine-evaluation of bursal susceptibility post challenge with IBDV DV86
Number of Susceptible' Bursae After
DV86 Challenge' given on Day
Total #
18

21

24

27

30

33

36

39

Bursae^

%of
Bursae
Protected

0

1

6

10

10

10

NT"

NT

37/60-'

38

0

0

3

8

4

1

0

0

16/80

80

1000 EID^^ IBDV-Ab 0

0

0

0

0

0

0

0

0/80

100

100 EID3^ IBDV-Ab

2

1

2

0

0

0

0

5/80

94

s usceptible
Treatment Groupe
Control
1000 EID^^ IBDV

0

Ten bursae from each group were examined three days post DV86 IBDV challenge at each time
period for acute signs of bursal infection
1000 EID^^ IBDV = IBD vaccine virus alone; 1000 EID^^ IBDV-Ab = 1000 EID^^ IBDV + 300 units
antibody complex vaccine and 100 EID^^^ IBDV-Ab = 100 EID^^^ IBDV -1- 30 units antibody complex
vaccine.
Susceptible bursae were defined as showing gross signs of acute bursal lesions (edema and/ or
hemorrhage).
NT = Not Tested
Number bursae susceptible/number bursae examined.
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In conclusion, in ovo administered IBDV-Ab vaccines were shown to be safer and
more efficacious than administration of IBDV alone. The complexing of virus with the
correct ratio of antibody allows for safe in ovo administration because viral replication
in the bursa of SPF birds is delayed 8-10 days post vaccination. Replication of IBDV
in the bursa of broilers vaccinated in ovo with IBDV-Ab was shown to be delayed until
after day 14 of age (Avakian et al., 1993). Furthermore, these data suggest that
complexing the virus with antibody has an inmiune enhancing effect as evidenced by
higher antibody titers and seroconversion rates and greater numbers of birds protected
from challenge.
With the commercial application of m ovo vaccination, a reality for much of the world,
new vaccines that can be used safely in ovo are needed. The virus-antibody complex
vaccine technology (Whitfill et al., 1995a and Whitfill et al., 1995b) provides the
worldwide poultry industry with the potential for development of safe and efficacious
vaccines for in ovo delivery.

REFERENCES
AHMAD, J. and SHARMA, J. M. (1993) Protection against hemorrhagic enteritis
and Newcastle disease in Turkeys by embryo vaccination with monovalent and
bivalent vaccines. Avian Dis., 37, 485-491.
AVAKIAN, A. P., WHITFILL, C. E., HADDAD, E. E., RICKS, C.A. andTHOMA,
J. (1993) Effects of a novel infectious bursal disease (IBD) vaccine administered
in ovo to broiler chickens. Poultry Sei., 72 (Suppl. 1), 49.
CHETTLE, N., STUART, J. C. and WYETH, P. J. (1989) Outbreak of virulent
infectious bursal disease in East Anglia. Veterinary Rec. 125, 271-272.
GAUDRY, D. (1993) Experiences with very virulent IBDV. Proc. 130thAnnual Meeting
of the American Vet. Med. Assoc, Minneapolis, Minnesota, p. 156.
GILDERSLEEVE, R. R, HOYLE, C. M., MILES, A. M., MURRAY, D. L., RICKS,
C A., SECREST, M. N., WILLIAMS, C. J. and WOMACK, C. L. (1993)
Development performance of an egg injection machine for administration of Marek's
disease vaccine. J. Appl. Poultry Res. 2, 337-346.
LASHER, H. N. and SHANE, S. M. (1994) Infectious bursal disease. Worid's Poultry
Science J., 50, 133-166.
NUNOYA, T., OTAKI, M., TAJIMA, M., HIRAGA, M. and SAITO, T. (1992)
Occurrence of acute infectious bursal disease with high mortality in Japan and
pathogenicity of field isolates in specific-pathogen-free chickens. Avian Dis. 36,
597-609.
94

ROSALES, A. G., VILLEGAS, P., LUKERT, P. D., FLETCHER, O. J.,
MOHAMED, M. A. and BROWN, J. (1989) Isolation, identification, and
pathogenicity of two field strains of infectious bursal disease vims. Avian Dis., 33,
35-41.
ROSENBERGER, J. K., CLOUD, S. S., GELB, J., ODOR, E., and DOHMS, S. E.
(1985) Sentinel bird survey of Delmarva broiler flocks. Proc. 20th National Meeting
on Poultry Health and Condemnations, Ocean City, Maryland, pp. 94-101.
SAIF, Y.M. (1991) Immunosuppression induced by infectious bursal disease virus.
Vet. Immunol. Immunopathol. 30, 45.
S ARMA, G., GREER, W., GILDERSLEEVE, R. R, MURRAY, D. L. and MILES,
A. M. (1995) Field safety and efficacy of in ovo administration of HVT+SB-1
bivalent Marek's disease vaccine in commercial broilers. Avian Dis., 39, 211-217.
SHARMA, J. M. and BURMESTER (1982) Resistance to Marek's disease at hatching
in chickens vaccinated as embryos with the turkey herpesvirus. Avian Dis., 134149.
SNYDER, D. B., LANA, D. R, SAVAGE, R K., YANCEY, E S., MENGEL, S. A.
and MARQUARD, W. W. (1988) Differentiation of infectious bursal disease
viruses directly from infected tissues with neutralizing monoclonal antibodies.
Evidence of a major antigenic shift in recent field isolates. Avian Dis., 32, 535539.
VAN DEN BERG,T. R, GONZE, M. and MEULEMANS, G. (1991) Acute infectious
bursal disease in poultry: isolation and characterization of a highly virulent strain.
Avian Path., 20, 133-143.
WAKENELL, P. S. and SHARMA, J. M. (1986) Chicken embryonal vaccination
with avian infectious bronchitis virus. Am. J. Vet. Res. 47,933-938.
WHITFILL, C. E., AVAKIAN, A. R, HADDAD, E. E. and RICKS, C. A. (1995a)
Virus-antibody complex vaccines. Proc. 46th North Central Avian Disease Conf.,
Bloomington, Minnesota, pp. 42-51.
WHITFILL, C. E., HADDAD, E. E., RICKS, C. A., SKEELES, J. K.,
NEWBERRY, L. A., BEASLEY, J. N., ANDREWS, P., THOMA, J. A. and
WAKENELL, P.S. (1995b) Determination of optimum formulation of a novel
infectious bursal disease virus (IBDV) vaccine constructed by mixing bursal disease
antibody with IBDV Avian Dis. 39, 687-699.

95

EFFICACY AND FIELD TRIAL STUDIES ON
COMBINED BURSAL DISEASE-MAREK'S DISEASE
VACCINES IN CHICKENS
G. Sarma
Tri Bio Laboratories,Inc,1400 Fox Hitl Road, State College, PA 16803,
USA

Efficacy and field safety of combined cell-free and cell-associated live Marek's
disease (MD) virus (HVT, strain FC-126 and SB-1) and infectious bursal disease
(IBD) virus (Lukert strain) vaccines were evaluated in both maternal antibody
positive and negative chicks (meat and egg type) under laboratory and field
conditions. The cell-free vaccine consisted of freeze dried HVT and IBD viruses
in one preparation, stored and shipped under refrigeration. The cell-associated
form of the vaccines contained the same viruses in frozen form, stored and shipped
in liquid nitrogen. Prior to use, the vaccines were diluted in sterile diluent as per
manufacturer's directions and inoculated subcutaneously into one-day-old chicks.
In order to evaluate efficacy, the vaccinated and control birds were challenged
against virulent MD (strain RBl/B or MD 5) and IBD (standard challenge strain)
viruses. Field safety trials were done in commercial broilers in different
geographical areas of the country. Both freeze-dried and frozen combined HVT
+ IBD virus vaccines were found to be efficacious and safe for use in chickens
under both laboratory and field conditions. Since the freeze-dried HVT + IBD
vaccine does not require liquid nitrogen for storage and shipping, handling of this
vaccine would be much easier than the frozen vaccine. Besides, the freeze-dried
vaccine provides adequate protection against both diseases. It is anticipated that
careful application of this vaccine followed by one or two drinking water
applications of live IBD virus vaccines could be a valuable tool in controlling
Marek's disease as well as the problems caused by virulent IBD viruses in the
field.
INTRODUCTION
Marek's disease (MD), a lymphoproliferative disease of chickens, causes severe death
loss and condemnation in the affected flocks. The disease is caused by a herpesvirus
of chickens which is extremely contagious, spreads horizontally and has been
responsible for major economic losses to the poultry industry. Control of MD can be
accomplished by the use of monovalent vaccines of the attenuated Serotype 1, naturally
non-oncogenic Serotype 2 and Serotype 3 or by using polyvalent mixtures of two or
three serotypes.
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Infectious bursal disease (IBD) is an immunosupressive disease of chickens caused by
a double stranded RNA virus belonging to the family Bimaviridae. It is also known
as Gumboro disease since it was first recognized near Gumboro in Delaware, USA.
Control of IBD can be achieved by routine vaccination procedures using live and/or
inactivated vaccines and implementing strict biosecurity and sanitary measures. The
objective of this study was to evaluate the efficacy and safety of combined, cell-free
and cell-associated, live MD and IBD virus vaccines in both maternal antibody positive
and negative chicks under laboratory and field conditions.
MATERIALS AND METHODS
Vaccines : Liquid nitrogen stored, cell-associated vaccines (HVT + IBD AND HVT
+ SB-1 -h IBD) and freeze-dried cell-free vaccine (HVT +IBD) produced by Tri Bio
Laboratories, Inc., State College, Pennsylvania were used in this study. Prior to use,
the frozen vaccines were thawed and freeze-dried vaccines were reconstituted with
appropriate amount of sterile Marek's diluent so as to give required PFU's/dose of the
vaccine. Briefly, the vaccines were diluted at the rate of 1,000 doses per 200 ml sterile
of diluent.
Chickens : To evaluate the safety and efficacy of these combined Marek's disease Bursal disease vaccines, both 1 day old maternal antibody positive and negative chickens
were used. Maternal antibody positive chicks (meat and/or egg type) were obtained
through commercial sources. Prior to vaccination, 20% of the randomly selected chicks
were bled and their sera were screened for the presence of specific antibodies against
MD and IBD using agar-gel precipitation technique and virus neutralization tests
respectively. Maternal antibody negative specific pathogen-free (SPF) chicks were
obtained through SPAFAS and/or Hy Vac.
Method of vaccination and challenge : The vaccines were administered subcutaneously
to 1-day old chicks at the rate of 0.2 ml per bird in the upper mid-portion of the back
side of the neck. Prior to vaccination, the vaccines were diluted with the sterile MD
diluent following the manufacturer's directions.
Besides vaccinates, suitable controls were also included in each test in order to validate
the results of the experiment. The unvaccinated, challenged and unvaccinated,
unchallenged birds consisted of positive and negative controls respectively. The
vaccinated, unchallenged birds represented the vaccine safety control. Birds of different
experimental groups were housed separately in isolation units.
Marek's challenge was done at five days post-vaccination (DPV) using at least 500 pfu
of a very virulent pathotype of MD virus (strain MD-5 or RBl/B). Each chick was
injected subcutaneously with 0.2ml of the challenge virus. IBD challenge was done
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at 28 DPV. The challenge virus (standard STC strain) obtained through the National
Veterinary Services Laboratory (NVSL), Ames, Iowa, was diluted as per NVSL's
instruction and administered intraocularly into each chick.
Observations : All the vaccinated and unvaccinated birds (both challenged and
unchallenged) were observed for mortality, sickness and any other unfavorable reactions
till the termination of the experiment.
At the termination of the experiment, all the birds were necropsied to check for lesions
specific for MD and IBD. Marek's necropsy was done at 8 weeks post-challenge and
IBD necropsy at 7 days post-challenge.
Field Trials : Field trials of the combined Bursal disease - Marek's disease vaccines
were done in commercial broilers at different geographical locations throughout the
country. The day-old chicks were vaccinated as per manufacturer/s directions. Leukosis
condemnation rate was recorded at processing.
RESULTS AND DISCUSSION
The results are summarized in Tables 1 - 6.
Table 1. Efficacy of frozen HVT + IBD vaccines in 1-day old maternal antibody
negative chicks (SPF-layer type)
Vaccines

TotalNo.
of Birds
Vaccinated

Titer/Dose
HVT
(PFU)

IBD
(TCID^^)

Total No.
of Birds
Challenged

% Protection

No.of
Birds
Positive
forMD
Lesions

No.of
Birds
Positive
for IBD
Lesions

MD

IBD

HVT+IBD

63

1006

39,811

63

12

—

81.0

—

HVT+IBD

26

7180

100

26

—

1

—

96.1

HVT

37

523

—

31

5

—

83.9

—

IBD

20

—

40

20

—

1

—

95.0

MD Pos. Control - 97.3% Positivée; IBD Pos. Control = 100% Positive
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Table 2. Efficacy of frozen HVT + SB-1 + IBD vaccines in 1-day maternal antibody
negative chicks (SPF-layer type)
Vaccines

TotalNo.
of Birds
Vaccinated

Titer/Dose
HVT
(PFU)

SB-1
(PFU)

IBD
(TCID,„)

Total No. No.of
of Birds
Birds
Challen- Positive
ged
forMD
Lesions

% Protection

No.of
Birds
Positive
for IBD
Lesions

MD

IBD

HVT+SB-1
+IBD

67

395

365

63,096

66

4

—

94.0

—

HVT+IBD
+IBD

25

7350

3000

64

25

-

1

—

96.0

HVT+SB-1

60

340

340

57

6

—

89.5

—

IBD

20

—

—

20

-

1

—

95.0

40

MD Pos. Control = 97.3%; IBD Pos. Control = 100%

Table 3. Growout performance data of frozen HVT + IBD and HVT + SB-1 + IBD
vaccines in comercial broilers compared to normal vaccination program
Location
of Trials

No.of
Birds
vaccinated

Mortality
at 2 WPV

HVT + IBD

48,100

1.4

Normal
Vaccination
Program
(HVT+SB-1)*

288,600

HVT + SB-1
+ IBD
Normal
Vaccination
Program
(HVT+SB-1 r

Vaccines

Age at
Processing
(Days)

Average
Body
Weight
(Pounds)

Feed
Conversion
Ratio

97.7

51.0

5.12

2.00

2.7

94.1

50.0

5.07 .

2.02

25,100

1.85

93.53"

52.0

5.48

2.08

160,200

1.46

95.68

49.0

4.77

2.06

(%)

Total
Livability
Until
Processing

(%)
Maryland

Delaware

* Average of six flocks in the same growout houses prior to application of Tri Bio's experimental vaccines.
** Slightly higer mortality was due to absence of nipple drinkers in this particular flock and exposure to cold weather.

100

Table 4. Processing data of frozen HVT + IBD AND HVT + SB-1 + IBD vaccines
in comercial broilers compared to normal vaccination program.
Location
of Trial

Maryland

Delaware

Vaccines

Condemnation (%)

No.of
Birds
Processed

Leukosis

Septicaemia/
Toxemia

AirTotal
Sacculitis Condemnation

HVT + IBD

46,993

0.00

0.13

0.03

0.50

Normal
Vaccination
Program
(HVT+SB-1)*

271,457

0.00

0.63

0.52

2.08

HVT + SB-1
1 +IBD
Normal
Vaccination
Program
(HVT+SB-ir

23,282

0.00

0.47

0.69**

1.57

153,279

0.00

0.23

0.08

1.08

Average of six flocks in the same growout houses prior to application of Tri Bio's experimental vaccines,
Higher air-sacculitis was due to exposure to cold weather.

Table 5. Efficacy of combined HVT + IBD freeze-dried vaccine in one-day-old
maternal antibody positive chicks (commercial broilers)
Vaccines

HVT+IBD

No. of
Birds
Vaccinated

70

Titer/Dose

No.of Birds
Challenged

No.of Birds
Positive

% Protection

HVT
(PFU)

IBD
(Log 10)
TCID,,

MD

IBD

MD

IBD

MD

IBD

9600

2.5

40

30

3

3

93.0

90.0

HVT+IBD

60

1074

1.8

36

20

2

0

94.4

100.0

HVT

40

5584

39

558

—
—

87.1

40

—
—

5

HVT

—
—

—
—

IBD

30

3.2

25

1

—
—

97.0

2.2

—
—

1

25

—
—

30

IBD
MD Pos.
control

0

—
—
—

—

37

—

30

—

19.0

-

IBD Pos.
control

0

—

—

—

10

—

9

—

10.0

Negative
control

0

—

—

0/10

0/10

100.0

100.0

38

4

89.5

96.0
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Table 6. Efficacy of combined HVT + IBD freeze-dried vaccine in one-day-old
maternal antibody negative chicks (commercial broilers)
Vaccines

No. of
Birds
Vaccinated

Titer/Dose

HVT
(PFU)

IBD
(Log 10)
TCID,^

No.of Birds
Challenged
MD

IBD

No.of Birds
Positive
MD

IBD

% Protection

MD

IBD

HVT+IBD

60

3860

2.4

30

30

1

0

96.7

100.0

HVT+IBD

60

374

1.8

30

30

0

1

100.0

96.7

HVT

20

3024

20

410

1

—
—

90.0

20

—
—

2

HVT

—
—

95.0

—
—

3.4

IBD

20

IBD

20

MD Pos.
control

0

—
—
—

IBD Pos.
control

0

Negative
control

0

20

—
—

19

1.8

18

—
—

0

—
—

100.0

__

20

—

17

—

15.0

—

—

—

—

20

—

19

—

5.0

—

—

—

—

0/10

0/10

100.0

100.0

1

94.7

The results of this study indicated that the combined bursal disease - Marek's disease
vaccines (frozen or freeze-dired) were efficacious and caused no interference in the
immunogenic potential of either MD or IBD viruses components in the vaccine.
While both HVT + IBD and HVT + SB-1 + IBD vaccines were safe and efficacious,
the HVT + SB-1 + IBD vaccine provided better protection than the HVT + IBD vaccine
when challenged against very virulent pathotypes of the viruses. The freeze-dried HVT
-I- IBD vaccine worked as good as the frozen HVT + IBD vaccine when tested in either
maternal antibody positive or negative chicks. The field trials on this freese-dried
combined HVT + IBD vaccine is in progress.
The field trial data on frozen HVT + IBD and HVT + SB-1 + IBD vaccines indicated
both vaccines to be safe and efficacious under field conditions. Although field trials
were conducted in high MD challenge areas of the country, an increase in MD (Leukosis)
caused condemnation was not encountered at processing. The feed conversion ratios
and body weight gain were excellent with both vaccines. The results were comparable
to or in some cases better than the normal vaccination program. Shghtly higher mortality
observed in the HVT -i- SB-1 -i- IBD vaccinated birds was due to non-vaccine related
causes, such as air-sacculitis, speticaemia, etc. Information recevied from the growers
indicated that birds of this flock were exposed to cold weather and also these birds did
not have nipple drinkers as the HVT + IBD group or as the previous flocks receiving
the normal vaccination program.
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INFECTIOUS
BURSAL
DISEASE
VIRUS
CHARACTERIZATION AND CONTROL OF VARIANT
VIRUSES IN THE UNITED STATES
Joseph J. Giambrone
Poultry Science Department Auburn University, AL 36849, USA

IMPORTANCE OF BREEDER VACCINATION
Advances in vaccines and vaccination programs in breeder pullets have reduced the
incidence and severity of early subclinical immunosuppressive infectious bursal disease
virus (IBDV) infections in progeny. Two live and two inactivated vaccines containing
sérologie standard and variant subtypes of IBDV during the breeder pullet growing
period and an optional inactivated vaccine during the laying period have resulted in
improved progeny protection. Use of inactivated vaccines partially prepared in chicken
bursal tissue or bursal cell culture lines has resulted in superior immunogenicity
compared to vaccines derived from chicken embryos or chicken embryo cell cultures.
Breeder vaccination improvements have resulted in improved progeny performance.
Integrators have lower mortality, improved weight gain and feed conversion and/or
lower percent condemnations from better protection afforded to the progeny against
IBDV from improvements in breeder vaccination programs.
IMPORTANCE OF BROILER VACCINATION
However, despite improvements in IBDV breeder vaccinations, early subclinical
immunosuppressive IBDV infections occur in progeny. Many reasons exist for this
and some are as follows: 1) massive administration of live vaccines by coarse spray
(CS) or drinking water (DW) in pullets is not more than 80 - 90 percent effective by CS
or DW, respectively; 2) administration of killed vaccines by injection is at best 98%
effective due to errors in injection; 3) immunosuppressive agents are present in pullet
flocks resulting in suboptimal immunologie responses; 4) there are differences in
efficiency of transmittal of antibody from hen to the progeny between strains of hens
and within hens of the same strain; and 5) chicks are placed in the same house from
different age breeder nocks, which have variable levels of immunity. Therefore, progeny
have mosaics of immunity, resulting in a wide coefficient of variation (CV) in mean
maternal antibody titer. Typically, breeder flocks rçmain above the level needed for
protection of the progeny against early infection, about 5,000 in mean antibody titers
against IBDV as measured by the enzyme linked immunosorbent assays (ELISA) for
the life of the flock. However, the CV's will be low for young breeder flocks (less than
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30%) and will increase steady with flock age to unacceptable levels (above 50%).
Progeny flocks with CV's above 50% have a significant number of birds susceptible to
IBDV infection before 10 days of age. If IBDV infection occurs in these birds with
low maternal immunity, they could develop bursal atrophy and permanent
immunosuppression. A typical scenario for immunosuppressed birds is poor growth
and feed conversion, higher than average mortality and/or high condemnation in the
processing plants.
IDEAL CONDITIONS
Under ideal conditions where breeder flocks have high uniform antibody levels for the
life of the flock and progeny farms have excellent sanitation, hygiene, biosecurity,
well isolated, and field exposure to IBDV is low, progeny vaccination against IBDV is
not necessary. However, breeder flock mean antibody liters decrease with age, whereas
the CV increases. This scenario is complicated because IBDV field exposure is high
on farms in populated areas and the virus undergoes antigenic change to escape
neutralization by vaccine induced antibody. As stocking density on farms increases
and the proximity of farms and downtown between growouts decreases, virus field
exposure increases. Therefore, vaccination of progeny to protect the immune system
against damage by IBDV continues to be important. In addition, in areas of the world,
where very virulent IBDV exit, multiple vaccinations with more aggressive, intermediate
plus vaccines are needed to reduce the high morbidity and mortality associated with
these viruses. This article deals with the less virulent strains and sérologie variants,
which commonly cause subclinical immunosuppressive infections in the United States
(US).
BROILER VACCINATION PROGRAMS
Since IBDV vaccination is needed in broiler flocks to protect the immune system, then
what programs are available? The most opportune time for IBDV vaccination is in the
hatchery. This is the only time when 100% of the chicks can receive the vaccine
before they are exposed to field virus. Present methods include in ovo injection at 18
days of embryonation or injection after hatching by subcutaneous (SQ) administration.
Presently SQ injection with intermediate IBDV vaccines of a standard subtype at Vi to
VA dose mixed with Marek's disease (MD) vaccine is most used. Whether to use an
additional variant IBDV subtype will depend if variants have been identified it your
area. Present laboratory identification methods include isolation of the virus from the
bursa in embryos. The subtype is determined using cross virus neutralization, or by
antigen capture ELISA using monoclonal antibody. A newer technique includes
isolation of viral RNA and transcribing it into DNA and then amplication of the copy
104

cDNA by the polymerase chain reaction. The cDNA is then cut with restriction
endonuclease enzymes and the resultant fragments separated by electrophoresis in a
gel.
Differences in the restriction fragment patterns (DNA Fingerprints) can be used to
subtype IBDV. This test is rapid and can differentiate most isolates. Table 1 shows
restriction sites, which can differentiate 5 variant (ARK, MISS, GA, GLS, DELE) and
3 standard (APHIS, BV3, Univax) IBDV isolates. The second method uses PCR and
sequencing of the fragments. This test is more difficult and cumbersome, but can
distinguish all isolates examined so far. Using these tests, we characterized variant
isolates from Georgia (GA), Mississippi (MISS) and Arkansas (ARK). Data showed
that the GA isolate i§ more similar antigenically to variants from Delmarva, whereas
the MISS and ARK isolates are more similar to each other. These data will help vaccine
manufactures produce and distribute variant vaccines to integrators for improved control
of variant IBDV isolates.
Table 1. Restriction enzyme sites* within the 545 bp fragment of the IBDV VP2
gene as determined by TPCR and RFLP
Isolate

Haelll

EcoRII Sad

TaqI

Ark

3

1

]I

0

0

0

Miss

3

2

1I

0

0

0

Ga

2

1

]I

0

0

0

GLS

3

1

]I

0

0

0

DELE

3

1

]L

2

0

0

APHIS

4

2

][

0

1

2

0

BV3

4

3

][

0

0

1

2

0

Univax

4

3

][

0

0

0

1

0

•

Spel

StuI

Styl

Nael

*Number indicates number of sites
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Table 2. Percent amino acid sequence homology of the 180 residues in the VP2
gene of eight IBDV isolates as determined by cycle sequencing of RTPCR generated
fragments

Isolate

Ark

Miss

Ga

GLS

DELE

APHIS

Univax

Ark
Miss

97.21

Ga

96.09

95.53

GLS

94.41

95.00

98.09

DELE

94.97

94.44

98.32

98.56

APHIS

94.97

96.67

96.09

94.44

95.03

BV3

94.41

96.11

96.09

95.00

95.03

97.24

Univax

90.50

93.33

92.74

94.44

92.27

93.37

96.13

Although vaccination in the hatchery is most convenient, high levels of neutralizing
parental antibody can delay or prevent the onset of immunity. The percent of birds
immunized against IBDV at one day of age varies from 1 to 10% of the flock. The
other 90 to 99% of the flock, although not immunized are not harmed by a slight drop
in antibody, which may result from neutralizing vaccine virus. Studies have shown
that day-old vaccinated birds with high maternal antibody will develop memory cells
and when revaccinated, produce a stronger response than birds which were not
vaccinated in the hatchery. Other studies have shown that the vaccine virus will remain
in the bird for some time and when the levels of maternal antibody have decayed, the
vaccine virus will replicate and induce immunity.
Since levels of maternal immunity influence the success of early vaccination in progeny,
day-old antibody titers against IBDV need to be constantly determined using ELISA.
Continual monitoring of breeder titers is important for examining the success of breeder
vaccination, but these titers do not always mirror the titers of progeny. The efficiency
of transfer of titers to the progeny varies with strain of hen and within different
individuals within the same strain. Also, commercial ELISA tests use a sérologie
standard virus as antigen in the plates. Studies show low correlation between ELISA
titers and resistance to challenge with variant IBDV.
For those birds that were not adequately immunized in the hatchery, 8 to 10 days of age
is time at which another 50% of the birds have antibody titers that have dropped to a
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level at which they can be immunized. Again, intermediate vaccines can be given at
no less than Vi dose by CS or DW. If CS is chosen, two machines with one additional
person to separate the birds should be used. Only spray machines producing more than
60 |l sized particles should be used. Birds to be sprayed with vaccine should be confined
to not more than of the house for adequate coverage.
LAYER VACCINATION PROGRAMS
Layer pullet vaccination programs are generally similar to those of broilers. However,
remember that Leghorns are more susceptible to clinical disease than broilers. Layers
are usually given a third vaccination from 28 to 35 days of age.
Laboratory Vaccine Trial
Table 3 shows a laboratory study done at Auburn with a commercial bivalent IBDV
vaccine. This vaccine contains a standard (S) intermediate vaccine and a sérologie
variant (V) virus. This bivalent (S+V) product was compared to the same standard (S)
vaccine virus used alone. Ten-day-old specific pathogen free (SPF) broilers were
vaccinated by eye drop and placed in isolator units. At 14 days after vaccination, birds
in each of the 2 vaccine groups (S) and (S-i-V), plus 1 unvaccinated group were
challenged with 1 of 4 IBDV variants, Variant (Var) E, Georgia (Ga), Mississippi (Miss)
or Arkansas (Ark) or the standard challenge (APHIS). Both vaccines produced excellent
protection against the standard APHIS virus. However, only the bivalent (S+V) vaccine
virus produced adequate protection against the variants. This bivalent product produced
good protection against all IBDV variants, showing that one variant vaccine can protect
against other variants.
Another important time for IBDV protection is the period from 25 to 35 days of age.
Many poultry health experts do not recognize the importance of suspectibility of the
bursa to damage by IBDV at this time. However, infection at this time can result in
mild temporary immune depression. If this occurs on farms where management,
sanitation, hygiene and biosecurity are not optimal, concomitant infections with bacteria,
virus or intestinal parasites can cause problems. To prevent this on problem farms,
vaccination at 21 days with a standard immediate IBDV vaccines by CS or DW has
proven effective.
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Table 3. IBDV serology and challenge results

1.

2.

3.

4.

5.

6.

Vaccine
group

Challenge
group

Bursa
wt/Body
wt. X 1000

%
Protection
Score

A) STD

STD

1.95^

84^

B) STD

VarE

1.50^

OS»'

C) STD

None

2.0P

-

A) S+V

STD

2.0P

85^

B) S+V

VarE

i.9œ

85^

C) S+V

None

2.19^

-

A) None

STD

0.84^^

-

B) None

VarE

0.95^^

-

C) None

None

2.36^

-

A) STD

Miss

1.85''

74b

B) STD

Ark

1.78^

66^

C) STD

Ga

1.72^

60^

D) STD

None

2.2P

A) S+V

Miss

2.19^

82^

B) S+V

Ark

2.13^

80^

C) S+V

Ga

2.23^

83^

D) S+V

None

2.15^

A) None

Miss

l.OS'^

-

B) None

Ark

I.IS'^

-

C) None

Ga

1.16^

-

D) None

None

2.36^

-

'

-

STD = Standard, V or Var = Variant.
Numbers followed by different superscripts are significantly different.
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MEASURING EFFICACY OF VACCINES
How can we monitor the success of IBDV vaccination in broilers? Typically health
experts will examine the size of the bursa from 10 birds per house at 21 days of age
using a small device called a Bursameter® (Solvay Animal Health). Numbers greater
than 5 are considered normal. Other methods include examining the bursa diameter
and shank length and dividing the shank length into the bursal diameter and multiplying
by 100. Numbers greater than 1.5 are considered normal. Bursa weight divided by the
body weight is also done. This figure times 1,000 should yield numbers greater than
1.5 for broilers and 2.5 for Leghorns. However, as stated earlier, this should again be
done at 30 days of age, because bursal atrophy at this time can be important. However,
it should be noted that other agents including reoviruses, Marek's Disease Virus, chicken
anemia virus, mycotoxins and stress from temperature extremes can cause bursal atrophy
and immunosuppression. It is important to continually monitor antibody against IBDV
to determine if birds are seroconverting to the vaccine.
Other methods which can be used to monitor the health of the immune system include
measuring antibody against Newcastle disease virus at 4 weeks of age. Birds vaccinated
against NDV at 1-day of age do not seroconvert, but if a field booster is given at 18 to
21 days seroconversion should be evident at 4 weeks of age. Also, evident when using
IBDV vaccines is that respiratory reactions against NDV and/or infectious bronchitis
viral vaccines are generally lessened, when the immune system is protected.
Performance results are the most important data to analyze when determining the
successfulness of IBDV vaccination in broilers. Such parameters as weight gain, feed
conversion, mortality, % condemnation and cost/lb of meat should all be examined
before and after the initiation of IBD vaccines. Typically beneficial results are not
always seen immediately after vaccination, and may not occur for 2 to 4 successive
growouts. This is because other uncontrollable factors such as changes in environmental
(weather) conditions, feed quality, age of breeder flocks, change in down time, and
clean up, all may alter performance. Conversely, removing the IBDV vaccine from
the program may not adversely affect the initial performance results. Removal of the
vaccine from the house will cause a gradual increase in levels of virulent virus in the
field. It takes several growouts before the field virus exposure increases to the point at
which detrimental results are seen. Therefore, to get maximum benefit from IBDV
vaccination, a thorough clean out with a disinfectant that has a claim for inactivating
IBDV should be done. Since the virus does not contain a lipid envelope, it is resistant
to many chemical agents. Reduction in field virus exposure by cleanup and disinfection
will help the vaccine virus reach the bird before the challenge virus and seed the house
with vaccine virus. Over a period of 3 to 4 growouts, the vaccine virus may become
the predominate IBDV on the premises.
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IBDV VACCINE FIELD TRIAL
Tables 4-7 show the beneficial field data which may occur following 3 successive
growouts using day-old IBDV vaccination. Data show improvements in all performance
parameters (feed conversion, body weight, condemnations and grower rankings) when
using a commercial IBDV vaccine at day of age containing an intermediate standard
and Delaware variant vaccine. The improvements increased over 3 growouts. However,
it is cautioned that often an improvement in only one parameter may be seen after
vaccination. The bottom line is does the economic gain resulting from IBDV vaccination
in broilers justify the increased costs from purchase and administration of the vaccine?
NO UNIVERSAL IBDV PROGRAM
Is there a uniform vaccination program that all producers in the U.S. can use to protect
against the immunosuppressive effects of IBDV. We can say unequivocally. No! Such
factors as pathogenicity, sérologie subtype, and amount of viral field challenge,
placement programs, density of poultry populations, and breeder vaccination program
will effect the time, dosage, numbers, and subtypes of viral vaccines to use. Therefore,
it is imperative to know the level and subtype of viral exposure and maternal antibody
titers of the progeny at day of age. For those who want to follow a prescribed program
to protect against all possible scenarios, the following program could offer such
protection: use of a bivalent vaccine by in ovo injection or SQ injection mixed with
MD vaccine in the hatchery containing an intermediate standard and variant IBDV
sérologie subtype at no less than half dose, and field boosters at 8 to 10 days and again
at 18 to 21 days using the same vaccines at no less than half dose by CS or DW routes.
Regardless of what IBDV vaccine program is chosen, its efficacy needs to be closely
monitored using the ELISA to measure antibody and periodic measurement of bursal
size, along with analyzing performance records over a period of not less than 3 to 4
growouts.
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Table 4. Improvement in Feed Conversion

12

3

4

5

Growouts
111 Original Program EÜIBDV Program

Table 5. Improvement in Market Weight

1

2

3

Growouts
IB Original Program [llBDV Program

111

Table 6. Improvement in Percent Condemnation

— IBDV Farm "^ Complex Average

Table 7. Improvement in Grower's Ranking
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CROSS-PROTECTION PROPERTIES OF INFECTIOUS
BURSAL DISEASE VIRUS
Y. M. Saif
Food Animal Health Research Program, Ohio Agricultural Research and
Development Center, The Ohio State University, Wooster, Ohio 44691 USA

Studies in our laboratory have emphasized the antigenic characteristics and crossprotective properties of infectious bursal disease virus (IBDV). Two serotypes of
IBDV and antigenic and immunologie variants of both serotypes are recognized.
Viruses of serotypes 1 and 2 are immunologically distinct and no cross-protection
is induced by either serotype. Nonetheless, both serotypes share common
nonprotective antigens that were easily recognized by common laboratory
procedures. Immunologie variants of serotype 1 viruses were first recognized in
the United States in our laboratory in 1984. The classic and variant strains of
serotype 1 viruses are distinguishable by virus neutralization studies but other
commonly used tests are not suitable for differentiating the classic from variant
strains. Both classic and variant strains share cross-protective and non-crossprotective antigens. Viruses in the classic or variant groups are not antigenically
homogenous leading to the identification of a variety of antigenic subtypes. We
found that cross-protection between the classic and variant strains of the virus is
strain and dose dependent. The above immunogenic variations between the viruses
have a critical impact on vaccination programs.
Infectious bursal disease (IBD) is an acute highly contagious immunosuppressive disease
of chickens. The causative agent of the disease is the bimavirus, infectious bursal
disease virus (IBDV). The disease was first recognized in the United States in 1957 by
Cosgrove and the etiologic agent was described by Winterfield et al. The current name
of the disease, infectious bursal disease (IBD), was coined by Hitchner in 1970.
A second serotype (serotype 2) was later recognized in Northern Ireland by McFerran
et al. in 1980. McFerran also described low antigenic relatedness values between some
of the European strains of the virus.
In the United States, serotype 2 viruses were isolated from turkey flocks in our laboratory
and in Lukert's laboratory. We isolated serotype 2 viruses from chicken flocks also.
Extensive studies with serotype 2 viruses indicated the following:
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— these viruses are not pathogenic for chickens or turkeys
— they occur naturally in turkey and chicken flocks and the infection is rather
widespread
— they do not cross-protect against serotype 1 viruses
— they share nonprotective antigens with serotype 1 viruses
— they could be differentiated from serotype 1 viruses by the virus neutralization
(VN) test but not by other tests such as the fluorescent antibody (FA),
immunoperoxidase (IP) or the enzyme linked immunosorbent assay (ELISA)
— antigenic variations among serotype 2 viruses were recognized
In 1984-85, a major respiratory disease outbreak occurred in the Delmarva Peninsula
in the USA, leading to high morbidity, mortality and condemnations. Observations
made then indicated the possibility that immunosuppression might be an underlying
cause of the problem. A virus (IBDV) was isolated in our laboratory at the time from
chicks that had high level of maternal antibodies to IBDV. These birds also had bursal
lesions. Studies on that virus indicated that it was a serotype 1 virus having a very low
antigenic relatedness value to the other strains of serotype 1 virus. Consequently, we
considered that virus a variant as opposed to the viruses recognized in the USA up to
that point which we have referred to as classic or standard viruses. In 1985, Rosenberger
et al. isolated 4 similar viruses that were antigenically different from the classic viruses.
Later studies in our laboratory indicated close antigenic similarity between
Rosenberger's isolates and our original variant virus. Several reports from other
investigators indicated the high prevalence of these antigenic variants. Further studies
in our laboratory indicated the diversity of the antigenic types of serotype 1 viruses.
The recognition of antigenic variants of serotype 1 viruses led to critical questions
about their cross-protective characteristics. It should be emphasized that we use the
terms antigenicity and immunogenicity to indicate two different concepts. Antigenic
similarity is used to indicate that in a given test (s), two strains of the virus cross-react
but that does not mean that these two strains will cross-protect in the live chicken.
Studies were initiated in our laboratory to define the antigenicity and immunogenicity
of classic and variant strains of the virus and serotype 2 viruses in SPF chickens. These
studies led to the following conclusions.
Variant and classic strains of serotype 1 viruses share common protective antigen(s)
— The cross-protective characteristics of different classic strains vary considerably
dependent on the strain of the virus.
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— The amount of virus (dose) administered to birds affects its cross-protective
characteristics
— Variant viruses will protect against themselves and against classic viruses whereas
classic viruses will protect against themselves but will initiate minimal to partial
protection against variant viruses
— Among the in vitro tests used to study antigenicity of the viruses, the VN was the
only test to provide results that were highly predictive of the cross-protective
characteristics of the virus
Polyclonal antibodies were more sensitive than monoclonal antibodies when used
in the ELISA
— The use of monoclonal antibodies to type viruses has to be carefully scrutinized
since the antigenicity and immunogenicity of the virus is the result of the full
complement of antigenic/immunogenic epitopes
— It was not possible to differentiate the viruses using the FA, IP, ELISA, Western
blot or nucleic acid probe
In recent studies we have shown that the antigenicity and immunogenicity of the virus
is not altered as a result of high passage in tissue culture. On the other hand, the
pathogenicity of the virus was completely eUminated and the virus lost its ability to
replicate in its natural host as a result of high passage in tissue culture. When a given
strain of virus was passaged in vivo "bursa derived" or tissue culture, no differences
were detected in the immunogenicity of these viruses when inactivated if the antigen
dose were equalized.
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STRATEGY FOR INFECTIOUS BURSAL DISEASE
DIAGNOSIS AND CONTROL

A

S. N. Singh
BAIF Research Institute for Animal Health, BAIF Development
Research Foundation, Briahnagar, off Pune-Nagar Road, Wagholi, Pune
421 207, India

Outbreaks of Infectious Bursal Disease (IBD) in Japan, UK, Europe and other
countries was controlled by strategic vaccination programme clubbed with other
biosecurity measures. Now in India too, it is the time to adopt the strategic
vaccination programme. Most basic need of this programme is to have suitable ,
rapid disease diagnostics and or regular post-vaccinal antibody monitoring system.
Keeping in view the short half-life of IBD antibody, mandatory dam vaccination
is to be promoted to protect the chicks in their early life before the start of
vaccination schedule. Rapid diagnostics could be enzyme immunoassay (EIA) based
techniques in ready to use format or genome amplified based Polymerase Chain
Reaction (PCR) technology. Similarly, antibody monitoring enzyme immunoassay
in the form of kit to be used at field laboratories/ farms will be of great help to
flock monitoring. Since, IBD is associated with immunosuppression the virus
presence will hamper the antibody development to other vaccines like New Castle
Disease (RD). Hence, preventive vaccination to IBD is essential. Other diseases
like Marek's, Avian Leucosis, Infectious Bronchitis etc. and other emerging diseases
like Inclusion body hepatitis (IBH), reo virus and others also need much attention
to develop diagnostics and vaccines at farmers disposal.
OVER VIEW
The Bharatiya Agroindustries Foundation (BAIF) is working with the recent advances
in applied biotechnology for dealing with the emerging problems in poultry. We have
studied three isolates of Infectious Bursal Disease (IBD) from Namakal, Hyderabad,
and Miraj and observed the immune response in birds. With the recent outbreaks in
India, BAIF has reviewed the epidemiological situation of IBD and studied the virus
in cell culture, egg embryo and bursa of Fabricius in birds and further made an attempt
for making killed vaccines from the prevalent strains to protect IBD in different flocks
in the country. We have carried out series of experiments developing confidence all
over the country. It was concluded that IBD equivalent to intermediate strain vaccine
in live, freeze dried form can be used for priming the flocks and booster with killed
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vaccines in the country which are giving better response for protection against IBD.
This present inactivated vaccine made from prevalent Indian strains even gives better
maternal antibodies and therefore, we can very well use for birds, as per recommended
schedule of vaccination. Under the time bound frame for effective control of the disease,
vaccine made out of the strains prevalent in the country is the only answer for the
control of this disease in India.
THE IBD VACCINES IN GENERAL
The prevention and control of IBD is essentially done through suitable vaccination
programme. For this purpose the following vaccines are developed worldwide.
Live mild pathogenic vaccine. This vaccine incorporates mild pathogenic IBD virus.
Such vaccine is supplied in freeze-dried form. Mild vaccines being low in their
invasiveness to bursa of fabricius (BF) are easily neutralized by high levels of maternal
antibodies (MA) in chicks. However they cause least immunosuppression in the
vaccinated bird.
Live moderately pathogenic vaccine. This vaccine incorporates moderately
pathogenic or intermittent strain of IBD vims. Such vaccine is supplied in freezedried form. Moderately pathogenic vaccines comparatively show better response when
used as a priming even in birds having MA. Amongst the available vaccines, those
causing least adverse effect on Bursa of fabricius (BF) should be preferred.
Inactivated vaccine. This vaccine incorporates moderately or highly pathogenic IBD
virus whose infectivity has been chemically inactivated. Such vaccines are supplied in
oil emulsion form which takes care of present prevailing IBD in Indian flocks. This
inactivated vaccine does not affect bursa Fabricius at all and hence does not cause any
immunosuppression. It produces high levels of antibodies to IBD virus.
VACCINATION AGAINST IBD
The type of vaccine to be used and the vaccination schedule to be followed are largely
dependent on the virulence of the field virus, extent of infection, level of maternal
antibody and age of the chicks when the clinical signs of the disease appear. The
following field observations have been reported. If the field virus is very virulent
vaccination with moderately pathogenic vaccine during first week (5 to 8 days) is
effective. In area of prevalence of less severe IBD vaccination should be done with
mildly pathogenic vaccines at in flocks about 10 to 14 days of age. For controlling
subclinical form of IBD which is more common in poultry population, one of the
following two methods are employed. Vaccination of the breeder flocks with inactivated
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oil emulsified vaccine to produce high levels of MA which protects the chicks for the
first 3 to 4 weeks. Vaccination of chicks at day old with mildly pathogenic vaccines to
prevent early infection. It is noted that a long lasting and more uniformly high levels of
MA in chicks are achieved from breeders receiving live IBD virus primers and one
inactivated oil emulsified IBD virus vaccine.
CONTROL OF IBD IN INDIA
In India, IBD has now become endemic. Until recently, outbreaks of IBD did not
cause heavy mortality or severe clinical manifestation of IBD unless complicated with
secondary infection. Under such situations, an ideal vaccine would be one which elicits
a prompt and lasting immunity with least or no injury to the immune system of the
chicks. This can be achieved by vaccinating the chicks at 1 to 2 weeks of age using
mild vaccines or by vaccinating the breeders with inactivated IBD vaccine so as to
confer high levels of MA. For non-endemic risk areas vaccination of the breeder flocks
with inactivated IBD vaccine is generally sufficient to confer protection of the chicks
through high levels of MA.
BAIF'S ROLE IN IBD VACCINE DEVELOPMENT
B AIF has developed live and inactivated IBD vaccines under "Scheme for research on
development of large scale production technology of freeze-dried vaccines against
Infectious Bronchitis, Infectious Lryngo-tracheitis and Infectious Bursal Disease
(Gumboro Disease)" sponsored by Indian Council of Agricultural Research ( ICAR ).
Under the scheme two different strains of IBD virus were developed and evaluated by
laboratory and field conditions for incorporation into the IBD vaccine living and IBD
vaccine inactivated.
Live attenuated IBD virus strain with intermediate pathogenicity to mild and
moderate strains of IBD virus. This virus was cloned in Chicken Embryo Fibroblast
(CEF) cell culture and characterised especially for its virulence, gross and microscopic
effects on BF, immunosuppression to Newcastle disease vaccination and immunological
effectiveness in conferring protection against IBD.
This IBD virus strain had intermediate pathogenicity to mild and moderate strains of
IBD virus which is intermediate strain for protection of IBD. This virus was least
virulent. It was not affecting BF as evidenced by the Bursa to body weight ratio studies
in birds wherein this ratio was comparable to that of control but far higher than the
ratio existing in birds infected with highly virulent IBD virus. The gross and microscopic
effects of this virus strain on BF were almost mild in terms of haemorrhages, necrosis
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and depletion of lymphocytes as compared to the virulent IBD virus strain. Likewise,
the immunosuppression in spleen and thymus as well as interfoUicular infiltration
were also negligible with this strain as compared to the virulent IBD strain. This virus
had produced no immunosuppressive effect in birds vaccinated with Newcastle disease
vaccine. The haemagglutination inhibition (HAI) titres ^elating to Newcastle disease
virus in birds vaccinated with IBD vaccine incorporating this strain were similar to
those birds which did not receive any IBD vaccine.
The IBD live vaccine incorporating this strain was extensively field tested in different
parts of Tamil Nadu as primary or booster vaccination. With the use of this vaccine,
the occurrence of IBD was reduced with flock performance returning to normal,
consequent to IBD vaccination. In the vaccinated birds, responses to other vaccinations
like Newcastle disease - Lasota strain, Infectious Bronchitis, Newcastle disease - R2 B
strain and Fowl pox were quite as desired and the health of flocks was normal. The
field testing was done on 56,630 birds. Primary vaccination was done during 3 weeks
to 6 weeks, whereas the booster vaccination was done during 8 weeks to 10 weeks.
2 Virulent strain of IBD virus with high pathogenicity. This virus was adapted to
grow in developing chicken embryonated eggs and CEF cell cultures. This virus was
characterised for its effectiveness for incorporation in oil emulsified inactivated IBD
vaccine. The inactivated IBD vaccine elicited significantly higher immune response in
the vaccinated birds in terms of IBD virus neutralization (VN) as well as Agar gel
precipitation (AGP) antibodies as compared to the unvaccinated control birds.
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Animal and Poultry Sciences Department, Virginia Tech, Blacksburg,
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The Junglefowl is the ancestor of all commercial chickens. These commercial
chickens are reared in hot, temperate, cold, dry, and humid locations, below sea
level and at high altitudes, and where annual photoperiod is almost constant or
varies widely. This range of climatic conditions requires not only biological
adaptation by an animal but varying technologies depending on the global setting.
One objective of this plenary session is to provide insights into the range of tools
that have been made available by modern science and technology to address the
'effects of potential climatic stress in poultry production. Another objective of
this session is to discuss how acclimation to climatic Stressors can occur through
the history of the population and the individual via physiological and
morphological adaptation. Emphasis will be on manipulations via management,
nutrition, and genetics.
The motto in the great hall of the US National Academy of Science expresses a
commitment "to science, pilot of industry, multiplier of harvest, conqueror of disease,
revealer of nature's laws, eternal guide to truth." This motto recognizes science not
only as a discoverer of new knowledge but also in the spirit of applying knowledge.
My sense is that we, as poultry scientists, have a responsibility to see that this
application is applied in a positive manner not only to the poultry we husband, but
also to present and future human populations.
This preliminary session, "Technologies for improving poultry production under
climatic stress through genetic, nutritional, managemental and health care
manipulations," encompasses a very broad area. It involves disciplines such as
behaviour, genetics, microbiology, nutrition, and physiology, as well as climatic
factors such as temperature (hot, temperate, cold), humidity, altitude, geographic
latitude (photoperiod), direction of air currents, and air velocity. Measurement criteria
include feed intake, water intake, body weight, feed efficiency, carcass traits, egg
production, egg weight, immunocompetence, and livability. The speakers in this
session have addressed their topics with an approach that is evolutionary, not
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revolutionary. Their presentations are consistent with a gradual, yet punctuated,
approach to development of both intensive and extensive husbandry systems for
production of poultry on a global basis.
It is appropriate to discuss the words climate and stress because, while commonly
used, they have different meanings to different people. In our "Dictionary of Farm
Animal Behaviour" (Humik et al., 1995), climate is defined as the spectrum of
weather conditions pertaining to a given area or locality. Stress is defined as any
disruption of an animal's homeostatic equilibrium requiring the animal to make
some response to maintain its psychophysiological integrity. The stress response
serves as a mechanism of mediation linking the Stressor to a target organ, and target
organ effects may be positive or negative (Zulkifli and Siegel, 1995). Thus, regardless
of whether the perceived Stressor is "good" or "bad," similar nonspecific physiological
reactions will be triggered with the latter being more dramatic.
The stress response has numerous manifestations. Of major interest to poultry
producers are the consequences of the biologically costly physiological alterations
that result from climatic Stressors. Stressors may impede production of antibodies
and effective cell-mediated immunity, thereby increasing susceptibility to viral
diseases, tumors, and mycoplasmal infections. However, pathological state, which
may be an extreme aftermath of stress, is only one of the damaging consequences.
There may also be reductions in egg production, feed efficiency, and growth.
Domestication of animals, in terms of human history, is a recent event. Also, because
domestic animals cross freely with their wild ancestors, the process may be considered
a minor event in an evolutionary context. Many of the behaviors that initially favoured
domestication of poultry are no longer relevant to commercial production where
artificial incubation, single-age rearing, and single-ration feeding are routine.
Adaptation by the animal to a range of environmental conditions was important
initially and continues to be critical in the domestication process. Throughout the
animal kingdom response to stress (i.e., stress proteins) is a highly conserved genetic
system. Such conservation is intuitively logical because it is essential that an animal
have ability to restore normal function if it is to survive. Thus, ability to respond to
Stressors must have undergone powerful selection over thousands of generations.
Moreover, a body of evidence is now forming to show that stress proteins produced
from a mild stress may provide an individual within a higher threshold (i.e., tolerance)
to subsequent, more severe, Stressors (Zulkifli and Siegel, 1995). This phenomenon
may have considerable potential as technologies are developed to address acute and
chronic environmental Stressors.
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Poultry production is a growth industry. For it to develop in a geographical area
depends on availability of a source of feed to meet nutritional requirements, support
industries for equipment and disease control, a marketing base, and proper housing
to preclude climatic extremes. The advents of computer technologies, mass
communication, and jet aircraft have enabled the same poultry stocks to be available
throughout the world. Yet, because most primary breeders are located in temperate
climates, there is concern with genotype by location interactions. Cold and reduced
oxygen during incubation or posthatch life can enhance metabolic disorders (e.g.,
ascites). High humidities contribute to many other problems as recently summarized
in Daghir's (1995) book. Commercial poultry stocks are some form of a cross and,
thus, heterotic effects are present in these final products. We showed over 40 years
ago that heterosis enhanced resistance to cold temperatures (Siegel and Mueller,
1955). Heterosis, however, is difficult to predict from pureline performance, which
creates a further dilemma.
Does one attempt to add climatic conditions to selection programs and, if so, to
which conditions? Does one take existing high producing stocks and place them in
other environments and let natural selection take its course? Is it prudent to develop
physical structures and husbandry procedures to reduce climatic Stressors? These are
important questions, some of which will be addressed, in part, by Drs. Jordan,
Daghir, and Cahaner as they discuss the technological issues involved with health,
management, nutrition, and genetics associated with climatic stress in poultry.
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Performance of chickens is significantly reduced under either heat or cold stress.
This phenomenon is increasing as the genetic potential of the commercial stocks
is improving. This problem cannot be completely eliminated by management
practices, especially because these are too costly for developing countries. Only
better genetic adaptation to climatic stress can facilitate efficient broiler and egg
production in stressful climates. Improved adaptation to climatic stress can be
achieved either by selection in stress conditions, or by introducing stress-resistance
genes into commercial stocks. Several examples are described, such as selecting
for ascites-resistant broilers in high-altitude locations, or using the naked neck
(Na) gene to reduce feather coverage and alleviate heat stress.

INTRODUCTION
Climatic stresses are weather-related environmental conditions that adversely affect
chicken productivity. These are mainly hot or cold ambient temperature, but can also
include excessively wet or dry conditions, low oxygen (due to high altitude or poor
ventilation), and heavy pollution from dust, ammonia or other gases. Acute stress
occurs when the climatic conditions change drastically for a short time (usually no
more than a few days). A temperature increase of about 10 or more degrees centigrade
within a few hours may kill all chickens, especially in heavy breeds. Due to the sporadic
and short-term nature of acute stresses, chicken survival should rely on management
practices, such as cooling and feed deprivation in the case of a heat wave. Therefore,
the present paper deals only with chronic stress, i.e., an adverse climate characterizing
a substantial period (more than a few days) of the flock's life. Chronic stress from high
temperature, especially when it comes with extremely low or high relative humidity,
depresses chicken growth and egg production. Chronic cold stress, low oxygen supply,
and a polluted chicken-house atmosphere lead to depressed growth and mortality in
broilers due to ascites. This paper focuses on genetic aspects of the sensitivity of meattype chickens to both high and low ambient temperatures, with only minor attention to
egg-type chickens under heat stress.
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Heat stress has a strong negative effect on broiler growth, feed efficiency and meat
yield (Adams and Rogler, 1968; Washbum and Eberhart, 1988; Chwalibog and Eggum,
1989; Howlider and Rose, 1989; Osman et al, 1989; Cahaner and Leenstra, 1992;
Leenstra and Cahaner, 1992b). Reduced meat yield under high ambient temperatures
is related to increased fat deposition (Washbum and Eberhart, 1988; Chwalibog and
Eggum, 1989; Howlider and Rose, 1989; Osman ^iö/., 1989). Excessive subcutaneous
fat deposition reduces collagen content in the skin (Ramshaw et al, 1986), leading to
losses due to skin tearing (Granot^i a/., 1991; Cahaner^i«/., 1993b). Whereas resistance
to acute heat stress is expressed by survival rate, the topic of this paper is resistance (or
tolerance) to chronic heat stress, expressed by lower heat-induced depression in
productivity.
With the rapid development of the poultry industry worldwide, and especially in
developing countries, importation of high-performance broiler stocks to hot regions is
on the rise. Primary breeding programs of the international poultry breeding companies
are located in North America and Western Europe, in temperate climates and optimally
controlled facilities, without any selection for adaptation to extreme climates. To date,
none of the large companies has developed a broiler stock with improved adaptation to
hot climate. Farmers are advised to use expensive management practices to control
ambient temperature in their facilities. However, the depression of broiler growth due
to high temperature cannot be completely eliminated by such management practices.
Moreover, management practices aimed at alleviating heat stress are for the most part
quite expensive and hence not economically feasible, especially in developing countries.
Cold stress forces broilers to increase oxygen consumption in order to maintain their
body temperature through elevated heat production. The anatomical and physiological
limitations of blood flow through the lungs of cold-stressed broilers readily lead to
primary pulmonary hypertension syndrome, which may cause the development of rightventricle failure and the consequent accumulation of large amounts of fluid in the
abdominal cavity (ascites). The ascites further reduces blood circulation and birds die
of. hypoxia, mainly at 30 to 40 d of age (Julian et al, 1989). High altitude and poor
ventilation also increase the incidence of ascites due to low oxygen supply (Hernandez,
1987; Scheele et al, 1991). Ascites syndrome is a severe cause of loss to the broiler
industry in many countries (Shlosberg et al, 1992), due to mortality as well as reduced
body weight and increased condemnations at slaughter. Practical short-term measures
have been recommended to reduce the incidence of ascites (Bendheim et al, 1992;
Shlosberg et al, 1992). These are widely used under certain circumstances, but they
are expected to be less effective in the future.
Breeding chickens for stress resistance, once successful, is a more cost-effective
approach to mitigating climatic stress. Breeding chickens for improved adaptation to a
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particular stressful climate (or environment) should be the strategy of choice when
genotype X environment (GxE) interaction significantly affects economically important
traits (Cahaner, 1990; Hartmann, 1990). The breeding of heat-tolerant chickens has
been suggested for the tropics (Horst, 1982; Horst and Mathur, 1990; Mukherjee, 1992;
Singh, 1992). Selection of broilers at high altitude or under cold conditions yielded
lines with some resistance to ascites (Decuypere et al, 1994, 1995). More generally,
whatever stress affects the individuals in the primary breeding populations, natural
selection during the course of localized breeding will improve, or at least maintain
direct resistance to that stress, or indirect resistance to other stresses (Zulkifli and
Siegel, 1995). The main poultry breeding companies have been doing just the opposite,
by applying optimal management and bio-security for their selection flocks. This
approach contradicts the concept of selection for adaptation and may lead to a further
increase in sensitivity to climatic and other stresses, such as pathogen invasion. Localized
breeding is not necessary once genes with a specific effect(s) on climatic stress are
bred into commercial stocks.
GENETIC POTENTIAL AND SENSITIVITY TO STRESS
The heat-stress effect is more pronounced in fast-growing commercial broilers than
in non-selected meat-type lines (Adams and Rogler, 1968; Washbum et al, 1992;
Eberhart and Washbum, 1993b), or in broiler lines with somewhat lower growth rates
(Cahaner and Leenstra, 1992; Leenstra and Cahaner, 1992b; Washbum et al, 1992;
Cahaner et al., 1995b). The association between heat-stress effect and growth potential
was more evident in males than in females (Cahaner and Leenstra, 1992), and when
birds were fed high-protein diets (Cahaner ^i a/., 1995b). Slow-growing chickens from
egg-type strains hardly suffer from heat stress during their juvenile growth period.
Although rural breeds in hot regions exhibit resistance to heat stress, they are
characterized by very low body weights and productivity (e.g. the Sinai Bedouin fowl.
Arad and Marder, 1982).
Cold stress-induced ascites has always been found at a higher frequency in lines with
higher growth rates (Julian et al, 1987; Scheele et al, 1991; Havenstein et al, 1994a;
Lubritz and McPherson, 1994; Decuypere ^ia/., 1994, 1995;Lubritz^i(2/., 1995). l^e
intensive selection for rapid growth rate, especially of breast meat, has not been
paralleled by a concomitant increase in the rate of development of the respiratory and
cardiovascular systems and their capacity to supply oxygen to the greater body mass.
Hence, the modem broiler is in a state of potential hypoxemia and ascites. Whereas
broilers of the '60s and '70s suffered from ascites at high altitude only,ascites was
induced in the broilers of the '80s even at low altitudes, by exposure to cold and certain
diets (JuUan et al, 1989; Bendheim et al, 1992; Shlosberg et al, 1992). As selection
for rapid growth continues, the incidence of ascites is expected to increase, regardless
of the level of climatic stress.
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In both stresses, higher sensitivity results from the higher basal metabolic rate of
broilers with more rapid growth rates (Decuypere et al, 1994, 1995; Mitchell and
Sandercock, 1995; Sandercock et al, 1995). Therefore the continuous selection for
rapid growth in optimal environment (even now it takes about 1 d less to reach 2-kg
body mass with every year of breeding) is expected to further increase stress-related
losses for broiler operations in extreme climates. The increase in genetic potential of
the advanced meat-type stocks will not be expressed under climatic stress, unless some
stress-tolerance is incorporated into their breeding programs.
Egg-type layers also exhibit an association between improved genetic potential and
high sensitivity to heat stress. Layers selected for improved feed efficiency have a
lower appetite. High ambient temperatures further reduce their appetite, decreasing
their feed intake below the minimal level needed to maintain reasonable egg production.
A similar situation has been observed in dwarf meat-type parent-stock females. Despite
their 30% lower body weight, which could be expected to provide some heat tolerance
(Horst, 1982), they produce less eggs at high ambient temperatures, apparently due to
insufficient feed intake.
BREEDING FOR TOLERANCE TO CLIMATIC STRESSES
Altering the goals of breeding programs may reduce the susceptibility to various
stresses. A meat-type line selected over 10 generations for feed efficiency only was
more tolerant to heat stress and heart failure (including ascites) than its counterpart
selected for growth rate (Leenstra and Cahaner, 1992a; Leenstra, 1993). However,
whether the selection for feed efficiency directly improved stress resistance, or the
resistance resulted from the lower growth rate of the feed-efficient line was not verified.
Apparently, a selection index needs to be used, with selection intensity being lower for
growth and higher for other economically-important traits, such as feed efficiency,
meat yield, carcass quality, and viability under various stresses (Leenstra, 1993).
However, reliable genetic and economic information, needed to construct such an index,
is rarely available.
Breeding for tolerance to a specific climatic stress should be feasible if a significant
GxE interaction is identified, with E being temperate vs. stressful climate, and G the
relevant genotypes (lines or individuals within a primary breeding population). An
interaction between sire families and tropical vs. temperate climate was found for eggproduction traits (Mukherjee et al, 1980; Mathur and Horst, 1994). Meat-type lines
differing in growth, feed efficiency and carcass composition interacted with controlled
constant normal vs. high ambient temperatures (Cahaner and Leenstra, 1992; Leenstra
and Cahaner, 1992b). These results and similar ones indicate the feasibility of selection
for adaptation to a specific climate, in one of the two following forms:
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Selection under simulated climatic stress can be applied when the stress is of a simple,
mono-factorial nature. This approach would allow the breeding companies to keep
their selection programs at home, but run a segment of them (usually sib- or offspringtesting) in facilities where a given stress is artificially created. Lubritz and McPherson
(1994) suggested superimposing cold stress on a pedigree selection program, in order
to reduce susceptibility to ascites. Whereas such an approach might be feasible,
superimposing artificial heat stress is more complicated, because hot climates may
differ in diurnal temperature cycle and relative humidity, as well as in their interaction
with other specific environmental factors (housing, feed, sanitation, etc.). Selection in
simulated heat has been successfully done with acute stress (e.g., Yamada and Tanaka,
1992) but not a chronic one.
Selection under natural climatic stress can solve the problem of simulating a complex
environment. As compared to a US-bred broiler stock, its counterpart which had been
selected in India for 10 generations exhibited better adaptation to the local environment
(Singh, 1992). Selection for increased resistance to ascites has been practiced at high
altitude, whereby natural selection kills or depresses the susceptible individuals in the
population, leaving a more resistant breeding pool (Decuypere et al, 1994). However,
such "natural" selection procedures, which induce increased mortality or depressed
normal development in breeding flocks, may reduce the genetic pool for growth rate,
feed conversion and body confirmation, and lower selection intensity for these essential
traits. Minimally invasive or indirect selection procedure would preserve maximal
selection potential and is therefore preferred when selecting for stress resistance in a
practical breeding program.
TRAITS AFFECTING THE RESPONSE TO CLIMATIC STRESSES
Heat stress negatively affects chickens because their feather coverage hinders the
dissipation of internal heat, leading to elevated body temperatures. To avoid a dangerous
increase in body temperature, chickens minimize endogenous heat production by
reducing feed intake, and consequently exhibit decreased growth and meat yield in
broilers, and egg production in layers. Decreasing the feather coverage should enhance
heat dissipation and consequently alleviate the heat stress on chickens reared in hot
climates. In addition, reduced feathering saves valuable protein which is turned instead
into meat tissues (Cahaner et al, 1987; Ajang et al, 1993).
The naked neck {No) gene reduces feather coverage in chickens by 20 and 40% in the
heterozygous (Na/na) and homozygous (Na/Na) state, respectively. The effects of this
gene on growth rate and egg production has been reviewed by Mer at (1986, 1990).
The potential usefulness of heterozygous naked neck broilers under heat stress was
studied in the early '80s (Hanzel and Somes, 1983), but this genotype's effect has been
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larger in the fast-growing broilers of the '90s (Lou et al, 1992; Cahaner et al, 1993a;
Eberhart and Washbum, 1993a,b;Deeb and Cahaner, 1994). These studies, all conducted
in controUed-environment facilities and mostly under constant ambient temperature,
showed that naked neck broilers are superior to their normally feathered counterparts
when reared at ambient temperatures above 25°C, more so above 30°C. This advantage
was associated with the naked neck broilers' higher rate of heat dissipation. The increase
in body temperature under high ambient temperature was higher in normally feathered
than in naked neck broilers (Eberhart and Washbum, 1993a; Deeb and Cahaner, 1994).
In the natural chmates of Israel and Turkey (Cahaner et al, 1994a), and Egypt (Saleh,
Horst and Cahaner, unpublished results), heterozygous naked neck broilers were superior
to normal ones in the summer, but inferior during the cold winter. Naked neck broilers
are expected to exhibit a larger, year-round advantage in tropical climates. Moreover,
because broilers grow faster (due to continuous selection for rapid growth) they generate
more heat, which must be dissipated at a higher rate. The magnitude of the heat-stress
effect has been shown to be positively associated with potential growth rate (Washbum
et al, 1992; Cahaner and Leenstra, 1992; Leenstra and Cahaner, 1992b; Eberhart and
Washbum, 1993b; Yunis and Cahaner, 1994; Cahaner et al, 1995b). Therefore it is
expected that in the future, further reductions in feather coverage will be advantageous,
even at temperate ambient temperatures.
A higher reduction in feather coverage, up to 40%, is obtained in homozygous naked
neck broilers, which already exhibit higher performance than their heterozygous
counterparts at a constant 32°C (Cahaner et al, 1993a). Reduced feather coverage
may result from selection for poly genes affecting the rate of feather development (Ajang
et al, 1993). The frizzle gene (F) reduces the density of feather coverage and provides
some heat tolerance to egg-type layers (Merat, 1990; van Haaren-Kiso et al, 1992)
and broilers (Yunis and Cahaner, 1994). Feather reduction accumulates in combinations
of naked neck with slow feathering (Lou et al, 1992) or with frizzled feathers (Yunis
and Cahaner, 1994). The concept of relieving heat stress through reduced feather
coverage was reviewed by Cahaner et al (1994b), who suggested that even the sc for
complete nakedness (Somes and Johnson, 1982) may be useful for high-potential future
broilers under severe heat stress.
Selection against excessive fatness was found to increase skin strength and reduce
the incidence of skin tearing (Ramshaw et al, 1986; Cahaner et al, 1993b), thus
counteracting the excessive fatness due to heat stress (Washbum and Eberhart, 1988)
and the quality of plucked broilers. Moreover, a low-fat broiler line was found to better
resist heat stress, as compared to its high-fat counterpart (Geraert^/ al, 1992). Selection
against excessive fat deposition can be practiced without hampering progress in potential
growth rate (Cahaner, 1988, Havenstein et al, 1994b).
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Hematocrit values in cold-stressed broilers increase rapidly, leading to ascites (Kubena
et al, 1972; Scheele et al, 1991). A pre-existing high hematocrit value might be
deleterious to birds exposed to low temperatures. Two commercial breeding lines and
their cross were found to correspondingly differ in hematocrit values and incidence of
ascites under conditions of cold stress (Lubritz and McPherson, 1994). Therefore, one
may speculate that it would be disadvantageous to raise broilers with high hematocrit
values in cold climates. However, selection against birds with high hematocrit values
could be useful only if the hematocrit value and its association with ascites are
sufficiently heritable within breeding stocks. The incidence of ascites, and the right to
total ventricle weight ratio, were found to oe heritable (h^ between 0.11 to 0.44) in
commercial meat-type breeding stocks (Lubritz et al, 1995). Hematocrit values under
cold-stressed and non-stressed conditions are also heritable, with a heritability of around
0.5 (Cahaner et al, 1995a). Moreover, offspring of parents with the highest hematocrit
values suffered significantly more mortality from ascites after they were cold-stressed
(Shlosberg et al, 1996). These findings suggest that examining hematocrit during
selection can be a means of increasing the resistance of broiler lines to ascites. Oxygen
consumption may also serve as a selection criterion for ascites resistance. Two lines
successfully selected for high or low oxygen consumption, differed also in ^eed
efficiency (Stewart et al, 1980). The lines were not tested under ascites-inducing
conditions, but it was speculated that the high-oxygen line would exhibit lower incidence
of ascites (Scheele et al, 1991).
GENETIC MARKERS AND MOLECULAR GENETICS
DNA markers may make a significant contribution to breeding for stress resistance.
Once a linkage between a marker and a locus for stress resistance is identified, selection
against the undesired marker alíele may replace the need to evaluate selection candidates,
or their relatives, under simulated or real climatic stresses (Cahaner, 1994). Markers
are expected to be especially useful for stress-related traits, because these are usually
hard or expensive to measure, or are characterized by low heritability due to
unstandardized environmental conditions, especially when measured under natural
climatic stress. DNA markers may also improve the efficiency of introgressing stressresistant genes from a donor line into a commercial stock, as it was done with the Na
gene (Yancovich et al, 1996).
Molecular biology and genetics may also contribute to the genetic improvement of
stress resistance in poultry. Heat-shock proteins have been identified in chickens (Wang
and Edens, 1994), and these may lead to a better understanding of the genetic control
of the chicken's response to heat stress. Such knowledge, along with the developing
DNA techniques, may lead to novel methods of genetically manipulating stress-resistant
mechanisms in the fowl.
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NUTRITION AND CLIMATIC STRESS
N. J. Daghir
U.A.E. University, Al-Ain, U.A.E.

The effect of temperature stress on poultry has been the subject of several
reviews. Reduced feed intake is one of the major detrimental effects of high
temperature on poultry. There are certain effects of temperature unrelated to
feed intake. This decrease in feed intake is not linear, but becomes more severe
as temperature rises. Several aspects of temperature and feed intake are presented.
This paper reviews work on energy, proteins and amino acids, vitamins and
mineral requirements of poultry subjected to high temperatures. Furthermore,
it presents selected nutritional manipulations that have been suggested for broilers
and laying hens raised in hot climates or subjected to heat stress situations.
INTRODUCTION
The effects of temperature stress on poultry nutrition has been the subject of several
reviews in the past. The first was by Moreng (1980) in which he reviewed the effects
of temperature on vitamin requirements of poultry. The second was by the National
Research Council (NRC, 1981) and dealt mainly with feed intake as affected by
temperature changes, efficiency of production, ME requirements and water intake.
The third review by Austic (1985) covered energy, protein, amino acids, vitamins,
minerals, essential fatty acids and water. The fourth review was by Leeson (1986)
who gave some specific dietary manipulations for heat-stress conditions. The fifth
review was by Shane (1988) who discussed the interaction of heat and nutrition, with
special emphasis on the immune system. Finally the subject has been recently reviewed
in a general chapter on nutrient requirements and specfically for broilers and laying
hens in two separate chapters (Daghir, 1995).
There is a great deal of disagreement as to what is the ideal temperature range for
the different classes and age - groups of poultry. This is because many factors
influence the reaction of poultry to temperature changes. Humidity of the atmosphere,
wind velocity, and previous acclimatization of the bird are among the most important.
Birds perform well within a wide temperature range which extends between 10 and
27°C (Marsden and Morris, 1987). The highest growth rate for broilers occurs in the
range of 10-22°C, while maximum feed efficiency is at about 27°C (Kampen, 1984).
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Therefore what is ideal for growth is not ideal for feed efficiency and what is ideal
for feed efficiency is not ideal for egg weight. The overall optimum range is mainly
dependent on the relative market value of the product produced, in proportion to feed
cost. As the price ratio widens, the best temperature falls, and vice versa.
TEMPERATURE AND FEED INTAKE
One of the major detrimental effects of high temperature on poultry is reduced feed
intake. There are however effects of temperature that are unrelated to feed intake.
Only part of the impairment in performance therefore, is due to reduced feed intake.
NRC (1981) concluded that the decrease in feed intake in laying hens is about 1.5%
per rC, over the range of 5-30°C, with a baseline of 20-2PC. Austic (1985)
summarized work on growing chickens and concluded that it was 1.7% per 1°C over
a baseline of 18-22°C.
This decrease in feed intake is not linear, but becomes more severe as temperature
rises. The percentage change in feed consumption of broilers, layers and growing
pullets is much larger during hot weather than during cold weather. North and Bell
(1990) reported that the percent change in feed consumption of growing pullets at
2PC is 1.32% while at 37.8 °C it is 3.14% for every 0.6°C change in temperature.
Environmental temperature is considered to be the most important variable affecting
feed intake and thus body weight gain of broilers. The increase in house temperature
from 32 to 38°C causes a drop in feed intake of 21.3g per bird per day and a reduction
in body-weight at 8 weeks of age of 290g.
Data presented by North and Bell (1990) show that feed consumption in laying hens
is reduced by 50% when house temperature increases from 21 to 38°C. Most of this
reduction in feed intake is due to reduced maintenance requirement. The maintenance
requirement of White Leghorns as well as brown layers is reduced by day when
ambient temperature rises from 21 to 38°C.
It is well known that birds eat mainly to satisfy their energy requirements. This
relationship seems to hold well at temperatures of about 10-30°C. At temperatures
below 10°C, a laying hen tends to eat more than her requirement, while at temperatures
above 30°C, she tends to eat less than she requires.
Some workers have tried to partition the detrimental effects of temperature on
performance into those that are due to high temperature per se and those due to
reduced feed intake, by conducting pair-feeding experiments. Smith and Oliver (1972),
in work with laying hens showed that 40-50% reduction in egg production and egg
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weight is due to reduced feed intake, while the reductions in shell thickness and shell
strength are mainly due to high temperature. Dale and Fuller (1979) in work with
broilers, showed that 63% of the reduction in growth is due to reduced feed intake.
Recently (Daghir and Hussein, 1995) we found that this figure is somewhat higher
than that reported by Dale and Fuller (1979).
ENERGY REQUIREMENTS
ME requirements decrease with increasing temperature. This reduced requirement is
mainly due to a reduction in energy requirements for maintenance and reaches a low
at about 28-30°C, followed by an increase up to 36°C (Hurwitz etal., 1980). This
finding has led to the use of high-energy rations for broilers in warm regions. It has
led workers also to investigate the use of fats in hot-weather feeding programs. We
know now that the addition of fat stimulates feed and ME consumption at high
temperatures. Fuller and Rendon (1977) showed that broilers fed a ration in which
33% of the ME was supplied by fat consumed 10% more ME and 10% more protein
and gained 9% more weight than those fed a low fat ration. We have shown that added
fat at 31°C improved feed consumption in laying hens to a greater extent than at lower
temperatures (Daghir, 1987). We have learned a great deal in recent years about the
value of fat in hot climates. The higher fat content of the diet contributes to reduced
heat production, since fat has a lower heat increment than either proteins or carbohydrate.
Energy intake is increased in both broilers and layers in a warm climate by the addition
of fat. The addition of fat to the diet appears to increase the energy value of the other
feed constituents (Mateos and Sell, 1981). Fat has also been shown to decrease the
rate of food passage in the GI tract and thus increase nutrient utilization (Mateos etal.,
1982). In a recent study at the Kuwait Institute of Scientific Research, Al-Nasseret.al.,
(1995) showed that laying hens require as much as 3100 ME Kcal/Kg of feed for
best performance during the summer months.
PROTEIN AND AMINO ACID REQUIREMENTS
Amino acid requirements as affected by temperature have been studied for many years.
March and Biely ( 1972) demonstrated that high temperature does not affect the metabolic
requirement of lysine. Balnave and Oliva (1990) reported that the methionine
requirement of broilers kept at a 30°C or at cycling temperature of 25-30°C was reduced
compared with broilers kept at 21°C. Waldroup etal., (1976) showed that growth rate
and feed utilization of heat-stressed broilers was significantly improved when diets
were formulated to minimize excess of amino acids. Sinurat and Balnave (1985) reported
that food intake and growth rate of broilers were improved at high temperature not
only by increasing ME of diet, but also by reducing amino acid: ME ratio during the
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finishing period. Zuprizal et al., (1993) found that digestibility of proteins and amino
acids in rape-seed and soybean meal were reduced in broilers as temperature increased
from 21 to 32°C. A 12 and 5 percent reduction in total digestible protein value was
observed with the rape-seed and soybean meals, respectively.
Cahaner et al., (1995) studied the effects of dietary protein under high ambient
temperature on three broiler stocks differing in growth rate and fatness. They concluded
that birds of varied inherent growth rate and tendencies toward protein and fat
deposition respond differently to dietary protein level under heat stress.
Recently, there has been a claim that birds fed methionine hydroxy analog free acid
(MHA-FA) perform better during heat stress relative to DL-Methionine fed birds. This
has been attributed to the efficiency of MHA-FA in experiments using whole tissue
preparations of the small intestine of heat stressed birds. Teeter (1994) in two
experiments with broilers showed that performance of DL-Methionine and MHA-FA
fed birds showed increased heat stress as measured by heat production, respiration
rate and sensible heat loss. In fact, birds fed MHA-FA produced significantly more
heat during the finishing period (Kcal ME/ Kg body wt.).
VITAMIN REQUIREMENTS
Several vitamins have been studied in relation to ambient temperature. There is some
evidence that under conditions of high environmental temperature, birds are not able
to synthesize sufficient vitamin C to replace the severe losses of this vitamin that occur
during stress. Njoku (1984) showed improved growth of broilers reared in the tropics
when their diet was supplemented with 200 mg/Kg ascorbic acid. Supplemental
ascorbic acid has also been reported to improve heat resistance and reduce mortality
associated with high temperature ( Pardue et al., 1985). In work with laying hens,
vitamin C has been shown to improve egg weight, shell thickness and egg production.
Njoku and Nwazota (1989) found that the inclusion of 400mg ascorbic acid per Kg
diet gave the most efficient performance of laying hens. Zapata and Gemat (1995)
in Honduras suggested that adding 250mg/Kg of ascorbic acid to molted hens improves
egg production and egg shell quality.
Vitamins A (Moreng, 1980), E (Cheville, 1979), D3 (Scott, 1966) and thiamine (Mills
et al, 1947) have all been investigated by several workers. Results so far do not
indicate that extra supplementation of these vitamins is economically justified under
high temperature conditions.
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MINERAL REQUIREMENTS
Calcium
Calcium has probably been studied more than any other mineral in relation to heat
stress. This is because both egg weight and egg shell strength decline at high
environmental temperature. The methods that have been used to reduce the detrimental
effects of high temperature on shell quality can be summarized as follows: 1) NaHCO^
has been added to feed, but has not always given positive results. 2) CO2 enriched
atmosphere has been very effective, but it is not practical if it involves reduced
ventilation. 3) Use of oyster shell or hen-sized sources of Ca separately has been very
useful. Keshavarz and Nakajima (1993) tested several methods and concluded that
the most effective was replacing half the limestone with large particle size oyster shell.
4) Night cooling has been very effective. 5) Use of carbonated water for drinking
showed some promise, but how practical is it ? High humidity aggravated the detrimental
effects of high temperature. Picard et al., (1987) showed that when high temperatures
are combined with high humidity, there is a further decrease in egg weight and egg
shell weight. There is also a decrease in shell components.
Phosphorus
Calcium and phosphorus balance has an effect on survival time during periods of acute
heat stress. The detrimental effects of high phosphorus levels on shell quality during
high temperature conditions have been well documented. We have shown (Daghir,
1987) that the decrease in shell thickness at high temperature is greater with higher
phosphorus levels at high temperature than with low phosphorus levels. Egg weight
is similarly affected.
Potassium
The potassium requirement of growing chickens increases with increased temperature.
The same has been reported for laying hens. The potassium requirement was reported
to increase from 0.4% of the diet at 25.7°C to 0.6% at 37.8°C. Teeter and Smith (1986)
concluded that dietary potassium levels should be increased for birds reared in a heat
stress environment. They also suggested that this could be added to the drinking water
at 0.2-0.35% potassium in the form of KCl. This may be preferred since birds are
more likely to drink water than consume feed under heat stress.
Manganese
The nutritional importance of Mn for chickens has been investigated for many years.
Research has been conducted on various aspects of this trace mineral including
biological activity from different feedstuff s and supplements used in poultry diets.
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Smith et al., (1995) recently reported that biological availability of Mn-proteinate
MnO relative to MnSO^ (100%) were 120% and 91% respectively in 21 day
chicks. In 49 day old birds, corresponding relative biological availability's were
and 83% respectively in birds at (18-23.9°C) thermoneutral environment and 145
82% respectively for heat stressed (23.9-35°C) birds.
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NUTRITIONAL MANIPULATIONS FOR HOT CLIMATES
A.
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BROILERS
1.

Feed Withdrawal - Feed withdrawal during the hottest hours of the day
has become a common practice in many broiler producing areas. Short-term
feed withdrawal can lower the bird's body temperature and increase its
ability to survive acute heat stress. Smith and Teeter (1988) studied the
influence of fasting intervals beginning 3-6 hours prior to heat stress
initiation and totaling up to 12 hrs daily during heat stress (37°C) and found
it to reduce mortality significantly. One practice in use is to remove feed
at 8:00 a.m. and return it at 8:00 p.m. Fasting may reduce weight gain and
thus one would have to weigh the importance of a more rapid growth versus
a greater mortality risk.

2.

Energy Intake - It has been known for some time that the reduction in
energy intake of broilers is partly responsible for the reduced growth rate
associated with heat stress. Therefore increasing the energy content of the
diet can partially overcome this growth depression. It is common practice
now in formulating broiler feeds for hot regions to boost the energy levels
of these diets by the addition of fat. This practice not only increases the
energy intake, but also reduces the specific dynamic effect of the diet and
thus helps birds to cope better with heat stress. The beneficial effects of
isocaloric substitution of fat for carbohydrate in broiler diets at high
temperature has been demonstrated by several workers (Dale and Fuller,
1979, 1980; McCormick et al., 1980).

3.

Amino Acid Balance - In hot climates, special consideration should be
given to the amino acid balance of the diet. Diets containing lower protein
levels and supplemented with the limiting amino acids, methionine and
lysine give better results than high protein diets (Ait-Taher and Picard,
1987; Yaghi and Daghir, 1985).

4.

Acid-Base Balance - Acid-base imbalances occur in heat stressed broilers
and alkalosis has been shown to occur in these birds. Several methods have

been used to correct this condition. Bottje and Harrison (1985) observed
improved weight gain by carbonating the drinking water. Others have added
ammonium chloride to the feed or the drinking water (Teeter and Smith,
1986).

B.

5.

Vitamins and Electrolytes - Since heat stress always depresses appetite
and thus reduces feed intake, the use of a vitamin and electrolyte pack in
the drinking water for 3-5 days, or until a heat wave passes is always
recommended.

6.

Ascorbic Acid Supplementaion - Vitamin C supplementaion during heat
stress has been shown to have beneficial effects under most situations. Most
nutritionists recommend its administration in the drinking water at the rate
of one g per liter all through the heat wave period.

LAYERS
1.

Pullet Feeding Programs - A major problem of rearing pullets in hot
climates is obtaining adequate weights at sexual maturity. Therefore pullet
growth can be improved at high temperature by increasing nutrient density
of the diet. Extending the feeding of a starter beyond six weeks of age may
be necessary to attain desired weight. A feeding program that would allow
the protein level to be gradually.lowered and the energy level to be raised
is recommended for most hot weather conditions.

2.

High-Energy layer Rations - The use of high-energy layer rations is
recommended in hot regions during the early production period (20-30
weeks of age) because feed consumption during this period is still low and
hens could easily become energy-deficient.

3.

Protein and Amino Acid Levels - Although several nutritionists
recommended protein and amino acid-rich programs for layers in hot
climates, there is no evidence that the protein requirement is affected by
temperature. The important practice to follow is to adjust density of amino
acids in the feed to ensure the same daily intake as that normally consumed
at2rC.

4.

Calcium Feeding - Besides what has been stated earlier under mineral
requirements, feeding the calcium source separately, along with the use of
low calcium diets, helps to improve feed intake. If, however, separate
feeding of calcium is not feasible, then at least 50% of the calcium in the
feed should be in granular form rather than all in powder form.
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5.

Phosphorus Levels - Phase feeding phosphorus programs have been in use
for many years. They are important in hot climates because it has been
shown that excessive levels of dietary phosphorous are detrimental to egg
shell quality. Scheideler and Al-Batshan (1994) postulated that lowering
dietary phosphorous can increase efficiency of intestinal calcium uptake,
increase bone résorption of calcium and increase shellgland calcium transfer
to the egg for calcification.

6.

Vitamin C - Several studies have shown that vitamin C supplements in
the diet or water help laying hens maintain adequate performance under
high temperature conditions. Balnave (1993) recommends the use of ascorbic
acid supplements in the diet or drinking water to counteract the harmful
effects of brackish water on eggshell quality.
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IMPROVING POULTRY PRODUCTION UNDER
CLIMATIC STRESS THROUGH MANAGEMENT AND
HEALTH CARE
F.T.WJordan
Department of Veterinary Pathology, The University of Liverpool,
Veterinary Field Station, Leahurst, Neston, Wirral, Cheshire. L64 7TE,
U.K.

CLIMATIC STRESS
Climatic stress may be considered to be certain environmental conditions mainly
associated with the weather which are adverse to health and optimal production. It
includes hot, cold, wet and dry conditions, altitude, and microclimates with variation
in oxygen, carbon dioxide, ammonia and other gases and dust.
MANAGEMENT
In this contribution management will be confined to housing, acclimatization,biosecurity
and vaccination and medication. The choice of stock and feeding and nutrition will be
dealt with respectively under genetics and nutrition by my colleagues in this session.
Thus my contribution towards utilising management for optimal health and production
will concentrate mainly on housing, acclimatization and stocking. Biosecurity, hygiene,
vaccination and medication are factors which are essential in sound management. They
should be practised whatever the climatic conditions and I will deal with them only in
outline.
Within these limits of management, consideration is given to the means whereby
management and health care can maintain and perhaps improve optimal production
under conditions of climatic stress. The chicken will be the species of poultry given
priority but the turkey and the duck will also be mentioned. Although the management
of eggs in the hatchery is an essential to poultry production it is a highly specialised
subject and will not be dealt with here.
SOME ENVIRONMENT AND HOST FACTORS W^HICH INFLUENCE THE
RESPONSE OF THE EGG (FOR INCUBATION) AND THE CHICKEN
Before dealing with management it is worthwhile considering the response of the
hatching egg and chickens to various environmental factors. They include the altitude
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of the flock above sea level, the environmental temperature, humidity and air speed in
ventilation, the age, gender, concentration, and access to water of the birds and also the
microclimate within the poultry house. It is upon knowledge of the response of the egg
and the chicken to the environment that much sound management for optimal production
is based.
Altitude is of significance because of the reduction in oxygen and temperature with
height which are of importance to incubation of the fertile egg and optimal production
of the chicken.
Eggs can rapidly lose moisture and at a temperature of 25 to 30°C and a relative humidy
below 50%, hatchability and chick quality are much reduced. Temperature and humidity,
through a relatively small ranges, are therefore necessary.
Newly hatched chicks are also readily dehydrated at high temperatures and low humidity.
Temperature ranges, for optimal production, are known to be of significance for growers
(birds over 3 to 4 weeks of age) and layers (birds of about 20 weeks and older). For
growers feed conversion is lowered at temperatures above and below this range (see
below), particularly above 30°C For layers, a similar optimal range of temperature
exists for production and below this fewer eggs are laid and there is a concomitant
increase in food consumption per dozen eggs.
With higher ambient temperatures, at about 24°C, egg size decreases and at 27 °C the
number, the size and weight of eggs decrease and the thickness of the shell will rapidly
be reduced and there is also increased mortality. At 37.5°C egg production falls acutely.
For growers and adult chickens a temperature above 37. 5°C continuously is generally
considered to be higher than the average bird can tolerate for homeostasis (the body
temperature of an adult chicken is 41 °C. Such temperatures occur in the tropics and
subtropics and can also occur in temperate zones when there is failure of the ventilation
system. Such very hot conditions may occur with high or low humidity.
Temperatures as high as 43 °C are lethal to chickens after exposure for three hours.
The adverse effect of high temperatures is directly proportional to its duration and in
short repeated periods birds may become acclimatized to temperatures which before
would have considerably reduced their production. Humidity also can influence the
effect of high temperatures on chickens and a relative humidity (RH) above 55% (with
ambient temperatures above 32 °C can exacerbate an adverse increase in the body
temperature of the chicken.
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High wind speed (ventilation) over a flock, so long as its temperature is not excessively
high, will aid cooling of the body. Without ventilation, either natural, as occurs in open
sided houses, or as provided by fans in controlled environment houses, there is reduction
in oxygen, increase in carbon dioxide, ammonia and other gases. There is also a build
up of humidity and dust, with a tendency for litter to become wet. Excess ammonia ( 20
ppm) causes an inflammatory response in the respiratory tract and causes or predisposes
to respiratory diseases. At a concentration of 40 ppm and above it can cause
keratoconjunctivitis and blindness in chickens. Wet conditions of the litter can result in
pododermatitis (dermatitis affecting the feet).
High stocking density of the birds reduces heat tolerance, and stock housed intensively
in large numbers are more likely to be adversly affected by a rapid rise in ambient
temperature. Wet conditions, where the feathers and body of the bird become wet can
be sometimes be lethal in the young chick and at least reduce production in older birds.
Males seem to be more heat tolerant than females, non-layers are more tolerant than
birds in lay and younger layers are more tolerant than older birds. Birds drink more
water in hot conditions.
Relatively little work has been undertaken on tolerance to cold but young chicks in the
first few weeks of life have only a poorly developed thermoregulatory mechanism and
succumb to a temperature of 10°C. The adult bird is able to withstand temperatures
well below freezing but this is probably also influenced by moulting and the presence
or absence of feathers. All the above factors are interrelated in providing the climate
and conditions of the flock and can be much influenced by management.
THE IMPLEMENTATION OF MANAGEMENT TO MINIMIZE CLIMATIC
STRESS
In the utilisation of management for the optimal production of chickens with particular
reference to adverse climatic conditions the following subjects are considered.
A. General Housing
Housing, with reference to chickens, in this context, consists of providing an optimal
environment for storing hatching eggs and chickens of all ages. The factors of
significance are: (a) the siting of the house, (b) housing which provides protection
from rain and excessive dampness; protection from excessive or insufficient humidity;
provides (or permits) adequate light; optimal temperatures for brooding chicks and
broilers, replacement growers, layers and breeding stock; protection against excessive
heat or cold and also provides optimal ventilation and an optimal microclimate.
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B. Storage and Transport of Eggs for Incubation and of Newly Hatched Chicks
Because eggs can rapidly lose moisture, temperatures of 12 to 16'^C and a relative
humidity (RH) of 60 to 75% are recommended for the storage and transport of hatching
eggs.
For newly hatched chicks in the hatchery and in transport, a temperature of about 32°C
and RH of at least 50% must be provided and ventilation must be controlled so that it
does not interfere with these.
C. Siting of Houses
The siting of buildings is important with reference to disease at high altitude since it is
well appreciated that altitudes above 1500 m, is associated with ascites and mortality
of up to 30% or more in growers, particularly in broilers. Hatchability is also reduced.
However in some countries where very hot ambient temperatures exist at low altitude
it is beneficial to keep poultry at such higher altitudes that provide lower temperatures
but at which there is no predisposition to ascites.
Siting is also important in other ways in attempting to minimise the adverse effect of
high ambient temperatures. Thus,planning the house so that the long axis is directed
from east to west to reduce radiation from the sun and the avoidance of natural or
artificial restrictions of air movement to the building (where this is beneficial) are also
good practice. The shade of trees and green crops around the houses are other features
of value in such circumstances.
D. House Structure
(a) Protection against rain and wet conditions and stressful temperatures
For protection from rain and dampness the walls and roofs in particular should be
impervious and provide shelter with roof overhangs at the eaves. The floor should
preferably have a damp proof course. For protection against low or high temperatures
insulation in house structure is necessary. This applies particularly to the roof and
walls. Natural lighting is provided with houses with open sides and artificial lighting
can be provided, usually by means of electricity. Artificial lighting is essential for
controlled environment houses.
(b) The provision of optimal temperatures, humidities and air change
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The provision of high temperature for rearing chicks is necessary particularly in
temperate climates. At hatch they are best provided with a specific area of high
temperature in a house which is also at an optimal ambient temperature. Initially chicks
at hatch require a temperature of about 32 to 33.5^C( and RH of 60%. The temperature
can be gradually reduced by 3C a week to an optimal temperature of 18 to 21°C. This
may occupy about 5 to 6 weeks in cold districts or cold times of the year but much
shorter in hot climates and hot weather. The corresponding house environmental
temperature commences at about 30°C and is also reduced by 3°C per week to about
20°C or less. An alternative method of brooding is to warm the whole house with hot
air commencing at hatch with a temperature of about 31 °C and gradually reduce it by
approximately 0.5°C per day to 18to21°Candto 13to 16°C. Broilers and replacement
stock show optimal food conversion and growth at these temperature. There will be
some variations on the above associated with the climate and season of the year and
type of chicken but the health of of the bird under the local conditions must be the final
determinant on temperature control. Layers are able to produce adequately at
temperatures between about 5 and 21°C but optimally at temperatures between
16 to 21 °C.
The importance of humidity for eggs for incubation and the young chick especially in
arid climates has been considered above. Growers and adult birds can tolerate a range
of humidities so long as the temperature is within the normal range but high humidities
have an adverse effect on cooling by evaporation as indicated below under 'evaporative
Cooling'. There is evidence that low relative humidities (below 50%) may exacerbate
respiratory diseases.
Perhaps the most difficult climatic stress to deal with in the chicken is associated with
high temperature and usually referred to as 'heat stress'. Because of its importance it
will be considered in some detail.
Heat stress
Heat stress is that condition in which the environmental temperature is sufficiently high to
interfere with normal homeostatic processes in the body of the chicken, which if continued
can lead to prostration and death. In many areas it is caused by a sudden rise in temperature
to which the birds have not had the opportunity to become acclimatized.
The birds seek shelter, pant with breathing through the wide open beak, stand with
wings outstretched, show increased water intake although food consumption is lowered.
There is decreased urine flow and the birds become increasingly depressed even to
prostration and death. The temperature of the birds may increase to 42°C. This is
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considered to be critical. There is cyanosis of the unfeathered parts of the head and at
necropsy there is marked venous congestion throughout the whole carcase. In layers
rupture of developing ova and ecchymotic lesions in the brain have been reported.
(i) Management in the prevention or control of heat stress
In this subject the more important aspects of management are siting (as already indicated
above) the type and insulation of the poultry house, ventilation, ambient air and earth
heat exchange, and cooling by water evaporation, acclimatization and reduction of
stocking density.
(a) Type and structure of the poultry house: Two particular types of housing are
considered. They are the controlled environment and open-sided poultry houses and
they may be used for chickens, turkeys or ducks. The controlled environment house is
preferable for very hot ambient temperatures of 31 °C or more.
It is essential to provide a high standard of thermal insulation, for the walls of controlled
environment houses and especially the roofs for both types of house. Insulation is
effected by using insulating material such as polystyrene or polyurethane or other,
perhaps locally produced, substances. It is sealed from moisture from both inside and
outside the house. The floor should have a damp-proof course. The outside of walls
and roofs should be painted white or covered with material which will reflect heat.
Roofs with overhang the eaves to protect against driving rain and give shade are
particularly useful for open sided houses.
(b) Ventilation: Ventilation to provide gaseous exchange is essential for poultry kept
under all conditions but its utilisation may be more complex under conditions of high
temperature.
Controlled environment houses should be fitted with mechanical ventilation to provide
adequate air movement over the birds and provide cooling by convection. It is essential
to provide uniform air circulation throughout the house and for this consideration is
given to all internal structures which might affect it. Circulating fans may be of value
in this respect.
The walls of open-sided houses should be so constructed that in hot weather they allow
maximum natural ventilation. For best ventilation and gaseous exchange in these houses
they should not be more than 13 m wide and height to the ridge of about 4 m.
Ventilation with high air velocity can be very helpful in providing cooling conditions
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for flocks particularly in conditions of high humidity but is contra indicated when the
temperature of the ambient air is very high and approaching the body temperature of
the normal bird (4rC).
(c) Ambient air and ground heat exchange: In principle it consists of drawing ambient
air through pipes laid beneath the ground adjacent to the poultry house so that there is
an exchange of temperature between the air and the earth. The air, continuing along
the pipes is then blown into the poultry house. Under conditions of high ambient
temperature the air entering the house is cooled and vice versa. The factors for
consideration, apart from the ambient temperature and the temperature of the earth,
are (a) the depth of pipes beneath the surface for an adequate constant temperature
(perhaps l-2m), (b) the diameter of the pipes (heat exchange is inversely proportional
to pipe diameter, but diameters of 0. Im to 0.4m have been found to be satisfactory), (c)
the length and number of the pipes relative to the size and population of the poultry
house (d) the velocity of air flow and (e) the period of time a pipe may be used before
there is adequate exchange of temperatures ; this can be obviated by laying several
pipes and using them in sequence.
(d) Evaporative cooling: This is most effective in conditions of low humidity because
cooling of warm air is obtained by its contact with water with resultant evaporation.
Thus the air cools but there is an increase in water vapour and RH and the temperature
fall is limited to the wet bulb temperature.
Evaporative cooling is provided in several ways; applying water to the outside of the
building, drawing air that has passed through absorbant, porous pads into the building
by fans located elsewhere in the house, by generating a fine spray with low or high
pressure systems within the building (in-house fogging) but arranged for uniform
distribution of the water vapor throughout the house. In open sided houses wet curtains
or "gunny bags" may be suspended over the wire mesh of the sides of the house.
The application of water to the outside of the building usually takes the form of roof
sprinkling or roof and wall spraying and sometimes, also, the ground around the house.
The surface of contact is cooled and heat radiation to the building is reduced but a
great deal of water is used for relatively little cooling. Cooling pads of the 'pad and fan
system' are more efficient but require expert installation and regular management of
pads and water supply and water recirculation.
Another efficient method of cooling is within house fogging. With all systems of water
cooling, care should be taken to use water as clean and cold as possible and with
minimum spillage of water in the house. With cooling pads and fogging the temperature
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in the house may be lowered by as much as 10°C at RH of about 30% but much less
with RH of about 50%.
(e) Modification of diurnal temperatures: High ambient temperatures during the day
are followed by lower temperatures at night and if the night temperature, within the
house, can be reduced by 10 to 15°C below the day temperature the birds are better
able to tolerate the high day temperatures.
(f) Excessive humidity and dehydration: As indicated under 'evaporative cooling'
humidity above an RH of 50 or 60% can interfere with cooling of both birds and
buildings by interfering with evaporation and when the ambient temperature equals or
is above the wet bulb temperature cooling ceases.
Dehydration can occur in growers and adult birds kept short of water but is more
frequently seen in young chicks in the hatchery, in transportation or on the farm in hot
arid areas of very low humidity. In such cases it may be helpful to use humidifiers to
increase humidity to at least an RH of 60%.
(g) Acclimatization: This may be defined as the ability to tolerate heat stress by gradual
contact with high temperature. It is characterized by a progressive reduction in the rate
of increase of rectal temperature of the bird to high ambient temperature, the ability to
survive conditions that initially would have been fatal and higher panting rates but
decreased evaporative water loss. Young chicks, broilers, layers or breeders can be
acclimatized to some degree by daily repeated exposure to a hot climate such as 37 °C
and a RH of 25% up to 60% for four hours per day or continuous exposure to a relative
high temperature for several days. Experimental acclimatization has been established
over a period up to 3 weeks without any loss of production but it should be noted that
an increase in dietary energy level might have an adverse effect on acclimatization. In
parts of the world where there is a gradual increase in ambient temperature with the
summer season acclimatization probably occurs naturally. The practice of
acclimatization in management may be of value in districts where sudden increases in
temperature may be expected. The duration of acclimatization to high temperatures in
a flock probably varies with climatic conditions but cool conditions may reduce tolerance
to a sudden acute hot spell of weather.
(h) Flock density and adequate drinkers: Reducing the number of birds per unit area
will reduce the ambient temperature and is used in some instances. Providing adequate
drinkers and water as cool as is practical is a simple measure that should be done.
(i) Dust: A factor which is associated with hot, dry, windy conditions is the considerable
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movement of dust. This can interfere with mechanical evaporative cooHng particularly
of the cooling pad system and adequate maintenance is essential to prevent this.
(j) Weather records and forecasts : Because the weather can be such an important
contributor to the climate of a poultry house, records and and forecasts (if available) of
environmental temperature, humidity, light, winds, rain and storms can be of value in
planning management.
COLD STRESS
This is only likely to be a problem with very young chicks subjected to inadequate
temperatures during transport from the hatchery to the farm or at the farm for the first
few weeks of life.
Microclimate: This is the climate that surrounds the birds and will be influenced by the
concentration of stock, ventilation, humidity, ambient temperature, the state of the
litter or whether stock are in cages.
TURKEYS AND DUCKS
Relatively little work has been done on these species but there are reports to suggest
that they are adversely affected by heat and cold in the same way as chickens although
perhaps more tolerant of heat.
HEALTH CARE THROUGH BIOSECURITY/HYGIENE,VACCINATION AND
MEDICATION
The general principles of disease control including biosecurity, the relavant use of
vaccines and medication should be put into practice whatever conditions of cHmatic
stress are present or absent in practical poultry production. It should be noted however
that there are certain diseases such as of blood pathogens which are more likely to be
prevalent in hot environments and mycotoxicoses more evident in hot moist conditions.
Also certain drugs may be contraindicated in hot climates. An example is nicarbazin
which increases metabolic rate and thus reduces the tolerance of chickens to high
temperatures.
SUMMARY
The following items of management and health care should be considered in minimising
cUmatic stress in poultry production:
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1. Siting the poultry house with reference to - altitude, the long axis of the house sited
east to west, and providing green crops around the houses.
2. Structure of houses and the provision of equipment - roofs and walls must be
impervious to rain and provide adequate insulation, - provision of lighting (natural
/ artificial), temperature and humidity for brooding and ventilation for gaseous
exchange and for temperature and humidity control.
3. Heat stress demands particular attention to the siting, insulation and ventilation of
houses and in addition the following methods of temperature control:
a. Ambient air and ground temperature exchange which may be helpful in cooling
in hot weather and waiming in cold ambient conditions.
b. Evaporative cooling - applying water to the outside of the building; using wet
cooling pads through which air is drawn into buildings by fans or, for open
sided buildings, wetted sheets ('gunny bags') attached to the wire netting of the
sides of the house; an in-house fogging system, [dust can adversely interfere
with water cooling].
c. Modification of diurnal temperatures by lowering temperature at night.
d. Avoiding excessive RH (above 50-60%) except for very young growing chicks
for which high humidity is essential.
e. Acclimatization of stock to high temperatures.
f.

Reducing flock density and providing adequate drinkers.

g. Knowledge of local weather conditions through records or forecasts can be
helpful.
4. Cold stress in young chicks.
5. Health care through biosecurity / hygiene, vaccination and medication.
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PLENARY - II
NEW TECHNOLOGIES FOR PROCESSING, PACKAGING
AND PRESERVATION OF EGG AND POULTRY
PRODUCTS WITH SPECIFIC REFERENCE TO
IMPROVING SHELF LIFE AND QUALITY FOR EXPORTS

IS HACCP THE SOLUTION TO HYGIENE CONTROL
IN POULTRY PROCESSING?
G.C. Mead
Royal Veterinary College, Boitons Park, Hawkshead Road, Potters Bar,
Herts EN6 INB, UK

There are two main kinds of microbiological hazard in poultry processing: gross
contamination of the product through e.g. microbial growth on carcasses or
equipment, and cross-contamination with minority organisms such as Salmonella,
The former is readily avoided by applying the HACCP concept, which provides a
systematic means of identifying, evaluating and controlling microbial hazards in
food processing. However, cross-contamination occurs continuously throughout
the process, is a reflection of the processes and machinery currently used in Poultry
meat production, and is only partly reduced by rigorously applying conventional
controls. Another partial solution to the problem is to develop more hygienic
machinery and actively encourage its use. While some progress has been made in
this direction, hygiene control is not the highest priority for either equipment
manufacturers or processors. A more feasible approach would be to decontaminate
carcasses prior to packaging. Treatment systems involving e.g. lactic acid or
trisodium phosphate are already available and others are being developed.
Decontamination would provide a critical control point to reduce or eliminate
foodborne pathogens on finished carcases and other products, and should be
introduced throughout the industry at the earliest opportunity.
INTRODUCTION
Poultry meat consumption has continued to expand on a worldwide basis and, to meet
the demand, some 33,000 million chickens are now being processed annually (Anon.,
1995). In many parts of the world, however, there has been a long-standing association
between poultry consumption and the incidence of foodborne human disease, with
estimated annual costs in the USA alone exceeding 400 million dollars (Todd, 1980;
Bryan and Doyle, 1995). This reflects the fact that, in most countries, pathogens such
as food-poisoning salmonellas and campylobacters are common contaminants of Poultry
meat. It is clear that measures to minimise such contamination could significantly
reduce foodborne illness from these agents.
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The main source of the problem is symptomless carriage of the causative organisms in
the Uve bird. Thus, a proportion of all birds arriving for slaughter will be carriers of
one or more foodbome pathogens. The objective must be to prevent widespread
dissemination of the organisms during processing and to safeguard the microbiological
condition of the product. An appropriate means of controlling the process is urgently
needed, and a system that is currently gaining increasing attention in this respect is the
Hazard Analysis Critical Control Point (HACCP) concept. The relative merits of
applying HACCP principles to poultry processing and the contribution of the system
to product safety are discussed in the present article.
MICROBIOLOGICAL HAZARDS IN POULTRY PROCESSING
Birds entering the processing plant carry large numbers of many different kinds of
microorganism and the processor is faced with two kinds of problem: firstly the need
to prevent any gross contamination of the product by e.g. microbial growth on carcasses
or equipment. With appropriate hygiene control, processing should reduce considerably
the overall microbial load. For example, in a recent study of five large processing
plants in the UK, total viable counts from skin samples were reduced by up to a hundredfold (Mead et ai, 1993). The second type of problem concerns the dissemination of
foodbome pathogens, leading to an increase in the proportion of carcasses contaminated
with these organisms. Scalding, plucking and evisceration are the stages most frequently
implicated in carcass cross-contamination, but opportunities for the spread of minority
organisms, such as Salmonella, occur at virtually all stages in the process.
FEATURES OF HACCP
The HACCP concept provides a systematic means of identifying, evaluating and
controlling the microbiological hazards that arise in operations concerned with food
production, processing or handling. It also involves specifying the control criteria and
establishing rapid monitoring procedures so that corrective action can be taken
immediately if control is lost. Detailed records, including those of any corrective
action, are essential, and the effectiveness of the control system as a whole needs to be
verified, with all possible hazards identified, when the controls are operational. Both
principles and specific applications are described by the International Commission on
Microbiological Specifications for Foods (ICMSF, 1988). Particular advantages of the
HACCP approach are its preventive nature, dealing with hazards before they arise, and
the fact that the entire process is covered comprehensively. Thus, the system is a
powerful tool for ensuring the safety of food products and it is a company responsibility
to implement and maintain a HACCP-based control programme, as part of Quahty
Assurance requirements. These activities cannot be a function of the regulatory authority.
164

A more appropriate role for regulators is to be involved in monitoring the effectiveness
of the system (verification).
Although first published in 1971, it is only in recent years that the value of the
HACCP concept has been acknowledged by international bodies such as the
European Union (EU) and the Codex Alimentarius Commission (Codex, 1991).
Nevertheless, various national governments are actively promoting the
application of HACCP principles in the food industry, including the Poultry
meat sector.
ASSESSMENT OF PLANT HYGIENE
In the UK, a risk analysis approach is increasingly being encouraged to control
microbiological hazards associated with both bird rearing and slaughtering. In
consequence, a Hygiene Assessment System (HAS) has been introduced as a means
of monitoring hygiene standards in processing plants and identifying any premises
where conditions are unsatisfactory (Simmons et ah, 1995). The assessment is now
carried out by the Official Veterinary Surgeon and must take place while the processing
plant is in operation, preferably at normal line speed. The aspects covered in the
assessment include ante-mortem handling and inspection of birds, processing conditions,
personnel and hygiene practices, maintenance and hygiene of the premises and general
conditions and management of the plant. Scores are awarded in one of four categories
in which 'a' represents the best standard and 'd' the worst. For each section of the
assessment, the component scores are added together to give a sub-total. Then a
conversion factor is applied so that the final figure more accurately reflects the impact
on the hygiene status of the final product. The weighting given to the various aspects
is, in percentage terms: processing conditions 45; personnel and hygiene practices 25;
ante-mortem handling and inspection 10; maintenance and hygiene of premises 10;
general conditions and plant management 10. The emphasis given to processing
conditions indicates the importance of processing equipment and its mode of operation
in determining the microbiological condition of finished carcasses.
The HAS approach attempts to introduce a degree of objectivity in assessing plant
performance and is proving to be of considerable value for this purpose. It concentrates
effort in those areas that are most likely to benefit product safety and provides a yardstick
by which the overall performance of the industry can be judged. At the level of the
individual processor, the system is a tangible inducement to attain the highest level of
performance and it could be adapted for computer-assisted control of hygiene in the
processing plant.
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APPLICATION OF HACCP TO THE SLAUGHTER PROCESS
A generic HACCP scheme for poultry production and processing has been proposed
(ICMSF, 1988). This rightly includes the breeding, laying, hatching and rearing stages
prior to processing, which could be regarded collectively as a critical control point at
which microbial hazards can be reduced but not eliminated (CCP2). It is widely
recognised that, under present husbandry conditions, the carriage of foodbome pathogens
by the birds could be diminished but not entirely prevented by any cost-effective means.
In relation to processing, this 'blueprint' serves merely as a guide. Experience shows
that no two processing plants are identical in all respects. Consequently, processing
conditions will vary from one estabhshment to another and each processing line requires
its own hazard analysis.
Regarding the need to control gross contamination of carcasses, only chilling can be
considered as a CCPI (complete control) because it serves to prevent any problem
from microbial growth. Spray-washing processes are CCP2s since they only reduce
carcass contamination. However, chilling is not a CCP for the incidence of salmonellacontaminated carcasses and, in the case of water immersion chilling, may even favour
cross-contamination, if the process is not strictly controlled, with the use of superchlorinated water.
Cross-contamination of carcasses occurs continuously throughout the process and is
only partly reduced by introducing additional control measures of a conventional kind
(see below). In this respect, some of the CCPs proposed by the ICMSF (1988) are
unlikely to have much effect. Scalding, for example, removes large numbers of
microorganisms from the freshly slaughtered birds but, in doing so provides conditions
that favour the transmission of any pathogens present. Scald temperatures of 60°C or
above will destroy many of the vegetative organisms in the water, including salmonellas.
However, such high temperatures are rarely used in practice because of possible cooking
effects, and scalding must be carried out at 50-52°C for birds that will be sold in the
chilled state. Even maintaining a continuous water overflow from the scald tank does
little to dilute the large number of microorganisms that accumulate in the water.
Therefore, scalding is a CCP in relation to gross contamination because there is a net
removal of organisms from the carcass surface. On the other hand, this part of the
process is a significant cause of cross-contamination with e.g. salmonellas, and the
problem is not readily controlled in conventional scalding systems.
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The evisceration stages pose similar problems. Careful setting of automatic machinery
and re-setting between flocks of different bird-size will minimise gut breakage and
thus reduce faecal contamination of carcasses (CCP2). Nevertheless, many of the
machines in current use cause some breakage of the intestines, regardless of bird-size
and care in adjustment; hence, a degree of cross-contamination is inevitable.
It follows from the above that whereas CCPs can be identified to control gross
contamination, there appear to be no CCPs in the basic process that would prevent or
consistently reduce the incidence of cross-contamination. This does not mean, however,
that Good Manufacturing Practices (GMP) cannot limit the spread of hazardous
organisms when applied to the process as a whole. Examples are proper cleaning and
disinfection of equipment, use of super-chlorinated process water and attention to
hygiene of personnel.
In an attempt to identify and control those parts of the process where cross-contamination
is known to occur. Mead et al. (1994) utilised a readily identifiable, non-pathogenic
strain of Escherichia coli, which was used experimentally to inoculate carcasses,
equipment or working surfaces. The spread of the organism was followed both before
and after introducing additional hygiene control measures, which included use of
chlorinated water sprays to prevent a build-up of microorganisms on equipment,
increasing chlorine concentrations in process water and eliminating all unnecessary
carcass contact surfaces. The results showed that cross-contamination could be reduced
and even prevented at some points in the process. Another study (Mead et al., 1995)
investigated the effect of similar controls on the contamination of carcasses with
naturally occurring campylobacters. It was found that some 95% of birds from 15
flocks yielded positive neck-skin samples after exsanguination, but processing reduced
levels of campylobacter contamination by 10 -1000-fold and contamination was
significantly lower following changes in the process to improve hygiene control. In
practice, however, the reduction was relatively small and unlikely to affect consumer
exposure to the organisms.
DEVELOPMENT OF MORE HYGIENIC MACHINERY
In relation to product hygiene, the main priority in Poultry meat production is to reduce
the incidence of carcasses contaminated with Salmonella and/or Campylobacter to the
lowest possible level. While any level of contamination with these and other foodbome
pathogens is undesirable, the nature of the process used at present provides no fully
effective means of removing or destroying contaminants once they are acquired by
carcasses.
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Future improvements in hygiene control will depend upon the introduction of new
equipment, involving fresh concepts. In recent years, European manufacturers of poultry
processing machinery have participated in an extensive project (EUROVOL) aimed at
reducing microbiological contamination of poultry. However, although hygiene control
is acknowledged to be important to the manufacturers, it is not the first priority
(Heemskerk and Hupkes, 1993) and, understandably, cost-effective operation of
machinery is the over-riding consideration. Within the EU, there are no specific
requirements relating to the type of equipment that can be used by processors.
Despite the lower priority given to hygiene control, several new developments have
occurred in recent years. These include multi-stage scalding, a new type of evisceration
system, better equipment for cleaning live-bird delivery crates and cleaning-in-place
systems for rotating evisceration equipment. Although they are not yet used universally
by the poultry industry, most of the newer machines are gradually gaining acceptance.
The question arises, how effective are these kinds of equipment in reducing carcass
contamination?
According to Zwanniken (1993), multistage scalding reduces microbial contamination
of carcasses by around 60% and the system has the advantage that water in the different
sections can be changed during processing. The newer type of eviscerating equipment
provides more controlled opening of carcasses and transfer of the viscera to a separate,
parallel line, with separation of hearts, lungs and livers. The process leads to lower
levels of carcass contamination.
In a study of counter-current scalding operated in conjunction with a post-scald, hot
water (60°C) spray wash, James et al. (1992) showed significant reductions in microbial
contamination of carcasses, in comparison with a conventional scalding system.
However, any^ benefit in reducing salmonella contamination was lost during water
chilUng. This underlines the need for improvement in hygiene control at all stages of
the process, from live-bird delivery to final distribution. While improvements in
processing equipment will continue to reduce the microbial load on carcasses, such
developments will not lead to the removal of all contaminants or avoid the problem of
cross-contamination. More fundamental changes in machinery design and mode of
operation could well conflict with the interests of processors in maintaining efficiency,
speed and product yield.
CARCASS DECONTAMINATION
Traditionally, only super-chlorination of process water is widely used as a chemical
means of controlling microorganisms in poultry processing. The benefits of this
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treatment are well known, as are the limitations, but the use of chlorine in processing is
not permitted in all countries.
When added to the factory water supply, chlorine eliminates organisms such as spoilage
bacteria that may be present, and limits the build-up of bacteria on equipment and
working surfaces. Chlorine has little direct effect on carcass contamination because,
in contact with the bird, it is rapidly inactivated. Addition of chlorine to chill water
prevents carcasses from being seeded with spoilage bacteria that would otherwise
accumulate in the chilling system, and destroys any foodbome pathogens in the water.
Primarily, the value of chlorine is in controlling microorganisms in the processing
environment.
Much research has been carried out on carcass decontamination. The ideal process
would be a physical one of the type studied by Morgan et al. ( 1995). In this case, meat
samples were treated in a model system and subjected to superheated steam for 52
milliseconds or more in repeating cycles. The meat was then cooled rapidly by reevaporating the condensate on the meat surface back into vacuum. A reduction in
listerias of almost four log units could be achieved with this method, following
inoculation of the meat (Table 1).
Most experimental studies on decontamination have involved a chemical treatment of
various kinds and some would be unsuitable for commercial use because of possible
tainting effects. At present, the main contenders appear to be lactic acid and tri sodium
phosphate, both of which are acceptable for food use in the USA and elsewhere, but
have yet to be approved in the EU for treating poultry carcasses. The effectiveness of
organic acids in reducing meat contamination is known to depend on the method of
application, the concentration used, the time and temperature of treatment and the
extent to which contaminants have become attached to the meat surface prior to treatment
(Snijders et ah, 1985). When carried out under optimal conditions, the process can be
expected to reduce or even eliminate foodbome pathogens, which are usually present
in low numbers. Thus, decontamination should be regarded as complementary to
good hygiene and not a substitute for it (Smulders, 1987). In relation to the HACCP
system, and the problem of cross-contamination, a decontamination step would introduce
a critical control point at the most appropriate stage, just before the carcass or other
product is finally packaged. If necessary, carcasses could also be treated at earlier
stages of the process.
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Table 1. Reductions in listeria contamination of chicken meat with superheated
steam in a model system (Morgan et ah, 1995)

No. of treatment Treatment duration
cycles
(milliseconds)
40
10
20
18
40
40

52
52
124
52
103
103

Temp.
(°C)

Reduction in
count (loglO)

139
138
126
129
139
130

3.9
3.4
3.2
3.0
3.0
2.8

CONCLUSIONS
It is entirely appropriate that HACCP principles should be applied to poultry processing
as a means of maximising control of microorganisms that are relevant to food safety.
With suitable attention to hygiene requirements, the microbiological load of the bird is
normally reduced as it passes through the process. However, the spread of e.g.
salmonellas cannot be prevented at present and its control is limited, even under the
HACCP system. The problem is a consequence of the technology currently employed
in converting the live bird into an oven-ready carcass. On the other hand, improvements
in the design and operation of processing equipment have begun to appear and their
use should be encouraged. Since carcass cross-contamination is so widespread, there
is also a need to introduce a terminal decontamination step. Effective decontamination
treatments have been developed and should be introduced at the earliest opportunity.
Measures to prevent or eliminate poultry-related human diseases are likely to incur
lower costs than those associated with the diseases themselves (Bryan and Doyle, 1995).
Use of the HACCP system is a relatively new approach to combatting the problem of
carcass contamination during processing of poultry, but its impact is likely to be limited
without significant changes in the process itself.
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PROCESSING TO MEET QUALITY EXPECTATIONS
IN A CHANGING MARKET
D. L. Fletcher
Department of Poultry Science, University of Georgia, Athens, GA
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INTRODUCTION
Poultry production, processing and marketing have undergone tremendous change
over the past 50 years. Advances in live bird production have resulted in an economic
advantage for poultry which has stimulated increased consumption on a world wide
basis. As the poultry industry has grown the market forms and quality standards
have changed. Where poultry was once marketed primarily as a whole bird commodity
the market is now dominated by a variety of cut-up parts, deboned meat, and further
processed poultry products. The combination of low price and change in market
forms has resulted in major changes in consumer's expectations of quality. Traditional
quality factors such as conformation, fleshing, and processing defects have decreased
in relative importance due to the decrease in the whole bird and fresh market. Meat
quality factors, such as texture, and functional properties have become increasingly
important. Poultry processors have responded to the changes in market demand,
often with negative consequences on product quality. Increased pressure to produce
deboned meat and further processed products has resulted in less emphasis on
traditional carcass quality factors and has also resulted in accelerated processing
practices which may be more efficient but may have negative impacts on meat
tenderness. Processors who stress quality must go beyond product uniformity and
specifications and make efforts to determine how well their products meet changing
consumer expectations.
POULTRY PRODUCTION AND CONSUMPTION PATTERNS
Consumption of poultry meat (primarily broiler and turkey) has increased
tremendously in recent years. Per capita broiler consumption has nearly tripled in
the United States from approximately 11 Kg in 1960 to an estimated 33 Kg in 1995
(Figure 1). In 1920, poultry accounted for less than 10% of the total meat consumed
in the United States. It is estimated that poultry will account for over 36% of the
total meat consumed in the US in 1995 (Figure 2).
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Poultry consumption patterns prior to 1960 are difficult to analyze due to different
production methods and market forms. From 1910 to 1940, the average American
consumed approximately 7 Kg of poultry compared to 64 Kg of red meat per year.
During this period, poultry was a dual purpose livestock commodity for the production
of both eggs and meat. Between 1920 and 1940 the cost of poultry meat was
comparable to red meat (Figure 3).
Shortly after World War II, the broiler industry began to vertically integrate, thus increasing
production efficiency. From the mid 1940's to 1970, efficiency of feed conversion improved
from 4 to less than 2; age to market weight decreased from 16 weeks to less than 8 weeks;
and flock size increased from an average of less than 1,000 birds to greater than 20,000.
As a result of these advances, poultry production costs actually decreased relative to
inflationary increases reflected in consumer prices for other meat sources or commodities
which received price supports, such as milk (Figure 3).
There is little doubt that the increase in poultry consumption from 1945 to 1970 was
economically driven. The increased consumption of poultry between 1975 and the
present, however, reflects two additional factors, product diversification and
composition. Between 1975 and 1995, the market distribution for poultry dramatically
changed. The traditional whole, ready-to-cook carcass decreased from 61% to 11%
of total broiler production, cut-up parts increased from 32% to 46%, and, most
importantly, further processed products increased from 7% to 36% (Figure 4). The
increase in further processed products is due, in part, to the compositional profile of
poultry meat. Broiler and turkey breast meat (skinless and boneless) are very low in
fat and calories relative to protein content. The low fat, high protein, low cost has
resulted in the expanded use of poultry meat in a variety of institutional and value
added consumer products.
QUALITY
The term "quality" is often poorly defined and is inconsistent through production,
processing, marketing, and consumption. From a production point of view, quality
is often defined in terms of mortality, growth efficiency, yield, and downgrades.
Processors often view quality in terms of yield, uniformity, and compliance to
processing standards or product specifications. Modem procurement and marketing
practices often result in an emphasis on product uniformity for purposes of portion
control, inventory control, consistency, and predictability.
The consumer often has a much different view of food quality. Food quality is
highly product specific, highly variable (based on geographical regions, traditions,
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cultures, religion, economic status, etc.), may not be intrinsic, may or may not be
associated with safety and/or nutritive value, and changes over time. Consumers
judge the quality of poultry products based on such criteria as appearance, texture,
juiciness, prestige, wholesomeness, health, and perceived value.
For practical purposes, food quality can be defined by those attributes by which
similar products can be differentiated for purposes of price or preference. Since
quality is elusive and poorly defined, it is important that processors be aware of
those product attributes that customers would be most likely to use in either
preferentially selecting a particular product or for which they would be willing to
pay a premium. Such a concept is critical in assessing the potential conflicts and
economics between processing efficiency and product quality in a dynamic and
changing market.
PROCESSING AND CHANGING QUALITY STANDARDS
Initially, poultry quality was associated with the traditional livestock evaluations for
hve animals and whole carcass marketing. Such quality attributes were most important
for distribution and selection. However, with the changes in poultry production and
marketing, the traditional quality standards have been steadily decreasing in relative
importance. Current quality issues focus more and more on meat quahty and consumer
preferences.
Traditional quality factors associated with poultry were based on the predominant
market forms. Early market forms were "live", "New York dressed" (killed, bled,
and picked, but viscera left intact in bird), and "ready-to-cook" (killed, bled, picked,
eviscerated, washed, and chilled). The major quality issues associated with these
market forms are animal health, meat yield, eating quality, and freedom from slaughter
and handling defects. Quality assessments include criteria such as conformation,
appearance, color, physical defects, composition, and yield. An example of the
USDA Grading standards for ready-to-cook poultry are presented in Table 1. The
first three quality factors (conformation, fleshing, and fat covering) have, for all
practical considerations, ceased to be of economic importance due to successful
breeding programs and modem husbandry practices. Therefore, the major source of
grading or quality defects are attributed to management, handling, or processing
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Table 1. USD A Grading standards of quality
Quality Factor

Standards

Primary Source of Defect^
Live Bird

Processing

Conformation

Free of physical deformities

Fleshing

Plumpness and meat yield

Fat covering

Even fat distribution under skin

Defeathering

Clean appearance, free of feathers

Exposed flesh

Skin free of cuts and tears exposing meat

Broken/disjointed bones

Free of broken and disjointed bones

Missing parts

Free of missing parts (minor exceptions)

Discoloration

Skin or meat bruises or stains

Freezing defects

Darkening and drying

'Primary source of defect: some processing defects, such as broken bones, missing parts,
and discolorations are often due to live animal production conditions.
Source: USDA Agricultural Handbook No. 31
Due to the changes in market forms, the relative importance of traditional quality
standards have declined. With the dramatic decrease in whole bird market share,
many of the traditional quality standards have actually become archaic. Whole
carcasses that once would have lost value due to a quality defect are being used in
cut-up or further processing to produce "value added" products. In addition, many
poultry companies market their birds under brand names with guarantees of quality
which surpass USDA standards. Due to the changes in market form and the increase
in brand name product, the percent of birds subjected to USDA grading has decreased.
USDA grading is now often limited to plants whose customers demand USDA
graded products or to those supplying government or school programs. Except for
these limited markets, grading systems may be more important for meeting labeling
requirements than for meeting quality standards.
The increase in cut-up, deboned, and further processed poultry products has, in turn,
created a number of quality issues that, historically, were not important to poultry. For
example, some of the traditional meat quality factors, such as toughness, juiciness, meat
color, and functional properties, were not normally major issues for poultry. The
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demand for cut-up parts, deboned broiler breast meat, further processed, and ready-toeat meat products has resulted in changes in processing practices and product handling.
These market changes have contributed to an increase in the occurrence of meat quality
defects in poultry. Some of the current and emerging poultry meat and poultry product
quality defects are tough meat, dry meat, discolored meat, bone and cartilage fragments,
oif flavor, poor stability, and loss of functional properties. Quality attributes, specific
defects, and their possible causes are summarized in Table 2.
Table 2. Poultry meat quality problems
Quality Attribute Defect

Possible Cause(s)

Toughness

Tough breast fillets

Early deboning

Juiciness

Dry breast meat

Low muscle pH,
composition,

Appearance

Bruises, hemorrhages, red wing
tips& tails, workmanship defects
training

preparation

equipment
Meat color
Pink meat (undercooked?), meat
color variation
reactions, water.
marinades, end-point
Bone fragments
particle matter

Bone and cartilage fragments
foreign material, feathers

Flavor

production, live handling,
slaughter, poor worker
or maladjusted
Hemorrhages, heme

temperature
deboning, maladjusted
equipment

Off flavors
flavor, management,
preparation, processing
(marinade
mix)

Rancidity, warmed-over

Stability

Shelf life, rancidity

Bacterial load, oxidative
rancidity , mishandling

Functionality

Poor water binding, purge

low muscle pH

Packaging

Color, mislabeling, leaks
workmanship, equipment

Poor materials.

Consistency

Product variation

Animal variability, poor
process control

errors
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Modem production and processing techniques have improved efficiency but have
also resulted in some quality problems. The marketing of selected parts (such as
breast fillets) or the need to supply uniform products (strict product specifications
for weight, defects, etc.) has resulted in an excess of less select carcasses or parts
which must also be utilized. Generally, these lower priced or less desirable parts
(from a market standpoint) are used in further processing, where initial carcass grade
is not an issue. Thus the system has evolved where the lower quality products are
further processed to produce "value added" products. Thus it is not uncommon for
the worst product to be the raw material for the most high-priced or value added
product. For example, wing damage may result in the wing being trimmed from the
carcass, the carcass being downgraded, sent to cut-up and/or deboning and the
resulting tougher breast fillet being used in a premium product.
Faster line speeds often lead to an increased incidence of processing defects as well
as accelerating subsequent processes steps, such as deboning. The decreased emphasis
on traditional carcass quality attributes has also resulted in a decreased emphasis on
live bird production factors known to affect carcass grade. Often the need to reduce
production costs leads to an increased incidence of defects; least cost production as
opposed to maximum product quality. Since the demand for such products has been
high further processing has undergone a long period of uninterrupted growth. The
net effect of reducing production costs (primarily to maintain market share through
price advantage), increased processing through-put, and a demand market has been
the steady increase in the number of quality defects. The incidence of hemorrhages,
skin blemishes, blood retention, broken bones, and bruises for example, have
continued to be major problems. The effects of live production and processing on
meat functional properties, such as water holding capacity, have also become apparent,
especially in turkey further processed products. Other emerging problems would
include bone fragments in deboned meat, foreign materials, and off-flavors.
As the demand for further processed products stabihzes, competitive pressure for
quality will increase. Increased internationalization of markets (increased exports)
will result in pressures to meet new quality demands. For example, frozen chicken,
a minor market in the US, will become more important. However, since the domestic
market is limited, few major processors have the technology to produce first class
frozen products.
CONCLUSION
Currently, there are no industry wide product descriptions and quality standards for
many of the further processed poultry products. Modem procurement practices of
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many of the larger food service companies are concerned more with specific, highly
detailed proprietary product specifications and less with generic or industry wide
quality standards. From the retail and consumer perspective, the rapid changes in
poultry marketing, coupled with the dramatic increase in further processed products,
have resulted in an array of popular products which have no consumer quality
expectations or industry wide standards.
Considering that much of the further processed poultry industry is only 20 years old
and has undergone an uninterrupted period of growth, it is easy to understand the
general lack of uniform quality standards. In fact, there is little pressure within the
poultry industry to establish such standards. The word "quality" is often evoked, but
seldom defined. In a growth industry with high demand and competitive pricing,
quality often does not sell. Without a tangible economic incentive, either through
price advantage or preference (market share), quality becomes a meaningless, ill
defined term. As the further processed poultry industry matures, meat quality issues
will become more important. As product competition increases, customers and
consumers will begin to differentiate between similar products and quality standards
will develop. However, due to the commitment of poultry companies to market their
own brand name products, the pressure to develop and meet these quality standards
will rest with those companies. The general lack of commodity marketing by the
poultry industry will inhibit the development of industry wide or commodity based
quality programs.
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Figure 1
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TECHNOLOGY DEVELOPMENT TRIALS FOR VALUE
ADDED EGG PRODUCTS
Ick - Jong Yoo
Meat and Poultry Processing Lab., Korea Food Research Institute,
San 46-1, Baekhyun, Bundang, Songnam, Kyunggi, 463-420,
Republic of Korea
Several trials have been persistently done to develop the value added egg products
such as fermented egg beverage, egg lecithin and seasoned shell eggs. Main
barriers against successful manufacturing process of the the fermented egg
beverage with lactic acid bacteria were the heat coagulation and the antimicrobial
action of egg proteins. Those barriers could be solved with dulling heat sensitivity
and inactivation of egg proteins. Heat sensitivity of liquid egg was dulled by
dilution with water and addition of sugars while egg proteins were inactivated
by heating above 75°C. The optimium amount of lactic acid bacteria inoculum
and fermentation time for the efficient lactic acid fermentation of diluted liquid
whole egg were also determined. Egg lecithin was prepared by fractionation
with alcohol and cold crystallization to improve production yield and
phosphatidyl choline enrichment. Effects of extraction time and temperature,
solvent volume and concentration and cold crystallization conditions were
determined. Phosphatidyl choline enriched egg lecithin by cold crystallization
had acceptable quality in terms of microbiological and chemical stability.
Seasoned shell eggs were produced within 16 hours under pressure. Concentration
of NaCl solution and salting time and pressure were employed to identify the
permeability of NaCl into shell eggs at ambient temperature. Aside from the
above products, vending machine for cooked eggs, further processed egg products
and non food uses of egg components will give a great opportunity to extend the
demand of eggs and meet the desire of farmers and consumers.

INTRODUCTION
The quantity of eggs consumed amounted to 331,000 M/T in 1986 and is increased
up to 448,000 M/T in 1993. This number reflects 35% increased consumption rate of
eggs. The per capita egg consumption was 10.1 kg in 1993 and registered a 26%
increment in consumption over 8.0 kg eggs consumed in 1986. Egg production
shows an increasing tendency as well as consumption, so egg production in Korea
has great future. In 1995, more than 6 thousand M/T eggs were imported from other
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countries and the amount imported has increased every year. The meat and fishery
industries are increasing the production of imitated crab meat every year. Bakery
industries consume more than 50 M/T egg products per day, and this demand is
expected to increase by 20-30% in the near future compared with present consumption
(Yoo, 1990). However, domestic egg consumption mainly depends upon the table
eggs. Considering the tendency to increased demand for processed food, creation of
additional demand for eggs is not anticipated unless new use method for processed
food be developed. Therefore measures to promote Qgg consumption could include
production of eggs retaining biological function, egg products from liquid egg which
could be raw materials for convenient foods or intermediate meteríais. In this paper,
I would like to introduce several trials which have been done to develop the value
added Qgg products such as fermented beverages, Qgg lecithin and seasoned shell
eggs processing technology.
FERMENTED EGG BEVERAGE
In the most of prior trials for lactic acid bacteria fermented egg beverages, only a
part of egg such as egg white has been used as a major material instead of whole egg
(Cunningham and Francis, 1982; Cunningham and Solveig, 1984; Lin and
Cunningham, 1984). In addition, in order to accelerate insufficient fermentation,
prior trials induced fermentation by adding soy milk and skim milk apart from sugar
(Lin and Cunningham, 1984). Another disadvantage was using stabilizer such as
xanthan gum to provide physical stability of fermented product and to inhibit
precipitation of the final product. Furthermore, it was impossible to maintain less
than pH 4.5 after fermentation for a given period of time in case of using whole egg
(Kim et al. 1983.) The objective of this trial is to provide preparing method for
yoghurt like egg product, which enables to use liquid whole egg and which is
physically stable. The egg white turns into gel due to protein denaturation at low
temperture 55-60 °C. The inactivation of lysozyme, ovotransferrin, avidin and the
other egg proteins which have antimicrobial effect does not occur at such a low
temperature. Therefore, fermentation of liquid whole egg by lactic acid bacteria is
inhibited by the antimicrobial egg proteins at such a low temperature. At higher
temperature, the egg will be too firmed to be fermented by lactic acid bacteria. By
adding water and sugar at the same time, we have prevented egg from gelation by
heating and induced to inactivation of antimicrobial proteins as well as pasteurized
contaminated microorganisms more effectively.
Optimum Dilution Ratio of Liquid Whole Egg
Initial experiment was carried out to investigate the optimum dilution ratio of liquid
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whole egg with distilled water for the efficient fermentation with lactic acid bacteria
by determination of physico-chemical changes of fermented liquid Qgg. pH of all
treatments (diluted by 1:1, 1:2, 1:3, 1:4) appeared lower than 4.5 and after 8 hours
incubation, the pH was the highest in 1:1 treatment (Yoo et al., 1995a).
Effect of Heating Condition on Lactic Acid Fermentation
The optimum heating temperature of diluted liquid whole egg (egg solid was modified
to 8%) was determined through investigation of physico chemical changes of diluted
liquid whole egg for subsequent lactic acid fermentation. The pH of diluted liquid
whole egg heated above 75°C lowered to below 4.5 after fermentation for 15 hours
while the pH of the fermented egg heated at 55-65 °C was about 5.0 (Lee et al.,
1995a).
Effect of Mixed Ratio and Sugars on Lactic Acid Fermentation
The effect of mixed ratio and type of sugars on lactic acid fermentation of liquid
whole egg was investigated. After 4 hours fermentation pH in mixed treatments with
lactose was lower than treatments with only sucrose, and pH was below 4.5 in all
treatments after 8 hours (Lee et al., 1995b).
Effect of the Amount of Lactic Acid Starter Culture on the Liquid Whole Egg
Fermentation
The diluted liquid whole egg to 8% egg solid were mixed with 2% lactose and 5%
sucrose and followed by pasteurization at 85 °C for 30 minutes. The liquid egg was
inoculated at the level of 0.002%, 0.01%, 0.02%, and 0.05% of the starter culture.
(L.acidophilus, B.Longum, S.thermophilus, 35:30:35) and fermented at 37°C for 16
hours. During the fermentation, pH decreased in all treatments. After hours
fermentation the liquid egg inoculated by more than 0.002% inoculum had a pH
below 4.7 (Yoo et al., 1995b).
Egg Lecithin Production
Lecithin is an important natural emulsifier used in foods, feed, pharmaceuticals and
technical products and as an important constitutent of all human cells, plays an
important role in the pathophysiology of human disease. Lecithin is a critical mediator
of normal cell function and influences transmembrane signalling, thereby mediating
the effects of a wide variety of hormones, growth factors and neurotransmitters. As a
source of choline, dietary choline is important for the prevention of cancer (Zeisel,
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1989). Also it lowers cholesterol and prevents or reduces blood vessel obstruction by
cholesterol (KuUenberg, 1989).
More than 66% of the total dry yolk is fats, thus the yolk is regarded as a potentially
important oil source. Crude egg lecithin contains about 60% phospholipids and 30%
oil on dry basis. Phosphatidyl choline is chemical name of "lecithin" and is major
component of egg yolk phospholipid with 69% level (Schneider, 1989).
Egg lecithin is preferentially adopted by the food, pharmaceutical and cosmetic
industries becasue of its high entrapment efficiency, emulsifying properties, stability
and low cost (Sim, 1994). Therapeutic effect on the metabolism for various illnessess
such as arteriosclerosis, diabetes and hyperlipidemia has been reported because of its
functionality, strong emulsifying properties, skin penetration ability and storage
stability (Betzing, 1980). Recently, its effect on the altzheimer type dementia has
been reported. The demand for egg lecithin having high phosphatidyl choline content
has been increasing in the food, cosmetic, pharmaceuticals and other industries and
those industries need a rapid and economical method to produce lecithin without
using toxic solvents. Since composition of egg yolk lecithin resembles that of human
lecithin, it is utilized for medical purpose and added to infant food formulae.
Purification of lecithin has been studied using Chromatographie method with alumina
and silicic acid column, and HPLC method. To industrialize these methods, there are
problems such as high cost of resin and equipment, use of toxic solvents, and
limitation of production volume. Thr present industrial methods are based on a
solvent extraction system requiring diethylether, hexane and chloroform and toxicity
of solvents still remains as major problem. Alcohols are used to solve the extraction
solvent toxicity and to disrupt tight phospholipid protein link of yolk. It is well
known that fractionation of lecithin with alcohols depends on several extraction
conditions, including extraction time, solvent volume, mixing intensity, solvent polarity
and temperature (Sosada, 1993). Optimization of extraction parameters of egg lecithin
is also needed to obtain better productivity.
In our laboratory a series of studies were performed to determine the optimum
extraction condition for fractionating egg yolk lecithin with alcohol and to enhance
the phosphatidyl choline content of lecithin with cold temperature crystalization to
produce high phosphatidyl choline containing egg yolk lecithin.
Effect of Extraction Time on Extractability of Egg Lecithin
Various extraction times 10, 20, 30, and 60 min) were employed for maximum
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extractability of lecithin from egg yolk. Phosphatidyl choline content of lecithin
decreased from 60.3% after 10 min. extraction to 55.7% after 60 min extraction.
There was no significant difference in the phosphatidyl ethanolamine content among
various extraction times. Total yield of fractionated lecithin increased until 20 min.
extraction, and then leveled off with maintaining over 21% yield. Phosphatidyl
choline content of lecithin was higher with 10 and 20 min extraction while yield was
significantly higher with over 30 min. extraction. Thus 30 min. extraction time was
chosen to be the optimum temperature.
Effect of Solvent Ratio to Yolk on the Production Yield
The effect of solvent/egg yolk powder ratio on fractionation was determined using
one hundred gm of egg yolk powder by extracting with 200ml, 500ml and 1000ml of
ethanol at 20°C, 95% EtOH in water for 30 min. Although total lecithin yields
increased with larger ratios, phosphatidyl choline content decreased at higher ratios.
Lecithin yield (total yield X phosphatidyl choline content) was highest with 10:1 as
solvent to egg yolk ratio. Thus, for the optimization, 10 times were selected with
25.97% total yield. These results were somewhat higher than the results from other
researchers (Sim, 1994: Sosada, 1993).
Effect of Alcohol Concentration on the Production Yield
The water content in ethanol also had a significant effect on a lecithin quality and
extraction yield in the fractionation process. Phosphatidyl choline content of lecithin
was highest with 95% ehtnol (water content 5%) extraction and phosphatidyl choline
decreased with below or over 95% ethanol while the water content of about 15 to
20% caused lecithin agglutination. Total yield of lecithin was highest with 99.9%
ethanol and lowest with 95% ehtnol. From the results, 95% ethanol was chosen as
best alcohol solution for fractionating phosphatidyl choline from neutral fat without
agglutination.
Effect of Extraction Temperature on the Production Yield
Egg yolk powder was extracted by an aqueous alcohol solution at different extraction
temperatures, 20, 30, 40, 50, 60, 70 °C. As extraction temperature was increased,
phosphatidyl choline content was decreased from 54.24% (20 °C) to 53.22% (40°C),
then increased to 59.85% (70°C). Extraction yield increased up to 22.14% with 30
°C extraction, then leveled off. Taking into account the cost of energy, room
temperature (25 °C) was accepted for the optimization.
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Cold Temperature Crystallization Condition for Purification of Lecithin
Alcohol fractionated "crude egg yolk lecithin" was crystallized at cold
temperature in a range of 10°C to -18°C. Crystallization at 10°C did not produce
cystal of neutral fat. There were significant differences in the total yield of
lecithin between the crystallization temperatures and crystallization at -18°C
had lower yield (9.92%) than other treatments. Phospholipid content and
phosphatidyl choline content of -18°C crystallized lecithin was higher than
other temperature treatments with 91.94% and 82.90%, respectively. These results
indicated that cold temperature crystallization at -18°C increased phosphatidyl
choline content of crude lecithin (KPC-50). Results suggested that the cold
temperature crystallization process can yield more than 80% pure lecithin.
Quality of Egg Yolk Lecithins Produced by the New Process
Table 1 presents the chemical and microbiological properties of KPC-80 and further
comparison with commercial product containing 100% phospholipid. KPC-80 had
less moisture , rancidity and microbial content and more nitrogen content compared
to commercial product. Conclusively, KPC-80 could meet the standard of commercial
products suggested by industry.
From the results obtained from the work following conclusions could be drawn. For
efficient fractionation egg yolk lecithin and improving production yield and
phosphatidyl choline (PC) enrichment, optimal extraction conditions were 30 min.
10:1 solvent : egg yolk powder ratio, 95% alcohol and temperature of 50-70°C.
Under these conditions, yield was 23.25% from egg yolk powder and egg lecithin
(KPC-50) produced had 56% phosphatidyl choline along with 18.7% PE content.
Crude egg yolk lecithin (KPC-50) was further purified with cold crystallization and
the effects of cold crystallization on production yield and phosphatidyl choline (PC),
phosphatidyl ethanolamine (PE) and phospholipid (PL) contents were determined.
Egg lecithin prepared with cold crystallization at -18°C was higher (P<0.05) in
phosphatidyl choline contents (82.90%) than samples from the other temperature
treatments. The purified egg lecithin with cold crystallization also had acceptable
quality in terms of microbiological and chemical stability compared with commercial
products. Fractionation and cold crystallization procedure was very effective in
production of high phosphatidyl choline containing lecithin without employing toxic
solvents and complicated equipments.
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Table 1. Chemical and microbiological analysis data of egg yolk lecithin produced by the new
process

Moisture (%)
Total nitrogen (%)
Acid value
Peroxide value (meq/kg)
Iodine value
Heavy metal (ppm)
As
Pb
Cd
Phosphorus (%)
Microbial content
Total aerobes
Yeast, Mold
Cholesterol (%)
Phospholipid (%)
Phosphatidyl choline (%)

Quality factors

KPC-50 KPC-80

2.1 (0.01)*
2.0 (0.01)
Trace
Trace
74.9 (1.10)

2.2 (0.01)
2.4 (0.01)
Trace
Trace
83.7 (1.20)

ND
ND
ND
3.71 (0.01)

ND
ND
ND
4.11 (0.01)

less than 30
less than 30
2.01 (0.01)
67.12 (3.21)
56.00(1.08)

less than 30
less than 30
1.71 (0.00)
91.94 (2.12)
82.90 (1.24)

t: S.D.

SEASONED SHELL EGGS
Hard cooked shell eggs have been very popular items at 24 hours convenient stores.
But these products were not so convenient to prepare even though while preparing
the salts, none can guarantee the convenient proper saltiness of cooked eggs. Egg is
composed of egg yolk, albumin and egg shell. Egg shell is located at the most
outside layer. The thickness of egg shell ranges from 0.2 to 0.4 mm. Therefore egg
shell resists 30 atmospheric pressure easily and it has 129.1 pores per cm^ on the
average. Among prior trials for manufacturing the seasoned shell eggs, method of
injecting salt solution with syringe into the shell egg induces cracking the shell eggs
(Yoo, 1985). The immersion method of eggs into the saturated salt solution takes too
long time to penetrate the salt into the shell eggs sufficiently. The disadvantages of
this method are that it requires large processing space and long processing time
(Kim, 1988; Choi and Lee, 1987). Lee and Park (1989) have used high temperature
and pressure to process the seasoned shell egg, but it causes high incidence of
cracked eggs. The experiment was performed to find the desirable conditions for
manufacturing salted hard boiled egg without cracking egg shell in NaCl solution
under pressure. Among the many factors affecting saltiness of the shell eggs, different
salting times (0-45hr), salting pressure (1-4.5 kg/cm^) and concentration of NaCl
solution (0-40%) were employed to identify the permeability of NaCl into shell egg
at ambient temperture. The saltiness of the shell egg has proportionally risen as
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concentration of NaCl solution, salting time and pressure increased. The most desirable
saltiness was observed at the 0.70-1.00% of NaCl in albumen and 0.40-0.45% in
yolk, but the higher the saltiness, the worse the texture of albumen. Besides the
saltiness, objective texture measurement and sensory evaluation of the shell egg
were carried out to evaluate the quality of the salted shell egg. In order to identify
desirable condition of albumen texture of salted shell egg, the effect of the NaCl (02.8%), potassium phosphate, tribasic (0-0.3%), sodium phosphate, tribasic (0-0.3%),
sodium polyphosphate (0-0.3%) and pH (3-10) on the hardness of albumen gel
which contained 1.2% NaCl was investigated. Addition of NaCl decreased the hardness
of albumen gel but addition of phosphate increased, and pH 10 showed the highest
hardness level of albumen gel. The effect of various concentrations of NaCl solution,
salting time and pressure on sensory scores of hard boiled salted eggs showed that
20-40% of NaCl solution, 6-20 hrs of salting time, 3-5 kg/cm^ of salting pressure
were proper conditions for manufacturing the products. These results indicated that
the desirable conditions to get salted hard boiled shell egg were 30% of NaCl
solution, 16 hrs of salting time and 4.0 kg/cm^ of salting pressure. Therefore, the
above manufacturing process could be used to manufacturing specific components
such as nutrients fortified fresh shell eggs because the process does not need any
heat treatment. For example, iodine fortified fresh eggs can be produced with several
hours as well as apple flavoured fresh shell egg with high content of vitamin C. Hard
cooked shell eggs could be applied to the above process to produce salted or specific
component fortified seasoned shell eggs. Through modification of the process, we
could prduce various flavoured and specific nutrient fortified fresh or cooked shell
egg without feeding the abundant feed to layers. This technology reduces the cost to
produce specific nutrient fortified shell eggs and provide the feasibility of production
of value added egg products.
OTHER VALUE ADDED EGG PRODUCTS AND PROCESSING
EQUIPMENT
Egg flake : Egg flake is mainly used in instant noodles. The main component is egg
yolk. It is also used in frozen fish paste (Kim and Yoo, 1990). Egg flake can be
produced by two drying methods. One is hot air blast drying at 55-90 °C. The other
is extrusion technology.
Dried egg sheet : Dried and strip type egg sheet is often used in cooked noodle and
the other dishes. It is similar to egg flake (Kim and Yoo, 1990), but the process for
producing egg sheet is slightly different. Extrusion technology could be used to
produce the egg sheet. If we have specially designed nozzle attached stuffer, we
could use it as a alternative of extrusion.
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Egg curd and rolled egg sheet : Egg curd and rolled baked egg sheet were marketed
but only egg curd is produced because of short shelf life of the rolled baked egg
sheet and incomplete cold chain systems. Jerkey type egg products were developed
by Lee et al. (1988), but it is not yet marketed. The main component of jerkey type
egg product is egg yolk, starch and fish paste.
Soy sauce pickled hard cooked eggs: Soy sauce pickled egg is very familiar to
Korean consumers. Therefore, soy sauce and beef extract pickled hard boiled egg
processing conditions were studied to produce in large scale processing plant. Vaccum
packaging with natural preservatives was effective to extend the shelf life of the soy
sauce pickled hard boiled eggs. The shelf life of the products was more than 2
months at below 10°C.
Smoked flavored and seasoned shell eggs: Usually smoked egg could be produced
from smoke chamber with relatively high temperature such as above 60 °C. Using
microwave treatment cold and liquid smoke flavor could be applied to produce
smoke flavored seasoned shell egg. Hard boiled shell eggs could be immersed in the
liquid smoke flavor and seasonings containing solution and within 2 hours we could
get the smoked seasoned shell eggs.
Alkaline fermented egg: Alkaline gelled and fermented eggs are now produced
using hen's eggs. It was previously manufactured using duck eggs. Egg albumen
tends to gel in alkaline conditions. Traditionally duck eggs were used to make
alkaline fermented eggs using limestone, tea leaves and other coating materials at
ambient temperature. But such a method requires a long time to complete the
fermentation and gelation. Now several alkaline media such as calcium hydroxide,
calcium oxide etc. are used to shorten the process, combined with high temperature.
Hens eggs are now commonly used to make alkaline fermented eggs.
Vinegar pickled eggs: 5-6 days after immersing shell eggs in vinegar, the egg shell
disappears. But the product tastes somewhat sour. Therefore, one of the beverage
companies improved the quality, and produced a commercial product.
Pickled quail eggs: Cooked and peeled quail eggs with brine were marketed after
sterilization, packed in a retort pouch.
Cooked egg vending machines: A microwave oven is incorporated in the vending
machine, which will cook the egg in only 20 seconds. When the cooked egg is
served from the machine, it is presented along with seasoned salt and a disposable
spoon.
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DISCUSSION
The egg processing industry in Korea has faced many adversities all the times due to
the unstable Qgg price relative to that of other processed animal food products. This
may encourage import of egg products from foreign countries causing unfavourable
effects on Korean egg processing industry. It is necessary to reestablish the current
marketing policy by the egg processing plant directly. The way to survive in
competetion of international Qgg product business is to develop value added egg
processing technologies. Therefore several trials have been persistently done in Korea
to develop the value added Qgg products such as fermented egg beverage, egg
lecithin and seasoned shell eggs.
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INDIAN EXPERIENCE WITH INDIGENOUS CHICKEN
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A large variety of indigenous chicken and egg products are available due to large
culinary practices adopted in the country. A variety of spices, condiments and
extenders are used and hence a large variety is observed even among each class of
the products. A few of the chicken products namely ready-to-cook products (spiced
and marinaded chicken parts, boneless pieces) and pre-cooked items (sausages,
patties, nuggets, ham) are produced on factory scale. A large percentage of the
egg production goes for consumption as shell eggs leaving only 7 to 8 percent for
egg products and formulated foods. Egg powder is manufactured on a limited
scale and in the recent period frozen egg products for exports are ventured.

INTRODUCTION
The position of poultry for meat and egg supply has relatively increased in the recent
years. It is expected that a major part of increased demand for animal products in
the future years has to be met by increased poultry supplies. Poultry meat production
at 406 M.T forms 10 percent of total meat production. With better adaptability of high
producing poultry stocks, conducive changes in Indian agriculture and organised
development of poultry sector, increased supply of poultry meat to meet the growing
demand for animal protein is a definite possibility. Poultry meat due to its specialities
and being better acceptability need to be popularised through appropriate products
for sustaining the demand.
POULTRY PROCESSING
The raw material for poultry processing consists of indigenous (desi) chickens which
forms about 62% of the total poultry (as per 1987 census). A large variation is
observed among the indigenous poultry in terms of breeds (small to large size), sex
(cocks, 17.72%; hens, 42.06%) and age (desi fowls of below 5 months for eggs, 21.66%,
desi fowls below 5 monthsfor meat 10.28%). In addition, total desi ducks comprise
about 1.5% of total poultry. Due to rapid growth in poultry industry broiler production
in the organised sector has increased to about 270 million per annum (1994) and layer
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to 100 million. Not only that these chickens are produced in unorganised, small
scale, medium scale and large scale farms they are also processed in unorganised
sector, small scale and large scale processing plants. Thus the raw material for
processing chicken varies considerably and provides for variety of products development
but poses problems for development of suitable technology and production of uniform
quality products.
A large variation is observed in the dressing and preparation of ready-to-cook chicken.
About 25% of poultry only are dressed in poultry processing plants including small
poultry dressing units. In the traditional rural style after slaughter feathers are plucked
dry and the defeathered bird is singed in fire before washed and eviscerated. In the
unorganised rural sector after slaughter the bird is skinned along with feathers
and eviscerated. Some times the slaughtered bird is dipped in hot water and defeathered
before eviscerated. In the small and large scale processing different degrees of
mechanization are adopted in the production of ready-to-cook chicken. As the hygienic
quality of these birds varies due to varying conditions of handling premises and
method of handling adequate caution need to be taken for further processing and
storage of these products.
Most of the chicken processed in the unorganised sector is cooked and consumed
the same day and the implications of poor hygiene have not been recognised by the
consumers except for aesthetic reasons. Also, most of the indigenous cooking methods
ensure well done cooking ensuring microbial safety.There is need to prevent the
unhygienic chicken processing and organise chicken dressing in small scale processing
centres for increasing the chicken consumption. Cooking methods include both
moist heating (braising, cooking in water and pressure cooking) and dry heating
(broiling/ grilling, roasting, deep fat frying).Well done degree of cooking is mostly
practiced and preferred. Except in preparations with gravy, cooking losses are very
important both in terms of yield and quality losses. Practices that reduce cooking
losses need consideration in producing grilled and fried products.
Indigenous Chicken
Chicken (desi) reared under backyard and free range system in villages have different
meat quality characteristics because of breed, feed, activity (exercise) and age as
compared to farm (intensive) reared broilers or spent chicken. There is higher preference
for these desi chickens. However, organised effort in their production, marketing
and processing are lacking and need to be popularised both for domestic consumption
and export in view of the growing world wide trend towards the consumption of eggs
and meat from birds reared under free range conditions.
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Indigenous Products
Diversity in traditions and culture of India has resulted in a large variety of meat
products including chicken products. No systematic effort was made to describe all
the indigenous chicken products at one source. However, a large number of people
described different culinary practices for different products. Some of themain classes
of products with salient features of the product are attempted in this paper.
Chicken curries: Chicken curry is one of the major indigenous chicken product that
is largely prepared throughout the country with considerable variation in the spice,
condiments and other fillers added. The basic chicken curry preparation includes
cutting the chicken into suitable size pieces and rubbing with appropriate quantities
of salt, turmeric and chilli powder and kept for few minutes. Small quantity of oil is
heated and the paste of condiments (onion, ginger, garlic ) is fried to pale brown and
chicken pieces are added and fried to golden brown and allowed to cook with lid
on or under pressure depending on the tenderness of the chicken used for variable
time of 10 minutes to 30 minutes. Dry spice powder (consisting of cloves, cinnamon,
coriander, cumin, pepper, fenugreek etc.) is added and stirred. Suitable quantity of
water is added. Depending on the gravy desired a variety of thickners or fillers could
be added such as, coconut milk, curd, tomatoes, vegetables, mushrooms, flour etc.
Dry type of chicken curry is prepared when the chicken pieces are cooked in their
own juices or with little water. When curd or coconut milk is added chicken korma
is produced.
Chicken Fry : When chicken pieces are cooked in water and then spices added and
fried in oil both sides to golden brown chicken fry is prepared. Raw chicken
pieces could be marinaded and then fried in oil with spices to golden brown colour
for preparing chicken fry.
Stuffed chicken : Whole chicken is stuffed with a variety of fillings like fried
condiments and vegetables, fried meat mince, boiled eggs, bread crumbs etc. and
roasted in pre-heated oven or pan with tightly covered lid by turning and applying
marinade until the chicken is tender and brown.
Grilled chicken : Chicken pieces are applied with marinade prepared with salt,
spices, condiments and curd and allowed to marinate for 2 hours and grilled on both
sides till tender applying the marinade.
Chicken Biryani (Chicken with rice) : Cut the chicken to suitable size pieces and
marinate with condiments, spices and salt.Fry the condiments add the chicken pieces
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and cook by stirring till tender. Fry the chopped onion, garlic and other spices and
add soaked rice, stir in and cook the rice adding enough hot water (2" above the rice)
cook until the water has been absorbed and the rice is cooked. Raisins and nuts
could be added at the stage just before rice is cooked. Cooked chicken is added
and allowed under low heat for 5 minutes with the pan covered.
Chicken Pulao (Chicken with rice) : Cut the chicken and cook in water and drain
the pieces. Fry the condiments followed by chicken pieces. Add the chicken stock
and stir.Add cooked rice and heat on low heat with the lid tightly held.
Chicken Kababs : Seekh kabab (moulded on to skewer and broiled) shami Kabab
(contain lentil (dal) and fried ) and Boti kabab (boneless chicken pieces grilled ) are
the main varieties of kababs. However a large variation is observed due to spices,
condiments and fillers and extenders added.
Seekh kabab is prepared by moulding 40 gm of chicken mix or emulsion (containing
spices, condiments and extenders) on to the centre of a skewer to form a cigar shaped
kabab and cooked by char broiling at 230"C for 3 min till internal temperature reaches
75^^C.
Shami kabab is prepared using chicken mix containing spices, condiments and mashed
lentil (chick pea dal) cooked in a pan and minced. Raw egg is mixed with the cooked
mince and formed into round or flat kababs of suitable size and shallow fried in oil.
Boti kabab is prepared by marinading tender chicken pieces with spices, condiments
and salt and grilled in a grilling pan, or broiled on a skewer.
Chicken Tandoor : Tender broiler chickens are marinaded with spices, condiments
and salt and held for about 3-4 hours. Earthen tandoor is made ready using hard
wood fire to attain a temperature of I'SO^C. Seasoned carcasses are hung in the
middle of the tandoor using hooks. Usually cooked for 15 minutes ensuring uniform
cooking. When the cooking is almost complete carcasses are taken out of tandoor and
brushed with hydrogenated oil and returned to tandoor to cook for another 2 to 3
minutes.
Chicken barbeque : Chicken halves are marinaded with salt, spices and condiments
and held for 2 to 3 hours and grilled by placing on the grill of a barbeque oven.
Marinade is applied intermittently and pieces are turned for better and uniform cooking.
Chicken Pickle : Chicken is cut into suitable size pieces and fried to golden brown.
Spices and condiments paste is made and fried till well cooked. Chicken pieces are
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added and cooked and cooled before vinegar is added and bottled. Keeping quality
depends on the acidity.
Emulsion Based Chicken Products :
A number of emulsion based chicken products have been developed utilising deboned
chicken meat, byproducts and extenders. Emulsion technology has contributed for
better utilisation of spent hens. The range of products developed include chicken
sausages, patties, nuggets, rolls,kababs, crocquettes and chicken balls. Use of
polyphospate has resulted in better quality products.A simple and low cost procedure
was developed for production of chicken nuggets of better quality. The procedure
involves filling the emulsion in aluminium moulds, applying the lid tightly and cooking
in steam without pressure to an internal temperature of 80*^0. The chicken blocks are
removed from the moulds, chilled and cut into nuggets of suitable size and shape.
The nuggets could be fried and served or curried, pickled or used in preparation of
chicken biryani or pulav (nuggets with rice). Maida,(wheat flour), potato, textured
soy,peas and egg liquid have been used as extenders to reduce the cost of the
products. Nutritionally good quality products could be produced using 20% level of
byproducts (i.e. skin, gizzard and heart) in their natural proportion in chicken meat
formulation containing extenders at 20% level. Highly acceptable, economy type,
chicken nugget formulations were developed utilising meat and byproducts from
spent hens and incorporating milk coprecipitate (10%), egg liquid (5%) and cooked
eggs (5%) replacing lean meat. Combination of chicken and mutton has been studied
to produce better quality meat products. This will facilitate not only production of
a variety of meat products but also the shortage of mutton could be covered with
chicken meat.
Restructured Products
Restructuring is the utilisation of manufacturing techniques to create consumer
ready product which resembles intact steak, chop or roast. Poultry meat based
steaks,chops, rolls etc. have great potential due to the trend towards greater poultry
meat consumption. Restructuring facilitates the development of more palatable products
from spent hens. Flaking of meat has been reported to result in improved texture,
reduced cooking loss, better binding and improved sensory characterstics in restructured
products. Addition of phosphate is recommended for improved textural properties
and better keeping quality.
EGG AND EGG PRODUCTS
According toWinfridsson the World's egg production will increase to 52,640,000 tons
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by the year 2000A.D., a rise of 412 percent over 1990. The share of developing countries
will increase to 62% from 32.9% in 1980 and that of advanced countries will decrease to
38.0% from 67.1% in 1980. Thus egg production is projected as an important activity
for developing countries. In India the per capita egg consumption per annum is
projected at 180 eggs by 2015 A.D. from the present level of 30 eggs. This is possible
only when the consumers are increased and the consumption per consumer is increased.
In both cases availability of variety products in suitable form is important. The potential
available for marketing eggs in rural areas needs to be explored.
Indigenous Egg Products
Shell egg consumption is in the form of boiled eggs, egg curry, egg korma, fried
eggs, scrambled eggs, omletts, battered eggs and egg biryani or pulav (eggs and rice
with spices and condiments). Egg curries and kormas are of varying types depending
on the spices,condiments and other additives added. A significant proportion of eggs
are also used in cakes and pastries, and for preparation of egg powder, egg powder.
In the recent period integrated egg production and processing facilities are established
for export purpose. The products include albumen powder, yolk powder, whole egg
powder and lysozyme powder. There is scope for developing a variety of battered
eggs for domestic market including use of chicken emulsion for battering. Extending
chicken and other meat products with eggs is a novel way of producing quality meat
products at economic cost.
A large percentage of the egg production goes for consumption as shell eggs
leaving only 7 to 8 per cent for egg products and formulated foods. There is scope
for increasing the later category of use. Quality loss of varying degree is observed
as a considerable proportion of shell eggs are marketed without passing through cold
stores. Awareness for production of clean eggs and prevention of quantity and
quality losses in handling and marketing have become important.
EXPORT OF POULTRY PRODUCTS
With the GATT agreement, production subsidies by developed countries are to be
reduced and the restrictions due to non-tarrif barriers will be minimised. This situation
will facilitate exports from India provided the quality aspects are assured. A number
of ventures are engaged in establishing suitable processing units with integrated
production facilities so that the poultry exports could be sustained. It is estimated
that by the year 2000 Indian Poultry exports are expected to increase upto Rs. 4682
million. Quality Control and Inspection Rules are being developed for egg products
for assurance of quality. Popularisation of indigenous chicken products with suitable
packaging contribute for increasing poultry exports. Campaign for production of clean
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eggs and uniformly large eggs to meet the quality requirements of importing countries
is essential for promoting shell eggs export.
SOCIAL ASPECTS
Poultry production has been recognised and well accepted in the Indian situation
to provide employment and valuable nutrients in the form of meat and eggs.
However,controversies are raised in terms of cruelty in the rearing and processing of
chickens, competition with humans for grains, environmental pollution and health
risks. Suitable measures in preventing cruelty to birds by following proper space in
rearing and transport and adoption of stunning in slaughter need to be considered.
Direct competition with humans for grains need to be minimised by formulating rations
with coarse grains and agro byproducts. Environmental pollution could be easily
prevented with effective disposal of poultry droppings and development of organised
chicken processing with effective collection and disposal of slaughter by products.
Among the health risks cholesterol from eggs is the most discussed point and it is still
debated whether dietary cholesterol is the causative agent for coronary heart diseases.
Care need to be taken on the aspects of chemical residues and microbial contaminants
by following adequate quality control checks and regulatory standards.
CONCLUSIONS
1.

There is need to replace road side open chicken dressing with small scale chicken
dressing centres for hygienic meat production.

2.

Export possibilities of indigenous products need to be explored with development
of suitable packaging for better handling and retention of quality.

3.

The specialities of indigenous chicken products need to be studied and popularised
for the benefit of world poultry consumers.

4.

Emulsion based variety chicken products incorporating extenders and meat and
byproducts from spent hens contribute for furthering poultry industry prospects.

5.

Utilisation of poultry meat and by products in red meat products should be tried to
take advantage of the current popularity of poultry meat.

6.

Awareness for production of clean and uniform quality eggs is a necessity to meet
the quality requirements and sustain growth in poultry exports.

7.

Adequate measures need to be taken in production, processing and consumption
of poultry products to counter the propoganda made by the critics for furthering
poultry industry prospects.
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PLENARY - III
NEW MANAGEMENTAL TECHNIQUES FOR HIGH
POULTRY PRODUCTION WITH REFERENCE TO
INFORMATION SYSTEMS, HOUSING, FEEDING AND
HEALTH CARE
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FEEDING TECHNIQUES FOR IMPROVING THE
NUTRITIONAL VALUE OF POULTRY DIETS
D. Balnave
Department of Animal Science, University of Sydney, Werombi Road,
Camden, NSW 2570, Australia

Major factors impinging on the economic viability of poultry production systems
are the inability of the bird either to access all the potential nutrients in the diet or
to absorb an ideal balance of nutrients from the digestive tract. Three nutritional
strategies, involving the incorporation into the diet of commercial feed enzymes,
probiotics or commercial amino acids, offer new possibilities for overcoming these
problems. Currently, feed enzymes and amino acids have been shown to have the
greatest impact and combining these supplements in dietary formulations may be
a means of improving the usefulness of non-conventional feed ingredients in many
countries.

INTRODUCTION
Many years of research have helped to elucidate the basic principles of avian metabolism
and poultry nutrition. This has resulted in an extensive body of information relating to
the nutritional requirements of poultry. Major impediments to meeting these
requirements at minimum cost relate to the inability of the bird to access all the potential
nutrients in the diet and to absorb an ideal balance of nutrients from the digestive tract.
Three relatively new nutritional strategies, involving the use of commercial feed
enzymes, probiotics and commercial amino acids offer the potential for overcoming
these problems. The relative merits and usefulness of these strategies are discussed
below.
COMMERCIAL FEED ENZYMES
The possibility of using dietary enzyme supplements to improve the nutritional value
of poultry feeds was raised by the report of Jensen et al. (1957) who found that chick
performance on a barley-based diet could be improved by using a crude dietary amylase
supplement. However, commercial applications did not materialize until the 1980s
when problems were identified with the feeding quality of wheat (Mollah et al, 1983).
This Australian report identified what were termed "low-ME wheats", i.e. wheat
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cultivars with an apparent metabolizable energy value for boilers of less than 13.0 MJ/
kg dry matter. On the basis of studies which defined the anti-nutritive factors present
in wheat, barley and rye commercial arabinoxylanases and ß-glucanases were developed
for use in pig and poultry diets (Graham and Balnave, 1995).
Commercial feed enzymes are produced from naturally occurring fungi, yeast and
bacteria. Mutant or genetically-modified strains of microbes, producing excessive
quantities of particular enzymes, are grown on sugar and starch hydrolysate substrates
using modern fermentation technology. The enzymes produced are extracted and
separated from the source microbes. They are then stabilized before being prepared as
free-flowing powders or liquids for mixing into feeds.
All commercial feed enzymes contain a range of enzyme activities and cannot be
completely characterized. Therefore, responses in the animal can reflect the action of
enzymes other than the predominant enzyme in the mixture. Ideally, commercial
enzymes should have good shelf-life in terms of storage stability, show specificity of
action, good heat stability during feed preparation and good distribution in the feed.
Their main use in poultry diets has been to destroy anti-nutritional substances in feeds
and to increase the availability of dietary nutrients through complementing the activities
of the endogenous digestive enzymes of the bird. Their main use to date has been to
improve cereal utilization in pigs and poultry through the use of arabinoxylanase and
ß-glucanase supplements. Arabinoxylanases exert their greatest effect with wheat, rye
and triticale whereas ß-glucanases are predominantly required with barley and oats.
However, advantages can accrue from supplementing cereal-based diets with both
enzymes. A number of these products are available from various commercial sources
and all give similar responses in broiler chickens (Annison, 1993). In general, the antinutritive effects of cereals decline as the broiler ages and are much less evident in
adult, as compared with growing, poultry.
In commercial practice, the cereal enzymes can be used in two ways. They can be
added as a supplement to a normal formulation by which they improve feed efficiency.
Alternatively, the formulated apparent metabolizable energy value of the cereal can be
increased by approximately six percent thereby allowing more energy to be sourced
from cereals without adversely affecting animal performance.
The overall effect of feed enzymes is to improve, and at the same time reduce the
variability in, the nutritive value of feed ingredients and diets, to improve and induce
greater uniformity in bird response, to improve litter quality and to reduce environmental
pollution.
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Future developments for poultry will include the production of more specific and less
expensive enzymes and the extension of interest from cereals to other feed ingredients,
such as legumes (Classen et al, 1993).
PROBIOTICS
There is no accepted international definition of a probiotic or 'direct-fed microbial'
(Stavric and Komegay, 1995). However, the latter authors prefer the definition, "A
single or mixed culture of live organisms which, applied to animals or man, affect the
host beneficially by improving the properties of the indigenous microflora". This
definition emphasizes the role of live organisms rather than their metabolic products
and, therefore, differentiates between probiotics and antibiotics. In many ways probiotics
are viewed as a natural substitute for antibiotics. However, their use in poultry diets is
variable with little application in some countries and increasing use in others.
The principle behind the use of probiotics is to administer live cultures to the bird with
the aim of establishing a beneficial microflora in the gastrointestinal tract. These
microflora can be fungi, yeasts or bacteria and are normally sourced from the intestinal
tract. The term 'competitive exclusion' perhaps gives an indication of the possible
nature of the control process. However, the exact mechanism of action has not been
elucidated. This difficulty is associated with a number of factors including the
inconsistent composition, viability and stability of probiotic products, the variability
in dosage rates and duration and the ages of animals used in research studies, the
unknown effects of environmental and nutritional factors on probiotic viability in the
intestines and the equivocal results obtained from research studies. To achieve any
further advancement in this field it will be necessary to develop quality control measures
similar to those that have been developed by enzyme manufacturers. These include
the production of consistent products, good storage stability in terms of the maintenance
of viable cell numbers, specificity of action involving the selection of beneficial and
elimination of unwanted microbial strains, and the determination of the mode of action
of probiotics. Only when this is achieved will consistent beneficial responses in animal
performance be obtained.
COMMERCIAL AMINO ACIDS
When the dietary amino acid requirements of poultry are met using only the intact
proteins present in feed ingredients variable, excessive amounts of most of the essential
amino acids are present in the formulated feeds. Therefore, the attainment of an ideal
dietary amino acid balance is impossible and diets so formulated contain excessive
amounts of total nitrogen (crude protein). The resulting amino acid catabolism increases
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heat production and produces excessive amounts of urinary nitrogen which contributes
to poor litter quality and environmental pollution. The excess heat production can be
beneficial at cool temperatures but it can add to the heat stress of birds at high
temperatures.
This problem can be minimized by using commercial amino acids in diet formulations.
This allows formulations to approximate more closely to an ideal amino acid balance
thereby reducing dietary nitrogen concentrations with corresponding reductions in amino
acid catabolism and nitrogen pollution. In addition, it allows for improved formulation
flexibility and more consistent prediction of amino acid availability from the diet. The
overall result is an improved and more consistent bird performance in a similar way to
that obtained with commercial feed enzymes.
Many of the commercial amino acids are produced using fermentation technology
similar to that described previously for commercial feed enzyme production. Genetically
modified or mutant microorganisms which produce excessive amounts of a particular
amino acid are grown on sugar and starch hydrolysate substrates. The organisms are
killed at the end of the fermentation and the amino acid is harvested and crystallized.
This procedure is used to produce L-ly sine, L-threonine and L-tryptophan, three of the
four amino acids of particular interest to poultry nutritionists. Alternatively, other
amino acids such as DL-methionine, which has been an important dietary ingredient
for nearly fifty years, can be produced by chemical synthesis, the end-product in this
case being a powdered racemic mixture of D- and L-isomers. Poultry can efficiently
utilize both forms of methionine so this is not a problem. Analogues of amino acids
can also be produced, such as methionine hydroxy analogue, which have a lower efficacy
but have the advantage of being available in a liquid form giving greater ease of
distribution in the feed.
The primary factor controlling the use of commercial amino acids in poultry diets is
price. The two amino acids, L-lysine and DL-methionine, have been available at
competitive prices for over thirty years and during the last ten years L-threonine and
L-tryptophan have become available at competitive or near competitive prices. It is
likely that in the relatively near future other commercial amino acids will become
available for use in dietary formulations. This will require a re-evaluation of dietary
formulation strategies since the use of multiple amino acids as major dietary components
will provide problems not experienced with current formulations.
A major concern will be meeting the non-essential amino nitrogen requirements of
birds when the total dietary nitrogen concentration has been reduced through the use of
commercial amino acids. Experimental studies have shown that even when all the
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essential amino acid requirements are met, rate of lay in adult hens and growth rate in
broiler chickens can be adversely affected by low dietary protein concentrations. The
Agricultural Research Council (1975) indicated that a total dietary crude protein
concentration of 188 g/kg was necessary to meet the non-essential nitrogen requirements
for broiler growth and that a minimum dietary crude protein intake of 18 g/d,
corresponding to 14 g crude protein/kg of diet in hens consuming about 130 g of food/
day, was required by laying hens producing 50 g of egg mass daily. By implication,
lesser concentrations of dietary crude protein would be expected to have an adversely
impact on these performance characteristics. This has generally been shown to be
true. However, the report of Parr and Summers (1991) indicates that, at least in some
circumstances, the minimum dietary crude protein concentration in broiler diets can
be reduced as low as 165 g/kg when an ideal dietary amino acid balance is maintained.
Also, the commercial amino acids are digested and absorbed with an efficiency close
to 100 percent whereas the amino acids present in natural proteins are much less
efficiently digested and absorbed. The use of amino acid supplements will require a
re-evaluation of dietary requirements to allow for improvements in amino acid
digestibility and for factors, such as high ambient temperatures and meal feeding
strategies, which will accentuate differences in digestibility and absorption between
protein-bound amino acids and amino acid supplements.
Therefore, it is apparent that although the advent of commercial amino acids offers
great potential for the poultry industries it also will require considerable effort and
research to transmit this potential into commercial application.
CONCLUSIONS
Commercial feed enzymes, probiotics and multiple amino acid supplements are all
relatively new additions to the armory of the poultry nutritionist. While feed enzyme
and amino acid manufacturers have supported considerable research and development
programmes to identify commercial application of their products, the probiotic area is
at a much less advanced stage of development and is unlikely to impact seriously on
poultry production until much more effort is made to solve a number of basic problems.
While commercial feed enzymes and amino acids have international application it is
likely that their greatest potential lies in the non-industrialised countries where animal
production is often limited by the lack of finance to import expensive protein-rich
feeds. The combined use of feed enzymes and amino acids offers the potential for the
non-conventional feeds available in many countries to have a more important impact
in dietary formulations.
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THE EFFECT OF SELECTED MANAGEMENT
TECHNIQUES ON POULTRY HEALTH
Jean E. Sander
Poultry Diagnostic and Research Center, The University of Georgia 953
College Station Road, Athens, Georgia30602-4875, USA

There are few new management techniques that have been developed over the
last few years. New information has been generated on established or reemerging
procedures, however. One of these involves the increasing use of formaldehyde
as a fumigant in commercial egg hatchers. It has been found that this practice
causes alterations in function and morphology of trachéal epithelium. Another
area of new understanding involves the effect of feed restriction on the
development of ascites in broilers. Early skip-a-day feeding can decrease the
incidence of ascites with minimal adverse affect on body weight. Feed restriction
of breeder males using NOZ BONZ is another management technique being
tried to improve breeder health and productivity. Finally, the increased use of
in ovo injection of vaccine into eggs is having a great impact on broiler production.
Although a decrease in hatchability is associated with in ovo vaccination there is
evidence that there is improvement in the number of cull chicks, early chick
livability, overall mortality, and total field-caused condemnations as well as
airsacculitis and septicemia/toxemia condemnations. The in ova vaccination
with HVT and SB-1 provided increased protection against severe challenge
when compared to conventional MDV vaccine administration.

The expansion of the poultry industry has generated the need for more efficient
management techniques to maximize the genetic potential of the bird. Over the last
few years however, few truly new management practices have been developed.
Researchers continue to learn more about existing or reutilized methods of poultry
husbandry. A mixture of new, reemerging, and refined management techniques and
their effect on bird health and productivity will be presented here.
Formaldehyde is used as a fumigant in commercial poultry hatcheries to reduce the
number of pathogens in the hatchery environment. It's use declined with increased
regulations but it has recently become popular again due to it's efficacy to destroy
microbes. To administer the formaldehyde some commercial hatcheries allow the
chemical to evaporate from a shallow dish placed inside the hatcher every 12 hours
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for the last three days of the incubation period. Formaldehyde vapors are produced
by evaporating 60 ml of 40% formalin per cubic meter of hatcher space.
Research by Sander et al. (1995) found that using this technique the formaldehyde
vapors reached a concentration during the fumigation period of nearly 130 ppm and
dropped to baseline within 165 minutes.
Cilia clear the trachea of inhaled particles and pathogens, which upon entering the
chick may result in respiratory pathology and adversely affect bird health. The
trachéal cilia motility in chicks not exposed to formaldehyde vapors was much
greater than in chicks exposed to formaldehyde during pipping.
Light microscopy did not reveal significant histopathological differences at 1 day of
age. However, by 5 days post exposure formaldehyde exposed chicks did develop
an increase in the level of mucosal sloughing, characterized by variable quantities of
detached respiratory epithelium, mucus, and erythrocytes.
On electron microscopy, formaldehyde-exposed tracheas had ciHa which appeared
shortened with apparent blebs in the ciliary wall. The blebbing may have caused a
weakening of the cilia, allowing them to break and appear shortened. Excessive mucus
was evident at 5 days of age which may be due to the irritant effect of the formaldehyde
on the goblet cells or reduced clearance as a result of decreased ciUary movement. There
was evidence of ciha regeneration in birds observed at 5 days of age.
Ascites syndrome, an abnormal accumulation of fluid in the abdomen believed to be
derived from a general hypoxia, appears to be the consequence of both lung pathology
and fast growth in broiler chickens. Almost all birds with ascites have lung damage.
In addition, the lungs of chickens grow less rapidly than the rest of the body, and
lung capacity does not keep up with the very rapid growth of muscle in fast growing
broiler chickens. Maximum growth rates cause an increase in oxygen demand. The
incidence of ascites syndrome can be significantly reduced by feed restriction. Feed
restriction programs, however, can reduce weight gain and increase feed conversion
resulting in an economic loss.
Research has been done to determine a feed restriction program that will reduce the
incidence of ascites with minimal impact on performance. Arce et al. looked at a
variety of feed restriction programs to determine the practice which will result in the
greatest decrease in ascites while maintaining acceptable weight gains and feed
conversions. These included skip-a-day programs over various periods of growth
(7-13 days, 15-21 days, 22-28 days, or 15-27 days), reduced total volume of feed (10
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% less), or offering feed for a limited period each day (7AM to 3PM from day 8-56).
The results were compared to full fed broilers.
In all cases, feed restriction resulted in a decrease in the incidence of ascites in
broilers. The most consistent feed restriction program for acceptable weight gain
was obtained by using a skip-a-day feeding program from 7 to 13 days of age.
The first few weeks of life is extremely stressful for broilers since muscle and bone
growth expressed as a percent of body weight is greatest at this time. Restricting
feeding during this period may keep somatic growth in phase with the development
of the cardiopulmonary system. This may allow the bird to enter the grower and
finisher period with a stronger cardiopulmonary system. Also, by restricting the diet
eai4ier in life, more time is available after the feed restriction period for the bird to
recoup the reduction in weight gain.
It is important to remember, however, that feed restriction alone cannot completely
prevent ascites syndrome. Control of lung pathology through good management
practices especially adequate ventilation, must be combined with this method of
ascites control before satisfactory results can be expected.
Sex separate feeding of male and female broiler breeders in the laying house is a
common method of restricting male feed intake and assuring minimum feed intake
for the female. This is accomplished by placing a narrow grill (43 nom) over the
female feed trough and providing a separate feed area for the males. The underlying
theory is adult males have larger heads than adult females and cannot fit their head
between the wires of the grill on the female trough. Under commercial conditions
birds are moved into the laying house at 20-21 weeks of age and adult head width
may not be reached until 27-30 weeks of age. This allows both males and females
to feed from the female trough for a period of time. This increased availability of
feed to the males may allow them to become overweight. This can result in increased
health problems and decreased fertility in the males. The consequential reduction in
feed intake of the females can cause a decrease in the rate of lay. Increased fat
deposition in the females can also occur when the males finally are prevented from
eating from the area of grill restriction resulting in a relatively large increase in feed
per hen within a fairly short period of time. Using a smaller grill width to allow
earlier restriction of males from the female trough results in an increase in head
trauma providing a route for pathogen invasion.
Broiler breeder males are being fitted with NOZ BONZ at 20 to 21 weeks of age as
the birds are moved to the laying house. NOZ BONZ are a 63 mm plastic rod which
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is inserted through the external nares of each rooster. This will essentially give all
males the same head width. Field observations have indicated that this practice has
reduced average male body weight and increased fertility.
Wilson evaluated feeding and drinking behavior of males both fitted with NOZ
BONZ and without the devises when placed in pens with 1.2 m of feeder space with
nonrestrictive grill (51 mm) and 3 m of feed space with a restriction grill (43 mm).
Water was provided ad libitum from a bell waterer. Feeding behavior was monitored
twice weekly during a one hour feeding period. The number of times a bird attempted
to feed was recorded as to whether the attempt was unsuccessful or if they were able
to successfully maneuver their head between the wires of the grill. Feed remaining
in the restricted areas of the troughs at the end of the trial was weighed. Drinking
activity was also observed.
No differences in head width or body weight indicated that the two groups of males
had similar physical characteristics. The number of attempted feedings from the
restriction grill declined over the five week observation period for the Control and
NOZ BONZ males. The number of attempts to feed from the restriction grill
declined rapidly the third week after insertion. The success rate of the NOZ BONZ
roosters in feeding from the restriction grill was low after insertion, peaked at 3
weeks post insertion and declined thereafter. The percentage of feed remaining in
the section of feed trough with restriction grill was significantly greater in the pens
where roosters were fitted with NOZ BONZ than in control pens. During the
observation period, 55% of the control roosters could eat from the restriction grill
versus 12% of the NOZ BONZ roosters.
Roosters with NOZ BONZ made fewer attempts to access the restriction grill than
the control roosters. Roosters with NOZ BONZ consumed less than 25% of the feed
available from the restriction grill in comparison to the control birds that consumed
74% of the feed. Insertion of NOZ BONZ in an adult broiler breeder male limits
access to feed troughs with restriction grills (width 43 mm).
In ovo vaccination techniques provide a means to elicit active immunity at the
earliest opportunity in a bird's life. Vaccination of 18-day-old embryos is a recent
strategy to further extend the interval between vaccination and challenge and thereby
protect more effectively against early exposure. Inovoject^ is a machine that has
been developed for mass inoculation of eggs in the hatchery. Currently this method
of vaccination is being used to protect against Marek's disease by administration of
HVT and SB-1. The INOVOJECT^^ machine accomplishes vaccination and transfer
of eggs to hatcher trays in a single task. This allows hatcheries to reduce the number
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of employees that it takes to transfer eggs and process chicks and reduces the stress
on Jay old chicks. The machine handles three flats of eggs at a time and different
models are available to fit the configuration of each incubator system. The flats of
eggs are placed on a conveyor belt which positions the flats underneath the tooling
that houses the egg punch and needles for each egg. The tooling drops until contact
with the egg is made and the punch places a small hole into the large end of the egg.
At this time the needle descends and places a 50 ul dose of vaccine on top of the
aircell. After injection, the tooling goes back to its resting position and the egg flats
travel down the conveyor belt where suction cups elevate the eggs and place them
into a hatcher basket. Approximately 30,000 eggs per hour can be vaccinated and
transferred in this method.
The field safety and efficacy of a bivalent Marek's disease vaccine administered in
ovo have been evaluated. Sarma et al. (1995) administered HVT and SB-1 to
commercial broiler chicks using Embrex's INOVOJECT^ automated egg-injection
system. Comparisons were made with chicks that had been vaccinated using the
conventional subcutaneous route at hatching. It was found that hatchability was
significantly lower in eggs receiving in ovo administration of the vaccine at 17.5 18.5 days of incubation. However, the number of cull chicks, early chick mortality,
and overall mortality during the growout period was significantly reduced in the in
ovo treated group. Total field-caused condemnations and condemnations due to
airsacculitis and septicemia/toxemia were also lower in in OVO-vaccinated chicks. In
ovo vaccination provided 93.25% protection against challenge with a very virulent
strain of MD virus compared to 89.58% protection provided by conventional
vaccination methods, but no differences in leukosis condemnations were observed
between the two treatment groups.
Marsh and Villegas (1996) has evaluated the change in HVT vaccine as it exits the
INOVOJECT^ needle as compared to the titer in the diluted vaccine bag during
normal hatchery usage. There was no statistical difference between the HVT titer in
the vaccine bag and in the INOVOJECT^^ needle samples in both a Chickmaster and
James way models. This indicates that INOVOJECT^ systems in use in hatcheries
are efficient in delivering HVT vaccine to the egg without significant loss in titer as
the vaccine progresses through the machine. This, coupled with the machines ability
to inject 100% of the eggs processed makes it an efficient tool for controlling
Marek's disease as well as increasing hatchery efficiency and reducing chick costs.
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BEHAVIOUR, MANAGEMENT AND PRODUCTION IN
CHICKENS
M.R.Choudary
Central Poultry Training Institute, Hessarghatta Bangalore 560 088,
India

Constant and keen observations of the flocks and their behaviour is highly essential
to assess their comfort and adoptation to the environment and management. Any
deviations are suggestive of errors in management requiring adjustments and
corrections for normal production. The most successful producers are those who
have identified behavioural problems within their flocks and acted quickly to adopt
their husbandry practices accordingly.

INTRODUCTION
Behaviour in chicken is a complex phenomenon and is exhibited both at individual as
well as group/flock level. There is a significant volume of literature on social behaviour,
learning and reproductive behaviour in poultry. Different aspects of poultry behaviour
are quite essential for understanding about welfare and applying to the improvement
of productivity. Welfare is a different aspect and not necessarily associated with
economic production. The welfare concept and concern are expressed in recent years
looking to the conditions provided in battery cages, though cages seem to have many
advantages with regard to commercial production, polution control and working
conditions (de Wit, 1992). Recent managemental practices and commercial poultry
production systems have dispensed some of the natural behaviours. Production levels,
behavioural changes, physiological and pathological measures are the indicators of
bird's well being and adoptability.
CAGE MANAGEMENT
Modern managemental systems and housing for layers mostly comprise cage
management. Thus, cage layer management is quite important at present and behaviour
associated with caged layers and production are useful and interesting to the producers.
Agonistic behaviour and social organisation associated with group of birds result in
formation of peck-order. These behaviours though modified or adjusted to crowding
situations, are important in cage management. Further, one breed or strain may show a
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higher or lower rate of activity in one type of behaviour compared to others (Mc Bride,
1964). Inbreeding lowers the social dominance (Craig and Baruth, 1965). As the bird
density increases, agonistic interactions increase upto a density level and then decrease
rapidly. Hughes and Wood-Gush (1977) suggested that this decline is due to lack of
space in cages for threat displays. Craig et al., (1969) and Ylander and Craig (1980)
noted that individuals behave less aggressively in the presence of dominant birds, which
is termed as 'third party' effect, which is observed in cages.
Commercial cages exist in a variety of sizes and shapes and with different arrangements
of feeding and watering systems that can cause various levels of danger entrapment
and feather loss because of aberrations. The pattern of agonistic behaviour in caged
layers differs quite a bit from that of floor layers (Lee and Craig, 1991). Choudary et al.
(1972) observed that a strain which had less severe and lower frequency of agonistic
behaviour compared to four other strains tested (including KSU low aggressive
strain),had higher hen-housed production and livabiUty, indicating better adoptability
of a socially tolerant strain to cage management.
Cage management often displays feather pecking and cannibalism due to crowding.
Hysteria is associated closely with population pressure and genetic stocks differ in
their susceptibility (Hansen, 1976). Commercial egg strains show cannibalism if their
beaks are not trimmed. Cannibalistic pecks are inflicted on the body, whereas agonistic
acts are directed to the head and neck (Craig, 1992). Cannibahsm in cages, apart from
scooping of feed out of feeder and selective feeding, definitely necessitates beak
trimming. Lee and Craig (1191) suggested that proper beak trimming is beneficial
when cannibalistic pecking is likely to be a problem. Influences of genetic stock and
genotype-environment interactions on cannibalistic pecking and production performance
are important considerations (Mauldin,1992). Beak trimming definitely causes pain
and discomfort temporarily, but provides long term benefits (Craig and Jackson, 1994).
Eskland (1981) and Stauwe et al. (1992) found evidence including plasma corticosteroid
concentrations and adrenal weights, that debeaked hens were stressed less than those
with normal beaks.
Feeding behaviour very clearly shows dimorphism between layer and broiler stocks
(Siegel, 1984). Layer stocks consume feed only to their metabolic needs. Social factors
do have bearing on feeding behaviour. Preston and Mulder (1989) demonstrated that
certain modifications to cage improved feeding behaviour by reducing agonistic
activities. Murphy and Preston (1988) observed feeding and drinking behaviour and
efficiency as related to design of equipment.
Adams and Craig (1985) indicated that productivity decreased on an individual bird
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basis as density increased. Higher concentrations of plasma cortocosteriods were
generally associated with higher densities in cages, suggesting greater stress.
Provision of perches in batter cages has been one of the approaches to alleviate some
of the problems in terms of welfare. The results are quite variable both in terms of
welfare and production. Effects of perches in cages are influenced by cage dimensions,
stocking densities and design of perches. Provision of perches usually reduce damages
to plumage (Braastad, 1990), provided the perch can accommodate all birds. It may
also reduce damage to the soles of the feet compared to conventional cages (Robertson
et al., 1989) and increase the strength of the leg bones (Hughes and Appleby, 1989).
The only consistent disadvantage to production in perched cages is an increase in the
number of cracked eggs (Duncan et al., 1992). They observed most dirty eggs from
cages with perches, because eggs were laid from perches and droppings accumulated
at perches soiled the eggs. Rolling of eggs is hampered by perches.
BROILER MANAGEMENT
Broiler stocks are mostly reared on deep litter, slat floors or wire floors. Present day
broilers are harvested at an early age and well before peck-order is formed (Siegel,
1984). The practice of beak trimming is totally eliminated in broilers and they are
provided ad libitum access to feed and water for fast growth. Thus, the modem broiler
spends most of its time in ingestive and resting behaviours. Injuries due to feather
pecking, cannibalism and aggression are rare (Mauldin, 1992).
Layer stocks in larger groups form invisible sub-groups and tend to stay at specific
locations, exhibiting territorial behaviour. They also prefer to feed from the same feeders
and drink from same waterers (Mc Bride et al. 1963; Craig and Guhl, 1969; and Hughes
et al. 1974). Preston and Murphy (1989) demonstrated very clearly that there is not
territorial behaviour in commercial broilers and they constantly move daily in search
of feed and water. No agonistic interactions were observed and there was no evidence
that crowding was a physical restraint on bird movement. Broilers also migrate towards
circulation fans and air ducts during hot weather (Mauldin, 1992). Broiler stocks
consume feed to the full capacity of their gastrointestinal tracts (Siegel, 1984).
Agonistic activity increase in flocks on floor, when restricted feeding is practiced or when
attempts to feed are frustrated (Duncan and Wood-Gush, 1971). Feed restriction has become
a necessary tool in broiler breeder management to contain their body weights for better
production, to prevent leg abnormahties and to maintain optimum fertility. Skip-a-day
feed restriction followed by many breeders, is better than daily feeding regime (Bennet
and Leeson, 1989). The latter induces increased competition, aggression and uneven body
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weights. Restricted feeding has two fold effects viz. (1) males by virtue of their dominant
position consutne feed to their full requirement, driving away the females and resulting in
full feeding of males and underfeeding of females and (2) increased agonistic activity
among breeders causing injuries (Mench, 1988). The competitive advantage normal breeder
males enjoy at the common feeders with dwarf female breeders is more pronounced because
of increased difference in body weight and slowness of dwarfs to eat their portion of feed.
Further, male breeders require only 9 to 12% crude protein level in their diets right from
10 weeks of age through their production life. With this type of diets they mature early
and higher percentage of males remain in semen production than when fed with common
diets (Mc Daniel, 1986).
Thus, sex-separated feeding with two different diets and provision of adequate floor
space, centpercent feeder and water space and simultaneous filling of all feeders are
essential practices required. Automatic feeding systems have become a good answer
for commercial broiler management, with even millions of birds in a group/house.
Sexual behaviour is quite important in breeder management for producing desirable
number of chicks per breeder hen. Frequency of mating, percentage of complete mating,
quality of semen, fertility and hatchability are the components. Sexual behaviour in
broiler breeders has different components (Mauldin, 1991a). Aggression and mating
behaviour are somewhat positively corelated. Dominant males tend to mate more
frequently than their subordinates. Male to female ratio is important. Narrower ratios
result in more infertility due to incomplete matings by the subordinate males disturbed
by dominant ones. When aggressive conflicts between males are high, the females
become reluctant to come of the slats into the litter or mating areas. Generally males
exercise passive dominance over females within the flock (Mauldin, 1991a).
Nest site selection by breeder hens is another behaviour attracting attention in hatching
egg production. Eggs laid on floor or slats are not useful for hatching because of
cracks and contamination. Leakage of cracked eggs also encourage the breeders to
become egg breakers and eaters (Mauldin, 199la). Provision of 1:5 ratio nest space,
training the breeder to lay their eggs in nests, well before start of lay and removal of
floor eggs frequently are remedial measures to be practiced.
Broodiness in breeder hens is an annoying problem and is a liability to hatching egg
producers. Broody hens also pre-incubates eggs resulting in embryonic, mortality and
reduced hatchability. It is a very persistent trait with less chances of total elimination
(Mauldin, 1992). The best way to get away with broody behaviour is to provide a broody
pen in the breeder house with more lighting and no nests. They will return to normal
productive behaviour within 3 days (Mauldin, 1991a).
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WELFARE AND BEHAVIOUR
B. O. Hughes
Roslin Institute (Edinburgh), Roslin, Midlothian EH25 9PS, UK

Animal welfare is a complex and controversial subject with philosophical, scientific
and practical ramifications. It has long antecedents - laws concerned with the prevention
of cruelty to animals go back to 688 in the United Kingdom and to 1641 in the United
States, while the earliest reference of all is to a law of King Hammurabi, 2500 years
ago. The debate that concerns us today, however, is more recent and is not concerned
with overt cruelty. It has its roots in a book written by an English woman, Ruth Harrison,
in 1964. Mrs Harrison was concerned that modem methods of production, and intensive
housing in particular, were beginning to downgrade animals to the status of machines,
whose only function was to produce meat or milk or eggs, to be disposed of as soon as
their most productive period was over.
Her book triggered intense discussion, first in the United Kingdom and later in
continental Europe and North America. Scientific research programmes were initiated
to investigate the response of animals to monotonous conditions, high stocking densities,
barren environments and exposure to stressful stimuli. The initial response of some
sectors in the poultry industry was to regard this negative reaction to intensive production
as an irritation to be ignored, which in due course would go away. However, it is
becoming clear that in many countries the public are beginning to demand that husbandry
procedures, housing systems and transport methods meet certain minimum standards.
They require formal assurance that these systems show consideration for animals, that
there is no serious suffering involved and that animalsO most important needs are
being met. Overlaid on, and sometimes interacting with, these welfare concerns is a
feeling that natural is better than artificial. The industry needs to take these concerns
seriously otherwise it runs the risk of antagonising or driving away some of its customers.
In the UK there has been an interesting development in that a tripartite agreement
between an animal protection organisation, the RSPCA, major supermarket chains and
selected producers has been established for marketing certain classes of product under
a welfare label.
Animal welfare, though it can be investigated using scientific methods, is not itself a
science, it is an objective to be achieved: a condition of well-being, a state of both
physical and mental health. Swarbrick (1996) has pointed out that because there is no
simple indicator or measure of welfare there is no general consensus of what welfare
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involves. He points out that resolving disagreements in interpretation is a major
challenge and lists the various disciplines which may need to be considered in a full
assessment of welfare and its implications: economics, epidemiology, ethics, ethology,
health and disease, husbandry, legislation, marketing, nutrition, pathology and
physiology.
The consensus identified as necessary by Swarbrick was obtained in the UK by setting
up the Farm Animal Welfare Council (FAWC), whose members represent a wide range
of expertise and interests : producers, veterinarians, animal scientists, behaviourists
and animal protection organisations. FAWC has three main functions : to investigate
the current status of welfare across the whole range of agricultural conditions and
animals, to advise the Government in the framing of regulations and legislation and to
identify areas where knowledge is lacking and research may be required.
This can be illustrated by taking as an example the UK regulatory framework for
safeguarding welfare. Codes of Recommendations for the Welfare of Livestock are
published by the Government, in accordance with FAWC's advice. In order to achieve
the objective of satisfactory welfare, husbandry and housing systems have to provide
the animals with five freedoms.
Freedom from hunger and thirst - by access to fresh water and a diet to maintain
full health and vigour
Freedom from discomfort - by providing an appropriate environment, including
shelter and a resting area
Freedom from pain, injury and disease - by prevention or rapid diagnosis and
treatment
Freedom to express normal behaviour - by providing sufficient space, proper facilities
and company of the animal's own kind
Freedom from fear and distress - by ensuring conditions and treatment which avoid
mental suffering
Most of these freedoms, which between them cover all the animalsO basic needs, quite
obviously act in the interests of both producers and animals. If food and water, sufficient
in quantity and quality, are not provided, then not only will the animals suffer, production
and profitability will also be seriously impaired. Likewise, if animals have insufficient
shelter and are exposed to climatic extremes of either heat or cold for long periods, or
if they are injured or succumb to disease, both welfare and output will be harmed. In
the case of fear and distress, too, sudden frights in large flocks can produce panic and
suffocation, while evidence is accumulating that serious or prolonged Stressors can
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depress production. Only in the case of behavioural expression is it less self-evident
that protecting welfare will also benefit the producer.
The most controversial freedom is the one that animals should be able to express normal
behaviour. It rests on the notion of behavioural need - the possibility that animals may
suffer if a particular behaviour pattern cannot be performed. In some cases this seems
quite clear - for example, a strong element in hensO feeding behaviour is a tendency to
forage in substrate. If this isnOt possible because the hens are caged and have no
access to a suitable material then they often express the behaviour anyway and peck
the plumage of other hens, presumably because it is the nearest substitute. This leads
to feather pecking, cannibalism and, obviously, suffering. In other cases, though, the
situation is less clear-cut. Suppose hens are motivated to build a nest and cannot do so,
what then? Research does suggest that if behaviour is motivated and then cannot be
carried out some of the physiological and behavioural elements associated with stress
are present. However, do the hens actually suffer and, if so, how much? These are
very difficult questions and, at present, not all the answers are known.
VALUE OF THE SCIENTIFIC APPROACH
It has been argued by some (Morris, 1996) that welfare issues should be resolved on
the basis of what seems reasonable to society and that scientific studies have little part
to play. Indeed, he even argues that attempts to resolve welfare questions by rational
investigation are ill-conceived. Although it is true that people in different cultures and
societies hold very different views regarding animal welfare and that limitations on the
use of animals in any society must conform to the general ethic of that culture, science
nevertheless has an important role to play. The way in which moral principles are
exercised in practice must depend on reliable information about the consequences of
actions. To enable legislators to frame sound regulations which protect animals
effectively, they must base their decisions on accurate and relevant information, which
can be obtained only through scientific investigation.
When writing about a broad-ranging subject like this it is necessary to be selective,
because there is space to deal only with key topics. The most contentious issues in
poultry welfare at present, at least in Northern Europe, are the housing of laying hens,
the health of broiler stock, transport and the pace of advance in genetic modification.
HOUSING SYSTEMS FOR LAYING HENS
Cage Housing
From the producerOs viewpoint the battery cage has several advantages over any other
system. Management is more straightforward, production is usually better, birds are
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separated from their droppings so hygiene is better, the risk of disease and parasitism
is reduced, the environment is more easily controlled and group size is small which
can reduce the risk of aggression and cannibalism. All these advantages except the
first two also benefit the hen. The major disadvantage of the cage is the confinement
it imposes and lack of extraneous stimulation, which can lead to OboredomO and
increased fearfulness. Research has shown (Jones, 1985) that adverse effects are not
uniform within a battery, for example, birds in top tier cages are more disturbed by
frightening stimuli than in the lower tiers, where birds have more experience of visual
stimulation. Furthermore, units where hens were fearful of humans had lower
productivity than units where hens had low fear levels (Bamett et al, 1992). These
kinds of finding have implications for modem battery design, with its trend towards 57 tiers and increased automation with reduced exposure to humans.
Most hens throughout the world are housed at high stocking densities, even though
there is convincing evidence that restricting bird space has adverse effects, not only on
welfare but also on mortality and performance (Hughes, 1975, Adams and Craig, 1985).
Hester and Wilson (1986) concluded that this reduction in egg number with increasing
crowding was not just an artefact caused by more eggs being lost through the cage
floor at higher densities. They found that ovulation rate actually declined as the area
per bird was reduced (Figure). This relationship between output, welfare and area per
bird is a good example of the fact that there is often a trade-off between economics and
welfare, between optimising flock profitability and individual productivity. Though
numerous studies have shown that output per hen housed tends to decline with increasing
group size and with decreasing space per bird it is still generally advantageous on
economic grounds to select a stocking density which is slightly sub-optimal for
individual hens, because when all other factors are taken into account it maximises the
margin of income over costs.
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Figure. Egg production at different stocking densities to show how giving hens more
space allows them to increase egg output and produce closer to their optimal level of
productivity. (Values taken from Hester and Wilson, 1986)
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Most laying hens throughout the world are now housed in cages, so even small
improvements in cage design which enhance welfare represent a major advance in
terms of the numbers of hens which benefit. They include changes to the cage front (a
few horizontal bars rather than numerous, vertical ones), reduced floor slope and smaller
mesh size, elimination of spaces where birds can become trapped or sharp edges which
can injure, provision of perches for roosting, resting and improving foot condition, and
abrasive strips to maintain short claws (Tauson, 1984; 1985; 1986)
Floor Housing
PubUc opinion in countries such as the Netherlands, Sweden and the UK has long been
critical of housing hens in cages, because of the close confinement, monotonous
environment, lack of behavioural expression and a desire for more OnaturalÖ systems
(Appleby, 1991). This has resulted in a gradual drift towards alternative, high-density
floor systems; eggs from such systems are labelled Obam eggsÖ or Ofree rangeO, are
sold at a premium price and in the UK now comprise about 15% of the shell-egg market.
The modem hybrid layer is capable of laying up to 330 eggs a year and, in principle
and with first class management, will lay just as many in floor systems as in cages In
practice, the number collected is often 15-20 eggs fewer but this is because eggs have
been lost from floor laying, have been trodden through slats or been eaten. This
deficit can be eliminated by exploiting the henOs behaviour - its propensity to lay in a
well-defined nest site. Nest boxes must be made attractive - accessible, raised, enclosed
and with a yielding or textured substrate such as artificial turf. Once birds have begun
laying in a particular site they will continue there, so pullets should be housed 2 weeks
before point of lay and each morning must be moved up near the nests; any seen
nesting on the floor should be placed in a nest box. It may be necessary to make
alternative sites unattractive - some farmers have used electric OfencesO to keep birds
away from comers and angles between floor and wall during the critical phase while
nesting preferences are developing.
However, although many floor systems have been mn with no problems (Anonymous,
1994) in terms of both performance and welfare they are more unpredictable than
cages (Elson, 1990) and they require greater husbandry skill. The major outstanding
welfare problem in these systems is pecking damage resulting in cannibalism or, as
many producers call it, aggression. To control this it is necessary to beak trim the
birds, which is best carried out at day-old or shortly after (Hughes and Gentle, 1995).
Even so, pecking damage appears to be a constant threat, especially in houses where
light intensity is high or natural lighting is used, such as those which house free range
birds. There is a growing view that some modem laying hybrids, well-adapted for
cage conditions, may be less suited for housing in large flock floor systems.
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Modified Cages for Laying Hens
A different way of tackling the perceived shortcomings of conventional cages is to
modify the laying cage to give the birds more space and additional facilities to carry
out their normal behaviour. This was the approach adopted by Appleby and Hughes
(1995) when they devised the Edinburgh Modified Cage. By incorporating a rollaway
nest and a littered area for scratching, foraging and dustbathing, most of the hensÖ
basic needs can be met. Automated control of the dustbath opening allows access to
be restricted to certain times of day, thus removing the danger of eggs being laid there
and lost. The major disadvantages of this modified cage compared to a conventional
cage are its increased cost and the problem of supplying litter to the dustbath on an
automated basis. Prehminary assessments, however, indicate that cost per egg in this
system is likely to be similar to that in a high-density floor system, such as a perchery.
HEALTH AND WELFARE OF BROILER STOCK
Over the last 10 to 15 years it has become apparent that continued selection of meattype lines for rapid growth rate and increased food conversion efficiency has resulted
in a bird in which the ability to produce meat is beginning to outstrip its metabolic
capacity to function normally. I shall mention three aspects which can result in illhealth and suffering and give particular cause for concern.
Cardio-pulmonary Disease
This can take one of two main forms: ascites and sudden death syndrome (SDS). The
incidence of ascites is variable, from 1-12% at sea level but up to 50% at higher altitudes.
It is exacerbated by cold weather and atmospheric contamination. It is distressing for
the birds, which usually stop eating and become emaciated, and in severe cases is fatal.
The underlying lesion is pulmonary hypertension and congestive heart failure, caused
by restricted capillary blood flow through the lungs, probably as a consequence of
selection for increased body size without a corresponding increase in lung capacity
(Julian, 1993). Broiler lungs are 25% smaller than those of unselected lines of chickens.
An effective biochemical indicator of incipient ascites is Troponin T (which is a measure
of cardiac damage) and genetic selection against Troponin T concentration shows
promise as a strategy for an anti-ascites selection programme (Maxwell, 1995).
SDS which is also called flip-over because birds are often found dead on their backs is,
in contrast, a poorly-understood condition. It may be caused by ventricular fibrillation
in response to acid-base imbalance. Its incidence is again variable, from 1% or less in
the UK up to 10% or more in other parts of the world, such as Canada. It is less of a
welfare problem because well-grown chicks are usually found dead with no signs of
prior suffering, though it has been suggested that one of the causative factors is stress.
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Musculo-skeletal Abnormalities
These include tibial dyschrondroplasia (TD), which is a failure of the chondrocytes in
the growing plate of the tibia to differentiate and turn into bone. This weakens the
tibia, the joint becomes deformed, the bird becomes lame and will find it difficult to
move around, feed and drink. Although the incidence of the condition can be reduced
by feeding vitamin D3 metabolites (Whitehead et al, 1994), genetic selection against
it in breeding lines using a radiographie test is probably the best long-term strategy.
Broilers fed ad libitum often show behavioural evidence of inactivity and are reluctant
to move as they reach slaughter age at 6 to 7 weeks of age. It is becoming increasingly
evident that selection for muscle mass in broilers has had a deleterious effect on fibre
structure and part of their reluctance may actually be due to impaired muscle function
because a biochemical membrane defect is affecting the ability of the fibre to contract.
TRANSPORT
Transport of animals by road is the area where the man or woman in the street is
nowadays most likely to come into close contact with large numbers of intensivelyreared agricultural animals, so it is unsurprising that public concern is beginning to
have a major impact in this area in the UK. The transport of poultry is less high-profile
than that of other farm animals but requires careful handling and well-designed vehicles
to avoid unnecessary stress to the birds. Birds in transit are exposed to a long list of
potential Stressors: motion, vibration, withdrawal of food and water, noise, restriction
of behaviour, social disruption, and thermal extremes. The effects can range from
mild discomfort to death. Considerable research has gone into catching and handling
the birds; in the case of broilers a well-designed machine and conveyor can cause less
stress and injury than manual catching by a human team (Duncan et al. 1986: Duncan,
1989). Catching large numbers of spent hens from battery cages and conveying them
to a vehicle is a difficult process which, unless carried out with care, can result in a
high incidence of injury (Knowles, 1994). Modular systems, such as those used for
broilers, result in less injury than the crates still generally in use for layers (Kettlewell
and Mitchell, 1994). Once the birds are on a vehicle the greatest hazard is usually heat
stress, because the temperature in the centre of the load can build up to a lethal level
remarkably quickly (Kettlewell et al., 1993). Stress during transport can be minimised
both by vehicle design and regulation of journey time - both the understanding of the
thermal environment on poultry transporters and its control have made great strides in
the last few years (Baker, 1994).
GENETICS
The relationship between genetic selection and welfare is, in itself, neutral: selection is
merely a tool which can be used to achieve various objectives. Up to now, in industry
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at least, these objectives have been almost entirely production oriented: for example in
egg-type birds they include increases in egg number, egg size, shell strength, shell
colour, improved food conversion efficiency, increased livability, reduced body weight
and so on. Most of these have had little adverse effect on welfare, except perhaps for
decreased skeletal strength as calcium turnover has increased, while some selection,
such as that for livability, has probably been beneficial. It is in the case of broilers and
turkeys that the pace and direction of selection has begun to cause unease. Some of the
adverse outcomes have been mentioned already. In some cases, such as TD and possibly
ascites, minor modifications to the breeding programme by including additional selection
criteria may reverse the current trends, some such as hip problems in male turkey
breeders require further investigation, but some appear intractable. One of the
latter is the excessive appetite of the breeding lines of meat-type birds. The increased
appetite is a desirable feature in growing birds but if the adults are allowed to eat ad
libitum they quickly become grossly obese so, for welfare as well as for production
reasons, severe food restriction is necessary. This means the adults are
constantly motivated to feed (Savory et al., 1993) thus infringing the first of FAWCÖs
five freedoms.
The role of genetic selection in influencing welfare and behaviour is recognised (Siegel,
1989) and selection against undesirable traits is being increasingly accepted by poultry
scientists (Mench, 1992) as a powerful and welfare-friendly technique. The problem,
of course, with any selection programme which includes welfare-positive criteria which
are not also production oriented, is that the breederÖs product will gradually become
less competitive compared with those from other breeders who are selecting only on
production. This means that no breeder can afford to move on their own without
committing commercial suicide.
Recent developments in genetic research have major impHcations for welfare. On the
one hand public concerns about genetic manipulation, gene transfer and insertion need
addressing and reassurance, whereas on the other new techniques, such as markerassisted selection, offer considerable promise. It has been long recognised that there
are major genetic elements involved in the expression of many behaviour patterns and
the novel techniques will permit them, at least in principle, to be manipulated with
much greater precision. Provided that the genetic basis of welfare-positive features
can be established, provided that their control is oligogenic and provided that markers
associated with them can be identified, then the control of behavioural problems may
become possible in a way that has not been available to us in the past.

232

CONCLUSIONS
The advent of animal welfare as a significant element in poultry production should not
be seen as a threat. In most contexts the interests of the producer and of the bird are
ultimately congruent. Research has an important role to play, both in informing the
industry aifid regulatory bodies and in increasing the level of public understanding.
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CONSTRAINTS, CHALLENGES AND SUITABLE
STRATEGIES FOR INCREASING POULTRY
PRODUCTION IN DEVELOPING COUNTRIES
K.Rajan
Secretary, Department of Animal Husbandry and Dairying,
Ministry of Agriculture, Govt.of India, New Delhi 110 001, India
There has been a remarkable growth in the poultry in India in the decade of eighties.
The production of eggs has reached a level of 24 billion numbers indicating a
growth rate of 7 per cent during this period. This has also been accompanied by
improvement in broiler meat production of the same kind of order. However, the
productivity levels per bird in India, on an average, is still fairly low compared to
several other countries, which is also reflected in a relatively poorer per capita
consumption. The poultry products, particularly the eggs are extremely useful for
improving nutritional status, particularly of proteins, and as per capita consumption
expenditure increases with the improvement of economy. The demand for poultry
products could be expected to continue to maintain the upward trend. This is seen in
the increasing proportion of expenditure incurred on eggs and poultry products from
the consumption expenditure surveys conducted quinquennially by the National
Sample Survey Organisation. The path the poultry development has taken parallels
the development in several other sectors. On the other hand, we have rural poultry
enterprises based upon essentially the traditional practices which is, by and large,
based upon local breeds of fowls with dependence on external input at the minimal
level. On the other hand, there are large industrial types of poultry enterprises based
upon improved genetic stock including exotic germplasm, purchase of inputs from
outside, improved poultry health care with high degree of management. While there
is no doubt that the contribution of the input intensive poultry enterprises is substantial
and the contribution to total production of poultry products is larger than based on
the flock strength in such enterprises, the overall poultry development in the country
will have to address to the needs of the entire spectrum of the poultry enterprises in
the country. This is particularly necessitated by the need to enhance the value addition
from the poultry enterprises in the rural or household type of poultry enterprises to
increase the availability of poultry products, improved incomes to rural households,
creation of much larger employment opportunities in the rural areas etc. The role of
the State in addressing the challenges of sustaining the growth in the poultry
development in the coming years will necessarily mean evolution of policy framework
which satisfactorily seek to overcome the challenges the different segments of the
poultry enterprises face. The constraints faced by the household type or backyard
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poultry farming are quite different from those seen by industrial type of poultry
enterprises and measures to overcome these constraints will have to be evolved and
put in place. Like in other areas of economic activities, even in the case of poultry
the technology upgradation of enterprises will hold the key to how far the country is
able to realise the opportunities before us to make poultry, as an economic activity
vibrant and competitive in the post World Trade Agreement scenario. The country
has the potential to improve the poultry production for catering to both internal and
external markets and in the process contribute to rapid development of the economy
with improved standard of living for all those who are engaged in poultry enterprises,
as well as the entire society.
1. The poultry development in India has made large strides in the last few decades.
Particularly significantly has been the growth rate in the production of poultry products
since the sixties and impressive growth rate since 1980-81. From a level of about 1.8
billion eggs being produced in 1950-51, the production reached a level of 2.88
billion in 1960-61, increased to 7.75 billion in 1973-74, 10.6 billion in 1980-81 and
is currently of the order of 23 billion. From an annual compound growth rate of
4.63% between 1950-51 and 1960-61, the growth rate has reached a level of about
7.7% per annum since 1980-81.
2. Like in several other economic activities so also in the case of poultry development
the socio-economic planning processes, which the country adopted since the early
50s focus sed on bringing about rapid improvement in the poultry sector and many of
the measures initiated must be traced to the initiatives taken as early as the Second
Five Year Plan launched in 1956-57. It was noted in the Second Five Year Plan that
while "the value of poultry as a subsidiary industry has long been recognised but
poultry development has taken place at a relatively slow rate. The average indigenous
hen produces about 50 eggs per year in this country against 120 in many other
countries. A factor in poultry development is the loss which the poultry breeder
frequently suffers from the outbreaks of diseases such as Ranikhet, Fowlpox etc."
An important initiative that was taken was to set up four regional farms with 2000
laying hens for acclimatising exotic breeds and from which foundation stocks were
to be distributed to 300 extension centres. Each extension centre was to comprise a
demonstration unit with a development block attached to it. The centre was expected
to provide training to private poultry breeders in modem methods of poultry rearing
on each of these demonstration units. Focus was clearly on a subsidiary industry in
every village in the country provided improved stocks are made available in adequate
numbers, elementary guidance is freely extended and satisfactory marketing and
other facilities organised.
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3. These initiatives taken in the early phase of our planning, were followed up with
the establishment of Central and State Poultry Breeding Farms. The Central Farms
were expected to concentrate on development of purelines of layers and broilers
which could be expected to be well acclimatised to the Indian environmental
conditions. The grand parent stock produced in these farms were to be distributed to
the hatcheries/breeding farms set up by State Governments resulting in production of
day old chicks for further distribution to poultry farmers in the rural and semi urban
areas. Apart from the production of improved genetic stocks of birds, these Central
and State farms also provided necessary training in better poultry management for
improved yields concentrating on both the nutritional management as well as improved
health care.
4. However, the remarkable increases in poultry production has been significantly
contributed by the establishment of intensive poultry enterprises in the private sector
with the lead taken by the late Dr.B.V.Rao of the Venketashwara Hatcheries. In its
turn this spawned the establishment of organised poultry industry in the country by
many entrepreneurs who were concerned with poultry sciences in one form or the
other. The growth of the industry was also facilitated by a collaborative effort with
established private sector units elsewhere. A significant amount of work has been
taken up in the country for evolution of specific lines both for layers and broilers in
addition to the commercial farms based on imports of grand parent stocks.
5. It is thus we see in the country a diverse kind of production enterprises starting with
the household type of poultry in the rural areas as a subsidiary occupation to high input
and management intensive poultry enterprises in the private sector. Many of the smaller
rural based poultry units are essentially based upon the local fowls. Such units normally
have a very limited number of birds varying from 20 to 100 and, by and large, are seen
as means to supplement the household income. That is, such units are run by agricultural
landless labour, the smaller and marginal dryland farmers etc. These units depend
essentially upon local material, often the birds essentially scavenging on the feed locally
available in the rural areas. The birds are generally hardy and are tolerant to several
diseases. The marketing of products, namely eggs or meat are confined to the local
areas, if found surplus to domestic consumption. On the other extreme we have large
scale poultry enterprises with flock population in terms of hundreds of thousands and
managed as a centralised enterprise. Such units generally have their own hatcheries,
have been producing their own feeds and include a well established in-house veterinary
health care services. Many of the large industrial type of enterprises also do undertake
contract poultry production with other progressive farmers, providing the basic breeding
material be that in terms of chicks of improved genetic stocks, health care, feeds and
undertaking centrahsed marketing. Many of these input and management intensive
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poultry units are more or less, similar to large scale commercial poultry units elsewhere
in the world.
6. Over the years, there has been undoubtedly a significant growth rate in the
production of poultry products and poultry is one of the sectors which has been
showing a remarkable growth and thus contributing significantly to the national
income from agriculture and allied activities. Table 1 given below briefly indicates
the progress made in the egg production over the years:
Table 1. Growth of egg production in India
Years

Egg Production
(in Million Numbers)
1832
2881
5300
10060
21101
26130

1950-51
1960-61
1968-69
1980-81
1990-91
1994-95

This would indicate a growth rate of the order of 6% over the long period of 195051 to 1994-95 and well over 7% since 1980-81.
7. Some effort is being made in the collection of statistical information on poultry
as a part of quinquennial All India Livetsock Census. In the more recent years,
efforts have been made to develop statistical information on the numbers of poultry
birds belonging to what is called the 'desi' or the local fowls and improved bird
type. The latter is often based upon the breeding improved types through crossing
with either indigenous or exotic lines. Though there are reservations expressed by
many scholars on the accuracy of the livestock census figures, the data emerging
from the various Censuses would show clearly that there has been significant increase
in the population of the improved genetic stock.
Table 2. Variations in population of poultry birds
Year

Desi

1951
1961
1966
1972
1977
1982
1987
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Improved

Total

Ducks

NA

NA

90843
92755
103227
121968
139290
167893

4947
9862
20175
30356
41167
61422

67135
95790
102617
123402
152324
180457
229315

6264
6698
9688
9008
10103
15517
23490

8. The productivity per bird whether in terms of layer or broiler given the total
flock population and the quantities of eggs or broiler meat produced would
undoubtedly indicate that there is a tremendous potential that the country still has to
achieve productivity levels seen in other advanced poultry countries. As mentioned
earlier, accuracy of the available statistical information does pose a problem as there
are varying estimates of different agencies in terms of total number of birds or in
terms of production. Nevertheless, the trends are clearly discernible and accepted by
all.
9. A significant aspect, therefore, in terms of challenges facing the poultry industry
in the coming years, is to substantially improve the productivity. Production in
industrial type of poultry enterprises in the private sector are comparable with those
being obtained elsewhere but for the industry on the whole including the decentralised
household production system, the improvement in productivity is a major issue.
With the changes in the economic scenario in the country it is quite likely that
significant changes in the real wages in the rural areas will occur and the cost of feed
ingredients, the cost of provision of health care including the veterinary biological
will all significantly increase in the coming years. It is only through improved
productivity can we assure the economic viability of the poultry enterprises. Even in
the case of household types of poultry units in the rural areas, whatever supplemental
income that the farmer/poultry unit owenr is able to derive would ultimately depend
upon the cost at which the product is produced and the realisation he is able to fetch.
As the market access improves through development of adequate all the year round
communication facilities integrating rural and urban markets, it is likely to happen
that too large a price differential in terms of products between local areas and
national markets will tend to disappear. This can only bespeak even more urgently of
the need for improving the economic viability of the rural poultry units.
10. As far as the commercial and large enterprises are concerned, the role of the
State will have to be seen essentially as one of facilitating an improved growth rate
through a mix of policies and the institutional credit arrangements. The policy
measures will have to be seen in terms of enabling rapid growth of technology in a
variety of fields in terms of breeding superior genetic stocks, nutrition management,
health care to make these units be abreast of developments elsewhere. The State
could also play a supportive role in the overll health management by preventing
introduction of exotic diseases, prevention of spread of diseases in the country and
ensuring that the sanitary measures are adequate at all poultry enterprises. In the
case of latter while the primary role is of the private industry, the State could support
measures through such legislative framework as may be necessary so that prevention
of disease can be effectively checked and that further many of the disease problems
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are tackled in a systematic and organised manner by the industry and State working
together.
11. In the case of smaller household type of enterprises the State may be required to
play a more direct role in the promotion of poultry enterprises, through ensuring
availability of improved bird types specifically acclimatised to the rural poultry
environment. Necessarily this may mean trying to optimise production per unit and
to produce the bird types which can flourish reasonably even without the large
investment in terms of feeds or health care. This would definitely call for a much
greater research input in evolving birds lines which can do well even in the rural
conditions. Under the aegis of Indian Council of Agricultural Research, there is a
Central Aviation Research Institute with the mandate for evolution of appropriate
lines of poultry fowls and a variety of other poultry such as quails, turkey, ducks etc.
The Central Poultry and Duck Breeding Farm have also been active in maintaining
improved bird lines of relevance to the rural enterprises. A more systematic
multiplication of grand parent stocks to produce commercial chicks using hatcheries
managed by Central or State Poultry Breeding Farms or other private sector or non
governmental agencies will have to be established. This could bring about a
replacement of local fowls with appropriate bird types required in the rural scenario.
12. The success of dairying through cooperatives encouraged the National Cooperative
Development Corporation (NCDC) to promote establishment of organised poultry
enterprises in the cooperative sector. The NCDC has promoted establishment of
Integrated Poultry Projects to rear 60,000 layer bi^ds and production of eggs, 30,000
of these were to be in the Central shed and another 30,000 in the backyard of poultry
farmers to be enrolled as members of the cooperatives. The Central shed was to
encourage production, procurement and marketing activities and was to support the
producer members with supply of required poultry feeds and provision of health
care. From December, 1993 the Corporation shifted its stress from production
orientation to marketing approach. Under the revised policy, the NCDC assists in
establishment of poultry enterprises in three stages. To begin with, assistance is
provided for strengthening inputs and marketing activities of existing cooperatives
including augmentation of the share capital base of the society to enable achieving
higher business turnover, purchase of transport vehicle, construction of godowns for
stocking feeds and eggs, opening or retail outlets etc.Once this activity is firmly
estabUshed, assistance is provided for rearing of 10,000 layers and broilers with
necessary support facilities. Once the second phase is consolidated, assistance is
considered for establishment of higher capacity leading to a full fledged integrated
project. These programmes need to be consolidated further before they could make a
serious impact on the overall poultry development in the country.
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13. One of the areas of weaknesses even for proper policy formulation has been of
want of scientific information on economics of various types of poultry enterprises
in the country. The Indian Agricultural Statistical Research Institute, some of the
State Agricultural Universities and Institute of Economic Growth have taken studies
on economics of poultry keeping. Many of these studies are dated in as much 1979
and 1980 and often are confined to studying the economics in the highly localised
areas. Any systematic effort on the part of the State necessarily will have to be
founded upon systematic studies of economics of poultry enterprises particularly of
the household type in all major poultry producing areas in the country.
14. It is important that for some years to come the State may have to play a critical
role in sustaining the growth of poultry development in the country, particularly in
the context of changes ushered in by reorientation of the economic policies and the
World Trade Agreement. With almost 62% of the population living in the rural areas
and agriculture, seen in its holistic sense, that is including the livestock or poultry
enterprises, being the predominant economic activity it is but necessary that it is
substantially improved if one has to ensure that the benefits of the economic growth
are more widely spread and that every segment of the society stands to gain. Any
activity which provides for supplementary income will have to be so improved that
it not only provides household income in an increasing manner, but as the country
becomes a totally integrated market, the economics of the household poultry
enterprises are not adversely affected.
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RESEARCH AND DEVELOPMENT OPPORTUNITIES
FOR INCREASING POULTRY PRODUCTION IN
AFRICAN COUNTRIES
E. B. Sonaiya
Department of Animal Science, Obafemi Awolowo University, Ile-Ife,
Nigeria

Poultry production in Africa up to 1960 was largely confíned to the extensive
rural production system (RPS). It was constrained by lack of veterinary services
and scarcity of feed to support higher productivity. The challenge of establishing
the intensive industrial production system (IPS) involved macroeconomic strategies
and establishment of government stock farms, hatcheries and research centres.
Research concentrated on finding and characterising local feed resources for large
scale production. In the 1980's, a new constraint for IPS was economic recession.
Many large holders were unsuccessful in facing the challenges of vertical
integration, parent stock and feed quality assurance and enlargement of the market,
and folded up. To fill the supply gap, village producers required appropriate disease
control, protective housing and locally derived feed resources. In the foreseeable
future, both RPS and IPS will continue to be constrained by poor services and
markets and improper commercialisation. To meet the identified challenges of
the future, poultry research and development in Africa must involve private
initiatives to address the following:

-

efficacy and application route of ethnoveterinary products;
increased use of high fibre feeds with exozymes or by transgenic birds;
development of sustainable IPS for chickens and other poultry species;
macro- and socio-economic issues: foreign exchange availability, marketing
channels, value added processing, consumer tastes;
recording, characterization and testing of poultry in village holdings;
international cooperation in training and education for technology transfer.

INTRODUCTION
In the last 50 years, a dual system of poultry production has been existing in Africa.
The extensive system, which shall henceforth be referred to as the Rural Poultry System
(RPS), remains the main method of production (Sonaiya, 1990a). The intensive and
commercially oriented production system, which shall be referred to as the Industrial
Poultry System (IPS), has supplied the needs of urban populations.
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As IPS became established between 1945 and 1970, it concentrated on chicken egg
production. Broiler production was introduced in the 1970s and 1980s. While IPS in
Africa deals almost exclusively with chickens, RPS incorporates all the poultry species
making poultry production a continuum between the two extremes of RPS and IPS
(Table 1). In the 1980s, the difficulties faced by IPS showed that to develop poultry
production in Africa in the short and medium term, it is necessary to use technology
with a maximum content of local inputs for IPS. In the long term, RPS must be
developed.
This paper reviews the constraints, challenges and strategies for development of poultry
production in Africa from the colonial period to the present, and examines the
developments now made possible by advances in science and technology.
THE COLONIAL PERIOD
Up to 1945, the focus of poultry development in Africa was the genetic upgrading of
indigenous birds. The most widespread strategy was the cockerel exchange programme.
In 1913, German farmers in Morocco imported the Barred Plymouth Rock which could
lay 291 eggs per year. This may have contributed to the dawning of the golden age of
RPS in Morocco when, between 1925 and 1935, an average of 180,000 eggs were
exported each year to Europe (as reported at the 7th World Poultry Congress in 1939)
and 170 eggs/person/year were locally consumed (El Houadfi, 1990).
Beginning in 1919, a series (Table 2) of poultry development efforts were mounted in
Nigeria (Sonaiya, 1989). In the Sudan, pure bred cockerels were distributed to villagers
as from 1928 and in 1956, village poultry improvement blocks were established to
promote cockerel exchange (El Zubeir, 1990). In Mali, the Centre de Recherches
Zootechniques de Sotuba started, in 1949, carrying out adaptability tests of exotic
breeds such as Leghorn, Sussex, Wyandotte and Rhode Island Red. Actual cock
exchange was started in 1955 and continued until 1977 (Kassambara, 1990).
This strategy of genetic upgrading was limited by problems of supply of cocks, the
lack of sustained Newcastle Disease control and the susceptibility of cocks to diseases.
THE INDEPENDENCE PERIOD 1960 -1980
Discouraged by reports of the poor performance of RPS and the cock exchange strategy,
successive governments have advocated IPS based on temperate poultry breeds. In
this period, government role in poultry production became prominent.
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Table 1. lypes of poultry production systems in Africa
System

DOC Source

Feed

Management

Inputs Used

Industrial Production System(IPS)
Large
>5000

Medium
1000 - 5000
birds

Small
200 - 500
birds

Private
breeder
birds
parents
and grand
parents

Made on-farm
Custom mixed
Imported

Hired

1.
2.
3.
4.
5.

"

Purchased

Owner mgd

1.
2.
3.
4.
5.
6.
1.
2.
3.
4.
5.
6.

Hired labour

a

Purchased

Owner/Family

Staff +++
Labour ++
Feed ++++
DOC ++++
Housing
& Equipt +++
6. Hlth cover +++

_
+
++++
++++
++
+++

+++
+++
Minimum
++

Rural Production System(RPS)
Backyard
50 - 200
birds

Free Range
5-50
birds

& Purchased
Local growers

Natural Hatch
& Purchased

Purchased
& Scavenged

Owner/Family

1.
2.
3. 50% Feed
4.
5. Minimum
6. Minimum

Scavenging
& Grains

Owner/Family

1.
2.
3. Grains
4.
5.
6. Ethnovet
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Table 2. Poultry Improvement Schemes in Nigeria
1919

-

1938

-

1940
1946

-

1948
1950
1951

-

1954

-

1955

-

Importation and testing of cocks of Rhode Island Red (RIR), Indian Game
and Light Sussex .
Initiation of Village Poultry Improvement (VPI) schemes: Disposal of all
native cocks, replacement with purebred RIR and of the purebreds every 2
years by unrelated cocks. Improved hens averaged 120 eggs of 46g.
Cancellation of VPI scheme due to financial and operational limitations.
Establishment of Fasola Poultry Development Centre which reinstituted
annual importation of RIR, multiplied and distributed purebred and 3/4 RIR.
Air freighting of day old chicks started.
Fasola adapted into a 6000 layer Test Commercial Poultry Farm.
European type poultry established at the University of Ibadan and the School
of Agriculture at Moor Plantation for teaching and experimental purposes.
Distribution of 3/4 RIR adopted for new village improvement scheme. First
outbreak of Newcastle Disease.
Poultry extension intensification resulted in the establishment of peri-urban
poultry farms around Lagos.

In Kenya, the Potter Commission of 1963 and the Cochran and Tyrell Report of 1971
resulted in the establishment of Kenya Poultry Development Corporation.The 1974
report of de Jong et al. led to the National Poultry Development Programme (NPDP)
founded in 1976 (Mbugua, 1990). NPDP started cockerel exchange in 1977 and by
1989 had increased egg production by 52%. NPDP has been involved in applied poultry
research, marketing studies, training and extension. It has been very successful in training
poultry production officers serving in most districts.
In Malawi, the Black Australorp Village Improvement Programme was approved in
1969 and included plans to establish parent stock houses, rearing houses and hatcheries
in Lilongwe in the Central Region and Mzuzu in the Northern Region. The objective
was to increase the body weight and egg production of the indigenous chickens. Another
programme was the Smallholder Poultry Project which selected farmers around Mzuzu,
Lilongwe and Blantyre in the South. Loans were given to them to acquire cages, 200 250 hybrid layers and feed; with poultry shed and labour being the farmer's contribution
(Upindi, 1990).
In Nigeria, government established Poultry Production Units and Poultry Demonstration
and Holding Centres; executed development programmes such as cock exchange, pullet
exchange, distribution of hatchable eggs, day old chicks and started chicks. The
following services were provided: free training of prospective poultry farmers; regular
visits to poultry farmers by extension staff; advice on record keeping; free supply of
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poultry house plans and advice on erection; and production of chicks and poultry feed
for sale to farmers. In the Plateau Area of the Northern Region, a chicken breed (Riyom)
was developed by selection from the indigenous strains but the breed was not registered
before the project was abandoned (Nwosu, 1990).
The government of Somalia established a poultry unit in Mogadishu in 1972 which
operated a breeding farm, hatchery and extension services. In the 1974-78 and 197980 Development Plan periods, two state-owned poultry enterprises were established in
Mogadishu and Hargeisa and units of 2000 layer capacity were planned for every
province (Ahmed, 1990). In Sudan, the first poultry units estabhshed in the late 1960s,
were intended to serve as demonstration units for commercial production. Only exotic
breeds were used: White Leghorn, RIR, New Hampshire, Light Sussex and the Fayoumi
from Egypt (Musharaf, 1990).
The constraints to poultry development in this period consisted of scarcity of compound
feed and lack of adequate veterinary support. The challenges arising from these
constraints included: how to produce feed from local ingredients; how to raise foreign
exchange to maintain imports of inputs; and how to integrate poultry and crop
production.
The developmental strategies fashioned to respond to these constraint and challenges
centred around: subsidized imports of drugs, maize and parent stock; preferential credits
(including foreign exchange) at subsidized interest rates for poultry projects;
establishment of state owned poultry centres (parent stock farms, hatcheries and research
centres); and, later, high custom duties on poultry imports, quantitative restrictions
and, finally, prohibitions of poultry meat importation.
THE BOOM AND BURST PERIOD 1981 -1995
By the end of the 1970s, IPS had become fully accepted such that very many
governments, individuals and organizations invested in commercial farms and
phenomenal increases in production were recorded (see, e.g. Tables 3 and 4).
The establishment of IPS enterprises is expensive (Table 5). Therefore, most poultry
farms are in the RPS. The Cameroon Agricultural Census in 1984 showed that 95% of
all poultry farms had less than 30 chickens per holding while only 0.3% of the farms
had more than 275 chickens per holding (Ngoupayou, 1990). In Kenya in 1987, there
were 18.04 million chickens consisting of 14.5 million in RPS and 3.6 million in IPS
(Mbugua, 1990).

249

Table 3. Development of Poultry Production in Morocco, 1973-1989
Rural Poultry System
Year
1973
1975
1977
1979
1981*
1983
1985
1987
1989

Industrial Poultry System

Meat
(1000 MT)

Eggs
(Million)

Meat
(1000 MT)

Eggs
(Million)

22
25
25
26
14
30
30
31
30

337
358
374
402
413
399
402
400

25
25
56
72
55
80
93
117
87

21
44
112
198
276
413
530
650
700

* Drought year. Source: El Houadfi (1990).
Table 4. Development of the Nigerian Poultry Industry, 1963-1985
Parameter

1963

1983

1984

1985

No. of IPS farms
Total Poultry (Millions)
Total No. of feed mills
Total feed produced (million kg)
No. of Eggs produced (Millions)

350
0.7
25
0.1
116

5000
40
303
1.8
8000

2000
20
414
0.89
4400

2000
28
414
1.0
4750

Source: Nwosu (1990)
In Uganda, a 1988 survey put the population of chickens at around 6 million consisting
of 5.5 million indigenous birds in RPS and 0.5 million exotic birds in IPS. The increase
in duck meat production (from 600 tonnes in 1980 to 3500 tonnes in 1992) was achieved
by improving health care in the traditional small scale units with the result that average
mortality decreased from over 40 per cent in 1980 to 8 per cent in 1989.
In Burkina Paso, the Projet Développement Avicole Villageois (PDAV) doubled offtake
rate from village guinea fowl flocks within a decade (1979-89). Vaccine supply, training
and extension services were the main intervention of government while actual
vaccinations were left to the voluntary village vaccinators (VVV). It is estimated that
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in the last three years, the programme resulted in the production of 1 million additional
guinea fowls (Ouandaogo, 1990).
Table 5. Industrial Poultry Projects in five African countries
CAMEROON

BURUNDI GABON

GHANA

MALAWI

Type

Broiler

Broiler
& Eggs

Eggs
& Feed

Eggs&
Day-olds

Broiler

Size

1.3 m. kg
$3.0m
$1.2m
$1.8m

9.5m eggs
2,500 Tons
$2.45m
$1.0m
$ 1.45m

25.6m
11.13m
$3.06m
$l.llm
$ 1.94m

125,000

Cost
Equity
Debt

105,000
1.5m eggs
$815,000
$354,000
$461,000

$251,800
$66,700
$185,100

Source: Chinloy (1990)
The Bouake Poultry Extension Programme executed in 34 villages of Katiola and
Dabakala counties of Cote dTvoire was initiated in the late 1980s. Major programme
actions were meetings, demonstrations and free provision of vaccines, chicks and
cockerels. Extension messages were developed on : provision of night shelters, use of
litter, ad libitum provision of water and distribution of poultry products. The programme
increased average egg production by 25%, decreased chick mortality from 50% to
20% and reduced adult mortality.
In 1981, the Office Nationale pour le Développement de 1' Aviculture et du Petit Bétail
was created in Cameroon. It was to produce and distribute 6 million improved day old
chicks, 50,000 tonnes of feed annually, to supply veterinary drugs, process and package
poultry products. It has been facing technical and managerial problems not unrelated
to its nature as a government parastatal (Ngoupayou, 1990). This may explain the shift
toward the use of cooperatives, non-governmental organizations (NGO) and farmers
association to provide inputs.
An NGO that has been involved in poultry development is the Christian Rural Service
of the Church of Uganda. It launched, in 1980, a poultry project with the objective of
upgrading local chickens through cross breeding and teaching of poultry management
skills. The project was evaluated by Olaboro (1990 ). In Zaire, the Centre for Integrated
Development (BWAMANDA), a very big NGO, produces parent stock, feeds and
building materials. It supports small scale IPS around Kinshasa and RPS in villages of
the Equatorial Region. The Centre for Rural Development (ASBUTOMISA) is a non251

profit NGO which executed a 3-year programme in Makomo area. In the first year,
1989, 15 rural vaccinators were trained and 14,000 doses of NCD vaccines were
distributed free of charge. In 1990, 50,000 vaccinations were done. As from 1991, the
vaccinations were paid for and the rural vaccinators operated as entrepreneurs providing
service to their fellow villagers (Manwana, 1990).
By the middle of the 1980s, the constraints to IPS had become: high prices for feed
commodities, excessively high costs of production inputs and services and low consumer
purchasing power. The RPS was constrained mainly by the lack of veterinary support,
suitable housing and feed supplements.
The challenges facing IPS now are: to find ways for further vertical integration and
automation of production in order to reduce costs; to respond to the necessity for
assurance of quality and supply of parent stock and feed; and to enlarge the markets for
poultry products in order to justify the required additional investments. The RPS is
facing the challenge: of appropriate disease control; of feed resources development;
and of encouraging farmer adoption of protective housing.
The strategies developed for IPS included tax exemption for poultry inputs; periodic
release of feed grains from strategic grain reserves; egg promotion by private producers
association; subsidies for health products; and promotion of research on alternative
feed resources. For the RPS, there was addition of or switch to mass vaccination of
scavenging chickens instead of the cockerel exchange programmes.
THE FUTURE (2000 AND BEYOND)
In the foreseeable future, the constraints to IPS development will remain as: diminishing
conventional feed energy resources; high prices for production inputs and services;
high product prices; and low consumer purchasing power. For the RPS, the constraints
to development will continue to be: inadequate supply and administration of health
products; unsuitable management system (mainly of feeding and housing); and improper
commercialisation (i.e. processing and marketing) of the products.
The challenges for both IPS and RPS will become similar but not identical: the need
for greater efficiency of production for much lower product prices (IPS) or for higher
productivity (RPS); enlarged production for the rapidly increasing urban population;
the need for horizontal integration (across production systems and species) of production,
processing, marketing and consumption; the urgency of poultry waste management
and/or utilization; the assurance of supply and quality of parent stock, feed and health
products; control of diseases associated with intensification of production; and the
generation or acquisition and dissemination of new production technology.
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FUTURE STRATEGIES - NEW VISTAS IN POULTRY SCIENCE AND
TECHNOLOGY
To be able to apply science and technology to poultry production in Africa, there must
be significant changes in the approach towards development and in the nature and
methods of the institutions responsible for innovation. The time may have come for
greater private participation in the establishment and management of poultry research
and training programmes. Wholly private or public/private partnerships in programme
planning, execution and evaluation are needed. In the training of poultry technicians
and for information dissemination, greater use needs be made of individualised,
multimedia and electronic distance learning technologies (videos, computers, e-mail,
etc.). Private extension services (farmer, company, entrepreneur) should come on
stream.
The production systems, objectives and linkages must also benefit from science and
technology applications. There is greater need for the integration of poultry production
into the farming systems in order to make IPS more environment friendly. Ways must
be sought to intensify and promote the local development and manufacture of production
inputs. The farming of less commercialised poultry species - ducks, geese, ostriches,
quail and guinea fowls - must be made feasible. For the development of these species
by smallholders, the use of integrated poultry entrepreneurs and leader farm f)roduction
contracts may be useful. The integrated poultry entrepreneur as described by Sonaiya
(1992b) can act to subdivide inputs and to aggregate products for efficient marketing.
Similarly, the larger and more efficient IPS farms can award production contracts to
medium and small scale IPS and RPS operators. When the leader farm is an integrated
breeding stock/feed mill/processor, the rate and scale of technology application can be
quite considerable. It will become increasingly clear that the presence of flourishing
IPS does not negate the need for a parallel RPS.
For feed development, because of the nature of available feed resources (Sonaiya,
1995), research is needed on the utilization of high fibre diets through the use of
cellulolytic exozymes and transgenic birds with incorporated genes for cellulase
synthesis.
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LET'S PULL TOGETHER - CONSTRAINTS,
CHALLENGES AND SUITABLE STRATEGIES FOR
POULTRY DEVELOPMENT IN PAKISTAN
Khalil A.Sattar
K & N's Poultry Breeding Farms (Pvt) Ltd., 406 Noor Estate
Bldg., Sharea Faisal, Karachi, Pakistan
INTRODUCTION
An appraisal of poultry industry goals and achievements reveal that the industry lags
far behind in attaining its efficiency goals due to various constraints (Table 1). On
account of these constraints the sector during 1993 incurred a cost of Rs.3669
million. After correction for the cost of feed and chick, the components of cost in
egg production may be reduced from Rs 12.11 to Rs 7.33 per dozen and in broilers
from Rs 25.54 to Rs 12.36 per kg., a reduction of 39.55% and 51.60% respectively.
The National Commission on Agriculture in its Report (1988) emphasized that at
current growth rates an increase in production of red meat by 6.5%, poultry products
by 9.5% and milk by 5.6% are expected the year 2000.
A comparison of production during the 6-7 Five-Year plans indicate a substantially
regressive growth from 31.63% to 7.52% per annum. In order to attain the standstill
availability target of poultry meat at the end of the year 2000 poultry meat production
should grow @ 26.70% and eggs @48% per annum from 1994 to 2000.
However a look at the prices of major food items during the years 1983-84 to 199293 would show a steep rise while that of poultry meat fell from Rs 18.55 to 15.99
and of egg from Rs 9.78 to Rs 6.70 per dozen (Table 2).
In order to identify the constraints let us consider the changes that took place between
the Sixth and Seventh Five-Year Plan.
LEVY OF INCOME-TAX
Notwithstanding the National Commission on Agriculture and the Federal Poultry
Board's recommendations to continue income-tax exemption to poultry until the
year 2000, income-tax was levied at par with other industries trade and commerce.
The fact that in other industrial sectors the productive machine does not die whereas
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Table 1.

A)

ii)
iii)
iv)

ii)
iii)
iv)

VARIANCE
ACH/GOAL

Pullet chick per mother housed
(48-Wk.of production)
Feed/pullet chitk (Gms)
Liveability (48-Wk)%
Parent s
tock & feed cost/
pullet chick

70

40

-30

528
90

760
85

232
-5

7.08

11.39

4.31

Chicks per mother housed
(48-Wk.of production)
Feed/pullet chick (Gm)
(@ 165 Gm/Day)
Liveability —%
Parent & feed cost/chick

135

80

-55

342

577

235

95
4.18

75
7.05

-20
2.87

2.2
2
96
17.43

1.5
2.5
85
25.54

-0.70
0.50
-11.00
8.11

96
54.48
280

80
63.38
220

-16.00
8.90
-60.00

23.33
36.40

18.33
36.40

-5.00
0.00

1.56
285.48

1.99
363.34

0.43
77.86

BROILERS :
i)
ii)
iii)
iv)

D)

ACHIEVEMENTS

BROILER PARENTS :
i)

C)

GOALS
LAYER PARENTS :
i)

B)

Industry's goals and achievements

Weight gain (7-wk)-Kg.
Feed per live kg.(FCR)
Liveability, %
Cost/kg.live weight

PULLET GROWING & LAYING :
i)
ii)
iii)

Liveability (0-20 Wk) %
Cost per pullet
Hen housed eggs/bird
(52-Wk.of prod.)
iv) Dozens of eggs/bird
v) Feed/bird during lay
(@ 100 Gm./bird/day)
vi) Feed per dozen eggs
vii) Cost per case of 30 dozen

the poultry farmers machine, the "bird" in which 75% of the investment is made, is
susceptible to deathryet no concession was given. The risk to capital being unparalleled
coupled with lack of incentive for capital formation, investment in the sector during
the Seventh Five-Year plan remained shy.
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TABLE 2. Price change of selected food items
PRICE PER KG.
(Rs)
ITEM

983-84

INFLATION

INFLATION
<CORRECTED
PRICE INCREASE%
(Rs.)

(CORRECTED

1992-93

Beef With Bone

12.3

32.49

21.54

75.15%

Mutton (Av. Quality)

26.99

60.09

36.07

33.4%

6.19

Masoor Pulse

21.75

16.24

162.37%

Mustard Oil

12.9

30.26

18.78

45.57%

Cooking Oil

13.56

28.29

16.22

19.63%

9.78

15.4

6.70

-31.54%

18.55

32.5

15.99

-13.80%

(Controlled/Subsidized)
Eggs
Chicken/Meat

* = At Current Factor Cost. (-Deflated to the Extent of 89%)
Data Source : Economic Survey

REHABILITATION OF CLOSED FARMS NOT SEEN
During the Sixth Five-Year Plan and before, farms that closed down due to disease
outbreak were taken on lease by other entrepreneurs who brought in the required
capital for replenishing the birds and in this manner production of such farms continued
unhindered. Under the present Income-tax policy an entrepreneur using a farm not
installed by him is not entitled to any income-tax exemption, as a consequence over
30% of the farms that had closed down due to disease or any other reason lie
abandoned. Industrial sector is allowed to take over old buildings for setting up
industrial projects.
CHANGE IN DISEASE SCENARIO
Due to very significant expansion of poultry particularly in the field of broiler production,
the density of poultry production became heavy around major cities. Clustering of
farms together and grouping of multiple ages and strains of birds with different health
status encouraged the spread of diseases and together with lack of diagnostic facilities
and prevention health service lead to emergence of new diseases such as
"Hydropericardium" causing heavy losses to the broiler sector. Concurrent ourbreaks
of other diseases such as IBD and NDalso increased mortality ranging from 10% to
60% in infected flocks. These losses still persist. An investment of over Rs. 15,000
miUion is at high risk. The situation needs immediate attention of public sector.
259

Policy review of the two plan periods reveal that regression in production dunng
1989-93 over 1984-88 to some extent could be attributed to the change of Fiscal
Policy and the lack of appropriate infrastructure to control disease.
GOVERNMENT POLICIES A MAJOR FACTOR
However, to sustain the stipulated growth rate during the next Five years, Government
will continue to be a major factor affecting both demand and supply of chicken and
eggs. On the way to the sector's success there has been a lack of stability and
security to the producers. "Boom" and "Burst" cycles have been the characteristic of
poultry production. The Govt. policies regarding poultry production may have to be
harnessed to minimize such wastage of resources as producers leaving te industry in
"Burst" period and others joining in the boom part of the cycle.
INDUSTRY STRUCTURE
In order to break the vicious cycle "Boom" and "Burst", the Govt. policy may have to
cater and influence technological, institutional and structural changes. Innovations
introduced in production will have to be coordinated with ipnovations in marketing.
Poultry processing plants and egg packing stations will have to be established to assist
marketing. In the past, investment in this field has been shy, because of being highly
capital intensive. The interest, depreciation and energy cost is prohibitive to compete
with the manual dressing of chicken. However, to save weight loss during the 2 or 3
change of hands, and for the purpose of utilizing the offal for producing by-product
poultry protein meal, and more importantly to change the chicken into a storeable
commdity, it might be necessary to provide finance and electricity at lower rates as
available to Gadoon Amazi Industrial Estate, but without any restriction to location.
POULTRY MANURE AS A RESOURCE
One thousand chickens produce roughly 65 metric tonnes of manure per year. Poultry
manure can be of value as a source of fuel, fertilizer, and animal feed. As a fuel
source one metric ton of poultry manure can yield approximately 50 cubicmeters of
methane gas per digestion or fermentation cycle depending on the content of organic
matter. In intensive poultry farming areas, collection of poultry manure for production
of methane gas would also aid in controlling the disposal of poultry waste. Poultry
manure is used as a fertiUzer. If biogas plants were installed the sludge from production
could be dried and marketed as organic fertilizer for nurseries and house gardens.
Research indicates that poultry manure and litter canbe used as a protien supplement
for cattle, sheep and fish. Commercial poultry litter contains woodshavings, rice
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husk or sawdust, and feathers. The protien or protein equivalent of the litter often
ranges from 15 to 30%.
At the end of the decade, the poultry sector would be producing 7.47 million tonnes
of poultry manure, with a potential to produce in addition to 373 million cubic
meters of methane gas. Given the amount and the need of alternative sources of
energy, livestock protein feed and fertilizer, it is recommended that the Ministry of
Power, or the Ministry of Finance,Economic Division, may conduct a feasibility
study of installing plants at various locatons for producing electricity from methane
gas, along with sludge dehydration plants for producing organic fertilizer.
COARSE GRAINS PLAY A VITAL ROLE
In order to meet the targets set by the National Commision on Agriculture, poultry
feed production will be required to increase from the 1993 level of 1.2 million
metric tonnes to 4.22 million metric tonnes at the end of the year 2000 growing from
1995 at an average of 11.4% per annum. The availibility of coarse grains which
constitute 50% of the poultry feed will be a major constraint in achieving the targets.
Broken rice, jo war and maize are major grains for poultry production. During the
period of 1983-84 to 1992-93 the production of the grains increased only modestly.
During 1993 poultry sector consumed 28.5% of the total coarse grains produced.
Coarse grains requirement 1995 to the year 2000 are provided in Table 3.
Table 3. Coarse grain production/requirement for poultry (estimated) upto year 2000 in Pakistan
(in '000 metric tons)
TOTAL COARSE
GRAIN PROD.

TOTAL
FEED
REQUIRED

COARSE
GRAIN REQ.
(50 %)

COARSE
GRAIN REQ.

WHEAT
REQ.AS
SUBSTL
TUTE

2202.13

2687.19

1343.60

61.01%

682.95
760.81

YEAR
1995

%

1996

2215.34

2941.62

1470.81

66.39%

1997

2228.63

3218.38

1609.19

72.21%

847.54

1998

2242.00

3523.55

1761.78

78.58%

944.16

1999

2255.45

3858.38

1929.19

85.53%

1051.80

2000

2268.98

4224.35

2112.18

93.09%

1171.70

Coarse Grains : Rice (Broken), Jowar, Maize and Barley.
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From Table 3, it is evident that if the National Commission's and Agriculture targets
are to be attained, during 1995 poultry would be consuming 61% of the total coarse
grains. By the end of the year 2000 poultry would consume 93% of the total coarse
grains expected to be produced at current growth rates. This would mean that the
fructose producers using the com and broaken rice wil either have to go out of
production, or bid a higher price for the product which they can, because of the
higher value addition; thus keeping away the poultry sector from meeting its
requirements. It may also be noted that from the total production of maize more than
50% at present goes for human consumption.Historically,poultry feed producers
have not had access to more than 30% of the coarse grains.Keeping other factor
constant, the sector will have no other resources but to use substantially higher
levels of wheat as shown in the Table. Wheat production being already lagging far
behind demand, and being imported, it would be more economical that maize is
allowed to be imported at parity with wheat as it would require not only less foreign
exchange, but may also prove cheaper per unit of energy. Short of this, poultry
sector will not be able to achieve any appreciable growth rate, leave alone achieving
targets of National Commission on Agriculture.
QUALITY OF POULTRY FEED
The quality of poultry feed can be no better than the quality of feed ingredients. The
major areas of concern are the sources of vegetable and animal proteins which
constitute 25-35% of the total compounded poultry feed.Source of these protiens
include meals made from cottonseed, rapeseed, com, sunflower, rice, guar, blood,
meat and fish. These meals are not being produced solely for the poultry sector :
thus they do not conform to the standards of nutrition and purity established by the
poultry nutritionist, or those maintained by the producers in other parts of the world.
Vegetable proteins often contain aflotoxins and animal protein is often contaminated
with bacteria. To be suitable for poultry feed,the ingredients must be produced under
controlled temperatures and maintain requirements for moisture, fibre, ash, salt and
more importantly, amino acids, toxins and bacterial contamination. There is a need
to create awareness amongst the agro by-product producers with regards to nutritional
requirement of poultry feedstuffs. It may be added that all vegetable meals except
soybean, notwithstanding optimum quality, are restricted in their use to a maximum
of 3-7%. Soybean meal and sesame meal being safe from the toxicity point of view
are allowed higher levels of usage.
AVAILABILITY OF PROTEIN MEALS
In order to meet the production targets of poultry, the poultry sector during 1995
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used protein meals at 30% of the total poultry feed amounting to 0.806 million
metric tons of protein meals, and thereafter the requirement is expected to increase
@ 11.4% per annum to a total of 1.26 million metric tons during the year 2000. The
existing installed capacity of solvent extraction units if fully utilised for 300 working
days per annum, a maximum of 0.375 million metric tons of oilseed meals could be
produced. In addition the frutóse industry produces a maximum of 20,000 tons of
com and rice meals and another 80,000 tons of animal protein meal could be produced.
Thus a total of 0.4 million metric tons of meal could be available. If the entire
quantity is of an acceptable quality, there would be a shortage of approximately
0.406 million metric tons of protein meals during 1995. Since there is no production
of sesame meal and groundnut meal, they may be allowed to be imported at par with
soybean meal in order to fill in the demand gap due to arise in 1995.

ENCOURAGE LOCAL PRODUCTION OF SOYBEAN
Soybean meal is a wonder product without which it may not be possible to make an
acceptable quality of poultry feed as all other protein meals being produced in the
country have a limited inclusion rate due to presence of toxins and depressent
growth factors. At present there is a local reliance on imports for meeting soybean
meal requirements which is firstly expensive and secondly, dependant upon the
exporting countries' policies. It is therefore suggested that production of soybeans
may be encouraged through a buy back arrangement between the grower and the
solvent extraction industry. The feed-millers could also enter in similar agreement to
use full fat soya.
REMOVAL OF FISCAL ANOMALY
Pharmaceutical industries are allowed to import vitamins, amino acids and minerals
for livestock feed industry on duty-free and sales-tax free basis. When the same
items are imported by the feed-mills who are in fact the end-users they are required
to pay 12.5% sales tax. This anomaly results into a additional cost of Rs. 120 million
to the poultry sector without any tax going to the exchequer, as the feed millers buy
their requirements from the local market at a far less than tax paid value.
It is therefore suggested that in order to bring the two consumers of the same product
at parity, feed-mills may be allowed to import these items free of import duty and
sales tax.
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MARKET RESEARCH AND PRODUCT PROMOTION
As a product, eggs offer the consumer high quality nutrients, including protein,
amino acids, vitamins, minerals and energy. Eggs are highly digestible and are an
important source of nutrients for the children. Notwithstanding the nutritional value,
eggs are confronted with consumer resistance based primarily on certain prejudices
and superstitions.
Despite producers awareness that consumer resistance to their products may stem
from popular misconceptions, the industry has neglected to launch promotional
campaign to counter these beliefs. The small production capacity of most individual
producers limits their own promotional expenditures. A joint effort by the industry is
therefore required to finance a sustained generic promotional effort.
Lack of market research and promotional activity has proved costly to the industry.
The demand for eggs drastically drops in summer months because of the popular
view that eggs generate heat. Seasonality in demand results in under-utilization of
breeder, hatchery and layer production capacity. The below cost summer prices and
increased cost of under-utilization are to be recovered in winter months. The high
winter price in turn supresses demand which has resulted in almost a standstill in
production during the last ten years. By avoiding the costs associated with promotional
efforts, the industry is obliged to pay even higher costs in lost earnings.
To conclude, it may be said that poultry sector is capable of delivering the goods as
it had always responded to policies conducive to growth, but once again Government
policies will be a major factor to influence and motivate increased production.
While parting, I recall that in the 1970 National elections, the Peoples Party hammered
the theme that mal-nutrition was the "MOTHER OF ILLNESS". Pakistan's food
battle would involve quality and quantity and that a Nation is judged by what it does
for its children.
FOR THE HEALTH AND HAPPINESS OF THE NATION-LET'S PULL
TOGETHER
THANK YOU

264

PLENARY - V
EMERGING POULTRY DISEASES, NEW
TECHNOLOGIES FOR DIAGNOSIS, TREATMENT,
PREVENTION AND CONTROL MEASURES

^

DIAGNOSIS
AND
CONTROL
OF
AVIAN
MYCOPLASMOSIS : CURRENT STATUS AND FUTURE
PROSPECTS
R. Yamamoto

I

Department of Population Health and Reproduction, School of
Veterinary Medicine, University of California, Davis, California 95616

Current field observations and literature indicate that avian mycoplasmas are
still of major concern to the poultry industry. The goal and aspiration of early
researchers to eradicate mycoplasma infections from all segments of the industry
have not been realized despite the successful elimination of these agents from
major primary breeders. Studies initiated some 30 years ago on the immune
response and protection elicited by Mg bacterins and vaccines have culminated
in the development of newer less virulent vaccines that show promise in the
control of the disease in commercial layers. While further studies are needed,
these products may be useful in broiler breeders and commercial turkeys in areas
where Mg infection is endemic. Currently, however, antibiotic therapy is the
method of choice for treatment of Mg or Ms infections in broilers and meat
turkeys where depopulation is not feasible. Studies during the past 10 or so years
have focused on the use of molecular methods to develop more effective tools
for use in diagnosis and molecular epidemiology.
INTRODUCTION
Four species of mycoplasmas are known to cause disease in 'domestic poultry. M.
gallisepticum (Mg) and M. synoviae (Ms) affect chickens and turkeys, and M.
meleagridis (Mm) affects turkeys only. M. iowae (Mi) has been isolated from both
chickens and turkeys, but causes natural disease only in turkeys. These mycoplasmas
may invade the respiratory, skeletal, reproductive, intestinal, or nervous systems
resulting in reduced hatchability (Mg, Mm, Mi), poor growth performance and carcass
quality (Mg, Ms, Mm, Mi), and reduced egg production and quality (Mg) (Kleven
et al., 1991; Yamamoto, 1991; Yoder, 1991; Trampel and Goll, 1994).
The major primary egg-type and meat-type chicken breeders and turkey breeders have
been free of Mg, Ms and Mm for many years (Yamamoto, 1985). More recently, Mi
has been eradicated from some primary turkey breeding stocks (Baxter-Jones, 1993).
Eradication of these agents from breeders was based on the knowledge that they were
transmitted through the egg.
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In order to produce Mg or Ms clean progeny from infected chicken or turkey primary
breeders, dipping of hatching eggs in tylosin either by the temperature or pressure
differential method was generally effective (Yoder, 1991). A combined egg-dipping
and injection schedule with a mixture of tylosin and gentamicin was used to eliminate
Mm and Ms (Ghazikhanian et al., 1980) and dipping of eggs in a quinolone antibiotic
was effective in eliminating Mi from turkey eggs (Baxter-Jones, 1993). Heating of
eggs to 46. PC for 11 to 14 hours prior to incubation also was used to produce Mg
and Ms-free chickens (Yoder, 1991).
All of the approaches to produce mycoplasma-free stock required a monitoring
program using serology and/or cultural procedures, and strict biosecurity to prevent
direct and indirect transmission. In the United States a voluntary national program
called the National Poultry Improvement Plan was authorized to test and certify
breeder flocks that were free of Mg, Ms and Mm (USDA, 1994).
With the availability of mycoplasma-free progeny for use in commercial production
it was theoretically possible to eliminate these pathogens from all segments of the
industry by depopulating infected flocks before introducing clean flocks into the
commercial production environment.
Unfortunately, total eradication has not been possible due to a number of factors
including economic reasons, certain management practices, and the nature of the
disease agents (e.g., need for multiple-age commercial layer operations, cost-benefits
of living with the infection versus depopulation, growing of large populations of
poultry in close proximity resulting in direct and indirect transmission within and
between farms, and changing status of virulence of the infectious agent and/or
possible resistance of the host). Current field observations and literature indicate that
mycoplasmas still cause significant economic losses (Baxter-Jones, 1993; Kleven,
1993; Spackman, 1993). This report summarizes the current status on methods being
developed and used for the diagnosis, prevention and control of avian mycoplasmosis,
and suggests areas for further studies.
Diagnosis
While traditional methods (cHnical history, serology, and isolation and identification of
the causative agent) have been quite effective for the diagnosis of avian mycoplasmosis
for the past 35 years, there has been a need not only to develop more simpHfied and
rapid diagnostic procedures, but also methods that would differentiate strains within a
species (fingerprinting), for use in epidemiologic investigations. Research in this area
was initiated about 1985, and much progress has been made since then.
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Fingerprinting methods
Two methods, with variations, have been developed for differentiating strains of avian
mycoplasmas. In the first method, called sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE), the mycoplasma cell proteins are chemically lysed into
small fragments. These fragments are then separated by gel electrophoresis and
stained with a dye to visualize the protein pattern of the strain. Khan et al. (1987)
differentiated the Mg vaccine-F strain from other strains of Mg by this method. A
variation of SDS-PAGE called Western blot is a method where the mycoplasma
proteins separated by gel electrophoresis are transferred to a nitrocellulose membrane
and then stained with immune serum to speciate and identifiy strains more accurately
than by SDS-PAGE (Thomas et al., 1991). The procedure also has been used to detect
variability in surface antigens of Mg (Garcia et al., 1994a) which may be a reflection
of the virulence of the organism.
In a second method, called restriction enzyme analysis (REA), the mycoplasma
genome is digested with a restriction enzyme. The resulting fragments are separated
by gel electrophoresis, stained with ethidium bromide, and visualized under ultraviolet
light. Depending on the type of enzyme used to digest the DNA, different patterns
may be produced by different isolates of a species (Kleven et al., 1990). A variation
of the REA called Southern blot is a method where the mycoplasma DNA fragments
separated by electrophoresis are transferred to a nylon membrane and then hybridized
with a cloned DNA fragment (called restriction fragment length polymorphism or
RFLP) (Yogev et al., 1988). This method detects strain variations more easily than
by REA. Variations in the polymerase chain reaction (PCR) methodology that
differentiates species and strains of avian mycoplasmas will be discussed in the next
section.
Molecular methods used in diagnosis
Two methods have been used to detect the organism in clinical specimens, namely,
DNA probe and PCR methodologies (Yamamoto, 1995). DNA probes have been
developed for Mg (Khan et al., 1989; Levisohn et al., 1989 ), Ms (Hyman et al., 1989;
Zhao and Yamamoto, 1990a), Mm (Zhao and Yamamoto, 1993b) and Mi (Zhao and
Yamamoto, 1990b). The PCR methodology has also been developed for these
mycoplasmas (Nascimento et al., 1991; Kempf et al., 1993; Lauerman et al., 1993;
Zhao and Yamamoto, 1993a, 1993c, 1993d). Nascimento et al. (1993) also developed
a Mg vaccine F-strain-specific PCR. The probes consist of 1,000 to 10,000 bases
representing about 0.1 to 1.0% of the mycoplasma genome whereas PCR uses even
smaller fragments of DNA, 20-25 bases in length, called primers. Both tests are based
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on the principle of base-pairing of adenine with thymine and guanine with cytosine.
The specificity of these diagnostic tests lies in the ability of the diagnostic reagent
(probe or primers) to hybridize with the base sequence in the target genome that is
complementary to itself, and that this base sequence is unique to the organism in
question. The DNA probe method is less sensitive than PCR because the former is
only able to detect the amount of target DNA that is present in the clinical specimen
while the latter is capable of in vitro amplification of target DNA a million-fold so
that it may be detected more readily. Furthermore, the PCR test may be completed
in 1-2 days versus several days for the probe method. Consequently, the PCR method
has been studied more extensively. Commercial PCR kits for Mg and Ms are now
available, and have yielded promising results in several laboratories (Ley et al., 1993;
Khan et al., 1994). These tests have been approved for use in programs of the U.S.
National Poultry Improvement Plan. The PCR test for Mi (Zhao and Yamamoto,
1993d) may be particularly useful because a rapid and simple sérologie test is not
yet available for this mycoplasma.
A multi-species PCR that uses a single set of primers directed against a 16s rRNA
gene segment to detect and speciate all avian mycoplasmas also has been developed
(Fan et al., 1995). The PCR product is examined with a specific gene probe by dot
blot analysis or is first digested with restriction enzymes and then examined by gel
electrophoresis (Garcia et al., 1994b).
A variation in the PCR procedure called arbitrarily primed (AP)-PCR detects strain
difference within a species (Fan et al., 1994). In this case the primers that are not
specific for the target DNA are used to amplifiy the target under conditions of "low
stringency". The products of such a PCR reaction give different banding patterns that
may be detected by agarose gel electrophoresis.
Prevention
Preventive measures include raising of birds from mycoplasma-free breeders in "all
in-all out" operations with a strong commitment to biosecurity and health monitoring.
This means restrictive movement within and between farms of equipment and personnel,
rodent control and bird-proofing of houses, and maintaining proper air circulation,
heat and humidity in the houses to control the level of dust and ammonia, and an
effective immunization program against other avian pathogens. Parent stocks should
be monitored by serology as in the case for primary breeders.
While outbreaks of Mg and Ms still occur in broilers and meat turkeys in the United
States, these preventive measures generally have been successful in reducing "air sac
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disease" in production flocks. However, Mg and Ms are still endemic in the commercial
layer industry. Since economic losses due to Mm and Mi usually are associated with
egg-borne infections, producers of meat turkeys should not be faced with problems
relating to these agents provided mycoplasma-free poults are raised under strict
biosecurity.
CONTROL
Commercial layers
The near universal endemic nature of Mg in commercial layers with potential losses
due to reduced egg production and quality has encouraged the use of various medication
regimens and Mg vaccines or bacterins in this segment of the industry. However,
during recent years the use of antibiotics in layers has been on the decline while there
has been a increase in the use of bacterins and vaccines to control economic losses.
In fact, in the United States, the live Mg F-stfain vaccine has been used in several
egg-producing states for at least the past 20 years. Caipenter et al. (1981) found that
Mg-free flocks produced 9 eggs per hen housed more than vaccinated flocks, and the
latter produced 7 eggs per hen housed more than Mg infected flocks. The efficacy
of F-strain vaccination was confirmed by Mohamed et al. (1987) who studied 400
flocks representing 23 million layers in southern California.
The vaccine is administered by drinking water, eye drop, intranasal, or course spray
between 9 to 20 weeks of age, at a cost of approximately 2 cents per bird. The
objective is to vaccinate the birds before field exposure occurs. Using fingerprinting
techniques to characterize the Mg isolates from vaccinated farms, Kleven et al. (1990)
showed that wild-type Mg was displaced by the less virulent vaccine F-strain when
the latter was used on a premise for several years. Antibody response to vaccination
is readily detected by the rapid serum agglutination, hemagglutination-inhibition or
ELISA. This product is now available commercially from several sources, but since
it is pathogenic for turkeys, its use is restricted where turkeys are raised.
Two new Mg vaccines that are even less virulent than the F-strain are now commercially
available for use in layers. They are the 6/85 (Mycovac L) vaccine (Intervet Lab.,
Inc.) which is a modified Mg strain, and TS-11 vaccine (Select Lab., Inc.) which is
a temperature sensitive mutant Mg strain. The former is administered by fine spray
to chickens 6 weeks of age or older and the latter is administered intranasally or
intraocularly at 9 weeks of age or older. Both vaccines elicit a relatively weak, if any,
antibody response and spread poorly if at all. They have been shown to be safe and
efficacious for use in commercial layers, and their cost per bird is about the same
as the F-strain vaccine. Both vaccines are reported to be nonpathogenic for turkeys.
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Mg bacterins also have been used in commercial layers. The first of these products
produced by the Solvay Laboratories (MG-BAC) in 1983 was effective in reducing
production losses and egg transmission. These products, in an oil emulsion form, are
no'w produced by several companies. They are administered subcutaneously (back of
the neck) or intramuscularly, and elicit strong antibody response detected by the same
tests described for the F-strain vaccinated chickens. Being inactivated, Mg bacterins
are safe to administer. The disadvantages of these products are that they are more
costly than vaccines, individual birds must be handled, lesions may develop at the
site of injection, and they do not prevent infection with field strains.
Ms infections in commercial layers apparently have no or minimal economic
significance on egg production (Mohamed et al., 1987) and therefore, very little
attention has been paid to this agent despite its high prevalence in the segment of
the industry.
Parent broiler and turkey breeders
In the United States, broiler and turkey parent breeder flocks infected with Mg or
Ms are usually depopulated, but in some cases, they may be treated with antibiotics
and their progeny carefully monitored. Commonly used antibiotics are listed in the
next section.
In countries where Mg is endemic, vaccination of broiler breeders with Mg bacterins
or vaccine has been considered as an alternative to depopulation (Villegas, 1994;
Whithear and Browning, 1994). This approach which was first described about 30
years ago by Luginbuhl et al. (1967) is used to increase egg production and reduce
egg transmission in the face of field infection. The immunogens are the same products
used in commercial layers.
Broiler and meat turkeys
Despite the potential problems associated with the use of antibiotics (difficulty in
administering a proper dosage to each bird in a large population; development of
resistant organisms), medication seems to be the most effective method to alleviate
signs and lesions caused by Mg or Ms in broilers and turkeys. Commonly used
antibiotics are tylosin, erythromycin, tetracyclines, tiamulin, lincomycin, spectinomycin,
and the fluoroquinolones. While development of resistance to various antibiotics has
been described for avian mycoplasmas, Mg seems to be inherently resistant to
gentamicin and Ms inherently resistant to eyrthromycin. Despite its usage over many
years, tylosin still is effective for treatment of mycoplasma infections. The newer
fluoroquinolones also are very active against avian mycoplasmas (Tanner et al., 1993).
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Experimental studies indicate that Mg bacterins and vaccines do elicit significant
protection in broilers against development of airsacculitis when challenged with
virulent organisms (Yoder, 1991). However, more detailed studies are required,
particularly with the newer, less pathogenic and less costly vaccines, before such
products can be recommended for use in broilers. The efficacy of these products are
being tested currently in commercial meat turkeys (Chin and Droual, 1995).
A commercial Ms bacterin (Solvay Lab.) has been available for several years but there
is a paucity of information on its efficacy; more recently, a temperature sensitive
mutant Ms vaccine is being evaluated in broiler breeders in Australia (Scott et al.,
1994).
Conclusions and future prospects
It appears that the philosophical and practical approach taken by the scientific
community and industry leaders to control Mg infections has evolved from one of
total eradication considered some 30 to 40 years ago to that of control by vaccination
in some segments of the poultry industry. Whereas the industry will still demand Mgfree progeny from primary breeders, Mg vaccines and/or bacterins are commonly
used in commercial layers in many countries and even in broiler breeders in some
countries. With the availability of these new vaccines and bacterins from commercial
sources, further careful field trials should yield data on their relative efficacy in
reducing egg transmission, protection against egg production losses, displacing wildtype Mg and protecting against development of airsacculitis. In the meantime live
Mg vaccines should not be used indiscriminately in turkeys. Despite the reported low
pathogenicity of 6/85 and TS-ll vaccines for turkeys, further controlled studies are
needed to unequivocally demonstrate their safety and efficacy in this species.
Experimental studies on the development of a safe and immunogenic Mg vaccine for
use in turkeys as described by Lam et al. (1984) should be continued. Other fruitful
areas of study would be the development of imrnunogens for the control of Ms, Mm
and Mi. This is particularly true for Ms since this agent has the potential to cause
synovitis and airsacculitis in broilers and turkeys.
It is evident that the DNA-based tests and other molecular procedures developed for
avian mycoplasmas are at a very exciting stage of study as elïective diagnostic tools
and for use in molecular epidemiology. The high level of sensitivity of PCR will
require careful assessment of laboratory setups and procedures to prevent crosscontamination of reagents and samples resulting in false positive tests. False negative
tests may also be encountered due to inhibitors in the sample. It is encumbent on
laboratories studying these ultra-sensitive tests to validate their tests since methods
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are now available to reduce or recognize false positive (Wolcott, 1992) and negative
(Razin, 1994) test results.
REFERENCES
BAXTER-JONES, C. (1993) An introduction to Mycoplasma iowae. Prceedings of
a symposium, ''Newly emerging and re-emerging avian diseases: Applied research
and practical applications for diagnosis and control". American Association
Avian Pathologists, AVMA, Minneapolis, MN, pp.9-11
CARPENTER, T.E., MALLINSON, E.T., MILLER, K.F., GENTRY, R.F. and
SCHWARTZ, L.D. (1981) Vaccination with F-strain Mycoplasma gallisepticum
to reduce production losses inlayer chickens. Avian Diseases 25: 404-409
CHIN, R.P. and DROUAL, R. (1995) Experiences with the use of a Myt Mycoplasma
gallisepticum (MG) vaccine in two commercial turkey meat flocks on a premise
with previous MG outbreaks. Proceedings of the 44th Western Poultry Disease
Conference pp.34-35
FAN, H.H., KLEVEN, S.H. and JACKWOOD, M.W. (1994) Application of
polymerase chain reaction with arbitrary primers to strain identification of
Mycoplasma gallisepticum. lOM Letters 3: 443
FAN, H.H., KLEVEN, S.H., JACKWOOD, M.W., JOHANSSON, K-E.,
PETTERSSON, B. and LEVISOHN, S. (1995) Species identification of avian
mycoplasmas by polymerase chain reaction and restriction fragment length
polymorphism analysis.AviV//7 Diseases 39: 398-407
GARCIA, M., ELFAKI, M.G. and KLEVEN, S.H. ( 1994a) Analysis of the variabihty
in expression of Mycoplasma gallisepticum surface antigens. Veterinary
Microbiology 42: 147-158
GARCIA, M., JACKWOOD, M.W., KLEVEN, S.H., LEVISOHN, S. and
JOHANSSON, K.E. (1994b) Detection of Mycoplasma gallisepticum, M. synoviae
and M. iowae by polymerase chain reaction and species-specific oHgonucleotide
probes. lOM Letters 3: 480
GHAZIAKHANIAN, G.Y., YAMAMOTO, R., MCCAPES, R.H., DUNGAN,
W.M. and ORTMAYER, H.B. (1980) Combination dip and injection of turkey
eggs with antibiotics to eliminate Mycoplasma meleagridis infection from a
primary breeding stock. Avian Diseases 24: 57-70
HYMAN, H.C., LEVISOHN, S., YOGEV, D. and RAZIN, S. (1989) DNA probes
for Mycoplasma gallisepticum and Mycoplasma synoviae: Application in
experimentally infected chickens. Veterinary Microbiology 20: 323-337
274

KEMPF, I, BLANCHARD, A., GESBERT, F., GUITTET, M. and BENNEJEAN,
G. (1993) The polymerase chain reaction ïor Mycoplasma gallisepticum detection.
Avian Pathology 22: 739-750
KHAN, M.I., LAM, K.M. and YAMAMOTO, R. (19^1) Mycoplasma gallisepticum
strain variations detected by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis. Avian Diseases 31: 315-320
KHAN, M.L, KIRKPATRICK, B.C. and YAMAMOTO, R. (1989) Mycoplasma
gallisepticum species and strain-specific recombinant DNA probes. Avian Pathology
18: 135-146
KHAN, M.L, SCHULTZ, J., NGUYEN, A.V., LAUERMAN, L.H., FADE, A.M.
and TAKESHITA, K. (1994) Evaluation of DNA probe-based polymerase chain
reaction kits for the detection of lateral spread of Mycoplasma gallisepticum and
Mycoplasma synoviae infection in broiler breeder chickens. lOM Letters 3:70
KLEVEN, S.H. (1993) An overview of the current mycoplasma problem. Proceeding
of a symposium, ''Newly emerging and re-emerging avian diseases: Applied
research and practical applications for diagnosis and control". American
Association of Avian Pathologists, AVMA, Minneapolis, MN, pp. 12-14
KLEVEN, S.H., ROWLAND, G.N. and OLSON, N.O. ( 1991 ) Mycoplasma synoviae
infection. In: Diseases of Poultry (Eds Calnek, B.W., Barnes, H.J., Beard, C.W.,
Reid, W.M. and Yoder, H.W.Jr.) 9th ed., Iowa State Univ. Press pp.223-231
KLEVEN, S.H., KHAN, M.L and YAMAMOTO, R. (1990) Fingerprinting of
Mycoplasma gallisepticum strains isolated from multiple-age layers vaccinated
with live F-strain. Avian Diseases 34: 984-990
LAM, K.M., LIN, W., YAMAMOTO, R. and GHAZIKHANIAN, Y.G. (1984)
Vaccination of turkeys against air-sac infection with a temperature-sensitive mutant
of Mycoplasma gallisepticum. Avian Diseases 28: 1096-1101.
LAUERMAN, L.H., HOERR, F.J., SHARPTON, A.R., SHAH, S.M. and VAN
SANTEN, V.L. (1993) Development and application of a polymerase chain
reaction assay for Mycoplasma synoviae. Avian Diseases 37: 829-834
LEVISOHN, S., HYMAN, H. PERELMAN, D. and RAZIN, S. (1989) The use
of a specific DNA probe for detection of Mycoplasma gallisepticum in field
outbreaks. Avian Pathology 18: 535-541
LEY, D.H., AVAKIAN, A.P. and BERKOFF, J.E. (1993) Clinical Mycoplasma
gallisepticum infection in multiple breeder and meat turkeys caused by F-strain:
Identification by sodium dodecyl sulfate-polyacrylamide gel electrophoresis,
275

restriction endonuclease anaylsis, and the polymerase chain reaction. Av/a^? Diseases
37: 854-862
LUGINBUHL, R.E., TOURTELLOTTE, M.E. and FRAZIER, M,N. (1967)
Mycoplasma gallisepticum control by immunization. Annals of the New York
Academy of Sciencse 143: 234-238
MOHAMED, H.O., CARPENTER, T.E. and YAMAMOTO, R. (1987) Economic
impact of Mycoplasma gallisepticum and M. synoviae in commercial layer flocks.
Avian Diseases 31: 477-482
NASCIMENTO, E.R., YAMAMOTO, R., HERRICK, K.R.and TAIT, R.C. ( 1991 )
Polymerase chain reaction for detection of Mycoplasma gallisepticum. Avian
Diseases 35: 62-69
NASCIMENTO, E.R., YAMAMOTO, R. and KHAN, M.L (1993) Mycoplasma
gallisepticum F-vaccine strain-specific polymerase chain reaction. Avian Diseases
37: 203-211
RAZIN, S. (1994) DNA probes and PCR in diagnosis of mycoplasma infections.
Molecular and Cellular Probes 8: 497-511
SCOTT, P.C., JONES, J., MORROW, C.J., LEY, D.H. and WHITHEAR, K.G.
(1994) Experiences with a live attenuated Mycoplasma synoviae vaccine.
Proceedings of the 43rd Western Poultry Disease Conference pp.97-98
SPACKMAN, D. (1993) Resurgence of Mycoplasma gallisepticum worldwide.
Proceedings of the 42nd Western Poultry Disease Conference pp.75-76
TANNER, A.C., AVAKIAN, A.P., BARNES, H.J., LEY, D.H., MIGAKI, T.T. and
MAGONILE, R.A. (1993) A comparison of danofloxacin and tylosin in the
control of induced Mycoplasma gallisepticum infection in broiler chickens. Avian
Diseases 37: 515-522
THOMAS, C.B., SHARP, R, FRITZ, B.A. and YUILL, T.xM. ( 1991) Identification
of F strain Mycoplasma gallisepticum isolates by detection of an immunoreaciive
protein. Avian Diseases 35: 601-605
TRAMPEL, D.W. and GOLL, R, JR. (1994) Outbreak of Mycoplasma iowae
infection in commercial turkey poults. Avian Diseases 38: 905-909
UNITED STATES DEPARTMENT OF AGRICULTURE (1994) National Poultry
Improvement Plan and Auxiliary Provisions. Publication # APHIS 91-021
VILLEGES, P. (1994) Uso de Vacunas Vivas Conir-d Mycoplasma gallisepticum. 2nd
Seminario Avícola Internacional. ASPA, Bucaramanga, Colombia pp.8-12
276

Whithear, K. and Browning, G. (1994) Mycoplasmas and the management of broiler
breeders. Proceedings of the 43rd Western Poultry Disease Conference pp.59-60
WOLCOTT, M.J. ( 1992) Advances in nucleic acid-based detection methods. Clinical
Microbiology Reviews 5:370-386
YAMAMOTO, R. (1985) Methods for the control of avian mycoplasmosis.
Proceedings of the 1st Simposio Catarinense de Sanidade Avicola e 4th Simposio
Centro Nacional de Pesquisa de Suinos e Aves. Chapeco, S.C., Brazil pp. 133-144
YAMAMOTO, R. (\99\) Mycoplasma meleagridis infection. In: Diseases of Poultry
(Eds Calnek, B.W., Barnes, H.J., Beard, C.W., Reid, W.M. and Yoder, H.W.Jr.)
9th ed., Iowa State Univ. Press pp.212-231
YAMAMOTO, R. (1995) DNA-based tests for avian mycoplasmas: Current status.
Proceedings of the 67th Northeastern Conference on Avian Diseases pp.35-38
YODER, H.W., JR. (1991) Mycoplasma gallisepticum infection.In: Diseases of
Poultij (Eds Calnek, B.W., Barnes, H.J., Beard, C.W., Reid, W.M. and Yoder,
H.W.Jr.) 9th ed., Iowa State Univ. Press pp.l98-2l2
YOGEV, D., LEVISOHN, S., KLEVEN, S.H., HALACHMI, D. and RAZIN, S.
(1988) Ribosomal RNA gene probes to detect intraspecies heterogeneity in
Mycoplasma gallisepticum mid Mycoplasma synoviae. Avian Diseases 32:220-231
ZHAO, S.and YAMAMOTO, R. (1990a) Recombinant DNA probes fox Mycoplasma
synoviae. Avian Diseases 34:709-716
ZHAO, S. and YAMAMOTO, R. (1990b) Mycoplasma iowae species-specific DNA
probe. Journal of Laboratory Investigation 2:334-337
ZHAO, S. and YAMAMOTO, R. (1993a) Detection of Mycoplasma synoviae by
polymerase chain reaction. Avian Pathology 22:533-542
ZHAO, S. and YAMAMOTO, R. ( 1993b) Species-specific recombinant DNA probes
for Mycoplasma meleagridis. Veterinary Microbiology 35:179-185
ZHAO, S. and YAMAMOTO, R. (1993c) Detection of Mycoplasma meleagridis
by polymerase chain reaction. Veterinary^ Microbiology 36:91-97
ZHAO, S. and YAMAMOTO, R. (1993d) Amplification of Mycoplasma iowae
using polymerase chain reaction. Avian Diseases 37:212-217

277

PROBIOTICS AND COMPETITIVE EXCLUSION TO
i^ONTROL SALMONELLA IN POULTRY
K. V. Nagaraja
College of Veterinary Medicine, University of Minnesota, St.PauI,
Minnesota, 55108 USA

First let me define the meaning of a Probiotic and the concept of competitive exclusion
and later discuss their use in the control of Salmonella.
What Are Probiotics?
The term probiotic was first used by Richard Parker, a Professor of Microbiology at
the Oregon Medical School in Portland in the 1960's. It means "for life" as opposed to
an antibiotic which means "against life" (McCullough,1988). Probiotics are bacterial
(and yeast combination) preparations, most often lactic acid producing, that are
administered orally or added to feeds. They have been shown to improve the intestinal
microbial balance.
What Is Competitive Exclusion?
Oral administration of a suspension of cecal contents or feces obtained from adult
chickens to newly hatched chicks increases their resistance to oral infection by
salmonella. This phenomenon is called competitive-exclusion. It has been suggested
that protection primarily results from direct competition by native gut microflora and
salmonella for the attachment at a local site.
What Are Probiotic Cultures?
The most commonly used probiotic cultures are strains of the lactic acid bacteria
lactobacillus and streptococcus. In addition to lactic acid bacteria mentioned other
bacillus, yeast, enzymes, biomass and other agents are also classified as probiotics.
The most frequently used probiotic organisms are shown in Table 1. They may be
used alone or in combination or in association with other non-lactic acid bacteria.
Table 2 shows brand-name lactic acid bacterial probiotics for which experimental
research have been reported.
Nearly all of the probiotics currently on the market contain lactobacilli and/or
streptococci; a few contain bifidobacteria.
279

Table 1. Common probiotic organisms
Lactic Acid Bacteria

Other Probiotic Organisms

Lactobacillus acidophilus
L. bulgaricus
L. plantarum
L. casei
Streptococcus faecium
S. lactis
S. thermophilus
S. diacetilactus

Bacillus subtilis
B. toyoi
Aspergillus oryzae
Torulopsis
Bifucus bifidum

From:Steven M. Fox:Food-Animal Practice. Veterinary Medicine.August 1988.
What Are The Beneficial Effects Of Probiotics?
The beneficial effects of probiotics are two fold: 1. They provide digestible nutrients
or digestive enzymes. 2. They produce antibacterial substances inimical to harmful
bacteria.
What Is The Concept Behind The Use Of Probiotics?
The theory of probiotic use is based on the fact that, if sufficient lactic acid bacteria are
introduced into the intestinal tract at a time of stress or disease or at birth or after
antibiotic treatment, then enteric microbial disturbances can be minimized or overcome
(Fox, 1988). It is interesting to note that early 20th century researchers suggested that
the longevity and good health of the Balkan people could be attributed to their ingestion
of lactobacillus (yogurt). Their good health is attributed to the effect of the putrefaction
products present in their large intestine produced by the bacteria in yogurt.
How Does The Chick Acquire Its Natural Intestinal Flora?
For millions of years. Nature has been making sure that the animals get all the bacteria
they need for their well being. If this is the case, one may question the rationale for
using probiotics in the feed. The answer is that we handle our poultry in a different
way that counters the natural process of management.
Lactobacillus species are common inhabitants of the intestinal tract, especially of poultiy.
Within a few hours after hatching, various bacteria including fecal streptococci,
enterobacteria and clostridia may be found in the alimentary tract. Chick acquires its
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flora from the incubator environment. The lactobaciUi become established and persist
throughout the hfe of the chicken. They are prevalent more distally in the small intestine
and adhere to the columnar epithelial cells. Other bacteria such as pediocccus species
have been seen in the caeca of newly hatched chicks. Host-specificity has been
demonstrated in relation to the establishment of lactobaciUi in the chicken alimentary
tract. Different strains of lactobacillus acidophilus may exhibit host-specificity.
Bacteria Have Symbiotic Relationship And What Happens When This Is
Disturbed?
The following example illustrates how the symbiotic relationship of two types of bacteria
can change under certain conditions. Escherichia coli and lactobacillus acidophilus
are normal occupants of the lower gut. Under normal conditions these two different
bacteria live together in perfect compatibility rather than contest. TheE. coli produces
needed vitamins and perform other tasks. The lactic acid bacteria consume potentially
dangerous waste products and produce lactic acid which is essential to the normal
function of the digestive tract. When antibiotics are used there will be changes in the
gut microflora and the normal relationships are disturbed. The antibiotics remove the
bacteria that produce lactic acid. In their absence the E. coli population explodes with
resulting diarrhea.
i o Probiotics Substitute For Antibiotics?
Probiotics are not a substitute for antibiotics in animals with serious infections.. Rather,
probiotics are useful in restoring the normal bacterial population that was altered by
administration of antibiotics.
What Are The Desirable Characteristics Of Probiotic Cultures?
1.

The probiotic organism should be a normal inhabitant of the alimentary tract of
healthy birds.

2.

They must survive in the acid environment of the gizzard through which it passed
on its way to the intestines and the caeca.

3.

They should have the ability to colonize and grow.

4.

They should resist bile salts.

5.

It is desirable to use adhering strains when designing probiotic supplements.
However, it should be borne in mind that adhesion is a host specific phenomenon
and adhesion varies between strains of the same species.

6.

Probiotic cultures should preferably be derived from the intestinal tract of the
same animal species to which they will be used.
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Some strains of Lactobacillus and pediococcus species are used for the control of
bacterial infections because, 1. They are not pathogenic, 2. They are part of the normal
chicken intestinal tract flora and can colonize the gut, 3. They are known to produce
antagonistic substances found to be inimical against many enteric pathogens.
LACTOBACILLUS ACIDOPHILUS
Lactobacillus acidophilus, a microorganisiTi which multiplies normally in the intestinal
tract of all mammalian and avian species, suppresses the growth of pathogenic
organisms. Escherichia coli. Salmonella species, Clostridium perfringens, Pseudomonas
Spp andproteus spp organisms responsible for poor performance are all inhibited frorn
growth by the induction of Lactobacillus acidophilus into the animal's system. It has
been reported that the continuous ingestion of Lactobacillus acidophilus also results in
better conversion of feed. It has been reported to produce various types of antibiotics,
notably acidophilin, lactolin and acidolin.
Initial dosing with Lactobacillus acidophilus has been shown to reduce mortality in
chicks challenged with E. coli. Also, continued dosing with Lactobacillus acidophilus
following initial dosing lowers pH of the crop, caecum and rectum in chicks Chicks
fed probiotics have shown a 4 % improvement in feed efficiency. In one other study
Probiotics produced a 1.3%, 1%, and 91% improvement in broiler weight gain, feed
conversion and liveability respectively.
Table 3. Mean body weight, feed conversion, and percent mortality of broilers
treated with a microbial inoculant*
TREATMENT**

BODYWEIGHT(LB)

FEED
CONVERSION

PERCENT
MORTALITY

Three-week-old broilers
Control
Treated

1.63 (±0.03)***
1.65 (±0.03)

1.55 (± 0.09)
1.54 (±0.04)

4.0 (± 2.5)
1.0 (±1.7)

Six-week-old broilers
Control
Treated

4.59 (±0.12)
4.65 (±0.16)

1.86 (±0.03)
1.84 (±0.04)

8.0 (± 5.0)
1.7 (± 1.7)

*Probios(intestinal inoculant) Pioneer Hi-Bred International
**Microbial inoculant was administered in the drinking water of the chicks first three days,
then in the feed from four to 42 days. The study involved 900 broilers
***Standard deviations are in parenthesis

From:Steven M. Fox:Food-Animal Practice. Veterinary Medicine.August 1988.PP 825
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What Is The Mode Of Action Of Probiotics?
The possible modes of action of probiotics is shown in Table 4. The useful effects of
probiotics may be mediated by a direct effect against specific groups of organisms,
resulting in a decrease in numbers or by an effect on their metabolism or by stimulation
of immunity (Fuller, 1989). The suppression of bacterial numbers is achieved by the
production of antibacterial substances. Several high molecular weight antibacterial
substances have been described as being produced by lactic acid bacteria.
Table 4. Mode of action of probiotics
1

SUPPRESSION OF VIABLE COUNT
(a) Production of antibacterial compounds
(b) Competition for nutrients
(c) Competition for adhesion sites

2

ALTERATION OF MICROBIAL METABOLISM
(a) Increased enzyme activity
(b) Decreased enzyme activity

3

STIMULATION OF IMMUNITY
(a) Increased antibody levels
(b) Increased macrophage activity

From:Fuller R. Probiotics in man and animals. J.Applied Bacteriology 66: 365378. 1989.
Prevention of colonization of pathogens can also be achieved by competing for adhesion
sites in the alimentary tract. Lactic acid bacteria are shown to be associated with the
gut wall of chickens (Fuller, 1989). Their attachment is very stable and one study
states that they remain attached to the cecal wall even after washing four times with
buffered saline (Stavric et al. 1987). Three strains of gram negative facultative anaerobes
have been shown to prevent colonization of the gut by Salmonellas.Now that we have
discussed probiotics I would like to talk about the concept of competitive exclusion in
the control of salmonella infection.
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COMPETITIVE EXCLUSION
The protection of chicks against infection with salmonella by native gut microflora
from salmonella-free adult birds was first demonstrated by Nurmi and Rantala (1973).
They also demonstrated that salmonella infections can be prevented by feeding anaerobic
cultures of normal intestinal flora from adult chicken to newly hatched chicks. This
is known as competitive exclusion or the iNurmi concept. The intestinal microflora
from adult birds protect newly hatched chicks against subsequent challenge with
salmonella. Such treatments prepared from fecal and cloacal contents, whole caeca or
whole intestines have been administered to chicks by gavage, via drinking water or by
spraying. However, one of the disadvantages is the poor effect against salmonellae
that have already colonized. Rantala and Nurmi found that pre-treating chicks with
flora isolated from the alimentary tract of adult chickens reduced the colonization of
Salmonella infantis in the ceca. In addition, the work of Barnes et al. ( 1979) revealed
that avian gut isolates showed anti-salmonella activity in chicks. Bacterial cultures
from ceca of adult chickens protected chicks from Salmonella typhimurium colonization
(Barnes et al. 1980).
Researchers, in one other study (Soerjadi et al 1981) demonstrated that protection
following introduction of the gut microflora began within 2 hour post-treatment, but
optimum protection was not established until 32 hour post-treatment. Their results
also showed a combined protection against challenge by Salmonella typhimurium and
pathogenic E. coli.
The adult cecal microflora consists of a complex mixture that includes coliforms, fecal
streptococci, clostridia, lactobacilli and nonsporing anaerobes. Lactobacilli and nonspore forming anaerobes establish in the ceca of newly hatched chick litfle latter in the
life.
The efficacy of spray application of intestinal microflora of the adult bird in protection
of broilers against Salmonella infections has been examined. In this study chicks were
treated soon after hatching either in the hatcher or chick delivery boxes in the hatchery
with a crop-cecum homogenate or a mixture of anaerobically cultured microflora. The
results indicated protection against natural infection with different Salmonella.
In conclusion I beheve that it is unhkely that a single species is responsible for the
inhibitory effect of the normal flora on salmonella. Instead synergistic relations between
members of the normal flora appear to be important in controlling gut colonization of
Salmonella. Available field data suggest that competitive exclusion treatment can
reduce Salmonella infection in commercial poultry flocks. One has to be very careful
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about the cultures selected for use and care has to exercised to make sure that cultures
that are used are free of pathogenic microbes or any unknown pathogenic agents.
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TABLE 2

Brand-name Problotics for which Expérimentai Reauits
Have Been Reported in the Technical Literature
ODQiponwits

Form

Trade Name

Manutactursr

Author

L aciúophHus,
•other LactobacUlus
spp

Live dry

Probios®

Nulabs Division
Pioneer Hi-Bred Intl.
Portland. OR

Miles-1981
Pollmann-1980
Franas.1978
Qoodling-1984
Damron.1981
Wells/Mason1980

L aciaophilus

Inactive liquid

Culbac«

Trans Agra Corp..
Mempnis, TN

Hargis-197B
Noland-1978
Hoyt-1980
Goodling-1984
Pollmann.1980

S. faecium,
L acidophilus.
L plantarum

Uve dry

Feed-mate 68

Anchor 4.abs
St. Joseph. MO

Pollmann-1980
Maxwell-1983

Ijctobacillus

Live liquid

Biomax40'"

Streptococcus
fermentation
residue, whey,
com extract, com
meal residue,
solubles and solids

Inactive dry

Fermacto 500

Borden Chemical Co
Nortolk. VA

Change-1970
Potter-1972.
1984

Streptococcus
meal extract,
penicillin meal,
beer yeast, residue
solids and
solubles

Inactive dry

Biotac

Peter Hand. Inc.
Waukegan. IL

Buenrostro/
Kratzer-1983

L. acidophilus

Live liquid

Strain 40

MilwauKee. Wl

Buenrostro/
Kratzer-1983

LactobacUlus
fermentation
products

Inactive dry

Baciferm

Commercial
Solvents Corp.

Goodling-1984

L acidophilus,
L casei,
B. bifidum,
TorulopsiS,
Aspergillus
oryzae

Live dry

PrimaLac

Star Labs
St. Joseph. MO

Maxwell-1983

S. faecium,
family M74

Live liquid

Lactiferm

AB MediDharma
Sweden

Burgstaller-1983.
1985

Bacillus toyoi

Live spores..dry

Toyoconn

ToyoJosoCo. Ltd.
Tokyo. Japan

Shimura-1979

Watkins-1984

indicated)
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EMERGING POULTRY DISEASES IN INDIA, NEW
TECHNOLOGIES
FOR
THEIR
DIAGNOSIS,
TREATMENT AND CONTROL
K.C. Yerma
Division of Avian Diseases, Indian Veterinary Research Institute
Izatnagar, 243122, U.P., India

INTRODUCTION
The occurrence of disease problems in poultry in India and their relative importance
have been related to differences in climate, methods of management and husbandry
and levels of development of poultry production.
Prior to 1960 when poultry in India were reared by traditional extensive methods,
there occurred few diseases namely Ranikhet (Newcastle) disease, fowl pox, fowl
cholera, fowl spirochaetosis, salmonellosis and coccidiosis which used to manifest in
a well ordered fashion and posed not much problem in their control since effective
prophylactic measures were available.
During 1960 to 1980 many small to fairly large poultry units under varying degrees of
intensive system of management, sprang up. With this intensification several diseases
viz., infectious bronchitis, mild infectious laryngotracheitis, Marek's disease, avian
encephalomyelitis, mild infectious bursal disease and adeno virus infection posed
problems and became well established in the poultry population. The methods of control
have been the preventive vaccination for infectious bronchitis and Marek's disease.
Some organisations use avian encephalomyelitis vaccine to immunise parent flocks.
Mild IBD was controlled by use of mild live vaccine in chicks and inactivated in
breeder flocks. Subsequently, some more hither-to-unknown diseases emerged and
some of the existing diseases appeared in altered form causing considerable economic
losses.
In the present deliberations, the important diseases which have emerged in the recent
past or appeared in altered form in india have been discussed.
Infectious bursal disease
The sporadic case of the disease was first recorded in India in 1971 but in major outbreak
form it was recorded around 1979-81 mainly in southern states of the country. The
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disease was largely of mild type and losses occurred mostly on account of retarded
growth and mortality (1 to 14.3%) from secondary complications like Newcastle disease,
colibacillosis, inclusion body hepatitis, infectious anaemia and gangrenous dermatitis.
This mild form of disease subsequently spread to other parts of the country. The disease
was brought under control by use of mild IBD vaccine (Lukert) strain in young chicks
and killed vaccine in breeder flocks. Though the vaccines were not used in all the field
flocks, the disease remained under control. However, the sporadic outbreaks of the
disease continued to occur till 1992.
Suddenly there was resurgence of very virulent form of IBD (VVIBD) which in
comparison to the mild form caused high to very high mortality (in broilers 5 to 25%,
in layer pullets up to 80%) with or without secondary infections. This very virulent
IBD was first reported in Nov. - Dec, 1992 in Eastern part of the country. Prior to it, it
was reported in the neighbouring country, Nepal. In succeeeding 7-8 months, the VVIBD
spread to southern parts and then to central, western and later in northern part of the
country. The strain of VVIBD virus isolated was found to be antigenically similar to
the European VVIBD virus.
The mild vaccines in vogue at that time did not provide protection against VVIBD
virus. Vaccines of intermediate virulence were then introduced to control VVIBDV
Ranikhet (Newcastle) disease - vaccinal failure
Ranikhet (Newcastle) disease caused by velogenic viscerotropic type of Newcastle
disease vims had been well under control through priming the chicks with lentogenic
followed by vaccination with mesogenic strains of vaccines. However, in recent past
outbreaks of ND are being experienced frequently in the vaccinated flocks. Most of
these outbreaks have been on account of IBD induced immunosuppression. Proper
protection of the chicks from the early immunosuppressive effect of IBD will
automatically reduce the incidence of ND from vaccinal failures.
Adenovirus infection (Inclusion Body Hepatitis-hydropericardium syndrome)
Another important emerging disease is inclusion body hepatitis caused by avian
adenovirus. This is invariably associated with hydropericardium (locally termed as
"Leechi disease") and is characterized by high mortality ranging from 50-80% in broilers
between 3-5 weeks old. There is not one opinion regarding the etiology of
hydropericardium. However, the chicks showing hydropericardium with evidence of
IBD when investigated in this laboratory were found to be associated with inclusion
body hepatitis (IBH). IBH virus was consistently isolated from such cases. The condition
288

of inclusion body hepaiitis-hydropericardium was experimentally produced by
inoculation of the isolated virus in chicks ininiunosuppressed by IBD. Some researchers
consider that besides the adeno virus, some unidentified co-virus/co-factor might be
responsible for the hydropericardiurn.
The disease was first observed in early 1993 in Jamrnu and Kashmir area bordering
Pakistan where the disease with similar pathological picture had occurred and was
called as "Angara disease". Soon the disease spread to adjoining states of the country
I.e. Punjab, Haryana and IJttar Pradesh within a year or so. Subsequently it spread to
central, western and eastern states of the country causing considerable economic losses
through high mortality.
As the disease occurs in flocks as a result of reactivation of adenovirus infection from
immunosuppression caused by IBD, proper control of IBD should prevent the occurrence
of IBH-hydropericardium syndrome. However, inactivated vaccine prepared from the
liver of the affected chicken has been reported to protect losses from the disease.
Egg drop syndrome (EDS-76)
Egg drop syndrome (EDS-76) caused by an haemagglutinating avian adenovirus, is
another important disease condition which has been known to occur during the recent
past in this country. Ihe disease is responsible for considerable economic losses by
way of reduction in quality (thin-shelled or shell-less) and number of eggs which may
go down by 30 to 40% or higher, it affects the birds when they reach peak production
period (about 28 to 32 weeks). The incidence of this virus infection is low usually
around 20-25 percent, however, in some flocks the infection has been as high as 70 to
80%. The virus recovered from EDS-76 has been found to be similar to European virus
strain 127 in its restriction endonuclease profile.
A killed oil emulsified vaccine is in use to prevent the drop in egg production from the
disease.
Reoviriis infection
Reoviruses which in the past were considered to be harmless, have emerged to induce
various manifestations in chicken. Avian reovirus infections are manifested as cloacal
pasting, viral arthritis/tenosynovitis, necrotic hepatitis, stunted chick (malabsorption)
syndrome and mortality. Outbreaks of stunting chick syndrome have been recognised
in young chicks. The serological survey revealed a w-ide spread infection of the virus
in the country, incidence varying from 30 to 74%. The isolates of reovirus recovered
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from different manifestations were found to be serologically similar.
New technologies for diagnosis
The efficient control of poultry diseases and ensuring a particular health status require
precise and prompt diagnostic methodologies. The conventional methods used for
diagnosis are adequate but cases requiring isolation and identification particularly the
viruses, delay the diagnosis of the disease.
New technologies referred to as "rapid diagnostic tests" have been developed in recent
years for the diagnosis of infectious diseases. These technologies do not need the
cumbersome and usually time-taking procedure of isolation and identification of the
infectious agent, but are based on the direct demonstration of the causative agents,
their antigens or nucleic acids in the tissues, secretions or excretions. In particular,
there have been significant advances in detection of viral antigens with the development
of radioimmunoassays, immunofluorescence, immunoperoxidase staining and enzymelinked immunosorbent assay (ELISA). Efficient and reliable kits mostly ELISA-based
are available for detecting antigen or antibody under field conditions. The monoclonal
antibodies form very useful tools for type/strain differentiation of poultry viruses. The
viral nucleic acid present in a sample is detected by nucleic acid hybridization and
polymerase chain reaction (PCR). The type/strain differentiation of the virus isolates
may be accomplished using the PCR with appropriate primers or by oligonucleotide
finger printing of viral RNA or the determination of restriction endonuclease fragment
patterns of viral DNA.
Among these, the techniques based on antigen detection i.e. immunofluorescence,
immunoperoxidase and ELISA are being employed in India by some laboratories for
diagnosis or assay of immune status in the flocks. However, the techniques based on
detection of nucleic acid i.e. nucleic acid hybridization or PCR have yet to find place
in India. The non-availability of sophisticated equipments, costly and specialized
reagents and lack of expertise for proper interpretation of results are the main constraints
for non-application of these techniques here.
Disease prevention and control
Vaccination remains the best answer for the prevention and control of poultry
diseases.The majority of the vaccines are either live attenuated or are inactivated (killed)
forms of infectious agents.
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Most of the live attenuated vaccines are attenuated mutants selected for their relative
avirulence. They must nevertheless be capable of replicating in the host and eliciting
immune response similar to produced by the wild virus. Inactivated vaccines in contrast
are produced by chemically or physically destroying the infectivity of the infectious
agent without affecting its immunogenicity. The inactivated vaccines are generally
combined with adjuvants usually oil adjuvants. The limitations are that sometimes
these vaccines produce undesirable side effects, there is problem of stability (require
cold chain), danger of reversion of attenuated virus to virulent form and incomplete
inactivation of infectious agents and limitation on their mode of inoculation in case of
killed vaccine.
Despite these limitations the existing vaccines have certainly diminished the incidence,
morbidity and mortality of most of the infectious diseases in poultry.
To overcome the limitations of conventional vaccines, the new technologies developed
in fields of virology, molecular biology and immunology are being exploited for
developing new generation of vaccines viz., recombinant subunit vaccines, synthetic
vaccines and live virus vectored vaccines. Use of these vaccines would permit
differentiation between immunised and naturally infected birds.
The principle of subunit vaccines is the use of only those components of the infectious
agent in the vaccine that are responsible for producing protection. The subunit
component is produced by recombinant DNA technique using prokaryotic or eukaryotic
expression systems. The subunit vaccines produced by this technology have been
developed against IBD and avian adenoviruses. These vaccines, though safe, and free
from side effects, are poorly immunogenic in comparison to whole infectious agent
possible due to incorrect folding and require potent adjuvants or adjuvant systems.
Synthetic peptide vaccine has been another approach towards production of novel
vaccine. In this approach the antienic components of the infectious agent responsible
for immune response are chemically synthesized. The synthetic peptide vaccines have
been developed for IB and influenza virus but these have the disadvantage of being
poorly immunogenic possibly because of relatively small molecular size and lack of
surface configuration of the native proteins.
Live virus vectored vaccines containing genes encoding immunogenic proteins of the
viruses against which the immune response is desired have been recently developed.
Viruses with large DNA genome such as pox, vaccinia, herpes or adenoviruses have
been used as vector to carry the genes for the protective antigens of other viruses.
Recently fowl pox virus has been used as an expression vector for antigens from poultry
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pathogens. Fowl pox virus recombinants expressing protective antigens of avian
infectious bronchitis, Nescastle disease and avian influenza have been constmcted which
have produced protective immune responses. The virus vectored vaccines repKcate in
the host and elicit immune response against the expressed protein which accurately
mimic the natural immune response. They provide long-lived immunity and stimulate
a more 'generaF immune response including humoral antibodies, secretary antibodies
and cytotoxic T-cclls.
It has also been shown that genes for protective antigens from several unrelated viruses
can be incorporated into the genome or vector virus to construct a compound hybrid
vector virus vacine and with this hybrid recombinant vaccine immune responses to all
of the con'espondirig viruses have been produced. Thus live vectored vaccines have
great potential for becoming a promising novel vaccine in future. However, interference
with the repîicaiîon of vector virus by the preexisting immunity to the vector virus,
limits the use of such vaccines.
CONCLUSION
There is no denial of the fact that disease will continue to occur as a serious threat to
the economic poultry production. With change in methods of husbandry, management
and genetics, disease pattern continues on changing and new diseases tend to appear
with new challenges. Due to fast mode of transport at international and national level
new diseases or variant strains of pathogen appearing in any part of world tend to
spread to other parts or countries. Therefore, sustainable poultry production in such
hostile situation would remain the challenge to researchers.
Under the circumstances, it becomes inevitable to minimize the time between diagnosis
and initiation of preventive measures. Hence efforts should be made to develop
diagnostic kits by taking advantage of recent technologies, which could provide
diagnosis at farm level in the quickest possible time. Vaccination will remain the method
of choice for controlhng infectious diseases. Hence concerted efforts are required for
developing cheaper and more effective vaccines especially for control and eradication
programmes at global, continental or country level. The genetically engineered vaccines
have great pronüse and more research is required so that these vaccines become realities.
Today the bird is at great stress on account of inoculation of vaccines at several times.
This inoculation stress is required to be minimised.Though effective vaccines for the
control of most of the economically important poultry diseases are available, it is
desirable to develop disease resistant strains of poultry through genetic manipulation
for commercial exploitation.
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BIO-TECHNOLOGY IN GENETICS AND BREEDING,
NUTRITION AND HEALTH CARE OF POULTRY
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BIOTECHNOLOGY AND GENETIC IMPROVEMENT
OF POULTRY
Robert J. Etches
Dept. of Animal & Poultry Science, University of Guelph, Guelph,
Ontario,Canada, NIG 2W1

INTRODUCTION
In the context of poultry breeding, biotechnology is the collective term given to a set of
tools that facilitates manipulation of the genome and/or the examination and
characterization of the genome by direct measurement. Our traditional understanding
of inheritance in poultry is derived from qualitative studies of Mendelian inheritance
of phenotypes, and from statistical analysis of multifactorial traits using the tools of
quantitative genetics. The tools of biotechnology have transformed the study of
qualitative genetics from one that relied on the spontaneous generation of phenotypic
variation that could be recognized visually, to an analysis of the sequence of bases in
which the phenotype is encoded. The potential contribution of biotechnology to
quantitative genetics is the identification of genes that encode the multifactorial
production traits. Identification of genes and their location within the genome are an
essential component of the contribution of biotechnology to poultry breeding and this
information is being assembled into a map of the chicken genome.
THE CHICKEN GENE MAP
The first gene map was assembled from data obtained by crossing chickens possessing
morphologically recognizable traits such comb type, feather color, egg color etc. Using
this classical approach, linkage groups were assigned to chromosomes 1, 2, 6 and 17
and the Z chromosome. Three major linkage groups were recognized but their location
withm the genome remained unknown because chromosomal aberrations that could be
detected using classical cytological techniques and that implied that the genes within
the linkage group were unavailable (Bitgood, 1993). Approximately 50 loci were
assigned to positions within the morphological map using the classical cytogenetic
approach.
The tools of biotechnology have hastened the evolution of the gene map because they
have provided a logarithmic increase in the number of genes, or fragments of genes,
that are available for study. In addition, it is possible to use the tools of biotechnology
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to identify the location of genes on chromosomes and with respect to each other. The
genes or fragments of genes have been derived from studies of the molecular control
of physiological functions, from anonymous cloned fragments of genomic DNA, from
randomly amplified polymoiphic DNA, from CRl-repeat element polymorphisms, and
from microsatellites (Bumstead and Palyga, 1992; Crittenden et al., 1993; Khatib et
al, 1993; Levin et al, 1993, 1994; Cheng et al, 1995). The linkage relationships
between these DNA sequences have been examined primarily in two reference
populations which originated in East Lansing, Michigan and in Compton, England.
Identifying the location of genes on the chromosomes has also been facilitated by the
tools of biotechnology. Fluorescent tags can be attached to DNA sequences, and the
tagged complex will hybridize to the gene within the chromosome. If the chromosomes
are prepared as a metaphase spread on a slide, the location of the gene within the
chromosome can be identified. If the gene has been mapped into a linkage group, the
chromsomal location of the entire linkage group can then be determined.
An international collaboration has been formed to collate information on linkage
relationships and chromosomal assignments. The map can be accessed through the
internet address of the Roslin Institute (http://www.ri.bbsrc.ac.uk) or via a connection
that can be accessed through the U.S. Poultry Gene Mapping home page (http://
poultry.mph.msu.edu). A recent survey of the map indicated that 346 of 552 loci had
been located within a linkage group. The linkage groups are identified according to
the reference population in which they were recognized, e.g. EOl and COI, and many
genes have been located within both reference populations. The chromosomal location
of 36 genes has been identified to provide the physical location for linkage groups on
chromosomes 1 to 5, chromosome 16, the Z chromosome, and the W chromosome.
As information accumulates in this database, the data will evolve into an integrated
genetic and physical map which can be used to identify genes that control traits of
biological and agricultural importance.
ESTIMATION OF GENETIC RELATIONSHIPS USING THE TOOLS OF
BIOTECHNOLOGY
The genome contains regions of repeated, short sequences of DNA that have been
termed minisatellites or VNTR (variable number of tandem repeats). The core sequence
typically includes 10-60 base pairs and the number of repeats of the core sequence
varies between individuals. The extent of polymorphism can be estimated by cutting
the genome into short segments with a restriction endonuclease, and hybridizing the
core sequence to digested genomic DNA after separating the fragments in an agarose
gel. The DNA fingerprint that is created by this process has been used to estimate
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genetic relationships. For example, the sire of chicks from a flock containing 6 males
and 57 females was estabhshed by DNA fingeiprinting (Jones and Mench, 1991 ). DNA
fingerprinting has also been used to identify the presence of donor-derived cells in
chimeras constructed by hijecting Barred Plymouth Rock donor cells mto White Leghorn
recipients (Petitte et al., 1990). The proportion of bands in a DNA fingerprint that are
shared by lines or strains of chickens provides a reliable index of genetic divergence
between them (Dunnington et al, 1991 ; Kuhnlein et al, 1989. 1990; Hillel et al., 1992;
Seigel et al., 1992). Within a selected strain, the proportion of bands that are shared by
all individuals can be used as a measure of inbreeding (Kuhnlem et al., 1990). The
degree of bandsharing can be also used to accelerate introgression of a genotype into a
population using a backcrosssing strategy by selecting individuals from each backcross
generation that include the desired genotype and that most closely resemble the desired
population (Hillel et al., 1990; Hillel et al., 1993).
MODIFICATION OF THE GENOME
The tools of biotechnology have been married to those of ceil biology in the development
of technologies that facilitate modification of the genome. The ability to identify and
clone genes has been an essential component of transgenic technology that has provided
the genes of interest and the tools for determining if and where they have been integrated
into the genome. Transgenic technology also requires access to the germline to
perpetuate the modification in subsequent generations. Access lo the germlnie has
been achieved via the newly fertilized egg, via blastoderm.al cells in stage X (EyalGiladi and Kochav, 1976) embryos and via primordial germ cells isolated from stage
5-15 (Hamburger and Hamilton, 1951) embryos.
Foreign DNA has been inserted into the genome of blastodermal cells of stage X
embryos in situ using both replication competent (Salier et al. 1986, 1987; Chen et ai.
1990; Petropoulos et al., 1992) and replication defective retroviruses (Bosselman et
al., 1989; Briskin et al, 1991) to produce transgenic birds that transmitted the genetic
modification to their offspring. Although, retroviral infection remains the best
documented method for making transgenic chickens, the technology has several
disadvantages. First, the proportion of embryos from vnus-infected eggs that transmit
the genetic modification to their offspring is relatively low. Secondly, hundreds or
thousands of eggs must usually be inoculated and a similar number of offspring must
be examined for the presence of the transgene to identify a genetically modified chicken.
Thirdly, replication competent vectors introduce chronic viremia, whereas replication
defective viruses are difficult to propagate at high titre. Fourthly, the size of the gene
inserted into the viral vector is limited to approximately 2000 base pairs so that many
genes of interest cannot be accommodated. Retroviral vectors remain very attractive,
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however, because they ensure that a single copy of the foreign DNA is transferred into
the genome. Some of the problems associated with retroviral infection may be
circumvented by co-transfecting two plasmid sequences, one of which encodes the
gene of interest but lacks some of the endogenous viral genes required for replication,
while the other encodes the missing retroviral genes. This procedure, which is termed
virofection, has the potential to yield a high proportion of genetically modified
blastodermal cells which will give rise to genetically modified cells within the germline
without producing infectious viruses (Flamant et al., 1994).
Foreign DNA has been injected into newly fertilized zygotes which have subsequently
been nurtured to hatching in elegant culture systems (Perry, 1988). This approach has
produced a transgenic chicken (Love et al., 1994) but several similar attempts have
failed to yield birds in which the injected DNA is integrated into the somatic or germline
lineages (Sang and Perry, 1989; Perry et al., 1991, Naito et al., 1991,1994a). Embryos
and chicks produced by direct injection of DNA are mosaics comprised of genetically
modified and non-modified cells and the incorporation of the genetic modification in
the germline is a rare event (Love et al., 1994). Direct injection of DNA into the
cytoplasm of the newly fertilized egg, therefore, is a route through which heritable
modifications can be introduced into the genome, but the yield of transgenic chickens
is low. The technology is also constrained by the expense of obtaining newly fertilized
eggs from donor hens, and by the technical skill required to manipulate the embryo in
vitro.
Genetic modifications can be introduced into the germline by directing genetic
modifications to the primordial germ cell lineage at any point between differentiation
from the somatic tissues and the onset of meiosis. At about 18 hours of incubation,
primordial germ cells can be recognized in the germinal crescent as large, periodicacid Schiffs reagent-positive cells. During the next few days, the primordial germ
cells migrate through the vascular system and settle in the developing gonad. The
primordial germ cells proliferate during embryonic development to produce oogonia
in females and spermatogonia in males.
Primordial germ cells have been isolated from blood collected from Stage 13-15 (H&H)
embryos and transferred to the vasculature of recipient embryos at a slightly later stage
of development. Donor primordial germ cells colonized the germline of the recipients,
yielding germline chimeras that produced offspring derived from both the donor and
recipient embryos (Tajima et al., 1993; Naito et al., 1994b). Similarly, primordial germ
cells have been collected from the germinal crescent of Stage 5-11 (H&H) embryos
and injected into the vasx:ulature of Stage 15 (H&H) recipients to yield germline
chimeras that produced fertile gametes from both the donor-derived and recipient298

derived lineages within the germUne (Vick et al., 1993a). These experiments clearly
demonstrated that if genetic modifications were introduced into donor primordial germ
cells, they could be transmitted to the next generation.
Genetic modifications have been introduced into the genome of primordial germ cells
using either a retroviral vector or a ballistic device. Transfer of primordial germ cells
that were infected with a retrovirus carrying the gene encoding â-galactosidase (lacZ)
into recipient embryos produced two roosters that transmitted the vector to their offspring
(Vick et al., 1993b), demonstrating that genetic modification of primordial germ cells
provides a route to the germline. Primordial germ cells have also been transfected by
injecting lacZ and a hpofection reagent into the vasculature of Stage 10-15 (H&H)
embryos (Watanabe et al., 1994). A small proportion of the primordial germ cells that
were migrating in the vasculature expressed/«cZby stage 24-27 (H&H) but transgenic
offspring have not been obtained to date by this route. Genetic modifications have
also been introduced into primordial germ cells in the germinal crescent by firing
tungsten particles coated with DNA from a baUistic device (Li et al., 1995). When
DNA was extracted from sperm produced by roosters derived from embryos that had
been shot with DNA-coated tungsten particles, the foreign sequences were present.
Although the genetic modification was transmitted to the offspring of these roosters, it
subsequently disappeared suggesting that the exogenous DNA was transmitted
episomally.
Blastodermal cells provide a very attractive route through which genetic modifications
can be introduced into the germline because they are readily accessible, they can be
cultured in vitro and they can be obtained in large numbers. Blastodermal cells recovered
from newly laid eggs can be introduced into recipient embryos at the same stage of
development to form germline chimeras (Petitte et al., 1990; Carsience et al., 1993;
Thoraval et al., 1994; Kagami et al., 1995). Blastodermal cells can be easily transfected
and the genetically modified cells can enter most, if not all, tissues when transferred to
a recipient embryo (Brazolot et al., 1991 ; Fraser et al., 1993). Blastodermal cells can
be cultured for up to 48 h and retain the ability to enter the germline (Etches et al.,
1996) which provides an opportunity to identify genetically modified cells using
selective media before they are transferred to a recipient embryo. Transfected
blastodermal cells can be isolated by fluorescence-activated cell sorting (FAGS) and
retain their ability to form germline chimeras (Speksnijder, 1996). In the future, it
should be possible to inject populations of blastodermal cells that have been selected
by FAGS to enhance the probability that genetically modified cells will contribute to
the germline. Specific modifications can be introduced into blastodermal cells by
homologous recombination within 7 days in culture (Liu, 1995). If conditions that
promote proliferation of blastodermal cells and retain their ability to contribute to the
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germline can be identified, it will be pos^sible to make site-specific alterations to the
genome. While blastodermal cells have the greatest potential for providing access to
the germline, genetic modifications have yet to be introduced into functional sperm or
eggs via this route. Additional information about the sub-population of stage X
blastodermal cells that contribute to the germline may be necessary in order to fully
exploit the potential of this approach to the production of transgenic chickens.
CRYOPRESERVATÏON OF THE GERMLINE
A repository of genetic material that is inexpensive to maintain and easily accessible
would ensure that unusual genotypes were maintained and would prevent the loss of
genetic variation. Although cryopreservation of spermatozoa is technically possible,
only one half of the genome can be recovered when the sperm is thawed and inseminated.
Theoretically, the genome could be stored in frozen blastodermal cells or frozen
priniordial germ cells if their ability to colonize the gonad and contribute to the germhne
was not impaired by the freezing and thawing procedure. Recent experiments have
demonstrated that germline chimeras can be made usmg frozen-thawed primordial
germ cells (Naito et al., 1994) and frozen-thawed blastodermal cells (Kino K., Pain,
B., Liebo, S.R, Cochran, M., Clark. M.E. & Etches, R.J., unpublished). The
establishment of gene banks for poultry, therefore, is technically feasible and now
requires an organizational structure to implenient collection, storage and distribution
of the genotypes that should be conserved.
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Biotechnoly has had an important influence on the nutrition of poultry, and the
developments within genetic engeneering and fermentation methods will probably
increase this action. It appears from the literature, that biotechnology will play an
important role in developing enzyme products, which can increase the utilization
of nutrients in the feed to the advantage of the poultry and to the benefit of the
environment. This will probably also be the case with cultures of microorganisms.
Some amino acids are produced by bacterial cultures in fermentation, and the
yield may be increased by selecting for higher yielding strains. Antibiotics used as
feed additives and coccidiostats are also produced by fermentation, and for the
first group the development of resistance needs continual attention, especially for
those in close relation to antibiotics used in the treatment of diseases both in humans
and in animals. New developments in feed technology may open for changes in
the biological value of the nutrients in the feed, which can be positive when the
technique is well controlled. The introduction of genetic manipulated plants may
require special attention in relation to nutrition of poultry.
Biotechnology will play an increasing role in the nutrition of poultry and probably
will require introduction of improved methods to investgate the changes which
may originate from this trend.

INTRODUCTION
Biotechnology has for many years played an important role in poultry nutrition. The
following discussion will be focused on the different feed additives, which are produced
by methods based on biotechnology in its more strict sense, such as fermentation and
genetic manipulation of microorganisms. This area will in the coming years play an
increasingly important role by producing new products essential for poultry nutrition.
In relation to biotechnology and nutrition it is necessary to have a definition of
biotechnology to have a frame for the subject. Biotechnology is a biological process
by which biological material is produced or by which the nutritive value of feed is
improved.
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Amíno acids
The amino acid lysine is approved by EU in 6 different products all of the L configuration
and containing from 98 to 35 % of L-Lysine. They are produced by fermentaion with
the bacteria: Corynebacterium glutamicum, Brevibacterium, and others.
The content of lysine in different feed material is listed in the European Table of Amino
Acids (1992) in which the content is stated both as g/ kg dry matter and as g/16 g
Nitrogen, and in the NRC, Nutrient Requirement of Poultry (1994) it is stated as % of
the feed. In the last mentioned pubhcation are also hsted the digestibilities of the amino
acids. On the basis of 28 papers Parsons, (1990) has performed an analysis to estimate
the requirements of digestible amino acids, and they were found to be about 10 %
lower than the requirements of total amino acids.
This new approach may give a more precise addition of L-lysine to reach the
requirements of different poultry species and relate these to age, metabolizable energy
in diets or feed intake, also when different unusual and relatively cheap feed materials
are utilized. To get more information about the results of such a strategy it seems
necessary to develop the system further, especially to test if the 10 % can be used in
general for all poultry species. A paper by Rostagno et al. (1995) shows the results of
a comparison between formulation on either total or digestible amino acids.For
methionine no addition of DL-methionine was necessary, but L-lysine.HCl was used
to reach the control diet level of dietary lysine. Measured on weight the addition of Llysine to the low digestible amino acid diet gave the same result as the com soybean
diet, but neither breast meat yield or abdominal fat was at the same level as the control
diet.
Considering the importance of breast meat yield and low fat content in broilers it seems
appropiate to further investigate the concept of digestible amino acid in formulating
optimal diets for broilers and other species of poultry, especially in areas where
unconventional feed materials play an important role.
The level of lysine in diets for broilers is, in recent investigations, shown to be important
both for breast meat yield and for abdominal fat deposition (Holsheimer and
Veerkamp, 1992; Holsheimer and Ruesink, 1993 and Han and Baker, 1994). Their results
seem to further underline the suggestion by Surisdiarto and Farrell (1991) to increase
the requirement for for supply of lysine to get a low content of abdominal fat and a
greater percentage of breast meat. This suggestion seems to be supported by the fact
that the recommendation for lysine by NRC (1994) in the 9th edition of Nutrient
Requirements of Poultry is based on research, where only growth and feed efficiency
has been used to predict the level of requirement, and the most recent documentation is
from 1981, when the composition of the carcase was not as vital as in the present
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situation, where breast meat yield and low fat broilers are important parameters for the
consumers and for the processing plants.
In this context it is relevant to mention, that the productivity of the bacterium producing
L-lysine may be improved by genetic manipulation and thereby hopefully reduce the
price of the product.
Antibiotics used as feed additives
For four decades it has been the practice to add small amounts of antibiotics to
compound feed for poultry, mainly poultry for slaughter but also for egg layers. In
different countries evaluation systems has been established to guarantee, that the
products have a positive effect on the animal and the feed, and they are safe both to the
animal and to the consumer. Such systems are stipulated by the Food and Drug
Administration in USA and the EU system. The last one publishes a positive list with
the approved antibiotics including type of animal and minimum and maximum level
of use.
Most antibiotics are produced by fermentation using specific strains of bacteria, such
as Streptomyces fradiae, Streptomyces cinnamonensis and Streptomyces
viridochromo genes.
It is well established, that the use of antibiotics improves weight gain and feed
conversion, and it seems to be maintained also after years of use (Dafwang et al.,
1984), who found that the "old" antibiotics were as effective as "new" antibiotics,
when the old has been used for years in the environment for the experiment.
Since 1970 the number of the approved antibiotics has been hmited, because the products
essential for the human and veterinary clinic are not permitted as feed additive. This
attitude is based on the risk of development of cross-resistanse and transmissable
resistance in relation to bacteria, which can cause diseases in humans and animals; so,
the bacteria have resistance to the antibiotics, which were supposed to cure the disease.
To continue the safe use of antibiotics as feed additives, it is essential to control the
development of resistance by the approved antibiotics.
The mode of action for antibiotics as feed additives has been discussed from time to
time, and one explanation has been, that they modify the intestinal microflora in a way,
which was positive for the chicken. This was found in one experiment for avoparcin in
a diet with high amount of barley and oats (Hofshagen and Kaldhusdal, 1992). They
found a significantly lower level of Clostridium perfringens while Lactobacilli,
Streptococci and Coliforms were not affected in the chickens fed diet with avoparcin.
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Enzymes
A number of enzymes have been developed to be used as additives to feed. They are
produced by fermentation on the basis of different microbes, such as:Aspergillus niger,
Trichoderma reesei, 3nd Bacillus subtilis. The products contain one enzyme, or a mixture
of enzymes, and besides these there may be some minor enzymatic activity. In the EU
a number of enzyme products are in a process to be approved to be permitted as feed
additives within this area. It is part of this process, that a positive effect on the animal
production has been demonstrated, and it is possible to control the presence of the
product in the feed.
The effect on the animal production has especially been demonstrated by broilers, and
an extensive research activity is directed to describe the specific effect of the enzymes.
Phytase is recognised by the EU authorities and at the national level a number of
products are used. It has been demonstrated, that the addition of phytase improves the
utilization of phosphorus and decreases the excretion of phosphorus (Pemey et al., 1993).
The most promising results with enzymes are in diets with wheat or barley as the main
grain, because they both have non-starch polysaccharides (NSP) in the cell walls, and
their anti-nutritive activity can to some extent be eliminated by enzymes. Soluble NSP
in water creates viscous solutions and can associate with the surface of the gut, which
has a negative effect on the digestion. The enzyme breaks down the NSP, but not the
carbohydrates, which can be absorbed, but to some extent fermented by the
microorganisms in the caeca. The main effect is the decrease in the binding capacity of
the NSP, which increases the digestion of protein, starch and fat, and increases the
metabolizable energy of the diet. The effect of enzyme on NSP can be estimated by
measuring the viscosity of the ileum content, and many experiments have shown
pronounced reduction in viscosity (Annison,1995).
An investigation with 13 strains of wheat (Van der Klis et al., 1995) showed an average
improvement in apparent metabolizable energy (AME) of 8 %, and at the same time
the digestibility of fat increased by 10%. A relationship (r^iO.óS) was found between in
vivo viscosity and ileal fat digestibility. Increasing dose of endoxylanase gave a
logarithnüc reduction in ileal viscosity, and a relationship to faecal fat digestibility
(r^iO.SS). But in the comparison of wheat strains it was demonstrated,that the effect of
endoxylanase on viscosity did not totally explain the differences between the measured
AME values for the different varieties of wheat.
To get the best possible utilisation of wheat varieties with different AME values, and
to tailor an enzyme product to the specific variety it will be advantageous to have an in
vitro method, which describes the qualities of the wheat. A method to predict the in
vitro viscosity was described by Bedford and Classen (1993) using pepsin HCl and
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pancreatin in a digestion procedure to increase the precision of the viscosity
measurement. The method was later applied in an investigation including 9 varieties
of wheat, grown twice at three locations (Classen et al., (1995). The correlation between
in vitro viscosity and AME (r^^ 0.49) was of the same order as the correlation between
in vivo viscosity and AME (Y^=0A9). The wheat samples were also analysed for total
and soluble NSP, and they both were negatively correlated with AME, and also with
the addition of enzyme the relationship existed between soluble NSP and AME for
chickens at 16 days of age. From these results it seems possible to obtain an estimate
of the quality of wheat before it is mixed in a compound feed, and to evaluate which
type of enzyme to be used and the concentration of the activity. Most of the experiments
with addition of enzymes to feed use products with more than one enzyme, but there
seems to be a tendency to test products with only one enzyme. In one experiment 8
different products were tested (Huyghebaert and De Groóte, 1995 ), and 4 were singleenzyme products, and 8 different single feedingstuffs were included. For the enzyme
products related to NSP enhanced MEn values were obtained, varying from 3.1 to 13.6
% for different combinations of wheat and enzyme products. This increase in the MEn
value leads to the question, how to implement this in the calculation of least-cost diets
to maintain the optimal relationship between different nutrients and the energy. One
way is to introduce the upgraded "feedstuff in the data bank or introduce the enzyme
product as a specific feedstuff (Huyghaert and De Grote, 1995), but it seems that such
a procedure needs more information. On the basis of the variation in quality of grains
and different effects of enzyme products, it seems at least that it will be difficult to
obtain a standard value, which can be used in feed formulation programmes. For the
protein the decrease in viscosity and increase the digestibility of the protein,may
eliminate the problem of protein:energy balance.
Microbial organisms
Different types of microbial organisms are used as additives to compound feeds, because:
" they beneficially affect the host animal by improving its intesinal microbial balance"
(Fuller, 1989) and in some cases the term "probiotics" is used for this group. Cultures
used for competitive exclusion of harmful bacteria can not be approved as feed additive,
mainly because they can not be clearly described by names and identification of the
organisms in the culture. The most commonly used probiotic microorganisms viz. the
lactic acid bacteria, and also bifidobacteria and bacillus have been studied. The lactic
acid bacteria are known to be active to control the gut microflora, and perform metabolic
activities as, for example, enzymes. Both these actions may promote improved feed
conversion and growth.
The bacillus has the advantage that the product contains the spores, which are heat
résistent, so they can survive the temperatures obtaining during the conditioning and
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pelleting of feed, when temperatures at around 80 ^^ C are reached. At this time three
microorganisms are approved in the EU: Bacillus cereus van toyoi and a product with
Bacillus subtilis and Bacillus licheniformis in equal number. The EU approval system
require, that it has been tested under different environmental conditions and a positive
influence on the feed and the animal is demonstrated.
A dried Bacillus subtilis was tested in combination with two different antibiotics in
experiments with turkeys ( Jiraphocakul et al., 1990 ). In the first experiment no
significant effect was found on weight and feed conversion, but in the second experiment
weight was significantly improved at 12 weeks of age and feed conversion at 20 weeks
of age. In an experiment with female broiler chicks dried Bacillus subtilis culture was
supplemented to a standard diet (Santoso et al., 1995). While body weight and
composition were not influenced, the feed efficiency, abdominal fat and cholesterol in
liver and carcass were reduced. The addition of Lactobacilli via the drinking water or
dosedp^r os , and an inhibition oíE. coli ( Fuller, 1977 ), a marked increase in number
of Lactobacillus acidophilus resulted in an increased weight gain and better feed
conversion (Tortuero,1973). When fed together with zinc bacitracin, it was found that
the antibiotic decreased the number of lactobacilli and the addition of Lactobacillus
acidophilus increased the number in the digestive system, where a significant reduction
in coliform and total aerobe counts were found (Francis, 1978). However, Watkins and
Kratzer ( 1983) by oral dosing did not find an improvement in weight or feed conversion,
but an indication that the culture may increase the biotin in the liver. It was also found,
that the environment and the dose influenced the response. For the bacteria cultures
the results show variation in the results obtained, and development of strains with
specific characteristics may be a solution to get more consistent results. It seems, that
bacterial cultures are an alternative to antibiotics, if the use of antibiotics as feed additives
may develope resistant strains of bacteria, which are infectious to humans and not
sensible to antibiotic treatment.
Feed technology
In the production of feed for poultry it has been common practice to compress the feed
by pelleting. In the process the temperature increase, but not enough to kill the eventual
injurious bacteria as Salmonella. To reach the necessary temperature level the feed
may be expanded before pelleting. This technology has been shown to reduce the
biological value of lysine and some vitamins as the tocopherols and the vitamin K,
when the temperature during the expander process reach 100 to 110 "^C (Frantzen,
1995). The expander process is described as a high-intensive-short-term (HIST) process
in which the temperature can be increased to 110 - 135 ^^C and a pressure between 30
and 50 bar is obtained (Heidenreich, 1995). The method is flexible, but requires special
knowledge and training to get the advantages. The combination of expansion and
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pelleting has been found to be effective in producing feed without salmonella.
Genetic manipulated feed materials
During the recent years some plants have been genetically manipulated, and mostly in
a way to get crops resistant to specific weed killers. Examples are: com, soybean, rape
seed and sugar beet. The first two have been approved by Food and Drug Administration
(FDA) in USA.
As far as I see, this development probably gives reason for some reflections in relation
to nutrition of poultry. It is obvious, that feed materials from crops grown on gene
manipulated plants also must be without residues from the weed killer products, and
the biological value of the nutrients must not be negatively influenced by this
biotechnological method. The gene tranfer method used in this context makes it probable
that the nutritive value remains unchanged, but inclusion of poultry in test programmes
may be advisable.
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BIOTECHNOLOGY IN RELATION TO HEALTH CARE
i(^ -^"'^^.^^

V.D.Padmanabaii
Tamil Nadu Veterinary and Animal Sciences University,
Madras, 600 007, India

The contribution from animals and poultry almost equals that from agriculture
despite meagre budgetary allotment. Still the infectious diseases pose great threat
to the developing poultry industry. A complete change in the present day vaccines
and diagnostics are essential. The scope offered by the juvenile subject of
biotechnology in providing health care is discussed.
INTRODUCTION
Among various livestock, poultry has metamorphosed into an industry contributing
substantially to the GDP besides providing much needed animal protein. One of the
major hurdles in the development of poultry industry is the disease problem. The
alterations in the existing germplasm to augment production and the introduction of
exotic germplasm have all complicated the disease scenario. The resistance of newly
developed breeds to diseases is low. Apart from mortality the production loss due
morbidity affects the farmers drastically. A number of vaccines and diagnostic tests
have been developed to control infectious diseases. But still the problems remain
uncontrolled. The need of the hour is to produce effective vaccines which prevent
the occurrence of disease throughout the lifespan of poultry and diagnostic kits that
can detect the disease at the farm level.
Biotechnology is relatively a new subject. It amalgamates the principles of
microbiology, immunology, molecular biology, biochemistry etc.. for the betterment
of mankind. It may not be an exaggeration if we say that in the past two decades,
this may be the only subject to have attracted maximum attention from scientists and
entrepreneurs.
The developments of biotechnology such as recombinant DNA technology,
monoclonal antibodies, nucleic acid based research etc.. have revolutionised the
concepts of poultry health. Development of disease resistant birds excelling in
production through genetic engineering is the ultimate goal.
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POULTRY HEALTH
The three major components of poultry industries are production, protection and
products which are interdependent and problems in any of the areas will affect the
whole industry. To provide a complete health cover all the existing diseases should
be controlled by effective means, the emergence of diseases should be detected and
remedial measures initiated at the source of problem and the outbreaks forecasted
earlier.
Biotechnology provides solutions in a number of ways. They include
a) Diagnostics, b) Vaccines and c) Transgenic birds with higher disease resistance
Diagnostics
It is important to diagnose the etiology of an outbreak at the earliest possible time
preferably at the farm itself, before its effects are felt. The conventional serology is
based on polyclonal serum and it takes much time to come to a conclusive diagnosis.
Ever since the development of monoclonal antibodies by Köhler and Milstein, a
major thrust was given to the serology. Monoclonal antibodies are developed against
specific antigenic determinants, hence diagnosis can be carried upto the level of
strains. This lessened the problems faced in diagnosing diseases where the etilogical
agent shares antigen with some other agent. Judicial development of monoclonal
antibodies are important considering the cost factor involved in production. Since
the production costs are more, monoclonal antibodies should be developed only for
diseases where antigenic plurality and antigenic sharing pose problems. Monoclonal
antibody based ELISA kits are gaining popularity. One of the latest developments in
monoclonal antibodies is the production of bi-specific antibodies, these antibodies
can detect two diseases simultaneously. Such a kind of development will be a boon
to poultry farmers, since on a single bleeding two or three diseases can be detected.
This reduces frequent handling and stress to birds, thereby production loss can be
avoided.
Polymerase chain reaction (PCR) is another area of development. PCR can detect
very minute amounts of nucleic acid. Different types of PCR techniques have been
standardised, which include reverse PCR, whole genomic PCR etc. With the help of
primers even femtograms of DNA can be amplified and confirmed diagnosis can be
arrived at. PCR and monoclonal antibody techniques form a solid base in early
detection of infectious agents.
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Nucleic acid based techniques such as Nucleic Acid Probes, DNA finger printing,
Blotting techniques are now successfully used in antigen characterisation and
diagnosis. In nucleic acid probes, it is the genome that is identified and not the
products. Hence it is the most irrefutable form of diagnosis. A number of probes are
used in infectious disease diagnosis since 1970. The most important point in infectious
disease diagnosis is the differentiation between the pathogenic strain and vaccine
strain or avirulent strain. Most of the serological tests fail to satisfy this criterion,
whereas it is made possible with nucleic acid probes. Nucleic acid probe based
diagnosis is based on hybridisation (specific binding) between labelled either with
radio active or non-radio active substances and nucleic acid in the test sample.
Hybridisation occurs when the nucleotide sequences between probe and nucleic acid
in test sample are complementary.
DNA fingerprinting has been widely used in the forensic medicine. It is also used in
veterinary medicine for the differentiation of strains. DNA fingerprinting is used to
differentiate between wild vims and attenuated viruses. DNA fingerprinting is also
used to differentiate between field isolates and reference vaccine strains.
The blotting techniques such as Northern (for RNA), Southern (for DNA) and Western
(for Proteins) are very useful in studying the structure of antigens. A thorough
knowledge about the antigens structure is essential for immune studies and for
development of suitable biotechnologically designed vaccines.
Restriction Endonuclease Profiling is another important molecular manipulation
technique gaining importance. Through this technique a restriction enzyme map is
created, which is of great use in studying the epidemiological features of diseases.
The characteristic set of fragments produced by digestion with a restriction
endonuclease is specific to a particular micro-organism. Closely related microorganisms tend to have similar nucleotide sequences and thus produce similar
collections of restriction fragments, which can be used to determine homologies
between isolates of micro-organisms. This approach is used to study the source of
outbreaks and to compare isolates.
Vaccines
The method of vaccination to control infectious diseases gains momentum after
Pasteur's work on Fowl Cholera and Rabies. Present day vaccines are either killed or
live. They have their own pros and cons. Further the immunity offered by these
vaccines is questionable under field conditions. Most of the vaccines are produced
on age old concepts which are questionable. They are produced without clear cut
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understanding about the antigenic structure and immune mechanisms. The chances
of reverting back to virulent form in case of attenuated vaccines and need to ensure
complete inactivation in case of killed vaccines also warrant a radical change in the
present day vaccines.
The introduction of recombinant DNA technology revolutionised the vaccinology
and opened a number of new vistas. Gone are the days when one has to struggle with
the large scale production and purification of antigen for vaccine production. The
genes responsible for protective moieties are identified for cloning. The identification
is simpHfied with the standardisation of newer techniques like mimotope approach
and PEPSCAN. The genes are cloned in any one of the cloning vectors. Plasmids,
cosmids and bacteriophage are commonly used for this. Then the cloned genes are
expressed in expression vectors. The first used expression vectors were bacteria such
as Escherichia coli and Bacillus subtilis. The folding of proteins were not proper in
these prokaryotic vectors. Hence, these systems were replaced with yeast Sachromyces
cerviceae.
The first licensed recombinant DNA technology based vaccine was developed in
yeast vector. Oflate the yeast Pichia pastoris was found to be a better vector than
S.cerviceae in terms of amount of protein expressed. Other expression vectors include
insect cells, plant cells and eukaryotic cells.
Apart from recombinant DNA technology, other types of biotechnologically designed
vaccines include anti-idiotype vaccines, synthetic peptide vaccines etc.. The description
of double helix structure of DNA and subsequent developments on DNA techniques
have also contributed substantially in control of diseases. Because of the relatively
simple structure of nucleic acid of viruses, it is possible to develop a genomic map.
If the genes responsible for virulence are identified and if they are not responsible of
replication it is possible to develop a deletion mutant vaccine by deleting the gene
responsible for virulence. Apart from this the principles of genetic reassortment,
gene chimerism can also be used in vaccinology. The live vectored vaccines are
another major area of development.
TRANSGENIC CHICKS WITH HIGHER DISEASE RESISTANCE
Development of disease resistance is another important area. More than aiming to
control the diseases in susceptible population, it would be better if disease resistant
strains are developed. The main aspect of transgenic fowl production is access to the
newly fertihsed ovum in the chicken, which is very difficult to access since it is
located on the surface of a yolk mass that is migrating down the magnum of the
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oviduct where the albumen is formed. The fertile eggs are infected with foreign
DNA just before incubation at a stage where development has taken place in the
oviduct for about a day, in other words the blastoderm of the fertile eggs should be
infected with foreign DNA. The most important point of development of transgenic
fowl is that all somatic cells and germline in particular should carry foreign gene
construct. A transgenic fowl line that contains a defective avian leukosis virus (ALV)
pro viral insert called alv6 has been developed. It was found that fowls carrying this
insert were highly resistant to pathogenic subgroup B ALV infection, but showed
little immunological tolerance to subgroup B aALV infection. It was found that birds
exhibiting resistance to Marek's disease carry the MHC haplotype B21 and B2, and
those susceptible carry the B19 haplotype. Using hybridoma, recombinant DNA
technology and blotting techniques it should be possible to identify and isolate the
DNA sequence conferring resistance and transfer clones of these sequences into
birds of non-resistant strains to confer immunity. It should be possible in the near
future to develop transgenic fowls with disease resistance.

319

TECHNICAL SESSIONS

SESSION -1
POULTRY GENETICS AND BREEDING

1. MOLECULAR GENETICS - GENETIC ENGINEERING

OPTIMAL STRATEGIES FOR THE APPLICATION OF
DNA MARKERS IN POULTRY BREEDING
J.Hillel
The Hebrew University of Jerusalem, Faculty of Agriculture, Rehovot
76100, Israel

Similar to the other farm animals, laboratory animals and humans, the poultry
gene mappers chose microsatellites as the main genetic markers source for the
poultry genome mapping. In this report, the avilability of microsatellite strategies
for the use of poultry scientists and breeders is reviewed. Factors of optimization
strategies in using and applying DNA markers in poultry are discussed, including
the size, structure and representation of the population, genome representation,
statistical stringency, biological verification and choice of markers. It is shown
that an efficient strategy should be based, on a combination between two factors;
a low stringent statistical test for the existence of linkage between a marker and
QTL; and the appropriate genetic tests for the discrimination between true and
false linkage.
AVAILABILITY OF MICROSATELLITES FOR THE POULTRY GENOME
Presently, several laboratories around the ' world, are working intensively and
collaboratively in an effort to saturate the poultry genome (mainly chickens) with
microsatellite sites. A total of 662 markers have been developed of which, 439 are
now mapped on one or both of the international reference families [East Leansing
(Crittenden et al., 1993) and Compton (Bumstead and Palyga, 1992) and or on the
Wageningen resource family (Table 1)]. Below is the most updated information,
including the source laboratories where these markers have been developed. We
should remember however that the mapping effort is an ongoing project and the
number of available markers increases continuously.
Table 1. Available microsatellites for the chicken genome map
Lab

Total number
Mapped on
of polymorphic reference
microsatellites families

Mapped on
Wageningen
resource
family

Total number
of mapped
mcrosatellites

Groenen
Cheng-Hillel
Burke
Soller

250
301
90
21

120
161
7
13

173
70
36
8

206
180
40
13

Total

662

301

287

439
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LIMITING AND OPTIMIZING FACTORS
Scientists of the coming generations will view our era as the historical beginning of
gene mapping. At these early stages we examine the feasibility of gene localization
by molecular markers, and test the applicability of the technology to breeding
programs. The outcome of this activity is numerous reports on such linkages between
DNA markers and genes controlling various traits in a wide range of species (Hillel
et al., 1992). To date, however, the practical contribution of DNA markers in breeding
gains is minimal or nonexistent. This is due to the fact that the majority of these
reports are not continued to the application stage or turn out as false. The analysis of
a large number of markers in large sibships may produce the illusion of linkage,
when a marker is associated with a quantitative trait by chance only. To test these
associations, independent families or crosses should be studied (Plotsky et al., 1993).
Unfortunately, in many cases these verifications are not carried out, and when they
are, less than 20% prove correct (Dunnington et al., 1992 ; Lamont et al., 1996). The
discrepancy between our efforts and the validity of their results causes frustration to
scientists and breeders involved in this field.
Gene mappers in general and QTL searchers in particular face several dilemmas in
their effort to identify genes of interest linked to marker loci. This is particularly true
when the purpose is to complete successfully such a search with maximal efficiency
(minimal costs at the shortest time). As a matter of fact, most of the dilemmas listed
could have been solved if the number of genotyping reactions that can feasibly be
done is unlimited. In practice, the cost of these reactions is a limiting factor composed
of the product of number of markers with the number of individuals to be genotyped.
Since the cost of each genotyping reaction (one genotype x one marker locus) is
approximately $3, the number of possible reactions is determined by the available
budget. For instance, if the available budget is $60,000, a question can be raised
whether we should genotype each of 400 progeny by each of 50 markers or better
genotyping about 140 genotypes by 140 marker loci? It is possible to phrase a
general rule saying that for a given population size (say above 100), for a given
number of possible genotyping reactions and above a given threshold for number of
markers being used (say between 50 to 100), additional progeny contributes to the
power of experiment more than additional markers (Van der Beek and van Arendonk,
1993). Keeping in mind that under given monetary constraints, the size of the
population is inversely related to the number of markers to be analyzed the following
dichotomies should be considered in the planning of the optimal strategy.
1. Number of markers ; many markers vs few - Obviously, the more markers-the
greater probability of identifying "true linkages". However, the fine paid for this
choice is greater expenditure and longer time scale. Furthermore, genotyping by a
large number of markers may also lead to more "false linkages".
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2. Population size; large vs small. In analogy to the aforesaid, the larger the family
- the greater the yield of true and significant linkages. Moreover, the number of false
positive linkages can be significantly reduced when the size of the resource family is
increased and its design is meticulously planned.
3. Genome representation; whole genome vs specific chromosomes. Should the
whole genome be targeted or only a portion of it ? In the latter case, is it preferable
that samples should be based on the five largest macrochromosomes - that represent
70% of the genomic DNA, though only 40% of the linkage map, (Rodinov et al.,
1992) - or on the microchromosomes and the medium size chromosomes ?
4 Statistical stringency; high vs low. The use of a limited number of markers,
enforced by the above mentioned constraints, may result in the detection of linkage
relationships of one or more of the following types : true and tight linkages, true and
loose linkages and false linkages. The first can be of immediate use. The second can
be of immediate use in the lack of tight linkage, or for other QTLs controlling the
same trait. The third should be discarded. The conventional approach to discard the
false linkages is the use of highly stringent statistical tests (significance of 0.001 and
higher). However, this approach must perforce lead to the exclusion of truly but
loosely linked markers. Also, due to the limited number of tested markers, tightly
linked markers will very probably not be included. Consequently, the use of high
stringency will lead to the loss of the only available truly, though loosely, linked
markers.
5. Source of genetic variation; pro vs con of using genetically distant populations.
Obviously, a resource population should be polymorphic at loci which are relevant
to the commercial target lines. If so, the ideal resource population should include the
polymorphism already known to exist in commercial lines. A resource population
created by crosses between genetically distant populations will undoubtedly show a
high level of genetic variation, which increases the chance of detecting linkages
between markers and QTLs. However, gene mappers frequently disagree on the
issue of applicability of genetic information from distantly related populations : can
a target line, in which a QTL is fixed, benefit from a polymorphic QTL in a distant
population (different breeds or even jungle fowl)? Can a polymorphism existing in a
commercial line be of use in a distant resource population ? Furthermore, even if we
accept the attitude that resource populations should be based on genetic stocks,
closely related to the commercial one, should the resource population be focused on
genetic variation between commcercial lines, within them or both ?
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STRATEGIES TO IMPROVE EFFICIENCY FOR THE SEARCH OF
LINKAGE
1. The independent tests approach
It seems that major parts of the above Usted dilemmas and constraints are due to our
effort to perform the search for linkages by a single linkage analysis. It is impossible
to simultaneously increase our chances to identify as many true linkages as possible
and reduce the proportion of false positives to a negligible level. It is rather difficult
to evaluate the economic value of loosing a true linked marker due to stringent
examination in exchange for not identifying false linkage. These two tendencies are
tightly and negatively associated when the search is done on the same population.
This undesirable association can be broken if the process is performed by independent
tests, as illustrated by the examples given below :
1) The search for linkage in carried out on a population and set of markers in nonstringent conditions. As a result, many markers non-linked to the searched QTLs
will be detected, as well as truly linked markers. The statistical significance of the
associations between marker alíeles and trait values in the truly linked markers is
positively correlated with their proximity to the linked QTL. If a second, it is
expected that most of the false markers will not appear in the second search, while
the true linkages will be found significant in both searches.
2) As in the previous example, the search is done on a resource population by nonstringent conditions. The outcome will include many non-linked markers and few
markers located near the searched QTLs. Discrimination between the two categories
can be done by carefully planned test crosses. This verification test can be based
either on crosses between previously known genotypes (taken from the last genotyped
generation of the original resource population) or on crosses between genotyped
females to a single sire from an imbred line.
3) In cases where a map saturated with genetic markers is available it is possible to
follow the following route. Start with statistical tests of low stringency, then choose
markers from both sides of the alleged linked marker. If the significance of the
selected markers is independent to their position relative to the alleged marker, is is
an indication that the linkage is false. If on the other hand, the statistical significance
of the tested marker changes positively or negatively to their position, with a maximum
of one peak, it is an indication that the alleged linkage is true.
4) Independent tests, using the Tail Analysis approach (see details below).

330

2. Establishment of a proper resource family
It is important to keep in mind that a proper resource family is extremely important and
a key factor for efficient work of the gene mapper and should serve him for long time
in his present and future efforts to search linkages of interest. The following scheme is
for a chicken resource family, based on Grand Daughter design (Weiler et al., 1990).
The information already available, concerning mainly broiler lines, should dictate the
design of the resource family : pronounced genetic variation is apparent, both, in
experimental lines (Dunnington et al, 1991) and commercial lines (Dunnington et al.,
1994) and inbreeding depression is pronounced, following sib matings (Cahaner, 1984
and unpubhshed data). The phenomenon of inbreeding depression can be avoided by
refraining from sib-matings. Similarly, the wealth of genetic variabihty should be put to
use to maximize the polymorphism of the analyzed QTLs and the linked markers, by
combining between-as well as within-line genetic varition.
Starting from two genetically different commercial lines, A and B, the following
scheme is suggested to allow independent linkage analyses, following four generations
of planned crosses :
Generation 0 - each of two good egg producer hens from each of two lines are
mated to a randomly selected male. These four pairs of progenitors are the grandgrand-parents. Ten full-sib females, the grandams, will be produced from each of the
four matings.
Generation 1 - following DNA fingerprint examination, a male from the opposite
line and with the least DNA fingerprint similarly is selected for each of the four
female sibships. These 4 males, the grand sires, should be unrelated to the 40
grandams. Two sets of crosses, I and II, are thus formed : line A males crossed to
line B females and vice versa. These two sets allow the independent linkage analyses.
Generation 2 - Five males from each of the forty grandparental pairs will be reared
to produce a total of 200 sires (100 from each of the two lines, of which 50 are the
descendants of each of the four grand-grand-parental pairs). These sires will be
genotyped for about 50 markers, evently spaced and polymorphic in the founder
birds.
Generation 3 - Each sire will be mated to 10 dams of a geneticallly homogeneous
and distantly related line, preferably of the same breed as lines A and B. From each
dam, one daughter will be reared for female reproductive performance and one
offspring for the remaining production traits. Thus, 10 progeny will be used to
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provide the breeding value of their sire, with regard to a particular trait. Altogether,
2000 hens will be phenotyped for female reproductive traits (1000 from each of the
two sets, I and II) and similarly, 2000 offspring for growth, carcass and immune
function traits.
Analysis. The linkage analysis will be focused on the association marker loci and
breeding value of 100 sires from each of the two sets. Only those markers found to
be significantly associated with breeding values in both the sets are probably truly
linked to the QTLs of interest. Associations found to be significant in only one of the
two sets, should be considered as false and have to be discarded. A resource family,
similar to the one described above has the following characteristics and advantages :
1.
2.
3.
4.
5.
6.

No sib-matings and therefore no inbreeding depression is expected.
Exploits genetic variation between lines and within lines.
Facilitates two independent linkage analyses, important for the verification of
true linkage.
Female reproduction traits as well as other production traits are included.
Genotyping is done on a relatively small sample of the sires and phenotyping is
carried out on a large sample of the progeny.
Since the analysis is done on breeding values of the sires, traits of low heritability
values can also be included.

It should be noted here that the above detailed resource family lÈ just an example,
out of many possible schemes. It is given here to outline important factors that one
should take into account while planning a scheme for a resource family. In contrast
to the advantages specified earlier, the main drawback of this scheme is the large
number of generations required to produce it, although such a family may serve the
gene mapper for very long time.
3. Choice of markers
Let's consider a resource family of "F2" or "BCl" resulted from a cross between
one Fl sire and 15 dams and our aim is to choose markers for which, this family is
informative. Cumulative data indicate that the level of heterozygosity of microsatellites
in chicken commercial lines is less than 50% (unpublished data). If we require that
each one of the 18 founders (Fl male, his parents and his 15 markers) should be
heterozygous for each of the marker loci to be genotyped (say 70), the markers
selection should be based on genotyping these founders by several.hundred marker
loci. The question is how can we reduce this number of several thousands of
genotyping reactions with minimum effect on the power of experiment.
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Careful examination of analytical results indicates that screening the sire only and
choice of polymorphic marker loci is sufficient. Eliminating the necessity to type the
dams and the two parents of the Fl male, results in saving large amount of efforts.
As a result, focusing on the sire only, 150 genotyping reactions may be sufficient, so
most of the markers selection efforts (probably several thousands) can be saved.
Alternatively, for a given budget, genotyping the sire only would allow to increase
the family size discussed here by nearly 100 progeny.
4. Tail Analysis (TA) of pooled genotypes
Improving the efficiency of QTL detection and localization should be a function of
saving in the number of genotyping reactions without affecting the probability for
errors of both types. Such improvement can be achieved by using the Tail Analysis
method (TA), focusing on DNA pools of individuals of the two extremes' performance
(Hillel et al., 1989). Analysis of individuals of extreme performance while disregarding
individuals of the middle part of the resource family distribution-the Selective
Genotyping method (Lander and Botstein, 1989) can reduce significantly the number
of individuals to be genotyped without loosing significant portion of the genetic
variance. Since the distribution from which, the individuals of extreme performance
are selected is of a given trait and since we are mostly interested in more than one
trait, not necessarily genetically correlated each other, this approach is appropriate
when the number of analyzed traits is limited. If several independent replicates of
pooled DNA from each of the two tails are prepared, difference in gene frequency,
repeating in the independent replicates may indicate that the gene frequency of the
marker is the reflection of a true linkage. When blood pools (Hillel et al., 1990) of
individuals located in the two distribution tails are used, the efficiency of linkage
identification can be further improved. When the genotyping is done by Southern
Blotting, the Tail Analysis approach works well (Lamont et al., 1996). However,
when microsatellites are used and when the genotyping is assisted by PCR, this
approach has still to be refined.
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We propose two new protocols for the integration at high frequency of foreign
DNA sequences into the chicken germ line. In the first one, blastoderm cells are
infected by a retrovirus vector and then reimplanted into a 7 irradiated recipient
embryo. Compared to direct in ovo inoculation, this procedure leads to a significant
improvement in the rate of vector germ line transmission. The second protocol,
called virofection, is more straightforward: A combination of plasmid carrying
various retrovirus sequences is transfected into the blastoderm cells before
reimplantation. This also leads to a high rate of vector integration. The potential
risks associated with retrovirus mediated gene transfer are discussed.

INTRODUCTION
The production of transgenic mammals after DNA microinjection into oocyte pronucleus
is becoming a routine in a number of laboratories. It allows to produce model strains
for basic science (Lamb, 1995), to observe spectacular phenotypic changes of farm
animals (Pursel and Reyrod,1993), and to produce large quantities of valuable
recombinant proteins (Rao'et al. 1994). DNA microinjection into oocyte pronucleus
can not be performed in birds, because the large size of the oocyte precludes the direct
observation of the pronucleus. Cytoplasmic DNA microinjection performed soon after
fertilisation, combined with an in vitro system for embryonic development, can however
lead to the germ line transmission of exogenous DNA at low frequency 4. The same
limitation in DNA integration frequency (Love et al. 1994) exists when chimeras are
generated by grafting transfected totipotent blastoderm cells to recipient embryos, whose
development have been compromised by 7 irradiation (Brazalot et al. 1991 and Fraser
et al. 1993).
In such circumstances, retrovirus vectors offer an interesting alternative because they
possess a unique integrase activity. The pathogenicity of replication competent retrovirus
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vectors makes them unsuitable for germ line transmission (Crittenden and Salter, 1990).
However replication defective vectors can be produced in vitro after the transfection
of helper cells. Supernatant of these cells contains virus particles that transduce the
vector genome at a high rate, without entailing chronic virus infection. Such virus
preparations have been injected into the subgerminal cavity of embryos after egg laying.
This led to the germ line transmission of the vector genome (Bosselman et al. 1989).
These initial infection experiments were performed with vectors derived from spleen
necrosis virus, which can infect both avian and mammalian cells, and recently repeated
with a vector derived from a subgroup A avian leukosis virus that was strictly avian
specific (Thoraval et al. 1995).
The rate of germ line transmission of repHcation defective vectors after their injection
into the subgerminal cavity of blastoderm is limited by a low multiplicity of infection.
While there are around 50000 cells in the chicken embryo after egg laying, only 1 |UL1 of
virus suspension can be injected into the subgerminal cavity. This volume does not
usually contain more that 1000 highly heat sensitive infectious particles. We propose
the two following procedures to overcome this limitation and to significantly scale
down transgenesis experiments in chicken.
RESULTS
In Vitro Infection of Totipotent Blastoderm Cells
Chimeras can be obtained by grafting isolated blastoderm cells into the subgerminal
cavity of a recipient embryo. If the recipient embryo is irradiated with g rays before
grafting, the rate of chimerism increases dramatically and the grafted cells frequently
participate to the germ cell lineage, as can be evidenced by using a genetic feather
marker (Fraser et al. 1993; Carsience et al. 1993).
We have first transfected a repHcation defective vector carrying a lacZ/NeoR fusion
gene (Flamant et al. 1994) into the Isolde helper cell line (Cosset et al. 1994) and selected
with G418 cells that produce the recombinant vector. The supernatant of these cells,
containing more than 10^ lac+fu/ml, was harvested and 1 ml was used to infect
blastoderm cells isolated from Brown Leghorn embryos. The infected cells were
reimplanted 3 to 4 hours after explantation into 7 irradiated White Leghorn embryos.
For unknown reasons, only one male chick showed evidence of feather chimerism
after hatching. All males chicks were nevertheless grown for further analysis of blood
and sperm DNA. PCR analysis revealed the presence of integrated copies of retro virus
genome in 12 out of 19 cases. To date, the offspring of 3 of them was analysed by PCR
and Southern blotting, and germ line transmission of vector sequences was observed
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in each case. Despite the poor rate of chimerism obtained in this particular experiment,
the high rate of vector integration contrasts with the data reported previously for in ovo
infection, where only a small fraction of the infected birds transmitted vector DNA to
their offspring. The structure and expression of transmitted vector copies is under
analysis.
BLASTODERM VIROFECTION
Virofection is a straightforward way to use retrovirus vectors (Flamant et al. 1994). It
combines the simplicity of direct DNA transfer, and the high rate of stable integration
that is the hallmark of retro virus mediated gene transfer. We have adapted the principle
of virofection to blastoderm grafting. For this purpose three plasmids were co-transfected
as described (Brazalot et al. 1991; Fraser et al. 1993): The first plasmid carries the
genome of a replication defective ALV vector. Its transcription should produce RNA
molecules able to be packaged into ALV virions. The second plasmid is a "helper"
plasmid. It encodes the gag, pol and env products of ALV. Its expression does not
produce RNA molecules able to package into the virus particles, but provides all the
proteins necessary in trans for vector replication and integration. The third plasmid
encodes a transactivator able to boost the second plasmid expression in blastoderm
cells. The coordinate expression of these three plasmids ensures the production of
infectious virus particles during the beginning of embryonic life and the stable integration
of only the vector genome. Since spontaneous integration of microinjected DNA is a
rare event, the other sequences should disappear in most cases. In vitro data show that
the virofection process can operate in totipotent blastoderm cells.
DISCUSSION
Advantages of Retro virus Mediated Transgenesis
The possibility to produce germ line chimeras by grafting blastoderm cells has been a
significant breakthrough in the field of avian transgenesis. Combined with classical
retrovirus infection or the new approach called virofection, it seems able to provide
transgenic birds at a high rate. The two procedures described above show complementary
advantages and should be further evaluated.
Risk Evaluation
Although the advantage of using replication defective retrovirus vectors to create
transgenic birds has been recognised for several years, the diffusion of this technology
has been very limited. This is due in part to the complexity of retrovirus biology, and to
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the fact that safe helper cell lines became available only recently. Another reason is
that, although similar vectors are in use for human gene therapy, retrovirus mediated
gene transfer is considered by many as hazardous. We would like to evaluate here what
the actual hazards are.
- The subgroup A ALV virus, from which our vectors are derived, are strictly bird
specific. Even if the avian receptor is transfected to allow for a cross-species infection,
ALV can not replicate in mammalian cells (Federspiel et al. 1994). Therefore the only
concern will be for an eventual spreading of recombinant virus among birds.
- A replication competent virus (RC virus) could be generated in transgenic animals,
late after inoculation, if vector sequences recombine with the numerous endogenous
retrovirus sequences present in the chicken genome. We have controlled that such an
event did not occur in the two transgenic strains created two years ago. In fact, there
are so many endogenous retrovirus sequences that one copy of vector integrated in the
chicken genome should not significantly increase the probability of a spontaneous RC
virus rescue.
- Retrovirus infection is such a conmion problem in chicken flocks that the fortuitous
infection of transgenic birds by a natural retrovirus can not be ruled out. RC virus
infection would thus entail the rescue of the vector from the chicken genome and its
spreading, in association with the exogenous virus. It is conceivable to use "self
inactivating" vectors to prevent this rescue. However their limited efficiency precludes
their use for transgenesis at this time (Flamont et al. 1993). The fact that natural
replication defective virus are not epidemic support the idea that the vector will not
spread in the flock.
In conclusion, the accidental appearance of a RC retrovirus in transgenic birds is
probably not more likely than in any chicken flock, as the main risk would be exogenous
infection. These issues can be addressed experimentally by using the available transgenic
birds.
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GENETIC IMPROVEMENT OF CHICKENS BY DIRECT
GENE TRANSFER
M. Naito
National Institute of Animal Health, 3-1-1 Kannondai, Tsukuba, Ibaraki
305, Japan

Direct gene transfer is quite useful for improving economically important traits
in chickens, accelerating the rate of genetic improvement and making possible
the utilization of genes from different animal species. Several attempts have
been made to introduce exogenous DNA into chickens;'such as direct
microinjection of DNA into fertilized ova, transfer of transfected blastodermal
cells or primordial germ cells into embryos, artifícial insemination of transfected
sperms, and infection of blastoderm by retrovirus vectors. The introduction of
exogenous DNA into chickens is now done using recently developed embryo
manipulation techniques, but the efficiency of germline transmission and
chromosomal integration of the introduced DNA is quite low. The most promising
means for the efficient production of transgenic chickens appears to be generating
transgenic offspring from transfected embryonic cells via germline chimeric
chickens. Although germline chimeric chickens are produced by the transfer of
blastodermal cells or primordial germ cells, embryonic stem cells (ES cells)
derived from the blastodermal cells or embryonic germ cells (EG cells) derived
from the primordial germ cells must be available for selecting transfected cells
with exogenous DNA. Specific gene targeting may be possible by in vitro selecting
the desired recombinant, using ES or EG cells. Genetic modification by gene
targeting may facilitate the genetic improvement of chickens, such as egg
production, growth, disease resistance and makes it possible to alter poultry
product quality. Transgenic chickens may also be useful for producing
pharmaceutical materials in eggs. Conservation of genetic material in avian
species can be achieved by cryopreservation of primordial germ cells or
blastodermal cells.
INTRODUCTION
Gene transfer is quite useful for the genetic improvement of chickens (Naito et al.,
1993; Perry and Sang, 1993; Simkiss, 1993; Sang, 1994; Bulfield, 1995). Access to
early avian embryo has been hampered by the distinctive reproductive system of the
laying hen. The avian embryo contains much yolk, and the early stage embryo
develops in the hen's oviduct during egg formation process. After oviposition, the
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embryo continues to develop inside the eggshell until the time of hatching. A recent
chick embryo culture technique from single-cell stage to hatching makes it possible
to manipulate an early avian embryo. DNA transfer in chickens has been attempted
by means such as direct microinjection into the germinal disc of a fertilized ovum,
and generating germline chimeric chickens produced by transfer of blastodermal
cells or primordial germ cells. Recent developments and future prospects of DNA
transfer into chickens are discussed in the following.
Development of Early Chicken Embryos and Embryo Culture
Fertilization in chickens takes place in the infundibulum of the oviduct within 15
minutes after ovulation. The fertilized ovum enters the magnum where thick albumen
is formed around the yolk. The first cleavage division of the ovum starts about 4.5
hours after ovulation (Perry, 1987), and this timing coincides roughly with the entry
of the ovum into the isthmus where shell membranes are formed. While the egg is in
the isthmus, the embryo develops to the 4-8 cell stage. When the egg enters the
uterus, the albumen absorbs the so-called "plumping fluid" and the embryo develops
to the 256 cell stage within 4 hours after entering the uterus, the eggshell then forms
around the shell membrane. At the time of oviposition, the embryo consists of about
60,000 cells, and a growth ring comprised of the area opaca and area pellucida is
formed (Eyal-Giladi and Kochav, 1976; Kochav et al., 1980). After laying, embryonic
development continues inside the eggshell. The fertilized ovum at the single-cell
stage obtained from the posterior portion of the magnum can be cultured ex vivo
until hatching, in three stages (Perry, 1988): fertilized ovum to blastoderm formation
for 1 day (system I), embryogenesis for 3 days (system II), and embryonic growth
for 18 days (system III). The culture method has been modified to attain a much
higher rate of hatching (Naito et al., 1990a). The fertilized ovum obtained from the
magnum is incubated with culture medium in a glass container for 24 hours at 4PC.
The embryo (yolk) is then transferred to small and then large recipient eggshells and
incubated at 38°C until hatching. This ex vivo culture method has also been used for
culturing early uterine embryos obtained by induced premature oviposition (Naito
and Perry, 1989). The fertilized ovum immediately after fertilization obtained from
the anterior portion of the magnum can be cultured until hatching (Naito et al.,
1995a). The embryo culture technique facilitates access to the early chick embryo,
and is currently used for manipulating avian embryos.
Gene Transfer by Direct Microinjection
The developmental stage appropriate for DNA microinjection into a fertilized ovum
is about 2.5 hours after ovulation (about 2.75 hours after the preceding egg is laid,
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Naito et al., 1990b) when male and female pronuclei have become enlarged and
situated centrally in apposition (Perry, 1987). In chickens, male and female pronuclei
are masked by opaque cytoplasm, and it is difficult to distinguish the male pronucleus
which will contribute to the zygote nucleus due to the presence of supernumerary
male pronuclei. It is thus not possible to inject DNA into a pronucleus which
contributes to the zygote nucleus. DNA consequently must be injected into the
cytoplasm near pronuclei. DNA should be injected into the central part of the germinal
layer close to the upper surface since embryonic tissues and primordial germ cells
may originate from the central zone of the area pellucida (Ginsburg and Eyal-Giladi,
1987).
The expression of exogenous DNA injected into the cytoplasm of fertilized ova was
studied using E. coli /À-galactosidase (lacZ) gene in circular form. The lacZ gene
expression first appeared at the mid-cleavage stage at 12 hours of incubation (Perry
et al., 1991). Expression of the lacZ gene in 4- day incubated embryos following
DNA injection was observed in embryonic and extra-embryonic tissues of 63.6% of
embryos that survived, but most of the expression showed a mosaic pattern. The
incidence of expression was higher in the neural tube than in other organs and tissue
(Naito et al., 1991a). Following gastrulation, lacZ gene positive cells were present in
the embryonic tissue of only 7% of surviving embryos (Perry et al., 1991). When
linearized DNA was injected into the germinal disc, DNA molecules were Hgated
rapidly to form random concatamers and the injected DNA became less detectable
with the course of embryonic development (Sang and Perry, 1989). DNA injected
into a fertilized ova is thus shown to persist episomally and gradually be lost. This
DNA may possibly be incorporated at an early stage in at least one case (Naito et al.,
1991a), and thus by the present method it may be incorporated into host chromosomes
though with little efficiency.
Based on findings from analysis of injected DNA in early chicken embryos, attempt
was made to introduce exogenous DNA into hatched chickens by microinjection of
DNA into a fertilized ova. DNA in linear form was injected into the germinal disc of
fertilized ova and the injected embryos were cultured ex vivo until hatching (Naito
et al., 1994a). The rate of hatching was 11.8% (31/263): 19 males and 6 females
matured. DNA from blood and semen samples of the 25 matured chickens were
analyzed for the presence of injected DNA by Southern hybridization. It was found
in the blood DNA of one male and sperm DNA of another male. Restriction digestion
analysis of the injected DNA indicated apparently no rearrangement and as head-totail multimer organization. The copy number of the DNA was 0.07-0.02 in the blood
DNA of one male per diploid genome and 0.02- 0.015 in the sperm DNA of another
male, indicating exogenous DNA to be present in limited numbers of blood and
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sperm cells. Love et al. (1994) introduced exogenous DNA into chickens by a
similar procedure to obtain 7 healthy chickens, 5.5% of the total number of injected
ova, which reached maturity. One chicken, a cockerel was identified as mosaic with
approximately one copy of injected DNA per 10 genome equivalents. This cockerel
transmitted exogenous DNA to 3.4% (14/412) of the G^ offspring, and G^ transgenic
offspring were produced (81.5%, 106/130) with normal Mendehan inheritance of the
transg^e by mating G^ transgenic birds, suggesting the stable transmission of
exogenous DNA.
Thus, the cytoplasmic injection of DNA into the germinal disc of fertilized ovum
leads to the generation of transgenic chickens. If DNA can be injected into one
pronucleus which will contribute to the zygote nucleus, the efficiency of exogenous
DNA introduction into chickens or host chromosomes should be enhanced by 10
times as much or more.
GENE TRANSFER VIA GERMLINE CHIMERIC CHICKENS
Production of germUne chimeric chickens by the transfer of blastodermal cells or
primordial germ cells (PGCs) should make possible genetic transformation of chickens.
By this method, high efficiency of gene transfer is possible by injecting blastodermal
cells or PGCs selected for transfection with exogenous DNA in vitro. Homologous
recombination (Capecchi, 1989) for modifying a specific location within the genome
may also be done in this method.
BLASTODERMAL CELL TRANSFER
Stage X blastoderm (Eyal-Giladi and Kochav, 1976) from freshly laid unincubated
egg is the onset of hypoblast formation and thus blastodermal cells may be pluripotent
(Eyal-Giladi and Kochav, .1976) and transferable from one embryo to another
(MarzuUo, 1970). Avian somatic and germline chimeras have been produced by
injecting dispersed blastodermal cells into the subgerminal cavity of recipient embryos
(Petitte et al., 1990, 1993; Naito et al., 1991b; Watanabe et al., 1992). A germline
chimeric chicken has been produced between White Leghorn and Barred Plymouth
Rock (Petitte et al., 1990), though with a frequency of donor-derived offspring from
the chimeric chicken of only 0.3% (2/719). To apply this technique to the production
of transgenic chickens, germ cells of recipient embryos must be replaced efficiently
by those derived from donor blastodermal cells. Increasing the number of injected
blastodermal cells and injecting the stage V-VIII (Eyal-Giladi and Kochav, 1976)
blastodermal cells has been found not to alter the frequency of donor-derived offspring
from chimeric chickens (Petitte et al, 1993). Compromising recipient embryos by
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exposure to /A radiation prior to injection of donor blastodermal cells significantly
increase the frequency of donor-derived offspring from chimeric chickens (Carsience
et al, 1993).
As to sex differentiation in chimeric chickens, Kagami et al. (1995) determined
developmental fates of male and female cells in ovaries and testes by injecting
blastodermal cells (stage X) into recipient embryos at the same stage of development
to form same sex and mixed-sex chimeric chickens. Genetically male germ cells
were shown to differentiate into functional ova in female chimeric chickens, and
genetically female germ cells into functional spermatozoa in male chimeric chickens.
Although the W-chromosome-specific DNA sequence was occasionally seen in DNA
extracted from the semen of male chimeric chickens, W-bearing sperm cells were
unable to fertilize ova.
Dispersed blastodermal cells could be cultured in vitro for at least 48 hours and were
able to enter the germline of recipient embryos (Etches , et al, 1993). Putative
pluripotential embryonic stem cells (ES cells) derived from the chicken blastodermal
cells have been identified using several antibodies known to recognize mouse ES
cells and chicken and mouse primordial germ cells (Pain et al, 1995). In this study
putative blastodermal stem cells from Barred Plymouth Rock embryos were
maintained in long term culture and injected into compromised White Leghorn
recipient embryos. The injected cells colonized the somatic tissue of recipients to
yield chimeric chickens with black and white feather pigmentation. The contribution
of these putative blastodermal stem cells to the germline of chimeric chickens has
yet to be determined. Blastodermal cells have been efficiently transfected with lacZ
gene by lipofection and injected into recipient embryos. The injected lacZ gene is
expressed in chimeric embryos cultured for 2-3 days following the injection (Brazolot
et al., 1991; Fraser, et al., 1993). If stably transfected blastodermal cells enter the
germline of chimeric chickens, this method should promote the development of
transgenic chickens.
PRIMORDIAL GERM CELL TRANSFER
PGCs are progenitors of ova and spermatozoa. Avian PGCs originate from the
epiblast and gradually move to the lower layer during the early stages of primitive
streak formation to subsequently appear in the hypoblast layer of the germinal crescent
region and multiply. They then enter the developing blood vascular system and
circulate temporarily throughout the embryo. Finally, they migrate into the germinal
ridge, and proliferate and differentiate into oogonia or spermatogonia (Kuwana,
1993).
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Manipulation of PGCs contributes directly to gerailine transmission. Various attempts
have been made to produce germline chimeric chickens by transferring PGCs from
germinal crescent (Reynaud, 1976; Wentworth et ai, 1989; Vick et al., 1993ab) or
embryonic blood (Simkiss et al, 1989; Petitte et al, 1991). The transferred PGCs
differentiated normally into germ cells and viable offspring were obtained (Reynaud,
1976; Wentworth et al, 1989; Vick et al, 1993ab). However, the efficiency of
donor-derived offspring production from these chimeric chickens was low owing to
the insufficient number of PGCs transferred to the recipient embryos.
Yasuda et al (1992) developed a technique for concentrating PGCs from embryonic
blood by FicoU density gradient centrifugation. By this technique, Tajima et al
(1993) produced germline chimeric chickens by injecting 100 PGCs isolated from
embryonic blood into terminal sinuses of host embryos. Chicks from donor PGCs,
judging from feather color, were obtained from the chimeric chickens at an efficiency
of up to 12%. For greater efficiency endogenous PGCs should be eliminated from
recipient embryos and the number of PGCs for transfer be increased. Naito et al
(1994b) produced germline chimeric chickens with high transmission of donorderived gametes obtained by the transfer of PGCs. They injected 200 PGCs from
embryonic blood into the blood stream of partially sterilized recipient embryos by
drawing the blood prior to the injection. When PGCs were transferred from White
Leghorn to Barred Plymouth Rock, average frequency of donor-derived offspring
was 81% for 3 male chimeric chickens and 96% for one female chimeric chicken,
and about 3.5 times that for transfer in the opposite direction (23% for 6 male
chimeric chickens). These chimeric chickens could transmit genetically manipulated
PGCs, prepared in vitro, to the germline.
PGCs have been transfected in vivo by injecting a liposome-DNA(/acZ) mixture into
the blood stream of recipient embryos (Watanabe et al, 1994). The circulating PGCs
were transfected and colonized on germinal ridges. The lacZ gene was expressed in
PGCs in the gonads, but the number of PGCs positive for the lacZ gene was 2.1 per
embryo. Naito et al (1995b) transfected PGCs obtained from embryonic blood in
vitro by lipofection and transferred them to the partially sterilized recipient embryos.
The introduced DNA was expressed in embryonic gonads incubated for 3 days
following injection. The number of cells in the gonads expressing exogenous DNA
was various and some of them slightly exceeded 50, but most of the DNA expressed
episomally. Li et al (1995) transfected PGCs located in the germinal crescent region
in ovo using a ballistic device. Hatchlings thus produced were grown and exogenous
DNA was shown present in the sperm. Although DNA was transmitted to the next
generation (G,), the DNA disappeared from the chickens (G,) as they matured
suggesting DNA to be transmitted episomally. Vick et al (1993a) produced transgenic
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chickens by transferring PGCs transfected in vitro using defective retroviruses. The
exogenous DNA became integrated in the host chromosomes and was transmitted to
the next generation.
Thus, the stable incorporation of exogenous DNA into chickens has yet to be achieved
via PGCs, except by the method using retroviruses. The low efficiency of transfection
of PGCs with exogenous DNA appears to be the major reason for this. For greater
efficiency, an in vitro culture method for PGCs which can be selected for stable
incorporation of exogenous DNA should be established. PGCs obtained from the
gonads of 5-day incubated embryos proliferated in vitro about 3 times during a few
days by culturing with stroma cells from gonads (AlhoU et al., 1994). To select
stably incorporated PGCs for exogenous DNA, PGCs should be cultured in vitro for
longer periods. If PGCs can be cultured in vitro and embryonic germ cells (EG cells)
be established, the manipulation of PGCs or EG cells should serve as an alternative
means for modifying specific locations of avian genome.
GENE TRANSFER VIA SPERM
Spermatozoa penetrate the vitelline membrane and enter the ovum during fertilization
to form male pronuclei, one of which fuses with a female pronucleus. Spermatozoa
should thus be useful as a vector for gene transfer into chickens. Since DNA adheres
easily to the surface of spermatozoa, DNA transfer has been conducted by artificial
insemination of spermatozoa coincubated or Upofection treated with exogenous DNA.
Although exogenous DNA has been transported into fertilized eggs (Rottmann et al.,
1992; Nakanishi and Iritani, 1993), it has been shown present episomally and disappear
during embryonic development (Freeman and Bumstead, 1987). Sperm-mediated
DNA transfer has also been attempted by Gavora et al. (1991), but without success.
Squires and Drake (1993, 1994) attempted DNA transfer via spermatozoa by
lipofection treatment. The DNA was successfully introduced into the spermatozoa,
and was shown present in the hatched chickens following artificial insemination.
The transmission of introduced DNA to the next generation was indicated but not
the integration of exogenous DNA into host chromosomes.
GENE TRANSFER VIA RETROVIRUSES
The transfer of exogenous DNA into a chicken germline has been achieved by
replication- competent or replication-defective retroviruses in developing embryos
as vectors (Shuman, 1990, 1991; Crittenden, 1991; Salter et al., 1993). The
oncogenicity of infectious virions produced by retroviruses (Freeman and Bumstead,
1987) and limitation in size of exogenous DNA that can be carried by the vectors
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(about 2 kb for replication competent vectors and about 6 kb for replication- defective
vectors, Salter et al., 1993) are some problem of this method. Although retro virus
vectors made efficient gene transfer possible in chickens, products from transgenic
chickens may not be satisfactory. To use transgenic chickens in poultry breeding, a
method not requiring retrovirus vectors should be developed.
PRESERVATION OF GERM CELLS
Cryopreservation of germ cells in avian species conserves genetic material for future
poultry improvement and facilitates endangered species preservation. In chickens,
cryopreservation of spermatozoa has already been achieved (Lake and Stewart, 1978),
but fertilized ova cannot be preserved in the same way owing to their large size and
yolk-laden structure. So far, it has not been possible to preserve female genetic
material from chickens. Cryopreservation of PGCs provides an alternative means for
conserving male and female genetic material; cryopreserved PGCs give rise to viable
offspring via germline chimeric chickens. Naito et al. (1994c) preserved PGCs
obtained from early embryonic blood in liquid nitrogen using White Leghorn and
Barred Plymouth Rock. The collected PGCs were suspended in freezing medium
containing 10% dimethyl sulfoxide. The cell suspension was frozen in liquid nitrogen
for 4-5 months. When the cell suspension was thawed, viability of the frozen-thawed
PGCs was 94.2%. One hundred frozen-thawed PGCs were injected into partially
sterilized recipient embryos by drawing the blood before injection. The embryos
were cultured in recipient eggshells until hatching and germline chimeric chickens
were produced. Viable offspring from frozen-thawed PGCs were obtained by mating
male and female germline chimeric chickens or the chimeric chickens with Barred
Plymouth Rocks. The offspring showed normal reproductive performance. This
technique for cryopreservation of PGCs, giving rise to viable offspring, makes it
possible to conserve genetic material in avian species. The cryopreservation of genetic
material would be more assured if spermatozoa were also preserved in liquid nitrogen.
Blastodermal cells obtained from freshly laid eggs (stage X) can be frozen in liquid
nitrogen prior to their injection in recipient embryos for making chimeric chickens
(Naito et al., 1992; Petitte et al., 1993). If donor-derived offspring from chimeric
chickens produced by transferring frozen-thawed blastodermal cells can be obtained
efficiently, the use of blastodermal cells should also contribute to the preservation of
genetic material in avian species.
CONCLUSIONS
Although efficient techniques for the transfer of genes into chickens have yet to be
developed, gene transfer will contribute to the elucidation of the various biological
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phenomena as well as genetic improvement of chickens. Their use should lead to the
generation of transgenic chickens in whose eggs pharmaceutical materials are
produced.
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Biotechnology in poultry production has gained in recent years considerable
momentum largely because of DNA-based developments. For breeding, mapping
of the chicken genome is on its way and the use of genetic markers are about to be
introduced into selection procedures in poultry. Still, limits persist, relative to
their wider application. Sexing of the freshly laid egg, once beyond the laboratory
level may improve hatching efficiency and prevent killing of male layer chicks.
On the other hand, transgenic chicken are a reality in the laboratory but still very
far from the chicken yard. Biotechnology has entered the yard, though in case of
enzyme enriched diets that may still progress with the advent of containment of
enzymes in transgenic plants. A very wide field, that DNA-based biotechnology
has already and vdll definitely further enter is that of animal health. At present
diagnostics and vaccine breakthroughs to practicability are obvious.

INTRODUCTION
The wider definition of biotechnology is 'the use and control of biological systems'.
This has in poultry production a long history with breeding programs, artificial
insemination, artificial incubation, sexing, vaccination programs, feed additives or
complete control of environmental factors. In recent years, biotechnology is seen much
narrower, largely in relation to DNA-technologies but also relative to new production
aids that promise to improve breeding, the health situation, product quality, and economy
of poultry production. Gentechnology is part of biotechnology but is restricted to the
alteration of the genome of an organism, the information is handed over to the progeny.
Gentechnology may imply direct alteration of the genome of poultry, but also substances
e.g. recombinant production aids or vaccines that originate from recombined organisms.
A third line makes either use of knowledge of the nucleotide sequences in a genome or
employs specific probes from genetically altered microorganisms to identify nucleotide
sequences. Typically this serves analytical and diagnostic purposes. Whatever the tools
of biotechnology are, in market oriented systems they serve the major goal to improve
competitiveness of poultry production, satisfaction of consumer demands included.
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In this presentation I shall concentrate on developments that have taken place largely
since the last WPSA-Congress in 1992 and shall point to some future perspectives but
also limits of biotechnology in various aspects of poultry production such as breeding
nutrition and poultry health.
BREEDING
Strategies in poultry breeding make use of the inherent genetic potential of individuals
or populations directing or preserving desirable traits. DNA-technologies promise new
tools that may enhance progress and efficiency in poultry breeding.
Eggs and meat are the major products number and size of eggs, growth rate and carcass
composition as well as feed efficiency have been major selection traits for decades.
Success has been outstanding to the degree that physiological limits of performance
are close. Future breeding strategies need to consider the complex interaction of genetic
potential and functional capacity as well as animal health to a larger extent than practiced
so far. If promises are held, then poultry breeding is at the edge of revolution. However,
in 1992 Bulfields conclusions were still rather careful to this end (Bulfield, 1992). At
that time, molecular biology of the chicken genome had little impact on poultry breeding.
Since then considerable progress has been made scientifically in molecular genetics.
International concerted efforts have led to the mapping of more than 450 loci on a
molecular genetic linkage map of the chicken genome (Burt and Nicholson, 1994;
Burt et al., 1995). Data bases for the chicken genome are established at East Lansing
(USA) and at Compton (Bumstead and Toye, 1994). This is still only a successful start
considering the task of mapping the whole chicken genome.
Detailed knowledge of the genome is an essential prerequisite for the introduction of
marker assisted selection into breeding programs. Whether or not and to what degree
marker assisted selection has found entrance into breeding programs of large breeding
companies is - for obvious reasons - difficult to assess. Nevertheless, it is probably
safe to state that introduction of marker assisted selection is at the threshold or beyond
of practical use, despite limits listed below. One area where marker assisted selection,
combined with gene diagnosis will be of outstanding importance is breeding for disease
resistance (Hartmann, 1993; Urbani et al., 1995). Reference populations for the mapping
of the chicken genome are based on White Leghorn lines, bred for disease resistance
(Burt et al., 1995). Using molecular tools for breeding for resistance may not be as
easy as often assumed.
Marker assisted selection using DNA variants faces limits: (a) The distance between
gene locus and marker; (b) the type of relationship between marker and target gene; (c)
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the stability of relation between marker and gene; (d) restriction of results to family
members or closely related individuals only; (d) verification of relationship for each
generation. Marker assisted selection may, however be very valuable where heritability
is low, hard to measure, and of limited expression (Levin et al., 1994).
Molecular tools, such as DNA-fingerprinting, allow to verify the origin of poultry
products or pedigree analysis to establish the provenience of hybrid lines or poultry
strains.
A wide field of application of molecular biotechnology will result from the increasing
interest in conservation genetics (Hedrick and Miller, 1992). Genetic selection under
differing environmental conditions and for various purposes has led to make use of
mutations, genetic drift, founder effects, or simply emphasis on the expression of specific
genes associated with desirable traits. The introduction of hybrid lines into small scale
production units such as in the tropics results in the irrevocable loss of valuable trait
genes that allow the bird to cope with specific and adverse conditions (adaptability,
disease resistance). Identification, monitoring and conservation of valuable trait loci
can help to reduce the inherent danger of breeding programs and can assist to safeguard
genetic diversity in poultry. Efforts to pursue this line of research are still at their
beginning but strategies in poultry may differ from those in larger farm animals.
Biodiversity in poultry should emphasize the genotype and genetic variability using
molecular markers rather than rely on the phenotype. Progress in mapping the chicken
genome will assist the development of conservation strategies.
Hatching male chicks, only to kill them immediately after sexing seems rather useless
to the breeder and is considered questionable from an ethical point of view in some
societies. The availability of w-chromosome specific repetitive sequences allows to
identify the gender of poultry at any stage of development and in a few cells if not in a
single cell (Ellendorff et al.., this meeting). This carries considerable potential for future
application. Nondestructive, fast and reliable identification of sex in the freshly laid
egg would save 50% of the hatching capacity and would make the killing of male
freshly hatched layers unnecessary. However, a number of technical problems such as
retrival of cells from the freshly laid egg and rapid tests need to be developed.
Alternatively, the alteration of the sex ratio in the unborn chick would serve the same
goal. Albeit numerous attempts, fertile sex reversal has never succeeded. Endocrine
tools such as application of aromatase inhibitors are able to change the phenotypic
female into a male phenotype that even produces sperm, but the sperm is infertile
(Elbrecht and Smith, 1992). The opposite approach to completely feminize genetic
males is even more unlikely to succeed at present.
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Both, in mammals and in birds recombinant technologies had raised the expectations
that transfer of desirable trait genes would open new vistas to poultry production. Neither
in mammals nor in poultry have these expectations come true yet. In mammals, the
insertion of foreign genes into the genome is technically possible, in birds the structure
of the freshly ovulated egg places unsurmountable barriers for direct microinjection of
DNA. Successful transgenes have however been reported for almost 10 years using
retro viral vectors (Salter et al., 1987; Bosselmann et al., 1989), or placing foreign
DNA into the cytoplasm of the germinal disc of the fertilized egg (Love et al., 1994).
Somatic and germline chimeras were produced by Petitte et al. (1990) injecting foreign
cells into the subgerminal cavity of chick embryos. Also the introduction of primordial
germ cells into the blood stream of stage 13-15 old embryos has led to the incorporation
of foreign genetic material into the germline recipients and yielded chimeric chicks
that transmit the transgene to the next generation birds (Vick et al., 1993). All systems
still suffer from considerable drawbacks such as need to cultivate the embryo in host
shells to hatching.
Insertion of foreign DNA via sperms has been attempted repeatedly so far without
lasting success (Rottmann et al., 1992). Whatever technique of genetransfer will be
eventually the choice, time- and location specific regulation of gene expression is needed
in order to avoid negative side effects that have been associated with many seemingly
successful transgenes. To this end suitable constructs are still lacking. We also need to
understand much more as to how the genes are designed and how elements relate to
the genes function and expression (see also Freeman and Bumstead, 1987). Knowledge
of the domain organisation is important. For example, the transcriptionally active domain
of the chicken lysozyme gene is flanked by matrix attachment regions (MARs) at the
boundaries. These elements are able to impart position independent expression of
transgenes. The reason is that chromatin is organized in DNA-loops, with matrix
attachment regions (MARs) at the base of the loops (Phi van et al., 1990). These elements
are probably part of the control mechanisms of gene expression of the lysozyme gene.
The expression of the gene is however influenced by numerous factors such as bacterial
lipopolysacharides (Goethe and Phi van, 1994). Thus knowledge of the MARs is only
one prerequisite for sensible gene transfer.
Should the creation of truely transgenic poultry succeed with genes that are beneficial
to the breeder/producer then strategies need to be at hand to introgres the gene into a
given population. Hillel et al. (1993) have proposed such and listed the tools required.
The conclusions drawn from their work is that inbreeding can be avoided even if only
a single male is available carrying the desired gene.
Despite the obvious theoretical advantages transgenic poultry may promise to the breeder
and producer such as use of superior trait expression, increase in genetic variability,
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acceleration of genetic change, avoidance of unfavourable linkage situations and
possibly new products, the disadvantages such as high risk to the animal and its products,
the absence of guarantee of success, the high scientific/technical investment and our
lack of understanding of the genes and their control mechanisms and of the interactions
of genes and physiological systems affected makes it unlikely that transgenic poultry
will be introduced into practical breeding in the near future. In conclusion, transgenes
are still rather distant from entering the poultry yard.
NUTRITION AND METABOLISM
Selection of animals for growth, feed efficiency or carcass composition has always
resulted in simultaneous changes in metabolism. Due to the complex interactions of
desired traits frequently surprising or unwanted effects were yielded: Selection for less
body fat does not necessarily result in improved protein accretion, selection to enhance
growth rate meant also selection for increase in body fat (Leenstra and Pym, 1994).
DNA-based efforts to alter the metabolism concentrate on the identification and
characterization of the gene coded for the Acetyl-CoA Carboxylase, the enzyme of the
"committed step" in the fatty acid synthesis, or the fatty acid synthetase genes (Le Fur
et al., 1992) or on rate-limiting enzymes of growth (Zhang et al., 1992). This area is
still at the level of scientific endeavours. Of more immediate concern are recombinant
and non-recombinant biotechnology products that have entered the market or have
reached the threshold for application.
Feed enzymes are present by now in approximately 40% of the broiler feed produced
in Europe (Cowan, 1995). While some of them originate from genetically modified
organisms (GMO) most of them are derived from other microbial sources. GMO-derived
enzymes are considered to have a high degree of purity and specificity and can be
combined with other specific enzymes in a much better controlled manner when
compared to conventionally produced enzymes. Both conventional and GMO-derived
enzymes suffer from instability under adverse conditions such as processing, pelleting
and storage. Transgenic seeds such as phytase enriched seeds improve phosphorus
utilisation with the additional benefit of reduced excretion of unwanted phosphorus
into the environment (Pen et al., 1993). Another advantage of seed contained phytase
is its stability during processing and until digestion. First experiments in broilers (Pen
et al., 1993) have established a significant improvement of growth rate in phytase
enriched seeds when compared to controls. Further development holds considerable
promise for poultry production.
Amongst feed additives under debate a number of substances are highly effective altering
growth rate and/or feed conversion or carcass composition. Recombinant growth
hormone does not seem very effective in broilers (Burke et al., 1987).
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ß-agonists originally developed against bronchial distress are, at very high doses anaboUc
(in poultry to a much lesser extent when compared to mammalian farm animals;
Malucelli et al., 1994; Buttery, 1994 for review). The Common Market of the EU
prohibits the use of ß-agonists as any other hormone in meat animals.
ANIMAL HEALTH
While breeding for disease resistance using non-conventional DNA-based marker
systems has still not reached a breakthrough, other DNA-based venues to animal health
have been more successful and have already found entrance into diagnosis, prevention,
therapy and immunization.
Diagnosis of diseases often demands a more detailed differentiation and identification
of the causing microorganism than phenotypic techniques can achieve. Biotechnology
diagnostics open a large market to animal and human disease diagnostics. Numerous
DNA-diagnostics have been developed in recent years and many more are expected
(Rusnak, 1995). Genotyping based on DNA-technology has opened a new window to
microorganism lineages such as Salmonellae (Threlfall and Frost 1990; Helmuth et
al., 1990). The techniques fulfil many criteria of typing (typeability, reproducibility,
discriminatory power) to a better degree than conventional typing methods (Maslow et
al., 1993). The following DNA-based techniques are available and employed at present
(Liebisch and Schwarz, 1996): 1. Plasmid analysis: Describes number and size of
plasmids in an isolate. Problems and limitations arise from the fact that plasmids are
not always present and plasmids can be transferred from one isolate to another. Plasmids
of identical size do not necessarily code for the same marker. Additional tests are thus
advised. 2. Analysis of whole cellular DNA: Fragmentation of isolates by restriction
enzymes can be compared following gel electrophoresis. However, limits were set by
the number of fragments to be compared. 3. Hybridization using gene-probes: This
allows to identify DNA-sequences within an isolate and compare them with others
using probes specific for a given DNA sequence. One such technique is called
'Ribotyping'. 4. Macro restriction analysis: This is based on the separation of very
long DNA-fragments and involves pulse field gelelectrophoresis. A specific genomic
fingerprint is the result. This method is presently the method of choice because of its
discriminatory liability.
Thus a whole array of DNA-based techniques is available to date to identify and
differentiate bacterial infections and possibly contribute to the understanding of the
epidemiology of poultry diseases.
These techniques are also suited to differentiate between wild type and life vaccine
strains of bacteria. Compulsatory vaccination programs against salmonellae in Germany
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have led not only to successfully develop genotyping of salmonellae strains in order to
distinguish between wild type and vaccine strains (Schwarz and Liebisch 1994, Schwarz
et al., 1995) but also to survey the genetic stability of mutagenized salmonella life
vaccine strains.
As long as disease resistant poultry is not available, successful disease management of
small and large flocks of poultry is not possible without support of the natural immune
system by vaccination. Mareks disease, Newcastle disease, infectious bronchitis,
infectious bursal disease, mycoplasma infections, coccicidiosis, salmonella or
pasteurella infections are major diseases that require obligatory or voluntary vaccination.
Non-pathogenic vector vaccines and single application of polyvalent vaccines are hopes
that are placed into DNA-biotechnology derived vaccines. Considerable progress has
been achieved. For example recombinant coccidial vaccines against a number of Eimeria
spp. are in the experimental stage (Lillehoj and Tront, 1993). Developments of
recombinant New Castle Disease Virus-vaccinations are on the way (Mori et al., 1994).
Similar, recombinant Infectious Bursal Disease Virus-vaccines have been published
(Snyder et al., 1994). The Food and Drug Administration has now licensed the
commercial use of a fowl pox/newcastle vaccine.
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INTRODUCTION
Production of transgenic animals is based on a simple phenomenon in cell biology; a
DNA molecule, when physically introduced into a cell, may get incorporated into its
genome. If this cell is a fertiUzed egg or any derivative of it with potency to give rise to
a whole animal the resutling animal will carry the DNA molecule in all or most of its
cells. Transgenic mice produced through DNA microinjection of eggs is a powerful
resource in biology research. This technology is also being used to manipulate the
genome of sheep (Simons et al, 1988; Wright et al, 1991), cattle (Hyttinen et al,
1994), pig (Sharma et al, 1994 and references there in), and poultry (Love et al,
1994). For an example, a human protein of pharmaceutical value has been produced in
sheep milk (Wright et al, 1991). To achieve this, these authors fused regulatory DNA
sequences from sheep ß-lactoglobulin gene with coding sequences from human a,anti-trypsin gene. Though very powerful such an approach is, there are certain limitations
of transgenic technology.
First, DNA microinjection of eggs usually allows only addition of genetic information to
the genome. If the intended change in a trait requires removal of a particular gene product
this cannot generally be achieved by DNA microinjection of eggs. For an example, it may
be desired to produce an egg lacking avidin in certain egg preparations. Directed disruption
of corresponding endogenous gene would be necessary. Avidin, lysozyme and ovalbumin
are obtained for industrial usage from eggs. If precise redesigning of these proteins is
required the same can be achieved through microinjection of a transgene carrying a point
mutation into chicken genome. However, the native protein would still be produced along
with the redesigned protein. Secondly, the level of expression of a transgene is variable
because it integrates randomly into genome as an array of multiple molecules (Palmiter
and Brinster, 1986). The experimentor does not have any control either over the site of
integration or number of molecules integrated at that site.
During the last decade mouse geneticists have established a very powerful technology
called gene targeting (see reviews by Bradley et al, 1991 ; Koller and Smithies, 1992).
This technology allows creation of novel animals with precise modifications in
endogenous genes. Extension of similar technology to chicken should have a major
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impact on commercial poultry breeding. In the present paper, I have briefly reviewed
the current status of gene targeting technology in mouse with emphasis on the range of
mutations now possible, and have discussed the scope and some of the potential
applications of this technology in poultry breeding.
GENE TARGETING
To repair DNA damage and to exchange genetic information during crossing over in
meiosis, homologous chromosomes routinely copy and exchange DNA sequences from
each other. This process is called homologous recombination and is based on DNA
sequence homology between two chromosomes. A DNA fragment when introduced
into a cell can also locate and specifically recombine with homologous DNA sequences
on a chromosome under the guidance of homologous recombination machinery of the
cell. Such a reaction has been termed as gene targeting (Thomas and Capecchi, 1987:
Capecchi, 1989). In eukaryotic cells the frequency of random integration of incoming
DNA molecules is two to three orders of magnitude higher than that of gene targeting.
Although gene targeting does occur in higher eukaryotic cells and eggs at an appreciable
frequency but gene targeted cells are masked by cell clones arising from random
integration of incoming DNA molecules. Strategies have been devised to enrich and to
select for cells which have undergone gene targeting events (see below). These strategies
can only be applied in cells growing in culture. It is almost impossible to target a gene
in a fertilised egg. Thus, if we want to raise a gene targeted animal we require germ
line competent pluripotent cell lines which can be maintained in vitro to allow targeted
modification of genes resident on chromosomes.
In 1981, two laboratories independently reported isolation of pluripotent embryonic
stem (ES) cells in vitro from the mouse embryo. (Evans and Kaufman, 1981; Martin,
1981). Bradely et al. (1984) demonstrated that ES cells contributed extensively to
soma and germ line when injected into suitable host blastocysts. In 1989, Martin Hooper
and colleagues targeted hypoxanthine-guanine phosphoribosyl transferase (HPRT) gene
in ES cells, and they produced chimaeras with HPRT gent targeted cells. Some of the
chimaeric animals produced progeny from the ES cell component carrying the mutated
alíele (Thompson et ai, 1989). Since then, gene targeting has revolutionised mouse
genetics. Intensive efforts are on to establish ES cell (or their equivalent) lines from
farm animal species. Recently, a group from Edinburgh has reported establishment of
one such cell line from sheep embryos (Campbell et al, 1996); the nuclei from these
cells, when transferred to enucleated oocytes, can support development to term.
Although pluripotent cell lines with proven ability to pass through the germ line are
yet to be established in chicken the recent results augur well (Naito, 1996: this volume).

366

GENE TARGETING VECTORS
A gene targeting vector essentially contains a cloned DNA fragment from the target
gene with one of its exons interrupted by a positively selectable marker gene (see
Hasty and Bradley, 1993). The homologous sequences in the vector participate in
searching and in recombining with the target gene. The targeting vectors are linearised
by cutting with a restriction enzyme before introducing them into cells. Linearised
vectors target 100 fold more efficiently in comparison to circular vectors. A cut in the
region of homologous sequences generates an insertion-type vector (Orr-Weaver et
al, 1981). Targeting by such a vector results in integration of the entire vector sequences
into the target gene (Fig. lA). When the break is outside the region of homology a gene
replacement type vector is generated (Rothstein, 1983). In a reaction involving the
latter type of vector, DNA sequences in the target gene are replaced by those of the
vector (Fig. IB). The design of gene targeting vectors in mouse cells has been based on
knowledge gained from earlier experiments in yeast. This implies that various eukaryotic
cells should support similar gene targeting reactions. There is direct evidence that the
paradigm worked out for yeast and mouse should be applicable to chicken cells
(Bruerstedde and Takeda, 1991).
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Fig. IB Targeting by a replacement vector.

GENE TARGETING STRATEGIES
The targeting vector DNA is delivered into cells by electroporation; ES cells and vector
DNA are mixed in a suitable buffer and the mixture is subjected to an electric pulse.
Only a small proportion of the cells in an experiment are stably transformed by this
method. To select for ES cells which have been stably transformed by the incoming
DNA in the background of non-transformed cells, a positively selectable marker gene
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is included in the targeting vector. The two most commonly used marker genes are neo
gene which confers neomycin (G418) resistance and hyg gene which enables selection
of positive cell clones with hygromycin. As stated above, only a small proportion of
cells taking up the targeting vector DNA undergo gene targeting reaction. Mainly two
approaches are used to enrich for targeted cells.
If the target gene is expressed in ES cells, a promoterless positive marker gene is
placed in the targeting vector such that upon homologous recombination of this vector
with the target gene the 'defunct' marker gene would be expressed by utilising regulatory
sequences from the target locus. The probability of expression of marker gene and
consequently the frequnecy of ES cell clones arising after random integration of the
targeting vector will be drastically reduced (Doetchman et al, 1998; Charron et al,
1990). Hence the targeted clones would be relatively abundant.
Particularly for genes which are transcriptionally silent in ES cells, a 'positive-negative
selection' (PNS) procedure has been extremely useful (Mansour et al, 1988). This
method is based on selective killing of cells which have randomly incorporated a
replacement type vector into their genome. In PNS procedure the thymidin kinase (tk)
gene of Herpes simplex virus is included at one end of the homologus sequences (Fig.
2). First the cells are selected for expression of positive marker gene; both cells generated
after random integration of targeting vector and after targeted mutation would survive
this selection. Subsequently, the cells are selected in presence of a drug, ganciclovir
(GANG). Random integration of a DNA molecule occurs by its ends. A cell randomly
integrating targeting vector is likely to express viral tk gene placed at the end and such
a cell would be killed by GANG. On the other hand targeting by a replacement vector
results in exclusion of tk gene and the targeted cell would survive GANG selection; 520 fold enrichment is feasible.
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Fig. 2 'Positive-Negative Selection' procedure for gene targeted clones
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The majority of ES cell clones isolated in a gene targeting experiment are generally
represented by those generated after random integration of the vector despite using
enrichment protocols described above. Thus the structure of the target locus is analysed
to identify the targeted clones. The initial screening may be done by polymerase chain
reaction (PCR). Finally the structure is confirmed by Southern analysis. In PCR based
screening, primers are designed to amplify a novel junction fragment arising from the
targeted alíele. One PCR primer originates from the positive marker gene sequences
and the second primer pertains to the target gene sequences not included into the targeting
vector. In Southern analysis a targeted alíele can be discriminated from the wild-type
alíele by looking for novel restriction fragments generated as a result of gene targeting.
In fact screening strategy is worked out at the time of construction of gene targeting
vector so that a number of suitable combination of DNA probes and restriction sites
can be used to confirm the structure of targeted alíele later on.
FACTORS AFFECTING GENE TARGETING EFFICIENCY
Gene targeting efficiency increases exponentially with increase in the length of DNA
homologous to the target gene sequences before a plateau effect is observed at around
14 kb (Thomas and Capecchi, 1987; Deng and Capechchi, 1992). Both gene replacement
and insertion-type vectors target with equal efficiency provided one arm of homology
in a replacement vector is not exceptionally short (Thomas and Capecchi, 1987; Thomas
et al, 1992). The majority of ES cell lines used in mouse gene targeting experiments
have been derived from mouse strain 129, and in most of the earlier experiments DNA
sequences included in the targeting vectors were obtained from various other strains.
A number of groups have shown that gene targeting efficiency improves some 20 -50
fold if DNA sequences and ES cells are derived from the same mouse strain (Te Riele
et al, 1992; Deng and Capecchi, 1992; Van Deursen and Wieringa, 1992). It may be
noted that in a gene targeting experiment with chicken cells obtained from a cross
between two breeds the targeting vector derived from one of the parental breeds would
target one alíele preferentially.
Recently, Smith et al. (1995) have shown that introduction of a double-strand break in
target locus in mouse ES cells increases gene targeting efficiency by 50-fold. In these
experiments the target locus was a stably integrated transgene carrying a restriction
site for an extremely rare cutting restriction enzyme I-Scel. To introduce a doublestrand break, this restriction enzyme was made available to ES cells transiently. This
strategy should prove valuable when multiple rounds of targeting of a particular allelle
are required (see below). It is not known yet whether presence of I-Scel in ES cells
would compromise their germ line competence. Development of general methods to
introduce site-directed double-strand breaks in chromosomes will enhance the versatility
of the above approach.
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TYPES OF MUTATIONS
Gene targeting by a replacement or insertion type vector would result in disruption of
coding sequences in a given gene. If the mutant alíele is continued to be transcribed the
transcript would only be translated in a cryptic protein bearing no or little resemblance
to the original protein from the gene. If a simple 'knock-out' of the gene is needed it is
advisable to make deletion-type replacement vector (see Hasty and Bradley, 1993).
Such a vector has discontinuous homologous sequences; targeting would lead to deletion
of sequences from the target locus. Two rounds of targeting using two different marker
genes permit inactivation of both alíeles of the target gene in the same cell (Te Riele et
al, 1990).
Long range deletion of chromosomal sequences have been achieved in a three-step
strategy (Ramirez-Solis etal, 1995; see Fig. 3). Cre recombinase is a sequence specific
enzyme of bacteriophage PI. This enzyme peforms a site specific reaction between
two 34 bp long loxV sites carried on either the same or different DNA molecules
(Stemberg and Hamilton, 1981). To introduce large deletion running in hundreds of
thousand base pairs, one loxV site each is targeted to both flanks of the target locus
(Ramirez-Solis et al, 1995). It is important to ascertain that both sites are in the same
orientation. In the final step cre recombinase excises out the DNA sequences lying
between two lox¥ sites. If the two loxV sites are in the opposite orientation recombination
step would lead to inversion of the sequences between them. Reciprocal translocations
between non-homologous chromosomes have been introduced by targeting one loxV
site on each of the participating chromosomes (Smith, A.W.H. et al, 1995).
loxP

^-

loxP

^

In two rounds, one loxP site on each flank of the regoin of intrest is targeted.

In the final step, cre recombinase
excises out the gene sequences lying
between two loxP sites

Fig. 3 A three-step strategy to intoduce long range deletion, and tissue
and developmental stage specific gene targeting.
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When a mutation in a gene is lethal during early development or it results in pleiotropic
effects tisssue and developmental stage specifc gene knock-out may be valuable. loxFcre system is also useful in creating such mutations (Kilby et al, 1993). Two loxP sites
are introduced at inert points in two introns flanking an important exon of the gene
such that transcription or RNA processing is not affected after this modification. The
targeted alíele is still functional in animals carrying this mutation. Another transgenic
mouse strain expressing ere recombinase under the control of a tissue specific promoter
is created. These two strains are crossed. In such animals ere recombinase would be
expressed in the target tissue where we are interested in knocking out the gene. Cre
recombinase would now excise out the exon flanked by two loxP sites in that tissue
only and the gene would be inactivated in a tissue specific manner. It may be noted that
expression of cre recombinase needs to be highly specific.
A number of methodologies have been developed to introduce point-mutations in
endogenous genes without leaving behind the marker genes into the target locus (Shesely
etaL, 1991; Hasty ^i a/., 1991; Valancius and Smithies, 1991; Rubinstein ^i a/., 1993;
Askew ^i. al., 1993). One of these approaches (Askew et al, 1993) involves two rounds
of gene targeting with replacement type vectors. In the first round, a negatively selectable
maker gene i.e. HSVl tk gene is targerted into the locus along with the positive marker
gene. The modified alíele is retargeted with another targeting vector that carries the
desired point mutation. Recombination of this vector with the mutant alíele results in
removal of marker genes incorporated in the first round and the point mutation is
transferred to the target locus. Cells carrying point mutations are isolated after selection
against the negative marker gene with G ANC.
FROM GENE TARGETED ES CELLS TO MUTANT ANIMAL
To introduce the mutation into germ line of mouse, chimaeric animals are generated
either by injecting ES cells in blastocysts (Bradley et ai, 1984) or aggregating them
with morulae (Wood et ai, 1993). If these cells have not accumulated deleterious
mutations or chromosomal abnormalilties the chimaeric animals may pass on the
mutation to some of their progeny. Later the mutation can be bred to homozygosity.
The recent breakthrough in isolation of a cell line totipotent for nuclear transfer in
sheep (Campbell et ai, 1996) means that probably it may be possible to avoid chimaeric
route for obtaining germ line transmssion of mutations created in such totipotent cells.
If totipotency can be maintained even after two rounds of gene targeting performed to
mutate both copies of the gene (Te Riele et al, 1990) homozygous mutant animals
would be produced in the very first generation. However, the unique problems associated
with manipulation of reproduction in chicken excludes this short cut at present (Naito,
1996; this volume).
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GENE TARGETING AND CHICKEN BREEDING
Pluripotent ES cell lines (or their equivalent) are must to take advantage of gene targeting
technology in chicken. One more technical problem needs to be addressed before this
technology would be extended to chicken. To go through the germ line, the genetically
manipulated ES cells should have a normal karyotype even after their long term in
vitro culture. Unequivocal karyotyping of chicken cells is not easy as microchromosomes
are difficult to identify. In theory, development of microchromosome specific
'flourescence in situ hybridisation' (FISH) probes would be helpful in distinguishing
individual microchromosomes but in practice, this would be technically very demanding.
In murine gene targeting experiments male ES cell lines are used. Upon incorporation
of male ES cells into unsexed host embryos the sex-ratio gets skewed in favour of
maleness. This offers an opportunity to quickly test for germ line transmission of the
mutation from male chimaeras. Some of the male chimaeras arisen from female embryos
are fertile; such males would produce progeny exclusively from the ES cell component
because XX germ cells from host embryos do not produce spermatozoa. Studies on
sexual differentiation of chimaeric chicken produced by transfer of blastodermal cells
indicate that the above may also be true in chicken (Kagami et ai, 1995) inspite of
female heterogamety; it may be desirable to use male ES cell lines in gene targeting
experiments in this species. Further the ability of ZZ germ cells to differentiate into
functional eggs (Kagami et al., 1995) means that the mutations introduced in male
cells would be transmitted through female chimaeras as well.
Sooner the poultry breeders may have the option of using gene targeting technology.
However, this technology (including DNA microinjection) will be useful only in
situations where manipulation of one or a few genes leads to the desired phenotypic
change. One such area is disease resistance. Major histocompatibility complex (MHC)
haplotypes have been implicated in many diseases (Lamont, 1993); precise identification
of genes involved in disease resistance has not been possible. Targeted deletion and
addition of individual genes in major MHC locus through gene targeting approaches
would be useful in defining the role of individual genes. Once candidate genes are
identified this technology can be used to break unfavourable linkages and to create
desired modification in commercial stocks. Targeted modification of endogenous genes
encoding viral receptors may be another approach to breed birds resistant to viral
infections (Sang, 1994). This approach may not always be straight forward if the
receptors have indispensable functions in cell physiology.
Dwarfing gene dw is a sex-linked recessive, and it reduces adult body weight by 30 40 per cent in comparison to wild-type birds (see review by Merat, 1990). The molecular
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defect appears to be in the growth hormone receptor gene on Z chromosome (Huang et
al, 1993). The recessivity of dw alíele permits production of almost normal sized
animals from a mating involving dwarf females and wild type homozygous males. In
broiler production such a mating is useful; the maintenace cost of the dwarf females is
lower. Gene targeting would allow creation of dw alíele quickly in any broiler strain
without diluting the genetic background ofthat strain. Further ¿iw alíele is not completely
recessive; mean slaughter weight of DW^/dw males is 2.8 percent lesser than that of
DW^/DW^ (see Merat, 1990). To ameUorate this negative effect in heterozygous males,
female specific targeted inactivation of wild type DW alíele would be welcome. Using
cre-loxV system (see above) loxV sites may be targeted into this locus such that the
expression from the modified alíele is not affected. However, the modified alíele would
be specifically inactivated in females by providing ere recombinase through expression
of a suitable transgene integrated on W chromosome.
The chicken genome mapping project (reviewed by Burt et al, 1995) is likely to come
out with a number of candidate genes important in production traits. Targeted
mutagenesis of such candidate genes will be crucial in genetic dissection of complex
traits. Manipulation of sex-ratios have always been a dream of poultry breeders.
Molecular basis of sex determination is not understood at present. Transgenic and
gene targeting approaches again can contribute in finding out the role of candidate
genes when these are identified by the molecular biologists. Chromosomal translocations
in natural populations have been an important resource in human and mouse genome
mapping and in positional cloning projects. Directed chromosomal abnormahty created
through gene targeting may be useful in chicken genome mapping. FinalUy, targeting
the transgenes into pre-determined sites in chicken genome would ensure their faithful
expression.
CONCLUSIONS
The range of mutations in mouse genome now feasible through gene targeting includes
gene inactivation, tissue and developmental stage specific gene inactivation, point
mutation, gene substitution, duplication, and long range chromosomal deletion,
inversion and translocation etc. The mouse gene targeting paradigm should readily be
applicable to chickens once totipotent or pluripotent cell lines are derived in this species.
This technology is likely to have impact in genetic improvement of chickens in situations
where manipulation of one or two genes would lead to a significant change in traits of
economic importance. In short term, some of the obvious targets are the MHC genes
and the sex-linked dwarfing gene (DW). At present not many major genes controlUng
production traits are known. When candidate genes are identified as a result of chicken
genome mapping efforts gene targeting technology should be useful in finding out the
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in vivo role of these genes, and ultimately in manipulating them to breed more productive
and efficient birds.
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Alíeles of the K-gene determine the rate of feathering in chicks leading to rapid
and slow feathering phenotypes and allowing sex identifícation of chicks. The
slow feathering phenotype is associated with the integration of the endogenous
viral gene ev21 coding for the complete, infectious, endogenous, avian leukosis
virus EV21 and the repetition of the integration site. Of our major interest is a
new mutation observed in the local population, Nunukan, from Kalimantan,
Indonesia, characterized by a very slow rate of feathering (SSF = super slow
feathering). Here a restriction map of a clone containing the ev21 insertion derived
from a genomic library of a SSF mutant is presented. Furthermore a PCR test
designed to allow the rapid screening of different populations segregating for the
alíeles of the K-gene to search for rare genotypes and to allow the determination
of zygosity of slow feathering males is shown. Another PCR test was developed in
order to detect the deletion of ev21 expected to exist associated with the SSF
mutation.
INTRODUCTION
In chicken dominant sex-linked alíeles (Kn,Ks,K) control the slow rate of feather growth
(SF = slow feathering) whereas a recessive alíele, k4-, determines rapid feathering (RF
= rapid feathering) (Somes, 1988). The K-locus is tightly linked (<0.3cM distance) to
the endogenous viral gene ev21 coding for the complete, infectious, endogenous, avian
leukosis virus (ALV) EV21 (Bacon et al., 1988, Smith and Fadly, 1994). The K-gene is
used to facilitate sex identification of chicks at hatch. Furthermore the K-gene may be
favourable to increase the productive adaptability of chickens to tropical conditions.
The use of the K-gene in commercial egg-type and meat-type chicken lines is limited
since an increased susceptibility to lymphoid leukosis, an increased mortality and a
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decreased phenotypic performance was found to occur in S F dams and their progeny,
even their RF progeny, caused by the expression and congenital transmission of EV21
compromising the immune responce against oncogenic, exogenous ALVs (Smith and
Fadly, 1988).
Molecular analyses show that the ev21 insertion and a 180 kb duplication of the
integration site on the Z-chromosome in cis configuration are prior conditions for the
development of the slow feathering phenotype (Boulliou et al, 1992; Iraqi and Smith,
1995).
Our main interest is to investigate a new mutant, called super slow feathering, SSF,
which has been identified by one of the co-authors (Horst) in a local population, namely
Nunukan, from Kalimantan, Indonesia. This SSF mutation shows an extremely slow
feathering rate in young chicken making it potentially preferable to increase heat
tolerance and also to effect protéine conversion. Moreover first molecular investigations
of Nunukan SSF chicken indicate that the SSF mutation is linked to a ev21 insertion
which is deleted in its 5!/2-region (Tixier-Boichard, 1991). The identification of the
mutation and the use of this mutant provides a new perspective for the use of K-gene
variants without the disadvantages caused by the expression and congenital transmission
of complete viruses.
The aim of our investigation is the characterization of the SSF mutation, i.e. of the SSF
variant of the K-gene (-Kss-). For this reason we have analysed the ev21 insertion of
the SSF mutation with regard to its deletion. PCR-tests to differentiate variants of the
ev21/K-gene-complexe have been developed. Furthermore comparative studies of
different K*-genotypes have been carried out with regard to the susceptibility to
exogenous ALVs and the shedding of endogenous re tro viral particles.
MATERIAL AND METHODS
Chicken
Chicken of four lines carrying different alíeles at the K-locus, including White Leghorn,
Rhode Island Red, Nunukan and Fayoumi were used for molecular and virological
analyses. Additionally Fl crosses of Nunukans with commercial White Leghorns, Rhode
Island Reds and a Broiler male line and further backcrosses to these commercial lines
were produced to obtain the Kss-allele in different genetic backgrounds for these
analyses.
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Cloning and analyses of DNA
A genomic library of a hemizygous SSF Nunukan female was prepared after partial
digestion of genomic DNA with Mbol. Fragments of 13 to 23kb length were ligated
into the Sail sites of Lambda EMBL3 (Stratagene, Heidelberg). Plaque Ufts of this
genomic library were hybridized with a ''^P-labeled probe obtained by cloning of a
ITOObp PCR fragment representing the region flanking the ev21 insertion site and its
unoccupied repeat, as confirmed by sequencing of the fragment. Recombinant clones
containing the ev21 insertion and those containing the unoccupied repeat of the
integration site were found as shown by PCR using primer pairs specific for each site.
The first one has been analysed.
A PCR test was designed according to the avian and viral sequences pubHshed by
Levin and Smith (1991) in order to differentiate K*- and k+-genotypes and to detect
the polymorphism at a Haelll site in the 5!/2-flanking region of the ev21 integration site
and its unoccupied repeat. Therefore primers were derived complementary to the SViand 3i/2-flanking region of the ev21 insertion (KGl and KG3), respectively, and the
3V2-end of the viral sequence (KG2). Amplifications were carried out using lOng of
genomic DNA and a touchdown procedure starting with 63oC and ending with 60oC
annealing temperature. To detect the 5V^2-deletion of ev21 in SSF animals a PCR test
was developed using primers annealing in the 5V^2-flanking region of the ev21 insertion
and in the env gene of ev21. The amplification of fragments with a size of about 6300
and 7200bp, respectively, for genotypes containing the complete ev21 insertion was
carried out using the Expand Long Template PCR System (Boehringer Mannheim)
according to the manufacturer s V2 recommendations.
RESULTS AND DISCUSSION
DNA of the genomic clone, Nu21 A, which showed strong hybridization with the probe
spanning the ev21 integration site, was prepared. To construct a restriction map the
DNA was separately digested with EcoRI, EcoRV, Kpnl, Smal, Hindlll, Xbal and Sail
alone and in dual combinations of Sail and these enzymes. The genomic insert of
clone Nu21A is about 14.5kb in length. The restriction map is shown in figure 1.
Hybridisation of the restriction fragments with a cloned IVOObp PCR fragment
representing the ev21 flanking region as well as PCR analyses showed that Nu21A
contains the ev21 insertion. Several restriction fragments of this clone have been
subcloned in order to be sequenced.
The established PCR test using primers KGl, KG2 and KG3 detects the unoccupied
integration site of ev21, US, the insertion of ev21 and the unoccupied repetition of the
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integration site, UR, allowing a rapid screening to search for rare genotypes. The test
provides a ITOObp fragment representing the unoccupied integration site (US) in RF
chicken and a 1200bp as well as a 1700bp fragment in SF chicken, representing the
3!/2-provirus-cell-junction-fragment (OS) and the unoccupied repeat (UR). We tested
350 individuals and did not found any deviations from the expected genotype comprising
the ev21 insertion and the unoccupied repeat in SF chicken. The PCR fragments contain
a Haelll restriction site which was found to be polymorphic in that way that it exists at
the unoccupied site, US, but not at the occupied site, OS. Furthermore, in White Leghorns
the Haelll site is missing in the unoccupied repeat whereas in some broiler lines the
cutting site exists in the unoccupied repeat (Smith and Levin, 1991). Thus this PCR
test allows to determine the zygosity of slow feathering males of the White Leghorn
type.
When using a primer, DEL21U, located on the 5y2-flanking region of ev21 160bp
upstream the integration site for ev21 and a primer, DEL21D, located within the env
gene, USObp upstream the SVi-tná of ev21, a PCR fragment of about 6300bp was
produced for SF chicken but no products could be observed for SSF chicken. Therefore
a new primer, DEL21Ua, annealing lOOObp upstream the ev21 integration site was
designed for use in combination with primer DEL21D. A first testing of this primer
pair revealed PCR products of 7200bp length for SF chicken but of 2500bp for SSF
chicken suggesting that there is a deletion of about 4800bp in the SSF mutant covering
main parts of the ev21 insert as well as parts of the 5í/2-flanking region as shown in
figure 2.
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Gonadal primordial germ cells (gPGCs) were collected from gonadal anläge of
five days old White Leghorn (WL) embryos. Collected gPGCs were suspended in
freezing medium containing 10 % dimethyl sulphoxide (DMSO). The cells
suspension was frozen at 1 oC / min. until temperature reached -80 oC followed
by immersing into liquid nitrogen at -196 oC and stored up to three months. One
hundred frozen/thawed gPGCs were injected into dorsal aorta of the Barred
Plymouth Rock (BP) embryo from which blood was drawn prior to germ cell
injection. The injected embryos were incubated until hatched and hatched chicks
were raised until sexual maturity. Upon reaching sexual maturity, progeny test
was performed by mating recipient chicks with normal BP of the opposite sex.
Out of 840 progeny produced from germ cell recipients, 74 chicks (8.8 %) were
phenotypically white. Present result demonstrate that frozen/thawed gPGCs
collected from gonadal anläge are capable of producing germ line chimera in
chicken.
INTRODUCTION
The technique to conserve genetic resources in avian species is beneficial for poukry
industry as well as for preserving endangered avian varieties. However, due to the
inability of cryopreserving avian embryos, primarily due to its large size and yolk
laden structure, only available means to conserve genetic resource in avian species has
been though freezing spermatozoa. Recently, germ line chimeras were produced by
transferring unfrozen (Tajima et al 1993, Naito et al, 1994b) or frozen (Naito et al,
1994a) primordial germ cells (PGCs), collected from embryonic blood. The technique
to produce germ line chimera using gonadal primordial germ cells (gPGCs) can be
applied to preserve the foundation stock in case of unexpected disease or other
unexpected events. Furthermore, the technic could also be applied to augmenting the
population of a given variety of chicken which might be endangered under natural
mating condition (Tajima et al 1993).
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However, due to the limited number of PGCs present in the embryonic blood and also
due to the limited success to proliferate them in vitro (Chang et al, 1995a), embryonic
blood collected from 10-15 eggs has to be used as the PGC donor to produce a few
germline chimeras. The PGCs that are migrated to the gonad are reported to proliferate
in vivo. Therefore, use of the gPGCs could improve the production efficiency of the
germline chimera in avian. Recently, cultured gPGCs were transferred to the blood
stream of 2.5 days old chick embryos and the transferred gPGCs were detected in the
gonads of the recipient embryos at stage 17-18 (Chang et al, 1995b).
The present experiment was designed to evaluate the possibihty of using frozen/thawed
gPGCs as an alternative means to produce germ line chimera in chicken.
MATERIALS AND METHODS
Fertilized White Leghorn (WL) and Barred Plymouth Rock (BPR) eggs produced at
the National Institute of Animal Industry, Tsukuba, Japan were used in the present
experiment. Fertilized WL eggs were incubated for five days in an incubator maintained
at 37.8 oC and used as germ cell donor. Embryos were placed in the petri dishes filled
with PBS(-) and egg yolk and the embryonic membrane was removed. The embryo
was placed on a petri dish filled with fresh PBS(-) and the head and the tail of the
embryos were fixed with fine needle. Embryonic gonads were removed under dissection
microscope. Collected gonads were sliced using a tip of 30 gauge needle under disection
microscope. Sliced gonads were placed into 1.5 ml centrifuge tube coated with Silicone
and centrifuged for 10 min. at 200 g. After centrifuge, supernatant was removed and
1 ml of PBS(-) containing 0.25 % trypsin was added and incubated for 5 min. at 37
oC. After incubation, gonads were pipetted gently using a yellow tip until cell suspension
was obtained. Suspended cells were placed into 10 ml capacity centrifuge tube and 5
ml of modified MEM (mMEM: MEM supplemented with 10% FBS, Hepes and
Bicarbonate) was added into the centrifuge tube and centrifuged at 800 g for 15 min.
After discarding supernatant, the precipitate was placed into Cryoware (Nalge) and
same volume of mMEM supplemented with 10 % DMSO, which were pre-cooled to
5 oC, was added. Then the Cryoware was placed into Bicell (Nihon Freezer Co.) and
then it was placed in to deep freezer maintained at -85 oC for 4 hrs. The Cryoware was
then placed into the liquid nitrogen until used. The sample was thawed in an ice water
followed by adding 1 ml of mMEM. The sample was placed into 10 ml capacity
centrifuge tube and 5 ml of mMEM was added to dilute DMSO. After dispersion, the
sample was centrifuged for 15 min. at 800 g and the supernatant was discarded. The
precipitate was placed into a petri dish and 100 gPGCs were picked up into fine glass
pipette and injected into dorsal aorta of the fenestrated Barred Plymouth Rock (BP)
embryos at stage 14 or 15 of development (Hamburger and Hamilton, 1951). The
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diameter of the fenestration was approximately 1.5 cm. Fenestrated Barred Plymouth
Rock (BP) embryos were prepared 3 to 4 hours prior to germ cell injection and the
embryonic blood was removed. This procedure was to eliminate endogenous circulating
PGC (Naito et al 1994). After germ cell injection, fenestration was sealed with plastic
tape and the embryo was allowed to develop until hatched. Hatched chicks were raised
until sexual maturity and the progeny testing was performed by mating offsprings with
BP of the opposite sex.
RESULTS
The result of progeny test is shown in Table 1. Number of progenies and number of
white feathered chicks produced for two males, Male M 30 and M 17, were 304 and
55 (18.09%), 379 and 12 (3.17 %), respectively. Only one out of two females that had
transferred gonadal germ cells produced white chick at progeny testing while Female
(F) 22 produced 7 white chicks out of 75 progenies (9.33 %).
Table 1. Progeny test of the Barred Plymouth Rock recipients that transferred
100 gonadal primordial germ cells collected from White Leghorn.
ID

M
M
F
F

30
17
2
22

Test
periods
(weeks)

No. of
chicks
hatched

No. of
white
chicks

White
chick
(%)

28
28
23
23

304
379
82
75

55
12
0
7

18.09
3.17
0.00
9.33

DISCUSSION
In the present experiment, germ line chimera were produced by using frozen / thawed
gPGCs collected from gonadal anläge of 5 days old chick embryos. The results obtained
in the present experiment indicates that gPGCs possess the capacity to migrate from
blood circulation to gonadal anläge. The mechanism of PGC migration from blood
stream to gonadal anläge is currently not well understood. Cells biological comparison
between circulating and gonadal PGCs may lead to a better understanding of the
mechanism of PGC migration. Considerable difference in the proportion of white chicks
produced among four germ line chimeras were observed in the present study. In the
present experiment, blood was drawn from the recipient embryos to reduce the number
of endogenous circulating PGCs (cPGCs) prior to gPGC transfer. However, it has been
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suggested that number of endogenous cPGCs as well as blood volume of the recipient
embryos vary considerably among individual embryos. Furthermore, efficiency of blood
removal was different among recipient embryos. These factors could have resulted in
the difference in the number of remaining endogenous cPGCs among recipient embryos.
Therefore, the differences in the proportion of white chicks produced among four germ
line chimeras in the present experiment could be due to the differences in the number
of remaining endogenous cPGCs.
The gonadal cells that were transferred in the present experiment are most likely
undifferentiated PGCs. However, the possibility that these cells are dedifferentiated
spermatogonia or oogonia can not be excluded. Or, there still is a possibility that
differentiated spermatogonia or oogonia are capable of migrating through blood
circulation to the gonadal anläge. These possibilities should be studied in the future.
In conclusion, the result obtained from the present result indicates that the frozen /
thawed gPGCs can be used as an alternative means to produce germ line chimeras in
chicken.
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WHO TAKES CARE OF VILLAGE BACKYARD
POULTRY IMPROVEMENT IN TROPICAL AND SUBTROPICAL REGIONS?
Yukio Yamada
1899-4, kizukisumiyoshi, Nakahara-Ku, Kawasaki-Shi, Japan

INTRODUCTION
The theory and methodology of poultry breeding have developed since the early 1950's.
Sophistication has been achieved by the use of matrix algebra since 1973. New
algorithms for large data processing have contributed significantly to the analysis of
data collected based on poultry breeding practices. Generally speaking, the results of
many selection experiments showed fairly a good fit to the theory, although long term
selection experiments showed fairly large discrepancies from theoretical expectations.
Such discrepancies were often related to the changes of the distribution of the character
concerned. Skewed distributions were most likely encountered in such a case.
Directional selection would cause the skewing toward an opposite direction.
Nevertheless, how these biases should be treated to interpret the difference between
theory and actual gain has not been determined yet. Fairfull and Muir (1996) pointed
out that many problems remain to be solved. Flock (1996) and Emsley (1996) have
outlined the objectives of their breeding programs from the standpoint of large
commercial breeding companies.
GENOTYPE X ENVIRONMENT INTERACTION IN VILLAGE POULTRY
I would like to discuss in further detail various aspects concerned with genotypeenvironment interactions in terms of genetic improvement of village chickens in the
tropical and sub-tropical regions. Although Fairfull and Muir (1996) have pointed out
that most commercial breeders are located in temperate zones and distribute their
chickens in various areas under the assumption that the performance of the birds is
similar regardless of the difference in climate worldwide, alternative strategies have
not been proposed.
Horst (1985) presented ample data showing that the feather types of chickens reflected
productive adaptability. He observed that the productive adaptability of naked neck
layers was higher than that of layers with normal type of feathers. Horst and
Mathur(1994) measured body surface temperature of experimental chickens. At 34 °C
ambient temperature, the surface temperature of normal, naked neck, frizzle and the
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combination types was found to be 34.4, 39.9, 39.5 and 40.3 °C, respectively,
contributing to the adaptation process through increased sensible heat loss from the
body surface. Similar results were also reported from an experiment carried out in
Israel(Pech-Waffenschumidt,1992). Since the genetic background of the experimental
materials used by the Horst group was replaced by that of leading commercial hybrids,
the differences among genotypes should be ascribed to two genes, naked neck and
flizzle. Moav (1965, personal communication) also mentioned that Bedouin chickens
performed better than modem Leghorn type commercials under Bedouin environment,
revealing the existence of typical GxE interactions. At present, no accurate data are
available on the number of chickens in rural villages in the tropical and sub-tropical
regions in developing countries. However, one-third of the total population of chickens
worldwide has not been improved scientifically. My question is firstly who is
responsible for carrying out genetic improvement of these village chickens and secondly
should we replace these native chickens by modem commercial ones.
IMPROVEMENT OF VILLAGE CHICKEN
In some countries the Govemment has attempted to improve the village chickens by
using commercial hybrid chickens either by introducing commercial birds directly or
introducing males of modem improved stock for crossing, after discarding all male
birds of the village populations. Since, these village chickens are not fed properly, they
act as scavengers, feeding on food waste as well as various insects and worms, and
sometimes even reptiles. Their egg production is mostly less than 100 per bird and
eggs are entirely for family consumption. In other words, these eggs are the exclusive
source of animal protein for villagers without any expenditure. Under the backyard
chicken keeping system, farmers do not spend even a penny for chicks, feed and
medicine including vaccines. As the systems are well incorporated into mral life and
the ecological conditions, they should not be modified. Unless our commercial chickens
perform better than their village chickens under the system, villagers may not benefit
from improved chickens. On the other hand, commercial breeding companies may
not be interested in improving the flocks to adapt their rearing systems unless the
villagers increase their purchasing power, which is unlikely to take place.
In this respect I highly appreciate Horst and his group for analyzing the behavior of
major genes which would allow for adaptation to the conditions prevailing in the
tropics and sub-tropics. At present, we do not know if village chickens are more
adaptable and productive under their local management systems or ecological conditions
than modem commercial birds. I would like to emphasize that genotype x environment
interaction problems are essential topics of research in the tropical and subtropical
countries. Identification of major genes or genomes which are closely associated with
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tolerance to heat and ecological systems by use of modem technologies would be
more suitable than any other alternatives such as the introduction of high performance
commercial chickens or their descendants directly to these villages. Since commercial
breeding companies are not interested in such problems, the work should be initiated
either by governmental institutions or local universities, because villagers do not want
to purchase these birds anyway.
GxE interaction is a statistical term, which implies that different genotypes behave
differently in different environments. If different genotypes behave similarly under
different environments, the term additive or linear is used.. Mathematically speaking,
the variance due to GxE interaction can be partitioned into two parts, one for the
difference of genotypic variances under different environments and the other for the
deviation of the correlation of genotypes between environments from unity. The first
term is not important for breeding purposes while the second term, genetic correlation
is important if the correlation is less than 0.6. Under such circumstance rankings of the
genotypes in two environments would be very different, suggesting that breeding
should be undertaken in each environment rather than at a main station to distribute
chicks to all market places. If the correlation is fairly high, 0.7 or higher, breeding at
main station based on testing at other environment can be undertaken successfully.
Genetic improvement will result as correlated responses. On the contrary, the same
system will get no profitable result if the correlation is zero. If the correlation is negative,
selection at the main station will result in the degradation of superior genotypes in
villages. To incorporate field test results in breeding work at a breeding farm, we
should analyze the physiological background of the phenomena more thoroughly. For
instance, village chickens are highly tolerable to heat so that they eat and digest more
than modem commercials under village conditions. Once the basis of this characteristics
is defined, genetic architecture of chickens tolerant to tropical environments can be
altered rather easily by introducing a specific gene or genes to increase adaptability.
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Present and emerging technologies applicable to the breeding and selection of
layers are reviewed with discussion of some of the assumptions, cautions, limitations
and applications of these ideas and technologies.. In present technology,
multiple trait selection, multiple source selection, estimation of genetic gain, and
genotype-environment interactions are discussed under theory, practice and the
contrast of theory and practice. In emerging technologies, group selection,
markers in poultry improvement (marker assisted selection, introgression, gene
mapping), multiple stage selection and new uses of technology are discussed.

INTRODUCTION
The poultry industry has one of the most successful and effective breeding systems of
the major livestock species utilizing the major sources of genetic advantage available.
The genetic improvements attributable to the poultry breeding industry have come not
only by effective genetic improvement within companies, but also, by selection among
companies with the better stock or companies surviving. Unquestionably, poultry leads
the livestock breeding industries in biological sophistication. However, there is no
room for complacency. At least four major changes in quantitative genetic theory in
the last decade could have major impacts on poultry breeding: 1) the infinitesimal
model, 2) Best Linear Unbiased Prediction (BLUP), 3) group selection, and 4)
Selection Index Updating. Further, at least two advances in technology may affect
poultry breeding: 1) the ability to make selection decisions based on direct examination
of DNA, and 2) the ability to assess growth related traits at very early ages and with
great precision (MRI and MRS). This paper will discuss some of the assumptions,
cautions, limitations and applications of these ideas and technologies.
Theory vs. Practice: Did someone forget the assumptions?
The infinitesimal model. Under classical quantitative genetic theory, genetic
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parameters are not affected by selection. However, selection affects variances in three
ways: 1) a reduction in the phenotypic variance of the parental population due to culling
from one end of the phenotypic distribution; 2) gametic phase disequilibrium and 3)
changes in genetic (co)variances due to gene frequency changes in the offspring
generation. Further, finite population size causes a shift in genetic variance from within
populations to that between populations. The process is well understood for an additive
model with no selection. With selection, as the number of loci becomes large, changes
in gene frequency at individual loci tend to become progressively smaller. However,
the phenotypic and disequilibrium effects remain constant. If one is willing to assume
an infinitely large population which is normally distributed for all traits of interest and
for which each trait is influenced by an infinite number of loci each with an equal and
infinitely small effect, referred to as the infinitesimal model, then predicting the effect
of selection on the phenotypic variance of the parents (Cochran, 1951) and
disequilibrium variance of the progeny (Bulmer, 1971) is possible.
The ability to predict changes in phenotypic and genetic variances was very appealing
to quantitative geneticists whose theories had largely been restricted to an infinitely
large randomly mated base population or the progeny generation after one cycle of
selection. These theories were first brought together comprehensively by Sorensen
and Kennedy (1986), and have been embraced by sundry animal breeders as the solution
to many animal breeding problems. These solutions include the ability to estimate
genetic change without an unselected control population and to estimate random genetic
drift without replicated lines. Thus, three problems seemed to be solved with great
savings of resources: 1) the need to re-estimate genetic parameters after each cycle of
selection; 2) the need for control lines; and 3) the need for replicated lines. Based on
the additive infinitesimal model, Sorensen and Kennedy (1984) showed that "the
relationship matrix accounts for the decline in variance due to genetic drift and it
circumvents further reduction in variance due to gametic phase disequilibrium".
However, Sorensen and Kennedy (1984) were the first to point out the limitations of
this theory due to numerous assumptions. The following is a partial list of those
assumptions and limitations: 1) an infinite number of 2) unlinked loci, 3) with only
additive effects, 4) base population in Hardy-Weinberg and 5) Hnkage equihbrium, 6)
genetic and 7) environmental effects normally, independently distributed, 8) constant
genetic (co) variances and 9) phenotypic (co) variances of the base population are known
without error, 10) selection is on a linear function of the records, 11) the relationship
matrix is complete (no missing or incorrect records), 12) multivariate normality even
after repeated selection, and 13) genetic parameters are symmetrical. The infinitesimal
model also assumes that there are no genotype-environment interactions (GxE) and
that the underlying genetic model is known. The multitude of assumptions and cautions
are often ignored. In testing some of these assumptions with a simple single trait, gene
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level model (as opposed to simulations based on the infinitesimal model itself, which
is not a true simulation), Muir (1991) found that even with up to 500 loci, assumptions
of the infinitesimal model were grossly incorrect. For example, he showed that selection
can increase drift variance whereas infinitesimal theory predicts that selection will
always decrease this variance.
In the application of Sorensen and Kennedy's simplifying assumptions, breeders have
largely ignored the cautions above. While use of the infinitesimal model has been
largely restricted to large animals, its use is starting to be seen in the poultry literature
(Jeyaruban et al, 1995). However, this model is unrealistic in its basic assumptions of
the organization of the genome and of the size and distribution of genetic effects. With
finite loci and particularly with genes of large effect, the assumption of normality may
not be reasonable, particularly after repeated selection. Genes with directional
dominance will accentuate the problem as will linkage, etc. Further, these assumptions
are known to conflict with reality. Important economic characters in poultry have
considerable genetic nonadditivity (Fairfull et a/., 1987). Economic functions are
complex and nonlinear (Fairfull ^i a/., 1991). Fitness characters have low, asymmetrical
heritabilities (Frankham, 1990). Consider in chickens, intense upward selection has
little effect on fertility or hatchability, however, they can be readily decreased. Recessive
genes at low frequencies with large negative effects have been observed for some
fitness traits (Gowe et al, 1993). Many examples of major genes affecting economic
traits exist (Merat, 1990; Haley ^ra/., 1995; Rocharía/., 1995). By definition, genetic
change results from directional changes in gene frequencies. Both simulation (McMillan
et al., 1996) and empirical (Gowe and Fairfull, 1985) studies show that genetic
parameters change as the result of selection. Several studies in chickens have reported
substantial changes in genetic correlations (rg) with selection (Fairfull and Gowe, 1990).
In part-record selection experiments, the rg of early and late egg production decreased
virtually to zero and in extreme cases changed from a high positive to a negative value.
While the norm is for generally small changes in genetic parameters, empirical evidence
proves that genetic parameters can change dramatically. Thus, many infinitesimal
model assumptions are known to be incorrect. Believing that a biologist could espouse
the infinitesimal model is difficult.
PRESENT TECHNOLOGIES
I. Multiple Trait Selection
Theory. Several methods can be used for multiple trait selection: 1) index selection
(IS); 2) reciprocal recurrent selection (RRS); and 3) culling (here culling refers to
selection schemes such as independent culling levels selection and multiple traits culling
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levels selection which incorporates information from other traits and from relatives).
Empirical testing of selection methods has never been conclusive. Based on current
theory, Best Linear Unbiased Prediction (BLUP) is almost universally accepted as the
"best" multiple trait selection method (Henderson, 1984). Ignoring fixed effects, BLUP
is a generalization of selection index theory to the case of unequal amounts of
information from relatives, either within or across generations (Lin, 1978). As such,
BLUP presently incorporates many aspects of the infinitesimal model.
Practice. Although commercial layers are crosses, most breeders use Within-Line
Selection (WLS) based upon a variety of methods such as BLUP and culling. Not all
traits are necessarily selected in the same manner. One group of traits may have breeding
values (BVs) based upon information from other traits in the group, while remaining
traits are selected independently. Breeders may calculate BVs using a multiple trait
index and use them in a culling scheme. Culling is widely used in commercial breeding.
Previous theory on the use of independent culling considered traits culled one at a time
based on performance ofthat trait. However, culling schemes can consider information
from other traits in selection decisions (Fairfull and Gowe, 1990). Extension of theory
to these situations is the objective of multi-stage selection or index updating as proposed
by Xu and Muir (1991, 1992) and discussed later.
RRS has been used effectively by commercial breeders (Bell, 1982). H&N Inc. and
Lohmann Tierzucht GMBHuse^d RRS very successfully for many years. They recently
added WLS to RRS at the cost of some heterosis to improve pure line performance
(Flock, 1988; AmeU et al, 1988). This modification of RRS by adding WLS resulted
because practically, pure lines must have reasonable performance to reduce costs in
the overall commercial program.
Theory V5. Practice. The failure of assumptions of infinitesimal models (as discussed
above) has contributed to the fact that index selection, or more recently BLUP, was not
adopted as the exclusive selection method in poultry some time ago. In addition to
direct effects on genotypic and phenotypic values, GxE interactions affect estimated
covariances between traits (Merks and van Oijen, 1995). Also, the influence of errors
of parameter estimation on the accuracy of selection has been examined by a number
of investigators. Their general conclusions were that errors in parameter estimation,
particularly that of the genetic correlations, could produce large biases in estimated
selection responses. In which case a base index using economic weights rather than
"optimal" index weights could produce greater improvement in aggregate economic
gain (Lin, 1978). Analogously, BLUP is very inefficient in selection for traits whose
genetic architecture deviates significantly from model assumptions.
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Effective alternative methods are available, but rarely discussed. For example, both
fertility and hatchability can be maintained at high levels using a culling scheme that
has little effect on selection pressure available for other traits (Gowe et ah, 1993). In
another example, a preliminary comparison of multiple trait culling levels (MTCL)
selection and BLUP showed that differences between the methods for specific
quantitative traits were small (McAllister et al, 1990). In a simulation study, Gibson
and Jeyaruban (1993) showed that even theoretically differences among selection
methods can be slim in poultry.
The practice of treating traits or groups of traits diffetently makes good sense
biologically. For characters with means approaching limits, negative major gene effects
inherited in a Mendelian fashion and asymmetrical heritabilities, BLUP may have little
logic or value. Also, for compound traits like mortality, where each cause of mortality
is a different trait (usually with very low incidence) and is highly dependent on exposure
and virulence, intense BLUP selection will have little beneficial effect. Empirical
evidence and accumulated knowledge of the genome support the current practice of
using different methods for different traits as the biological nature of each dictates.
II. Multiple Source Methods
Theory. Multiple source selection methods include: 1) BLUP; 2) RRS; and 3)
culling. Currently, BLUP is the selection method favored theoretically especially as
all additive genetic relationships (ai) contribute to predictions (Henderson, 1984).
However, note that relationships estimated from pedigrees are average, theoretical ones.
Several assumptions are inherent in the use of theoretical ai values including randomness
of sampling and no differential mortality.
Practice. As stated above, breeders use a mix of selection methods. WLS predominates
with IS or BLUP and culling employed as deemed necessary. Some breeders calculate
BVs for each trait separately using a multiple source index such as an Osbom index
and use the resulting BVs in a culling scheme. Again, although academics usually
consider only individual selection regarding culling, culling schemes can and do use
information from relatives in selection decisions (FairfuU and Gowe, 1990; Xxx et al,
1994). RRS is an effect multiple source selection method. RRS has been employed
successfully by breeders for some time (von Krosigk et al., 1973; Bell, 1982).
Theory vs. Practice. In empirical studies, family and index selection have not been as
effective as expected while in contrast individual selection was more efficient than
theory predicts (Kinney er ¿z/., 1970; Garwood and Lowe, 1979; Garwoodeia/., 1980).
Several problems may affect the theoretical efficiency of family information and IS:
399

1) weights placed on sources of information; 2) inbreeding and the loss of allelic
variation; 3) the use of theoretical genetic relationships; and 4) the assumption of
additivity. However, inbreeding is presently overworked as a cause of short-term lack
of empirical efficacy of BLUP and causes other than those listed must play a role, also.
In analyzing the Ottawa selection study, McAllister (1977) calculated the weights placed
on individual, sire and dam family information. The weights on individual information
were higher and those on family information were lower than theoretical optima;
however, the selection practiced was effective over several decades (Fairfull and Gowe,
1990) and as effective as BLUP in a short-term comparison (McAllister et al., 1990).
The reasons for this are not readily apparent. Among other causes, the exclusion of
nonadditive genetic effects from models may inflate estimates of breeding values in
some progenies based on information from relatives. Also, congenitally transmitted
pathogens can affect the relative value of sources of information although this is not
considered in theory. For example, hens test positive for lymphoid leukosis virus
(LLV) have higher mortality, lower egg production and lower egg weight (Gavora et
al, 1980). Using LLV as a model, Harris et al (1984) showed that the presence of
pathogens reduces overall selection response and individual information contributed
more efficiently to selection than theory predicts. The work of Johannson et al. (1995)
indicates that excluding dominance from genetic models may have a similar effect on
family selection. Thus, while adding information from relatives may potentially increase
selection accuracy, especially in traits with low h2, optimal weights of sources of
information may deviate from those derived from IS theory.
An increased rate of inbreeding, because families tend to be selected, is a major limitation
to BLUP Quinton et al. ( 1992) conclude that comparisons between alternative breeding
schemes should be made at the same level of inbreeding rather than at the same selection
intensity due to adverse effects of inbreeding depression. While this is true, loss of
favorable alíeles as a longer term consequence of inbreeding may be more serious by
lowering the limits of selection. Both inbreeding and allelic losses are a result of finite
population sizes and are exacerbated by family selection which reduces the effective
population size (Robertson, 1961). Theoretically, BLUP may maximize short-term
response if the basic genetic architecture is not too different from that assumed, but
long-term response may be compromised and if the rate of inbreeding is restricted to
the same level as that of phenotypic selection, then even theoretically BLUP has little
advantage (Quinton and Smith, 1995).
Experiments withDrosophila confirm these problems. Perez and Toro (1992) compared
three family selection indices for progeny number in Drosophila: dam record only,
dam plus dam full-sibs, and dam plus dam and sire full sibs. Response was expected to
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increase as more information on relatives was included in the index. Actual advances
were in the reverse order and not by a trivial amount. Perez and Toro (1992) concluded
that selection only on the dam would have produced greater response to selection than
BLUR They blamed the deviation of response from theoretical expectation on:
inbreeding depression; smaller than expected selection differentials; and incorrect
parameter estimation. Lower than expected selection responses in short term
experiments due to inbreeding is not credible and smaller than expected selection
differentials need to be explained. Although nonadditive genetic variation was large,
they did not include the assumption of additivity as a cause of failure. These recent
empirical results reinforce those of earlier studies (Kinney et al, 1970; Wilson, 1974;
Campo and Tagarro, 1977) which also failed to confirm the theoretical advantages of
family and index selection over mass selection.
Although BLUP (IS) assumes multivariate normality, failure of this assumption is
usually not considered a major problem. The importance of this assumption was
demonstrated by Perez-Enciso et al. (1994) who showed that selection based on an
index of the component traits ovulation rate and embryonic survival in swine is expected
to exceed direct selection for litter size by 50 percent. Nevertheless, selection directly
on litter size and its components has failed to confirm the theoretical superiority. PerezEnciso et al (1994) hypothesized that the failure of IS was due to failure of the
assumption of multivariate normality to apply to this trait. Simulation based on a
modified infinitesimal model showed that response with an index was better than direct
selection only in the short term. Results suggest that for traits such as egg number
which do not show multivariate normality, IS fails to perform as predicted.
III. Estimation of Genetic Gain
Theory. If all assumptions are correct, it has been suggested that the mathematical
sophistication of BLUP allows the separation of genetic and environmental trends
without an unselected control population (Sorensen and Kennedy, 1984). Basically, if
h- is known and selection differentials are given, it is a simple matter to compute
expected genetic gain by multiplying h^ with the cumulative selection differential.
Although the procedure allows for changes in genetic parameters as discussed above
for the infinitesimal model, allowances cannot be made for changes in gene frequencies
and other weaknesses of the infinitesimal model discussed above. Thus, these methods
should be used with great skepticism. Nevertheless, and despite the failure of BLUP
associated theory cited in their experiment above, Perez and Toro (1992) embraced
mixed-model methodology for its ability to "estimate genetic trends free of
environmental and selection bias". Among the causes for skepticism, Thompson (1986)
and Sorensen and Johansson (1992) showed that the estimated genetic trend depends
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strongly on the h^ used to predict breeding values. For example, Perez and Toro (1992)
showed that by changing the model and h^ estimate, estimated genetic gain was greatly
different. Using one model, they would have concluded that no trend was present,
while the other predicted a significant trend.
Additional methods of estimating genetic gain were reviewed by Gowe and FairfuU
(1990) and include among others: comparison of selected strains, various types
unselected control populations, frozen embryos or semen, and repeat mating controls.
Each of these and variants of them have advantages and disadvantages, some of which
are reviewed in Gowe and Fairfull (1990). GxE interactions have been advanced as a
major disadvantage to the use of control strains. However, without controls, there is
little likelihood that important GxEs would be detected much less quantified. Practically,
the existence of potential GxEs may strengthen the case for controls (Gowe and Fairfull,
1990).
Practice. Most breeders do not maintain any type of control using largely uncontrolled
estimates of gain. Commercial breeders measure the effectiveness of their programs
relative to the comparative performance of their and competitor commercial stocks.
To this end most breeders maintain limited, but active test programs to compare
developing and commercial products.
Theory vs. Practice. One major complication in the estimation of genetic gain is the
problem of GxEs which develop over generations. These effects cannot be put into a
BLUP model because there is no separate estimate of environmental trend. The only
method to estimate genetic gain unbiased by GxEs or changing genetic
parameters is by use of a control population which can be then used as a covariate
(Muir, 1986a,b).
III. Genotype-environment Interactions (GxEs)
Theory. Many environments or environmental characteristics can result in GxEs of
consequence. In layers, housing (group vs. single bird cages vs. ñoor pens, density and
colony size), temperature, humidity, diets, vaccines and disease exposure can result in
GJCES (Sheridan, 1990; Fairfull and Gowe, 1990). GxEs can be nonlinear with little
interaction over a range of environmental values, but with increasingly drastic GxEs outside
the hmits. Considerable research and practical experience have shown that, usually, the
optimal selection environment is the one in which the birds are expected to perform (Yamada
and Bell, 1980). One exception to this rule is selection for performance in group cages.
Selection for the highest individual performers in a group environment will lower
productivity due to competitive effects (Muir, 1996). Methods to improve performance
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in the presence of competitive effects are discussed under "Group Selection".
Where expression of a trait is not great enough for effective selection in the production
environment, trials in an alternative environment might be necessary. Incidence traits
which usually have limited expression such as viability characters can best be selected
for in an environment where the genetic expression can be fuller, for example a challenge
test. However, alternative environment sib-testing can provide information for the
selection individuals tested in the performance environment.
Practice. In commercial layer ^election, almost all birds are evaluated and selected in
single-hen cages for production in multiple-hen environments. This is done for reasons
of cost, convenience and accuracy of records. However, using single-hen cages to
evaluate and select laying hens has resulted in increasing maladaptation to multiplehen environments (Muir and Craig, 1996). Layers have become more aggressive and
more competitive in groups because of selection in single hen cages. This has reduced
performance potential and increased management problems in group production
environments for laying hens.
Most commercial breeders are located in temperate climates. This mandates that laying
hens selected in temperate cUmates must perform in all world climates. This is especially
problematical for production in hot climates (Gowe and Fairfull, 1995). Occasionally,
breeders have set up joint ventures with companies in various parts of the world under
which subpopulations are reselected for local conditions. With care, this practice
alleviates the problem, but it is not a complete solution.
Theory vs. Practice. Theory violates no known assumptions and is clear. To the best
of present knowledge, the optimal selection environment is the environment under
which the bird is expected to perform. In selecting laying hens in environments other
than the performance environments, breeders are using less that ideal methods. In
cases where practice results in drastic problems, it is quickly dropped or modified.
However, when problems are slow to develop and a technique is industry wide, a less
than ideal practice may continue for quite some time. In fact, it may not be
acknowledged.
EMERGING TECHNOLOGIES
I. Group Selection
Performance of layers in group housing has important implications to both animal
well-being and commercial egg production. The importance of animal well-being,
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particularly with respect to such management practices as beak trimming and battery
housing of layers, in international agriculture was reviewed by Muir and Craig (1996).
Such practices are seen as causing stress for extended periods of time. As such, these
management practices have been severely restricted in certain European countries.
However, Muir and Craig (1996) suggested that the solution is not to change the
management, but to change the behavior of the bird such that beak trimming is not
necessary to control feather pecking and cannibalism and the cage environment is no
longer stressful to the bird.
Theory. Animal selection theory was derived assuming that genotypes do not interact.
If individuals interact, Griffing (1967) has shown that classical IS could result in
negative gains. With competition, the usual gene model for a given genotype must be
extended to include not only the direct effects of the individual's own genes, but also
the associate contributions from other genotypes in the group (Griffing, 1967). To do
that, Griffing (1967) extended selection theory to take into consideration interactions
of genotypes. In this theory, the conceptual biological model must be first extended to
define the group and second the usual gene model must be extended to include not
only direct effect of the individual's own genes, but also associate
contributions from other genotypes in the group. Transferring selection from the
individual to the group ensures that the population mean will not decrease (Griffing,
1967).
Practice. Interactions among genotypes in production groups are ignored by most
commercial breeders who use individual housing of hens to measure production for
selection (Hunton, 1990; Muir, 1985). As a result, competitive interactions and effects
of associated stress in production environments are disregarded. With management
techniques such as beak trimming and reduced lighting, the problems associated with
individual housing for selection may be partially masked. However, where such
management practices are outlawed, such as in Europe, or impractical, such as in
developing countries, major problems associated with aggression and cannibalism are
seen.
Theory vs. Practice. Group selection theory was tested in layers by Muir (1996).
Females of each sire family were housed and selected as a group in a multiple-bird
cage. Production was measured to at least 60 weeks of age. The initial selection
criterion was eggs per family group, but in later generations, an index giving equal
weight to eggs per hen per day and days survival was used. An unselected control,
with approximately the same number of breeders as the selected line, was maintained
for comparison and housed in 1-bird cages. After six generations of selection, rate of
lay increased from 52 to 68% while mortality decreased from 30.6 to 8.8%. This
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resulted in an average increase in days survival from 160 to 348 and an increase in
total eggs per hen housed from 91 to 237. Egg weight decreased from 59.1 to 56.0 g,
but egg mass per bird housed increased from 5.3 to 13.3 kg. Over the same period in
the unselected control, mortality increased from 3.4 to 9.1%, and days survival
decreased from 357 to 348 days. The fact that days survival and mortality had improved
over the generations in the selected line, housed in multiple-bird cages, to the point
that viability was similar to that of the unselected control line, housed in single-bird
cages, is dramatic evidence that group selection is effective in improving animal wellbeing and performance in competitive environments.
In the 7th generation, selected and control lines were compared to a commercial line
housed in both 1- and 12-bird cages (Muir and Liggett, 1995). In single-bird cages,
eggs per hen housed, eggs per hen per day, egg weight and egg mass were significantly
greater for the commercial than for the selected line which was in turn greater than the
unselected control and mortality from cannibalism was zero for all three lines. In 12bird cages, the selected line was superior to the commercial line for eggs per hen
housed, Qgg mass, and eggs per hen per day. However, the most remarkable difference
was for mortality. The commercial line had an 89% mortality at 58 weeks of age as
compared to the selected line with 20% and the control at 54%. In this same study,
Craig and Muir (1996) observed that feather scores did not differ in single bird cages
among genetic stocks. However, in 12-bird cages, the selected line had significantly
better feather scores than the other lines. These results show that if birds are not beak
trimmed, current selection practices are counter productive.
II. Markers in Poultry Improvement
Marker assisted selection (MAS). Practical breeding programs must be commercially
optimal, not theoretically maximal. First, theory may overestimate the benefits of a
technique and, secondly, practical breeding programs must be cost effective (Emsley,
1993; Muir, 1994; Fairfull, 1996). The models used to map quantitative trait loci
(QTL) are additive; however, nonadditive genetic effects are important for commercial
traits in layers, especially for egg production traits. GxEs affect the genome as a whole.
It is not known exactly how GxEs affect different parts of the genome or how GxEs
affect QTL estimates; nevertheless, they will be affected. Genetic background affects
the value of QTL and estimates of relationships between markers and QTL (Dunnington
etal., 1993).
Initially, only linked DNA segments with the largest effects will be detected as QTL.
In a recent pig map, the smallest QTL represented about 7% of the total variation of
the trait mapped (Haley et ai, 1995). Commercially, MAS will be applied in improved
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populations that have been under selection for many generations. In such populations,
the exploitation of QTL with gross effects has limited potential. Genes with large
effects will be the ones detected and characterized first, but likely little usable allelic
variation remains at these loci in highly selected populations (Rocha et al., 1995).
Thus, initial mapping efforts are likely to reveal little of immediate application in
poultry improvement.
MAS is dependent upon linkage disequilibrium (Muir, 1994), which is disrupted by
recombination. Crosses of inbred lines can result in the desired equilibrium (Darvasi
et al, 1993; Moreno-Gonzalez, 1993). However, envisioning this or any other use of
crosses as a base for WLS is impossible in modem poultry breeding (FairfuU, 1996).
Although a population may be in linkage equilibrium, any particular mating within the
population may not be in equilibrium. Thus, QTL-marker associations within families
can be established. But, full-sib family sizes are too small for reliable estimation of
QTL-marker linkages as proposed by Knott and Haley (1992). Nevertheless, adequate
family sizes to establish a QTL-marker association are possible from large half-sib
populations. Even assuming the major technical problems of disequilibrium and
establishing a QTL-marker association can be overcome with this method, there are
four other practical problems: selection intensity, inbreeding, maintaining the
disequilibrium, and cost. The QTL-marker association is established only for a particular
rooster through progeny testing at great cost. Because so many progeny need to be
evaluated, the number of roosters tested would be small with an extended generation
interval resulting in a low selection intensity and an increased rate of inbreeding. To
maintain the disequilibrium for as long as possible, roosters with the same linkage
phase would need to be segregated into individual lines, i.e., those in coupling and
those in repulsion with the QTL. If multiple QTL are selected, birds in the same
linkage phase for all loci under selection would have to be in the same phase. Clearly
with more than 2 or 3 loci, this becomes impractical.
Selection changes gene frequencies which results in changes in genetic correlations
(McMillan et al, 1996) and associated changes in the relative value of alíeles. Coupled
with the suggestion that the value of QTL may vary with genetic background
(Dunnington et al., 1993), this means that the value of QTL-markers must be constantly
updated with "breeding value" estimates from phenotypes. These estimates will have
no greater reliability than any other similar estimate. Further, each QTL-marker is
another parameter that must be added to the statistical model. Models could easily
become overparameterized and, thus, unreliable.
This does not mean that markers could not be of value in poultry improvement. For
some time, markers have been used in selection for disease resistance and could
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potentially be of value in selection for sex limited traits, although the benefits of this
are limited, and for selection at very early ages (Fairfull, 1996). When QTL alíeles
themselves become available for direct selection many current problems will no longer
apply. However, even then we anticipate some long term problems from direct selection
on QTL. For example, diverting selection pressure from the phenotype to QTL could
result in the loss of favorable alíeles at other loci due to genetic drift. As a consequence,
the selection limit and long term potential could be lowered for a short term advantage.
Introgression. In the past, useful genes have been introduced into improved populations
(introgression). Introgression must be achieved quickly and economically with little
loss of commercial value in the host genome. Inevitably, the donor genome will harbor
many undesirable genes. These must not be allowed to "hitch hike" into the host
genome on the desirable gene. DNA-based markers can enhance the speed,
completeness and safety of introgression (Groen and Timmermans, 1992; Hospital et
al., 1992; Hillel et al, 1993). The ideal case for introgression would be to have equally
spaced markers throughout the host genome and tightly linked flanking markers
bracketing the gene of interest in the donor genome. This would allow introgression of
the gene of interest with maximal recovery of the host genome. Simulation studies
have shown that DNA-based markers allow more efficient and complete introgression
that conventional methods (Groen and Timmermans, 1992; Hospital et al, 1992; Hillel
et al, 1993).
Fhis does not imply that no problems exist. Suitable markers must be found and unless
they can be located in a genomic database with suitable cloned DNA, this may be no
trivial problem and costs may be substantial. A completed poultry gene map will
reduce the cost and difficulties of finding markers. Until then, costs may be prohibitive
or suitable markers may not be available.
Gene mapping. A comprehensive gene map represents the first step needed to make
MAS and other DNA-based marker technologies practical. Poultry gene maps are
presently being rapidly developed (Archibald et al, 199A). This effort is very costly:
Is it worth the cost? Although in the short term gene mapping may not be cost effective,
gene maps are required to increase our understanding of genetics and physiology.
Knowledge is the true basis of progress and gene maps will provide the foundation for
a genuine transformation in the power of techniques to achieve genetic progress.
Many problems in mapping exist (Fairfull, 1996) and weaknesses in all mapping
strategies have been noted (Bulfield, 1992; Muir, 1994). The models consider only
additive genetic effects although nonadditive genetic effects are important for many
traits. GxEs and genetic background can affect the value of QTL and the estimate of
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the relationship between marker and QTL (Dunnington et al, 1993). Initial mapping
efforts are likely to yield little of immediate application to highly selected poultry
populations because only QTL of large effect will be detected initially (see MAS above).
However, the problems will be of little ultimate consequence. The genes affecting
quantitative traits will be found, cloned and variants will be classified. QTL alíeles
will themselves become "markers" usable with no greater cost or effort than linked
markers. Nonetheless, history has shown that no technology solves all problems. Many
challenges will remain.
III. Multiple Stage Selection
Theory. While index selection (BLUP) requires a number of assumptions, particularly
when used to combine information from relatives, IS for multi-trait improvement is
the most efficient method of genetic improvement if those assumptions hold. However,
when traits become evident at different ages or there are large differences in costs of
measuring traits, selection by independent culling levels may give a higher aggregate
economic return because not all traits need to be measured on all individuals. The
problem with optimum independent culling selection is that general solutions are not
possible and numerical integration is neededior specific cases. An additional problem
with independent culling is that culling for each trait ignores superiority in other traits.
Recently, Xu and Muir (1991, 1992) developed a new independent culling level
procedure by use of orthogonal transformation of the original characters. With their
procedure, explicit solutions for optimum truncation points are possible. The procedure
has similar properties to multi-stage selection index and, as such, genetic gains from
use of the procedure may exceed ordinary independent culling level selection. Muir
and Xu's (1991) results show that for most situations one can choose a multi-stage
selection scheme, either conventional or transformed culling, which will have an
efficiency close to that of index selection. Furthermore, the procedure can be optimized
to obtain maximum aggregate economic return per unit of cost associated with obtaining
measures on each trait.
Practice. In practice, culling may be preferred because the independent culling levels
or multiple traits culling levels methods are more intuitive and convenient to use and
also allow animals to be culled as traits become available without waiting until all
traits are measured. This is a common procedure used by all commercial breeders of
broilers. In the dam lines, birds are first culled on weight with the superior pullets
further tested for egg production. Culling levels are commonly derived empirically
over time through feedback of results and within generation by iteration to achieve
specific goals rather than based on infinitesimal theory.
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Theory vs. Practice. If too strong a selection intensity is used in the first culling,
significant genetic gain in other traits will be lost. On the other hand, if too weak a
selection intensity is used in the first stage, significant additional costs are
incurred to test the remaining birds. Culling levels used in industry may not be far
from the correct values but with the new theory which is now available,
additional gains (or profits) are possible with little additional effort. Index updating
can also be used to evaluate profitability of alternative breeding programs as shown by
Muir and Xu (1992).
IV. New Uses of Technology
All future technologies applicable to animal improvement do not lie in the field of
molecular biology. Other techniques will contribute. The field of nuclear magnetic
resonance (NMR) provides an example of two such related candidate technologies:
magnetic resonance spectroscopy (MRS) and magnetic resonance imaging (MRI).
NMR uses the property of nuclear spin of some atomic nuclei, such as, IH or 3IP.
These nuclei have a magnetic moment due to their charge. When placed in a strong
external magnetic field, they precess about the field axis at a rate determined by the
strength of the magnetic field. In an oscillating magnetic field of the same frequency
as the precessing frequency, energy will be absorbed which can be detected and recorded.
Differences in absorption characteristics can be used to distinguish between elements.
NMR has been used extensively in human medicine and is considered a safe, noninvasive method of providing anatomical, pathological and metabolic information in

MRI provides clear images of living tissues at all stages of life. The plane of the image
can be moved (multiple slice) or rotated. They can be used to calculate volumes of
organs or tissues, and, thus, can be used to diagnose or study anatomical problems at
any age. MRS provides the potential for very early (even embryonic) bioassay that
could potentially be used to predict physiological efficiency or function at later stages
of life ( juvenile or adult). For example, Lirette et al. (1993) found a relationship
between components of energy metabolism measured in embryos and degree juvenile
body fat that shows promise for very early identification of lean growth potential (Liu
etaL, 1994).
REFERENCES
AMELI, H., FLOCK, D.K. and GLODEK, P. (1988) Inbreeding and heterosis in SC
White Leghorns after long-term reciprocal recurrent selection, pp. 369-371.
Proceedings of the 18th World Poultry Congress, Nagoya, Japan.
409

ARCHIBALD, A., BURT, D.W. and WILLIAMS, J.L. (1994) Gene mapping in
farm animals and birds: An overview. Proceedings of the 5th World Congress on
Genetics Applied to Livestock Production 21:5-12.
BELL, A.E. (1982) Selection for heterosis - results with laboratory and domestic
animals. Proceedings of the 2nd World Congress on Genetics Applied to Livestock
Production 6:206-227.
BULFIELD, G. (1992) Molecular approaches to the improvement of production traits.
Proceedings of the 19th World Poultry Congress 1:479-484.
BULMER,M.G. (1971) Effect of selection on genetic variability. American Naturalist
105:201-211.
CAMPO, J.L. and P. TAGARRO, P. (1977) Comparison of three selection
methods for pupal weight in Tribolium castaneum. Ann. Genet. Sel. Anim. 9:259268.
COCHRAN, W.G. (1951) Improvement by means of selection. Pp. 449-470. In.Proceedings of the 2nd Berkely Symposium on Mathematical Statistics and
Probability.
DARVASI, A., WEINREB, A., MINKE, V., WELLER, J.L and SOLLER, M.
(1993) Detecting marker-QTL linkage and estimating QTL gene effect and map
location using a saturated genetic map. Genetics 134:943-951.
DUNNINGTON, E.A., STALLARD, L.C. and SIEGEL, P.C. (1993) Evaluating
linkage between DNA fingerprint bands and quantitative traits in chickens:
interactions. Poultry Science 72:1000-1004.
EMSLEY, A. (1993) Aspirations of breeders in the poultry industry as manipulation
of the avian genome continues, in Manipulation of the Avian Genome, Etches, R.J.,
and Gibbons, A.M.V. Ed.s, CRC Press Inc., Boca Raton, Florida, U.S.A.
FAIRFULL, R.W. (1996) The use of markers in poultry improvement. (IN PRESS)
In: Proceedings of the XXth Beltsville Symposium. Beltsville, Md., U.S.A.
FAIRFULL, R.W. and GOWE, R.S. (1990) Genetics of egg production in chickens,
pp. 705-759. In: Poultry Breeding and Genetics. R.D. Crawford, Editor. Elsevier
Science Publishers, Amsterdam.
FAIRFULL, R.W., GOWE, R.S. and NAGAI, J. (1987) Dominance and epistasis
in heterosis of White Leghorn strain crosses. Canadian Journal ofAnimal Science
67:663-680.
FAIRFULL, R.W., MCALLISTER, A.J. and GOWE, R.S. (1991) A profit function
for White Leghorn layer selection, pp. 39-49. In: 40th Annual National Breeders
Roundtable, St. Louis, U.S.A.

410

FLOCK, D.K. (1988) An assessment of progress with different stocks and methods
of selecting in egg layers. In: Animal Breeding Opportunities, BSAP Occasional
Publications 12:189-201.
FRANKHAM, R. (1990) Are responses to artificial selection for reproductive fitness
characters consistently asymmetrical? Genetic Research 56:35-42.
GARWOOD, V.A. and LOWE, P.C. (1979) Comparison of individual, sire family
and index selection for short term rate of egg production in chickens. Poultry
Science 5^:751-153.
GARWOOD, V.A., LOWE, P.C. and BOHREN, B.B. (1980) An experimental test
of the efficiency of family selection in chickens. Theoretical and Applied Genetics
56:5-9.
GAVORA, J.S., SPENCER, J.L., GOWE, R.S. and HARRIS, D.L. (1980) Lymphoid
leukosis virus infection: Effects on production and consequences in selection for
high egg production. Poultry Science 59:2165-2178.
GIBSON, J.P. and JEYARUBAN, J.G. (1993) BLUP evaluations and the balance
between response and inbreeding in egg-laying lines of poultry, pp. 185-191. In:
Proceedings of Current Problems in Avian Genetics, Nitra, Slovakia.
GOWE, R.S. and FAIRFULL, R.W. (1985) The direct response to long-term selection
for multiple traits in egg stocks and changes in genetic parameters with selection,
pp. 125-146. In: Poultry Genetics and Breeding. Ed. Hill, W.G., Manson, J.H.,
and Hewitt, D. Longman, British Poultry Science.
GOWE, R.S. and FAIRFULL, R.W. (1990) Genetic controls in selection, pp. 935954. In: Poultry Breeding and Genetics. R.D. Crawford, Editor. Elsevier Science
Publishers, Amsterdam.
GOWE, R.S. and FAIRFULL, R.W. (1994) Breeding for resistance to heat stress.
pp. 11 -29. In: Poultry Production in Hot Climates, CAB International, Wallingford,
Oxon OXIO 8DE, U.K.
GOWE, R.S., FAIRFULL, R.W., MCMILLAN, L and SCHMIDT, G.S. (1993) A
strategy for maintaining high fertility and hatchability in a multiple-trait egg stock
selection program. Poultry Science 72:1433-1448.
GRIFFING, B. (1967) Selection in reference to biological groups. I. Individualand
group selection applied to populations of unordered groups. Australian Journal of
Biological Sciences 20:127-139.
GROEN, A.F. and TIMMERMANS, M.M.J. (1992) The use of genetic markers to
increase the efficiency of introgression - a simulation study. Proceedings of the
19th World Poultry Congress 2:523-527.

411

HALEY, es., KNOTT, S.A. and ANDERSSON, L. (1995) Genetic mapping of
quantitative trait loci for growth and fatness in pigs. pp. 1-11 In: Proceedings of
the 44th Annual National Breeders Roundtable, St. Louis, U.S.A.
HARRIS, D.L., GAVORA, J.S. and SPENCER, J.L. (1984) Genetic selection in
presence of pathogens such as lymphoid leukosis virus: Computer simulation.
Theoretical and Applied Genetics 68:397-413.
HENDERSON, C.R. (1984) Applications of linear models in animal breeding.
University of Guelph Press, Guelph, Ontario, Canada.
HOSPITAL, F., CHEVALET, C. and MULSANT, M. (1992) Using markers in
gene introgression breeding programs. Genetics 132:1199-1210.
HILLEL, J., DUNNINGTON, E.A., HABERFELD, A., LAVI, U., CAHANER,
A., GAL, O., PLOTSKY, Y., MARKS, H.L. and SIEGEL, P.B. (1993a)
Multilocus DNA markers: applications in poultry breeding and genetic analyses,
in Manipulation of the Avian Genome, Etches, R.J., and Gibbons, A.M.V. Ed.s,
CRC Press Inc., Boca Raton, Florida, U.S.A.
HILLEL, J., GIBBINS, A.M.V., ETCHES, R.J. and SHAVER, D.McQ. (1993b)
Strategies for the rapid introgression of a specific gene modification into a
commercial poultry flock from a single carrier. Poultry Science 72:1197-1211.
HUNTON, P. (1990) Applied breeding and selection, pp. 985-1028. In: Poultry
Breeding and Genetics. R.D. Crawford, Editor. Elsevier Science Publishers,
Amsterdam.
JEYARUBAN,M.G., GIBSON, J.P. and GO WE, R.S. (1995) Comparison of index
selection and best linear unbiased prediction for simulated layer poultry data. Poultry
Science 74:1566-1576.
JOHANSSON, K., KENNEDY, B. and WILHELMSON,M. (1995) Precision and
bias of estimated genetic parameters in the presence of dominance and inbreeding.
. Proceedings of the 5th World Congress on Genetics Applied to Livestock
Production 18:386-389.
KINNEY, T.B. Jr., BOHREN, B.B., CRAIG, J.V. and LOWE, P.C. (1970) Responses
to individual, family or index selection for short term rate of egg production in
chickens. Poultry Science 49:1052-1064.
KNOTT, S.A. and HALEY, C.S. (1992) Maximum Hkelihood mapping of quantitative
trait loci using full-sib families. Genetics 132:1211-1222.
LIN, C.Y. (1978) Index selection for genetic improvement of quantitative characters.
Theoretical and Applied Genetics 52: 49-56.
LIRETTE, A., TOWNER, R.A., LIU, Z., JANZEN, E.G., CHAMBERS, J.R.,
FAIRFULL, R.W., MILLIGAN, L.R and CROBER, D.C. (1993) In vivo nuclear
412

magnetic resonance spectroscopy of chicken embryos from two broiler strains of
varying fat content. Poultry Science 72:1411-1420.
LIU,Z.,LIRETTE,A.,FAIRFULL,R.W.andMcBRIDE,B.W. (1994) Embryonic
adenosine triphosphate:phosphodiesters ratios obtained with in vivo nuclear magnetic
resonance spectroscopy (phosphorus-31): A new technique for selecting lean broiler
chickens. Poultry Science 73:1633-1641.
MERKS, J.M. and VAN OIJEN, M.A.A.J. (1995) Implications of genotype x
environment interactions for the design of national pig breeding prorgams. Proceedings
of the 5th World Congress on Genetics Applied to Livestock Production 17:398-401.
A.J. (I977) Multiple trait selection in egg stocks. 3. Retrospective
evaluation involving individual and family selection, pp. 92-107. \n\ 26th Annual
National Breeders Roundtable, Kansas City, U.S.A.
MCALLISTER, A.J., FAIRFULL, R.W. and G OWE, R.S. (1990) A preliminary
comparison of selection by Multiple Trait CuUing Levels and Best Linear Unbiased
Prediction. Proceedings of the 4th World Congress on Genetics Applied to Livestock
Production 16:69-72.
MCALLISTER,

and QUINTON, M. (1995)
The effect of simultaneous selection on the genetic correlation. Theoretical and
Applied Genetics 91:776-779.

MCMILLAN, L, FAIRFULL, R.W., FRIARS, G.W.

MERAT,P. (1990) Chapter 20. Pleiotrophic and Associated Effects of Major Genes.
pp. 429-467. In: Poultry Breeding and Genetics. R.D. Crawford, Editor. Elsevier
Science Publishers, Amsterdam.
MORENO-GONZALEZ, J. (1993) Efficiency of generations for estimating markerassociated QTL effects by multiple regression. Genetics 135:223-231.
MUIR, W.M. (1985) Relative efficiency of selection for performance of birds housed
in colony cages based on production in single bird cages. Poultry Science 64:22392247.
MUIR, W.M. (1986a) Efficient design and analysis of selection experiments.
Proceedings of the 3rd World Congress on Genetics Applied to Livestock Production
XII:269-282.
MUIR, W.M. (1986b) Optimal utilization of control populations for additional
information and accuracy. Biometrics 42:381-392.
MUIR, W.M. ( 1991 ) Estimation of response to selection in non-replicated populations.
pp. 95-121. In: Proceedings of the 41st National Breeders Roundtable, St. Louis,
U.S.A..
MUIR, W.M. (1994) Poultry improvement: Integration of present and new genetic
approaches for layers. Proceedings of the 5th World Congress on Genetics Applied
to Livestock Production 20:5-12.
413

MUIR, W.M. (1996) Group selection for adaptation to multiple-hen cages: Selection
program and direct responses. Poultry Science (IN PRESS).
MUIR, W.M., and CRAIG, J.V. (1996) Improving animal well-being through genetic
selection. (IN PRESS) In: Proceedings of the First North American Symposium
on Poultry Welfare.
MUIR, W.M. and LIGGETT, D. (1995) Group selection for adaptation to multiplehen cages: comparisons with control and commercial lines. Poultry Science
74sl:101.
MUIR, W.M. and XU, S. (1991) A method for optimum independent culling level
selection for N traits with explicit solutions. Theoretical and Applied Genetics
82:457-465.
MUIR, W.M. and XU, S. (1992) Optimizing profits in breeding programs using
selection index updating, pp. 707-711. In: Proceedings of the XIX World's Poultry
Congress. Amsterdam, The Netherlands.
PEREZ, M. and TORO,M. (1992) Classical and mixed-model analysis of an index
selection experiment for fecundity in Drosophila melanogaster. Journal of Animal
Science 70:2673-2681.
PEREZ-ENCISO, M., FOULLEY, J.L., BODIN, L. and POIVEY, J.P. (1994)
Genetic implications of the bi vari ate threshold model for litter size components.
Journal of Animal Science 72:2775-2786.
QUINTON, M. and SMITH, C. 1995. Comparison of evaluation-selection systems
for maximizing genetic response at the same level of inbreeding. Journal of Animal
Science 73:2208-2212.
QUINTON, M., SMITH, C. and GODDARD, M.E. ( 1992) Comparison of selection
methods at the same level of inbreeding. Journal of Animal Science 70:10601067.
ROBERTSON, A. (1961) Inbreeding in artificial selection programmes. Genetetical
Research 2:189
ROCHA, J.L., TAYLOR, J.F., SANDERS, J.O., OPENSHAW, S.J. and FINCHER,
R. (1995) Genetic markers to manipulate QTL: The additive illusion, pp. 12-38.
In: Proceedings of the 44th Annual National Breeders Roundtable, St. Louis, U.S.A.
SHERIDAN, A.K. (1990) Genotype jc environment interactions, pp. 897-912. In:
Poultry Breeding and Genetics. R.D. Crawford, Editor. Elsevier Science Publishers,
Amsterdam.
SORENSEN, D.A. and JOHANSSON, K. ( 1992) Estimation of direct and correlated
responses to selection using uni varíate animal models. Journal of Animal Science
70:2038.
414

SORENSEN, D.A. and KENNEDY, B.W. (1984) Estimation of response to selection
using least-squares and mixed model methodology. Journal of Animal Science
58:1097-1106.
SORENSEN, D.A. and KENNEDY, B.W. (1986) Analysis of selection experiments
using mixed model methodology. Journal of Animal Science 68:245-258.
THOMPSON, R. (1986) Estimation of realized heritability in a selected population
using mixed model methods. Genet. Sel. Evol. 18:475-485.
VON KROSIGK, CM., HAVENSTEIN, G.B., FLOCK, D.K. and McCLARY,
CF. (1973) Estimates of response to selection in populations of White Leghorns
under reciprocal recurrent selection, pp. 256-271. In: Proceedings of the 4th
European Poultry Conference, London, U.K.
WEI, M. (1992) Combined crossbred and purebred selection in animal breeding. Ph.
D. Thesis. Wageningen Agricultural University, Wageningen, The Netherlands.
WILSON, S.P. (1974) An experimental comparison of individual, family and
combination selection. Genetics 76:823-836.
XU, S. and MUIR, W.M. (1991) Multi-stage selection for genetic gain by orthogonal
transformation. Genetics 129:963-974.
XU, S. and MUIR, W.M. (1992) Selection index updating. Theoretical and Applied
Genetics 83:451-458.
XU, S, ATCHLEY, W.R. and MUIR, W.M. (1994) Multistage selection incorporating
information from relatives. Proceedings of the 5th World Congress on Genetics
Applied to Livestock Production 18:463-466.
YAMADA, Y. and BELL, A.E. (1980) Reproductive fitness and adaptability to
heterogeneous environments of Tribolium populations selected under optimum or
stress nutrition. Canadian Journal of Genetics and Cytology 22:187-195.

415

COMPETITIVE POULTRY GENETICS : A
MULTIDIMENSIONAL CHALLENGE
Alan Emsley

^TÉi

L'Institut de Sélection Animale, Layer Genetics Division, P. O. Box
280, Ithaca, NY, USA

The responsibility for genetically improving poultry stock which eventually supplies
most of the world's poultry products lies with a few commercial breeding companies
whose genetics staff must integrate science vdth marketplace realities. Competition
between companies is intense and demands careful balancing of a number of issues,
only some of which are normally considered genetic.
INTRODUCTION
Applied poultry breeding combines complex theory with cold hard reality in a way
which is as much art as science. Listening to a production manager's challenges in
achieving cost-effective feeding and health programs is as vital to the success of a
commercial breeding program as listening to a theoretician's advice on mathematical
models. It is well recognized within the industry that the path to success of a commercial
product is mined with the unknowns of feed supply, disease challenges, temperature,
light, crowding and other environmental variables. Societal standards also must be
recognized and taken into account in preparing for markets of the future. Despite these
uncertainties, measurable genetic progress continues to be seen in markets around the
world, including emerging markets of developing nations.
The role of a geneticist in shaping competitive products involves consideration of several
dimensions of the task in order to execute a successful breeding program.
1. Temporal : The market for these products is not today's but that expected at least
five years hence. In addition, the length of the generation interval within a breeding
program is inversely proportional to the annual rate of genetic progress.
2. Spatial : Markets are environmentally diverse and geographically widespread.
Breeding centers may be a hemisphere away from important markets and may be a
considerable distance from useful testing sites.
3. Compositional : Commercial products are crosses. Selection is applied to the
component pure lines of each cross which must be configured in an optimum way.
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4. Systematic : The production system involves issues 'of nutrient supply,
pharmaceuticals and behavior management. Evolution in performance creates a
need for evolution in the application of these disciplines.
5. Social : Our customers are people with diverse cultural and ethical standards. These
values are evolving alongside the development of new methods of genetic
improvement and environmental management.
In this presentation, the focus will be on these five aspects of a breeding company's
strategic considerations as it seeks to remain competitive in the worldwide layer industry.
Temporal Dimension
Time affects the strategy needed to improve a product's competitive status. First,
because of the need for multiplication stages between the selection program and the
commercial flocks, there are unavoidable delays in delivering genetic improvement to
the marketplace. In the meantime, the needs of the market could change, revising the
economic value of genetic changes made several years before.
Figure 1 shows the relationship between pure lines in a breeding program and the
commercial products which eventually result from crossing these lines.
Figure 1. Schematic representation of the relationship between pure lines and
commercials.

Grandparents

QQ

QQ

QQ

QQ

QQ

Parents

Commercials
Note: Selection (genetic change) takes place between successive generations of pure
lines (horizontal arrows).
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Temporal effects on the evolution of the product in the market come in two forms:
1.

the rate of genetic change resulting from selection of the pure lines themselves, a
function of selection differentials, genetic parameters and generation interval, and

2.

the delay in transmittal of the effects of selection to the field created by the need
for multiplier stages in the production system.

With respect to the rate of genetic change, two trends have had an undesirable effect on
generation interval. First, in free markets, shrinking profit margins per commercial
hen have forced producers to keep flocks to an older age and have increased the
importance of later performance in the product's evaluation. Second, the success of
selection programs has produced lines whose early performance is so high as to reduce
its genetic variance and its relationship with later performance (Fairfull and Go we,
1990); hence the increased need for direct measures of later performance and use of
that information for selection. New strategies are available, but they are more complex
and, of course, require an optimization between predictive accuracy and generation
interval for a given level of investment in genetic resources.
It takes about four years for the results of selection decisions to impact performance in
commercial production facilities. It is apparent that this delay in expression of genetic
change can create problems if the value of a unit change in future performance is not
well known at the time of selection (Flock and van Middelkoop, 1989) and particularly
if the value may change dramatically, perhaps even by changing sign. Fortunately, for
many traits, the economic value of a unit change is stable or has some predictability of
evolution. To counter uncertainty, the use of economically weighted selection indexes
must be balanced against the flexibility of product composition.
For example, we know that laying rate, feed efficiency and egg mass have quite
predictable economic values which will never change sign and seldom change in size
with time. Classical selection indexes function well to improve these traits.
Unit improvement in traits involving livability always have positive economic values
but their magnitude varies over time with the prevailing disease organism and with the
level of virulence. In this situation, selection based on well-designed challenge
conditions or on indirect molecular genetics methods is necessary but not sufficient to
ensure future competitive success. Compositional flexibility is also necessary.
A third situation is found with a trait like egg weight. Depending on age and mean
performance of the commercial product, a unit change in this trait may have a positive,
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a negative or zero economic value for a constituent line in that product. Furthermore,
since the hatching characteristics of the commercials are affected by the size of the
eggs produced by the parent female, the composition of the final product plays a role in
the kind of selection applied to each constituent pure line.
Spatial Dimension
The world of poultry environments is a mosaic of striking contrasts; yet it is the
marketplace in which tomorrow's products must perform. It is unrealistic to believe
that differences in these environments could or should be eliminated. Therefore, the
breeding companies must deal with the diversity in the best way they can.
There are but a handful of poultry breeding companies selling poultry products
worldwide. Each applies selection to a set of pure lines which must be housed in a
limited number of closely-monitored and protective environments to ensure high quality
sanitary status of their products and safekeeping of their genetic resources. Test crosses,
on the other hand, can provide valuable genetic information without being subject to
severe sanitary or security restrictions. It is true, however, that spatial separation of
test crosses from the central processing site or of test birds from the primary sales
markets pose some difficulties in wisely targeting selection.
To the extent that the selection program is based upon performance of the relevant
genotypes in a few well-chosen field sites, one of which could be the protected pure
line environment, there is a chance for the rate of genetic improvement to benefit from
exposure of genetic variation expressed under those field conditions (Dickerson and
Mather, 1976; Lee and Craig, 1981). However, only if these field conditions can be
considered a random sample of such conditions in the marketplace for the product in
question and only if there is evidence of important genotype by environment interaction
involving these field conditions is this approach justified. Because these testing ventures
are expensive, the challenge for a company geneticist, working with market analysts,
is to distinguish between those environmental factors which can be controlled (now or
sometime in the future) and those which cannot but which may appear randomly
throughout the production marketplace. The cost of additional testing and the risk
involved in having data collected at locations remote from the central processing site
must all be carefully considered in judging whether the added benefit over pure line
testing alone is large enough to warrant the added cost.
Occasionally, an alternative operating environment for a breeding program may be so
well-justified from both a technical and marketing standpoint that an entire breeding
program could be replicated close to its market and close to testing sites which fairly
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represent that market. Such replication of the breeding program under the skilled
direction of indigenous personnel was of sufficient long-range benefit to a U.S. breeding
company and an Indian breeding company to cause them to establish a joint breeding
venture in India. Clearly, safeguards against loss of genetic material are essential and
can limit severely the frequency of this answer to environmental diversity. Furthermore,
the technical skill of the Indian genetics team combined with the appropriate marketing
infrastructure was of sufficiently high standards to enable it to compete successfully in
the local market against regular importation of competitor stock developed from
breeding programs operating in America and Europe. Successful examples of this
strategy, however, are rare.
Compositional Dimension
"Most commercial birds today result from the crossing of three or four pure lines"
(Hunton, 1990). The chosen form of each cross is the subject of much testing which
needs to take into account not only the performance potential of the comm^rc/ú;/product
but also the reproductive potential of the multiplication stock (Parents and Grandparents).
In many cases, these multiplier stock play a significant role in the acceptability of the
product, particularly where the hatchery has a loyal following of commercial customers
in an expanding market (with good egg income) or in a suboptimal production
environment which could interfere with the product's ability to express its genetic
potential, thereby reducing the power of the commercial producer to discriminate
between competing products.
The source of information on which selection of pure line breeders is made can range
between being based wholly on pure line data to being based wholly on cross line data.
Recognizing that crosses offer the chance to measure expression of repeatable
combinations of genes whose effect may be considered as 'average 'or 'additive' for
that gene combination substitution lends credibility to the use of cross line data for
some traits where heterosis is important. Because of significant quantities of genotype
by environment interaction exhibited under field conditions (Emsley et ai, 1977),
placement of cross line test flocks into conditions which fairly represent the
environments which future flocks may need to face is important for maximizing
competitiveness in that environment. Analytical techniques for estimating breeding
value by optimizing the use of information from pure lines and crosses are available
and are in development wherever that is seen as a suitable competitive strategy.
For a trait which exhibits less heterosis than others (egg weight, for example), the
performance of the commercial can be closely approximated by the average performance
of the components lines for that trait. Thus, for this kind of trait, its selection goal in
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one line is dependent on the selection goal in other lines. This inter-dependency of
goals can complicate the flexibility of use of the same line in different products, a
feature of breeding programs which can improve their overall efficiency. A line may
even be used on the male side of the pedigree in one case and on the female side in
another.
A major determining factor in the choice of cross composition is the closeness of fit of
a given configuration to the needs of future market niches, themselves moving targets.
Some restrictions on the flexibility of positions of lines in the cross configuration are
imposed by the need for feather-sexable or color-sexable progeny. Because of the
complex interactions between heterosis, maternal effects and mean performance levels
of pure lines, a range of possible cross-combinations, projected from theoretical
estimates, must be comprehensively field-tested before a selected cross becomes
acceptable for commercial release.
Systematic Dimension
Changing productivity and feed efficiency modifies not only performance of the
commercial bird but also its demand for nutrient intake. Advances in the age of sexual
maturity shortens the time in which the bird's physique and physiology must prepare
for production and changes the time schedule for moving the birds to a laying
environment. The geneticist, working with company technical staff, needs to understand
how acceptable these changes would be in the marketplace. If feed formulation changes
are not feasible or are prohibitively expensive (partly because they may be unusual)
and if management practices in a laying operation cannot accommodate shorter growing
schedules, genetic advances may, in fact, pose a hindrance to sales. If genetic advance
in feed efficiency reduces the body weight of birds to the point where their tolerance of
occasional and unavoidable stress is reduced, the benefits of such genetic advance,
beyond a certain level, are lost. Thus, it is vital that geneticists understand the needs of
their customers as well as that of their birds.
Social Dimension
Cultural and ethical standards of consumers, by accepting or rejecting certain industry
practices, can influence a product's ability to enter a market These standards relate to
the kind and density of bird housing (Appleby et al, 1992), concerns about the social
and environmental effects of intensively managed flocks (Mills et al, 1994), consumer
preferences about the type of eggs sold (Gerhardy and Ness, 1995), the methods used
to evaluate and select breeders (Muir and Liggett, 1995) and even the acceptability of
the product as a foodstuff. Because the whole world is the market, a host of factors can
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impact the strategic decision-making within a selection program related to the product's
acceptability in the market and its future chances for success.
DISCUSSION
The changing shape of world markets force breeding company geneticists to re-examine
the assumptions around the genetic models which are at work in the company's breeding
programs. Factors of time, space, product composition, commercial production
environment and cultural standards need to be considered in optimizing selection
programs. Additional testing to gain potentially valuable information about relevant
genetic variation related to cross line configurations and genotype by environment
interactions is virtually mandatory for achievement of success, given that many of the
factors which are at play are random in nature. The implementation of controls to
mitigate these factors has proved to be slow in the past, even in developed markets,
and is likely to be slow in the near future for developing markets because of the cost.
Sometimes, the implementation of controls for reasons of production economy, such
as seen in the move from "all-in-all-out facilities" to large complexes, with high bird
density and no real opportunity to clean the facilities of virulent disease organisms
which can flourish in high density conditions, may actually create difficulties for the
breeder.
Industrial poultry breeders are working very hard to accommodate the five dimensions
of time, space, composition, production systems and societal standards in a highly
competitive race. Advances in productivity and efficiency through the appropriate
application of institutional research into industrial breeding programs have rendered
great dividends to consumers worldwide in the form of low-cost, nutritious food. Despite
the increasing difficulty for institutional researchers to obtain long-term financial
support, institutional genetics research on large populations in relevant conditions is
needed more than ever to answer questions of increasing complexity. Well-founded
objective research, integrating emerging genetic technology with conventional
technology and increasing the pool of trained minds, can continue to impact consumers
in positive ways by opening up new avenues for breeders to compete on the basis of
even more efficient food production and lower social and environmental impact.
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GENETIC AND NON-GENETIC FACTORS
DETERMINING THE SUCCESS OF EGG-TYPE
BREEDING PROGRAMS
D.K. Flock
Lohmann Tierzucht GmbH, Cuxhaven, Germany

INTRODUCTION
For present purposes, I will define a successful breeding program as one which meets
the following three criteria:
• high current performance and competitive rates of progress
•

a significant market share under conditions of free competition and

•

a satisfactory return on capital investment for the breeding company

Less than five internationally known layer breeding companies currently meet all three
criteria, a few more can be considered relatively successful on one or two accounts.
In the following presentation, I will examine genetic and non-genetic factors which
are critical for the success of egg-type breeding programs.
BREEDING GOALS AND RATES OF PROGRESS
Breeding of egg-type chickens usually involves many traits which contribute to the
saleability of the product. The four major objectives are
• high liveability and resistance to common Stressors
• high egg output in terms of 'saleable' eggs, including optimum egg weight
• efficient feed conversion or egg income over feed cost and
•

superior external and internal egg quality, especially strong shells

The performance profile has to be adapted to meet specific market demands. This can
be accomplished with crosses of different strains. Whithin-line selection at the
grandparent level and utilization of reciprocal effects is a very efficient way to produce
several commercial products from the same base lines.
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Table 1 shows changes in the performance of four white-egg and four brown-egg strains,
based on the results of five German random sample tests. The results demonstrate a
reduced rate of progress in all major traits in the last decade with the exception of shell
strength.
Table 1. Average Changes of 4 White-egg Strains and 4 Brown-egg Strains in
German Random Sample Tests (Modified After Flock, 1995)
End of

Mortality

test

%

Egg. No.

Egg. Weight

Egg. mas

Body Weight

Eeed Conv.

g

kg/H.H.

kg

kg/kg

L.H.

Shell Str.
N

w

b

w

b

w

b

w

b

w

b

w

b

w

b

Diff.

1974-84

-3.3

-5.4

+30

+44

+ 1.0

+2.5

+2.17

+3.37

-.15

-.32

-.33

-.57

-2.6

-0.9

Diff.

1984 - 94

-1.0

+2.0

+16

+17

+ 1.9

+2.1

+ 1.55

+1.74

±.00

-.24

-.14

-.25

+2.8 +2.0

Mean

1992-94

4.6

6.1

301

296

63.2

66.1

19.04

19.58

1.91

2.21

2.27 2.28

33.6

34.4

THE CLASSICAL PREDICTION OF GENETIC PROGRESS
Annual rates of progress (DG) for single trait selection can be estimated from the well
known formula

where

DG =

RIG

RIG

=
=
=
=

i
Gg
T

* i * Gg

(1)

accuracy of breeding value estimation
selection intensity
genetic standard deviation
generation interval

Under certain assumptions, direct selection for a single trait will produce the predicted
genetic changes. In practice, we seldom realize exactly the predicted changes, due to
the following complications:

•

multiple trait (index) and multi-stage selection

•
•

variable parameter estimates (limited population size)
'slippage' between theoretical breeding plan and its realization

•

variable environment (test generation vs. commercial progeny)

During the 1960's and 1970's we used repeat mating designs to monitor genetic changes
in a commercial White Leghorn population (Von Krosigk et al., 1972). We abandoned
this program because repeat matings are not compatible with a strict all-in, al-out hygiene
program for a breeding farm. Unselected reference populations are even more difficult
to manage and to justify economically.
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Accuracy of Breeding Value Estimation
The accuracy of breeding value estimation depends on the heritability of a trait, the
family structure of the data and the computer software used. Egg production, the most
important trait in the selection of egg-type chickens, can be used to point out the possible
sources of error and possibilities to overcome low heritabilities.
First, we need accurate source data. At the current level of egg production, with close to
one egg per hen per day, each single egg missed or assigned to the wrong hen is a serious
mistake which can not be compensated with subsequent data manipulation.
The second critical point is correct data entry and screening for outliers. Heritabilities
can be seriously depressed if outliers are not removed before parameter estimation.
The scewed distribution of hen-housed rate of lay is a recurrent problem, which is not
solved by programs which automatically eliminate records outside ± 3 standard
deviations. It takes experience and a critical eye to detect and eliminate abnormal
records before they affect parameter estimation and family breeding values.
The third point is the software used for breeding value estimation. Standard practice
for state-of-the-art breeding programs is to estimate the variance/covariance components
with REML procedures and to combine data from several generations into 'animal
model' breeding values. This is - by definition - the 'best' procedure available today,
but it requires the necessary computer facilities, including powerful software and a
geneticist who fully understands the methods and knows how to react to 'impossible'
outcomes. For the less formally trained geneticist, the best advice is still to keep the
procedures simple to avoid correlated errors. Note that family information increases
the accuracy only if the source data are correct; these procedures can seriously bias the
breeding values if data errors are not removed or if non-normal distributions are
truncated.
Selection Intensity and Inbreeding
In view of the large number of traits involved in egg-type breeding, selection for any
single trait will seldom be very intense. We actually have two problems: (1) we would
like to increase selection intensity for those traits which significantly affect the saleability
of the product, but (2) are aware of the fact that the animal model breeding values put
more emphasis on family information than we like in view of the rate of inbreeding.
Our answer is to keep large nucleus populations, from which approx. 80 sires and 640
dams per line are selected in each cycle, with restrictions on the number of selected
sons per sire.
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Selection intensities used in commercial breeding programs are between i = 1.5-2.0
(10 - 5 % males and 15 -10 % females), resulting in approx. 0.5 % increase in inbreeding
per generation (Ameli et al., 1991).
Genetic Variation
One of the concerns of modem breeding is the danger that useful genetic variation may
become exhausted as a result of selection. Dickerson (1955) called attention to the
theoretical problem of 'genetic slippage', when no genetic response is realized despite
the existence of genetic variation. Since then, we have observed a gradual reduction in
the genetic variation of egg production, but genetic progress is still continuing in
populations closed since at least 50 generations. The two traits for which genetic
variation may be critical are liveability and part-year rate of lay.
Heritability estimates for liveability of pure-line hens in single cages are typically near
zero, because the level of mortality is too low to express significant family differences.
In order to improve liveability, we can test a large number of cross-line hens in several
farms with a history of high mortality and estimate the 'heritability' for each test flock
before combining the data from several sources in more than one generation into a
breeding value for cross-line liveability. Over a period of several years, this should
slowly but surely improve liveability, provided the causes of mortality are repeatable
over years (The heritability of egg production depends on the definition of the trait:
hen-housed, hen-day or survivor production; cumulative egg number or rate of lay
from first tgg; and length of testing period. If we divide total annual production into 4or 8-wk periods, we usually find a moderately high heritability for the first period (age
at sexual maturity), a low heritabihty during peak production (when average production
exceeds 90 %) and again an increase toward the end of the laying year (persistency).
Full-year egg production still has sufficient genetic variation for continued progress in
most commercial populations.
Generation Interval
Most breeding programs for egg-type chickens operate with a generation interval of approx.
12 months. The theoretical optimum can be determined using the following formula:
DG =

RIG

* í * Og
T

RIG

* í * Og
T

* rg

(2)

which is formula (1), extended by the genetic correlation between part-year and fullyear egg production. Calculations by Flock (1977) indicated that selection based on
part-year records to 40 weeks of age, with a generation interval of 52 weeks, yields the
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highest annual rate of progress. The optimum generation interval would be shorter if
earlier sexual maturity were an important part of the breeding objective, whereas
emphasis on improved persistency would lead to a longer generation interval. If we
follow the suggestion of Arthur (1986) to select for total egg production in two laying
cycles with molting, the optimum generation interval would also become longer than
one year. In any case, optimization of the generation interval needs to take all factors
in equation (2) into consideration: the product
RIG

* ♦g * rg

increases with the length of the testing period and generation interval, whereas the
ratio i/T becomes smaller.
In addition, the placement schedule for grandparents, which is important for the efficient
transmission of genetic progress and the cost of parent production, may dictate a
generation interval different from the optimum for annual genetic progress.
Combined Pure-Line and Cross-Line Breeding
During the 1950's and 1960's it was popular to argue among poultry geneticists whether
pure-line or cross-line breeding schemes would generate more long-term progress.
Hill (1970) compared different schemes on theoretical grounds. Bell (1972) reviewed
the outcome of selection experiments with different species involving reciprocal
recurrent vs. pure-line selection, and Harris (1976) tried to relate the success of different
breeding companies to the breeding plan followed. Based on computer simulation studies
he showed that combined selection is usually more efficient than selection based on
only pure-line or only cross-line information. Today, all successful egg-type breeders
use some form of combined selection i.e. cross-line and pure-line data are used for
breeding value estimation. Cross-line data are usually collected under conditions
representing commercial egg production, whereas pure-line data are collected in single
cages under the minimal disease conditions of the breeding farm. The data structure
from combined testing is complex and requires suitable statistical methods and computer
software to make optimum use of the available information.
Non-Genetic Factors Affecting Genetic Progress
In order for a breeding program to be successful, it is not enough to have competitive
source lines and theoretical knowledge how to operate a breeding program. Three
major non-genetic factors have to be dealt with before the probability of long-term
success becomes significant:
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• climate control in test houses (light, temperature, humidity)
• health control (basic hygiene, prophylactic vaccination, protection against field
infections, deliberate disease challenge)
• nutrition (feed hygiene, balanced composition; facilities to measure individual
consumption)
Environment controlled houses are standard practice in Europe and North America
where the major international breeding companies are located. Open houses in countries
like India may be an advantage in terms of investment cost, but temperature, humidity
and light intensity must be reasonably controlled to collect data which are meaningful
for breeding value estimation and selection. Breeding for heat resistance is a special
topic which requires more than placing a breeding farm in an area with extreme
temperatures.
Disease control is essential for the success of breeding programs. The nucleus has to
be kept free of egg transmitted diseases (e.g. Leukosis, Mycoplasms, Salmonella) and
all age groups have to be protected by prophylactic vaccination or treatments to minimize
the effect of diseases on individual variation. Selection for desease resistance has to be
organized in special challenge farm which have no physical contract with the nucleus
flock.
Consistent feed quality is also of critical importance for the long-term success of a
breeding program. Feed formulation should be close to accepted commercial standards,
but addition criteria must be met: exclusion of ingredients with questionable nutritional
value or hygienic risk and homogeneous quality of each batch of feed to minimize
hen-to-hen variation in the supply of essential nutritients. Breeding farms should monitor
the quality of the feed used and may have to operate their own feed decontamination
unit to protect themselves against Salmonella infections and other pathogens.
Organizational Structure and Human Resources
In the early history of modem poultry breeding the breeding companies were owned
and/or managed by geneticists (e.g. Kimber, Heisdorf, Babcock, Shaver, Warren in
North America). Today, the breeding companies are typically subsidiaries of large
holding companies with a wide range of activities in the food and animal health sector.
Within the breeding companies, geneticists play a key role in a complex network of
communication involving
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general management
farms and hatchery managers
data processing
veterinarians
nutritionists
sales and service staff
customers
Interaction with other specialists, training and motivation of farm and hatchery personnel
is as important as close contact with customers to insure that breeding efforts concentrate
on the improvement of those traits which determine the saleability of the products.
A breeding program can only be successful if everyone involved in data collection,
data processing, pedigree hatches etc. is keenly aware of the importance of absolutely
correct records. The geneticist in charge of the breeding program must not only have a
sound theoretical background in quantitative genetics, he must also have the mind of a
detective to find errors and to help avoid repeated errors. Last, but not least, the geneticist
in charge must remain critical and try to understand why many egg producers still
prefer to buy competitor products !
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LONG-TERM SELECTION FOR EGG PRODUCTION
IN LEGHORN STRAINS IN A LAYER BREEDING
PROGRAMME
V. Ayyagari
Project Directorate on Poultry, Hyderabad 500 030, Andhra Pradesh,
India

Selection responses from 14-20 selection cycles in ten Single Comb White Leghorn
strains, spread over four locations are presented. The selection criterion was a
family index for number of eggs laid to 40 weeks of age with superimposed
culling level selection for egg weight; and was common to all strains at all
locations. A pedigreed random bred control population derived from one of the
strains was reared with the selected strains at one of the locations and permitted
the estimation of realised responses and realised heritabilities. The positive
response in part period egg production could be partly attributed to a decrease
in age at sexual maturity. The culling level selection was effective in countering
the decline in egg weight. The sizable realised response seen in the first five
generations for egg number and sexual maturity, could not be sustained by 20th
selection cycle. The realised heritability varied from .146 to .181. The partwhole correlations revealed that as the length of part period increased its
correlation with residual period increased. Also exclusion of the initial parts of
the part-period improved its correlation with residual period. Analysis of line
crossing data showed general combining ability and reciprocal effects to be
more important for egg production traits in initial generations and specific
combining ability also was important in later generations. The trend of heterosis
suggested that the selection process in parent lines was compatible with the gene
action contributing to superior performance in their cross progeny. The 3-way
crosses were found to be non-significantly superior to their constituent 2-way
crosses for several traits including egg number. The periodical strain crossing
and its analysis permitted the identification of male line and female line
combinations to produce better performing layer crosses. The random sample
laying test results have revealed that the project crosses derived their advantage
from early maturity and early peak but were at a disadvantage because they
were not persistent on par with the brand named commercial crosses, during
the later half of the laying cycle.
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INTRODUCTION
The commercial poultry production in India is only 30 years old. The concept of
commercial rearing of poultry came into existence with the start of the TCM
programme under technical collaboration with USA. The private industry played a
very useful role in commercial poultry activity, but in the beginning it confined to
production of commercial chicks from parents and grandparents imported into the
country under foreign collaboration with reputed brands from the West. The transition
of an age old backyard farming to a dynamic agri-based industry took place at an
incredible pace. With the objective of evolving strains that would nick well for the
production of commercial layer crosses, the Indian Council of Agricultural Research
started an All India Coordinated Research Project (Poultry for egg) and is referred
hereafter as 'Project'. It operated at four locations during 1970-75 and two more
locations were subsequently added. The formulation of a common technical
programme was followed by the procurement of strains, from within and outside the
country. The present paper reports the research results on ten Single Comb White
Leghorn populations spread over four locations and completed 14 to 20 generations
of intrapopulation selection during 1974 to 1994 period.
MATERIALS AND METHODS
Pure Strains Eight strains (G, H, I, J, K, M, N and P) were introduced into the
project through importation (from USA, Holland, Israel etc.,) and their previous
selection history was'not known. The remaining two strains (D and F) were from
within the country. Before their induction into the project, the strain D had a history
of four generations of family selection and the strain F had a history of closed flock
selection. The strain C is a pedigreed randombred control and originated in the base
generation from strain H. It was propagated with a sire base comparable to the
selected populations (Ayyagari et al., 1980). The location and distribution of pure
strains are shown in Table 1. The strains at IZT, JAB, H YD and MAT locations were
involved in intra-population selection. The D and K strains available at ANA location
were involved in reciprocal recurrent selection (RRS).
Strain Crosses In the first few generations crossing was carried out as a complete
diallel and was occasionally repeated thereafter. In other years selected few crosses
were generated using randomly chosen set of males and females from the parent
strains and were evaluated on the home farm. At location MAT, only reciprocal
strain crosses could be generated and evaluated. During 1988-94 period reciprocal
crosses between D and K strains were generated each year in RRS programme at
ANA location. Few 3-way crosses and their constituent 2-way crosses were evaluated
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at IZT location. Besides the home farm testing, strain crosses were evaluated at
location ANA and also at the Random Sample Laying Test units ^f Govt. of India.
Management and Husbandry The pure strains as well as strain crosses were
maintained in individual cages in open sided houses and were bred by artificial
insemination.
Table 1. Locations and strains involved in the project
Locations

Code

Latitude

Longitude

Period

Pure strains

Central Avian Research
Institute, Izatnagar

IZT

28.22N

79.27E

1974

1994

G,H,I,J and C

Jawaharlal Nehru Krishi
Viswa Vidyalaya, Jabalpur.

JAB

23.01N

79.59E

1974

1988

M,N and P

Andhra Pradesh AgriculHYD
tural University, Hyderabad.

17.20N

78.30E

1974

1994

D,K and F

Kerala Agricultural
University, Mannuthy

MAT

10.30N

76.15E

1979

1994

N and P

Gujarat Agricultural
University, Anand.

ANA

22.32N

73.00E

1988

1994

D and K

The feed offered was compounded at each location. Although ingredients differed
the nutrient content of starter, grower and layer rations were maintained uniformly at
levels prescribed in the technical programme. A uniform vaccination schedule was
followed at all locations.
Traits Measure The present report utilised the individual records, for the following
traits, in different analyses.
1. Egg number - number of eggs recorded on all seven days of the week upto 40
weeks of age; 2. age at sexual maturity - age in days at which the first egg was laid;
3. egg weight - average weight in grams of 4 to 5 eggs laid during 39 to 40 weeks of
age and 4. body weight - obtained in grams at the age of 40 weeks.
Data on egg production to 72 weeks of age in purelines, on the entire population
were also recorded in S.2 at IZT and S.17/S.18 at HYD locations and also in some
diallel experiments. In cross progeny, traits involving feed consumption were also
generated.
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Selection procedure The criterion of selection in the selected populations was a
family index for*cgg number to 40 weeks of age such that the generation interval
would be about one year. The pullets were selected on individual production and the
sire and dam family averages and the cockerels were selected on full and half sib
averages only. The weighing coefficients for each of the components in the index
were derived as per (Osbome, 1957a, Osbome 1957b). Matings were at random
within the population and full and half sib matings were avoided. After few initial
generations, culling level selection was superimposed for egg weight to counter its
decline. The selection procedure remained same at all locations and has been described
earlier (Ayyagari et al.l980, Johri et al.,1995, Mohapatra,1980). In the RRS crossbred
performance for egg number to 40 weeks was used as the selection criterion to select
breeders in the pureline populations. Culling level selection for egg weight was
superimposed in pures. Their intermating regenerated the succeeding generations for
pureline parents (D and K strains).
Statistical Methods In all analyses only hatch corrected data were used (12).
Heritabilities and genetic correlations were computed from variance and co-variance
component analysis. Regression of generation means on generation number gave
phenotypic response. The deviation of generation means from control mean were
regressed on generation number to obtain the realised response. The regression of
cumulated selection differential on control corrected generation means provided an
estimate of realised heritability. The phenotypic expression of hetorosis was obtained
as deviation of the appropriate cross from the mean of its parents in each year and
was expressed as a percentage of the mid-parent values. Assuming the lines as fixed
sample, the diallel data were analyzed by method given by (Griffing,1956,
Harvey, 1975 and Hayman 1954).
RESULTS AND DISCUSSION
The effective number of parents, the progeny measures, phenotypic standard deviation
and the intensity of selection, averaged over generations, for strains involved in the
intra-population selection are shown in Table 2.
Phenotypic Response In Table 3, the phenotypic regressions represent responses
per generation and are confounded with year to year random environmental changes.
The egg number to 40 weeks showed positive response in all selected strains at all
locations. The phenotypic response averaged over strains was 1.455, 1.153, 1.427
and 1.64 eggs/generation respectively at IZT, HYD, JAB and MAT locations.
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Table 2. Number of selection cycles, average effective number of parents (Ne), progeny measured
and intensity of selection
Selection

Locations

Parameters

IZT

HYD

GHIJ
Selection
Cycles

JAB

MAT

DFK

MNP

20

20

20

20

19

18

18

14

14

14

15

15

Effective
no. of parents

151

145

141

150

141

141

139

135

134

135

140

140

Progeny

797

775

584

826

1220 1136 1088

851

798

756

1250 1210

Intensity
of selection

.623

.671

.553

.607

.767 .655 .639

.509 .480 .582

.652 .574

Phenotypic
std. deviation

20.3

16.8

17.1

18.7

21.4 22.3 22.4

16.4

16.0

16.1

14.3

16.6

The age at sexual maturity responded in the desirable direction, the phenotypic
regressions represent correlated change per generation. Such correlated change
averaged across strains was -1.935, -1.553, -1.303 and -1.525 days respectively at
IZT, HYD, JAB and MAT locations. Such a response was expected because the egg
number to 40 weeks, as a selection criterion, will place negative selection pressure
on age at sexual maturity. This was observed in several earlier reports on response to
early part period Qgg number selection Fairfull and Gowe,1990).
The correlated phenotypic changes in egg weight differed in direction from location
to location. The change in egg weight, averaged across strains was a decline at IZT
and JAB locations respectively by .178 and .132 g per generation. At HYD and
MAT locations the mean change in egg weight was an increase respectively by .166
and .06gm per generation indicating that the strains at these locations appear to have
responded better to the superimposed culling level selection for egg weight and the
larger number of progeny measured per generation may have permitted imposition
of better culling level selection for egg weight. In a review involving 31 cases the
selection for part period egg number decreased egg weight in 20 of them and in
several of them the decline was much greater than expected(Fairfull and Gowe
1990). The culling level selection could partly offset the decline in egg weight in
some strains and could completely counter the decline in other strains. The body
weight declined at all location excepting at MAT. The rate of decline per generation
averaged across strains was -8.00, -1.56 and -15.10g at IZT, HYD and JAB locations.
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The correlated changes in shell thickness, measured on a sample of 100 eggs in the
flock, were marginal and varied from location to location(Annual Report, 199192; 1993-94; 1994-95).
Table 3. Phenotypic Responses
Phenotypic regression (b+SE)
Location/ strains

IZT

HYD

Egg number
to 40weeks

G
H
I
J
C
D
F
K

JAB

M
N
P

MAT

N
P

.

Age at sexual
maturity

Egg weight Body weight Shell thickness
(mm)
(g)
(g)

1.79±.3()
I.51+.24
1.11±.25
1.41±.30
-0.15±.27
0.942±.18
1.089±.23
1.428±.26

-2.47±.25
-1.8Í+.28
-1.38±.25
-2.08±.27
-0.69±.30
-1.59±.27
-1.37±.30
-1.70+.43

-0.26±.08
-0.15±.07
-0.19±.05
-0.11±.06
0.()6±.03
0.25±.()6
0.08±.08
Ü.02±.08

-8,1±3.3
-12.5±2.7
-5.4±2.4
-6.0±2.9
-4.6±2.0
-0.8±2.8
-1.4±3.3
-2.5±2.9

003±.001
003±.001
.003±.001
.()03±.001
.004±.002
-.002±.001
-.()02±.001
-.001±.001

1.358±.27
2.124±.30
0.798±.35

-1.35±.44
-1.36±.40
-1.20+.52

-0.15±.10
-0.04±.10
-0.21+.08

-14.0±4.0
-10.9±3.8
-20.4±9.2

-.004±.003
.003±.004
-002+..003

1.66±.58
1.62±.45

1.64±.64
1.41 ±.46

().03±.()9
0.09±.05

1.3±4.0
11.4±61

.008±.002
005±.001

Control Population The availability of a pedigreed randombred control (strain C) at
IZT location permitted the estimation of genetic gains in strains G, H, I and J. The
origin of strain C and its random regeneration has been described before
(Ayyagari,1980). Its stability over fifteen generations of random breeding has been
established (Johari et al. 1995). The regression coefficients presented for strain C in
Table 3 represents time trends. The randombred control was maintained with an
average number of 45.5 sires, 201 dams and 225 Ne. An average number of 493
individuals were measured in each generation and were maintained along with the
selected populations. The ratio of number of individuals measured and the effective
number (Nordskog et al. 1974) suggests that the drift variance is 2.19 times more
important than the measurment sampling error in the control population.
Realised Response The regression of deviations from control on generation number
represent realised response. Such responses measured at different intervals (Annual
Report 1991-95; Ayyagari et al.l983; Johari et al.l989; Johari et al. 1985; Johari et
al. 1995) for strains at IZT location are summerised in Table 4. A declining trend in
responses as number of generations advanced, was evident. For egg number to 40
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weeks the sizable response seen in the first five generations could not be sustained
by 20th selection cycle. Similarly, the sizable response in age at maturity seen in the
initial five generations has not been sustained and the magnitude of response has
reduced to half by S20 generation. The selection to egg number appear to have
produced response in egg number partly by reducing the age at maturity. The
effectiveness of the culling levels selection for egg weight is evident particularly for
G and I strains, as the magnitude of regression is less in S20 compared to S5
generation.
The declining trend in mature body weight seen in the first five generations has not
been maintained as the number of selection cycles advance. The direction of response
in selected and unselected traits agree with the responses observed in other selection
experiments(Fairfull and Gowe,1990).
Heritability The heritability estimates from sire component were pooled for all
generations(h|) and also for the terminal five generation (h^) and were averaged over
all strains at each location(Annual Report 1991-95). Such pooled estimates varied
from 0.130 to 0.210 for egg number to 40 weeks, 0.206 to 0.259 for age at sexual
maturity and 0.234 to 0.505 for egg weight at 40 weeks. The pooled estimates for
the two periods did not differ much at any of the locations, for egg number to 40
weeks and age at sexual maturity, as a consequence to selection(Annual Reports, 199192; 1993-94; 1994-95). The heritability estimates in strain C were of higher magnitude
than those estimated in selected populations. The estimated regression coefficients
of additive genetic variance of egg number to 40 weeks on generation number
revealed a change of-4.82±4.05, 1.53+1.61, 1.71±2.76 and -1.83±2.13 per generation
respectively for G, H, I and J strains and do not suggest a real change as a consequence
to selection(19). In experiments beyond 25 generations also significant decrease in
additive genetic variance did not occur(lO). A review of the selection experiments
revealed that genetic variation remain fairly constant over generations.
Realised Heritability The regression of control deviations for egg number to 40
weeks on cumulated selection differential gave realized heritability of 0.181, 0.168,
0.146 and 0.160 respectively for G, H, I and J strains at IZT location and are the
indicators of effectiveness of selection in these four strains.
Part-whole Correlation The data generated on annual egg production records (AR)
to 72 weeks at IZT and HYD locations (Ayyagari et al. 1979, Prasad and Murthy,1994).
permitted examination of partperiod records (PR) of varying lengths and their
correlations with corresponding residual records (RR). Such genetic correlations are
summarised in Table 5.
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Table 4. Estimated realised responses in selected strains at IZT location
Selected strains
Trait

Estimated

G

H

I

J

Random
control
C

Egg no.
to 40
weeks

S5
SU
S15
S 17
S20

4.55±.63
2.21±.33
2.70±.23
2.35±.03
l.93±.21

3.20±.67
1.44±.48
2.14±.22
1.91±.27
1.67+.20

2.89±.87
0.77±.50
1.35±.27
1.18±.35
1.28±.22

2.03±.93
1.80±.40
1.87±.38
1.82±.34
1.56±.17

1.24±1.77
-0.89±0.53
-0.20±0.38
-0.01±0.31
-0.15±0.27

Age at
sexual
maturity

S5
S17
S20

-4.42±1.14
-1.90±0.28
-1.72±0.22

-2.31±0.71
-1.63±0.25
-1.13+0.23

-1.88±1.14
-0.87±0.23
-0.72±0.17

-2.08±1.05
-1.55±0.24
-1.43±0.18

-3.03±2.36
-0.73±0.41
-0.68±0.30

Egg wt.
at 40
weeks

S5
SU
S17
S20

-1.15±0.48
-0.44±0.14
-0.46±0.07
-0.32±0.07

-0.23±0.30
-0.35±0.13
-0.30±0.06
-0.21±0.05

-0.46±0.39
-0.17±0.11
-0.26±0.26
-0.25±0.04

-0.23±0.44
-0.25±0.10
-0.26±0.25
-0.17±0.05

-0.36±0.18
-0.00±0.05

S5
S17
S20

-19.47±13.38
-9.53±2.65
-3.56±3.07

-15.78±18.44
-12.76+2.59
-8.06±2.43

12.67±17.34
-2.18±2.47
-1.99±1.98

16.04±21.79
-5.08+3.01
-1.39±2.81

1.67±20.95
-4.06+2.51
-4.59±2.05

Body wt.
at 40
weeks

—
0.06±0.03

The IZT location data (Ayyagari et al. 1979) originated from the initial generations of
the selective breeding, revealed that as the length of the part period increased its
correlation to residual period increased. The HYD location data was generated after
the strains have undergone considerable selection on part period egg production.
That exclusion of the initial parts of the part period improved its correlation with
residual period was evident from the analysis of this data.
Strain Crossing Data generated by diallel crossing involving 3 to 4 strains during
the course of their selective breeding at IZT, HYD and JAB locations (Annual
Reports, 1991-1995, Ayyagari et al. 1986) provided information on differences among
parents and crosses in terms of general and specific combining ability (GCA,SCA)
and reciprocal effects(RE) in Griffing analysis(Griffing 1996). AT IZT location in a
diallel crossing (experiment A) conducted in the initial generations for egg number
to 40 weeks GCA and RE were significant and for egg number to 72 weeks only RE
was significant (Ayyagari et al. 1996). For age at sexual maturity and for egg weight
and body weight at 40 weeks GCA only was significant. Compared to this in another
diallel crossing (experiment B) conducted towards the terminal generations the GCA,
SCA and RE were all found to be highly significant for egg number to 40
weeks(Hazary et al. 1990).
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Table 5. Genetic correlation between part record(PR) with residual record(RR) and with annual
record(AR) for egg production
IZT

Location
Genetic correlation

HYD Location
Genetic correlation

PR

To
To
To
To
To

—
—

34
37
40
43
46

weeks
weeks
weeks
weeks
weeks

PR
PRxRR

PRxAR

0.41±.14
0.46+.13
0.56+.12
0.59+.12
0.63±.ll

0.65±.09
0.70+.08
0.78+.06
0.81+.05
0.85±.04

—
—

—
—

21-26
27-32
33-38
39-44
33-44
27-44
21-44

wks
wks
wks
wks
wks
wks
wks

PRxRR

PRxAR

0.34±.18
0.66±.25
0.87-^.18
0.87-hl5
0.97±.10
0.85+.18
0.59±.18

0.34±.16
0.86+.19
0.87+.14
lOO-h.19
0.96+.17
0.98-F.09
0.92±.08

At HYD location in a diallel experiment, conducted after 12 cycles of pureline selection,
for egg number to 40 weeks RE was highly significant, GCA was significant and SCA
was non-significant. For age at sexual maturity GCA, SCA and RE were significant.
For egg weight and body weight at 40 weeks both GCA and RE were significant.
At JAB location a diallel experiment conducted in the initial generation showed
significant GCA and RE for egg production to 72 weeks. In a subsequent experiment
conducted after 11 selection cycles in the pureline, showed significant SCA and RE
for Qgg production measured to 122 days.
Sex linked genes and maternal effects would be responsible for reciprocal effects
which were found to be significant for egg production particularly for residual and
annual egg production. Although the SCA was not significant for egg production by
Griffing (Griffing,1956) analysis, the analysis of the same data of experiment A
(Ayyagari et al. 1986) at IZT, by Hayman (Hayman,1954) analysis, revealed that the
bl component of the genetic interaction was found significant for egg number to 40
weeks, from 41-72 weeks and to 72 weeks and for rate of lay to 72 weeks. This
component represents general heterosis (mean dominance) caused by average
differences between pure strains and their crosses. Similar component was significant
for traits related to egg production in other reports (Ayyagari et al. 1996).
Heterosis At IZT location the data of diallel experiment A (Ayyagari et al. 1996)
showed mean heterosis of 7.78% for egg number to 40 weeks, 5.99% for feed/kg
egg mass and 6.18% for feed/dozen eggs. For egg number to 40 weeks heterosis
varied from 0.70 to 18.19% among different crosses(Sinha et al. 1981). Compared to
this the diallel data of experiment B(Hazary,1990) when analysed by least-squares
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analysis of variance given by Harvey(12) showed heterosis component to be significant
for egg number to 40 weeks, age at sexual maturity and body weight at 40 weeks
(Hazary,1990). The percent heterosis for egg number to 40 weeks varied from -.59 to
11.34%. It was observed that heterosis was maximum when H strain was the male
parent. Heterosis component was not significant for feed consumed/day, feed/dozen
eggs and feed/kg egg mass in this experiment B (Hazary,1998).
The percentage heterosis computed as the average of all single crosses over five
consecutive generations, obtained from strain H and J as male lines at IZT location(4),
was of higher magnitude for egg number to 40 weeks and age at sexual maturity
than for other traits. The heterosis was more in the later two generations than in the
initial three generations. The trend of heterosis suggested that the selection process
in parent lines was compatible with the gene action contributing to superior
performance in their cross progeny (Ayyagari et al. 1982, Hazary,1990).
At ANA location the data from RRS programme permitted estimation of heterosis in
the two reciprocal crosses (DK and KD). For egg production to 40 weeks the percent
heterosis increased from 3 to 11% in DK cross and from 1.58 to 8.27% in KD cross
during the five RRS selection cycles(Annual Reports, 1996-97, 1993-94, 1994-95).
Selection Response in Crosses Data generated at IZT location in five consecutive
generations on pullets of control (strain C), parent lines and their six single crosses
permitted the evaluation of genetic gains in mid parents and the corresponding crosses
(Ayyagari et al. 1982). The genetic changes observed in crosses were high compared
with changes in mid apparents for most traits related to the selection criterion, excepting
for egg weight. In general, the selection was effective in bringing about improvement in
the crosses for traits identical or closely correlated with selection criterion in the parent
lines. The magnitude of improvement for egg number to 40 weeks was more for the
crosses compared with their mid parents and such genetic gains were found to be
significant in three of the six crosses studied(Ayyagari et al. 1982). The rate of lay and
age at sexual maturity were found to have responded in the desirable direction and the
bulk of improvement in egg number was from the early maturity. Similar responses in
crosses due to selection in pureline parent have been reported (Gowe and FaifuU 1982'
Sheridan and Randall 1977 and Van Tijen 1977). At ANA location the data from RRS
programme permitted estimation of phenotypic response in pureline parents (D and K)
and in their reciprocal crosses (DK and KD). The phenotypic regression for part period
egg number was 1.93 in D strain, 0.99 in K strain, 2.83 in DK cross and 2.05 in KD
cross. Such phenotypic regression for egg weight at 40 weeks was -0.32 in D strain, 1.10 in K strain, -0.42 in DK cross and -0.64 in KD cross( Annual Reports 199192; 1993-94; 1994-95). Thus, the crosses appear to have responded better for egg number
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to 40 weeks and had lesser decline in egg weight than their pureUne parent as consequence
of RRS selection.
Two and three-way Crosses The data generated on two-way and three-way crosses
at IZT location, in the initial generation of selective breeding, showed that three-way
crosses were nonsignificantly superior to their constituent two-way crosses for several
traits including Qgg number to 40 weeks (Reddy et al. 1980).
Genetic Divergence in Strain Crosses The data generated on strain crosses at IZT
location showed the survivor's rate of lay contributed maximum (19.76%) followed
by age at sexual maturity (18.10%) to divergence. The contribution of other traits to
genetic divergence ranged from 9.05 to 14.52% ( Thiyagasundaram et al. 1982).
Effect of Housing The data generated on crosses were analysed to study the effect
of housing (cages/deep litter). The differences between housing systems for production
and egg quality traits were significant and the genetic group x housing system
interactions were not significant for any of the traits excepting for albumin and yolk
index (Johari et al. 1984).
Commercial Crosses The periodical strain crossing and its analyses permitted the
identification of male line and female line combinations to produce better performing
layer crosses at different locations. The promising crosses with repeatable performance
were repeatedly evaluated in Random Sample layer tests conducted by Govt. of
India. The crosses released and their best performance, in the preceding five years,
are summarised in Table 6.
The performance of ILL80, ILM.90 and ILR.90 crosses was compared with a brand
named commercial entry at two RSLT locations during 92-93 test year(Annual Reports
1991-92,1993-94,1994-95). The total period of 72 weeks has been split into one 12
weeks period and five 8 weeks periods (Table 7) and the project crosses performance
is shown as deviation from the brand named commercial in each period (Table 7). It
is seen from the deviations that the project entries had positive deviation and
marginally negative deviation upto 48 weeks. Thereafter the negative deviations
increased and were sizeable in magnitude and resulted in a net negative deviation for
the whole period.

443

Table 6. Commercial layer crosses developed and released from the project
Best RSLT performance in the preceding 5 years

Parents
Location

■ Egg no. (72wks.)

Cross
code

Male

Female
H.H.

H.D.

Egg wt.
gm

Feed/12eggs
kg

Year

IZT

ILI.80

H

I

256

270

52.9

1.88

91-92

HYD

ILR.90

D

F

246

272

54.3

2.22

90-91

MAT

ILM90

N

P

275

280

50.3

1.69

91-92

Table 7. Deviation of project entries from the brand named commercial entry for HH egg
number to 72 weeks at two RSLT locations during 1992-93 test year
23rd RSLT at Bangalore

16th RSLT at Bhubaneswar

B.V.300

ILM.90*

ILR.90*

Bovans

ILL80*

ILR.90*

21-32
33-40
41-48
49-56
57-64
65-72

50.53
46.07
43.73
44.55
42.84
40.03

-h4.19
-0.78
-0.44
-2.75
-3.90
-3.42

+0.30
-5.13
-5.26
-7.38
-10.03
-10.28

52.94
47.04
45.34
44.36
37.33
21.09

+ 13.43
-2.42
-3.09
-5.90
-7.42
-1.58

+6.23
-3.87
-5.68
-8.38
-8.63
-5.85

Total

267.75

-7.10

-37.78

248.10

-6.98

-26.18

* Project entries

The ILM.90 and ILL80 have performed close to the two brand named commercials.
The Project crosses derived their advantage from early maturity and early peak but
were not persistent on par with the brand named commercial crosses during the later
half of the laying cycle (49 to 72 weeks). The lack of persistency in the later period
could be due to the selection history of their parents on egg number to 40 weeks.
Similar comparisons for egg weight revealed that the ILR.90 compared well with
B.V.300 but the ILM.90 had lesser weight in all periods. Both ILI.80 and ILR.90 had
lesser egg weight than Bovans upto 40 weeks and had comparable weights beyond
40 weeks.
This comparison suggest that the selection criterion need to be revised by extending
its period such that the residual period production is also subjected to selection
pressure so as to produce commercial crosses with better persistency in the later part
of the laying cycle.
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APPLICATION OF SEX-LINKED DWARF GENE TO
IMPROVE FEED EFFICIENCY OF LAYERS
Ning Yang, Zhonghua Ning, Qingmin Wang, Jixiang Li
and Changxin Wu
College of Animal Science and Technology, China Agricultural
University, Beijing 100094, P.R. China

As poultry production grows fast in China and many other countries, the
availability of feed resources represents a serious limiting factor. An attempt of
applying the sex-linked dwarf gene(dw) to a layer breeding programme for
improving feed efficiency was described in this paper. Through crossbreeding
and 3 successive generations of repeated backcrossing and selection, the dw gene
from broiler source was introduced into a pureline of brown egg laying-chickens.
It was demonstrated that the main effects of dw gene were 22-27% reduction of
adult body weight, 25% shorter shank length, 17% heavier proventriculus (relative
weight) and 36% more mammilla in proventriculus. Feed consumption of dwarf
layers decreased by about 30%, egg number by 7% and egg weight by 3%. As a
result, feed efficiency of dwarf layers was improved by 22%. Within line selection
has been conducted for the homozygous dwarf layers. A crossbreeding system
was designed to minimize the unfavourable effects of dw gene where homozygous
dwarf cockerels(fast feathering) mate to slow feathering normal hens to produce
commercial stock of dwarf layers. The hybrid commercial chicks could be
autosexed by feathering rate. A field test of the hybrid dwarf layer showed that
annual egg production (H.H.) was 266.3 and feed efficiency reached 2.01:1.

INTRODUCTION
In laying-chickens production, the major part (about 60-70%) of the total production
costs is made up by feed cost. Therefore, net income of tgg production is primarily
determined by gross income minus feed costs. In China, poultry production is growing
very rapidly. However, the availability of feed ingredients, especially grains, could
prove to be a serious limiting factor for the current situation and future development. It
is of great significance to convert more efficiently the limited feed resource to high
quality animal products. Hence, it is pertinent to consider improvement of feed
conversion efficiency through various ways. Among them, genetic approach will play
more and more important role.
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In poultry breeding industry, feed efficiency has been improved mainly as a correlated
response to selection for a higher egg production. In general, there are two types of
genetic approach which could be used for the further and direct improvement of feed
efficiency. The first type is the selection for the ratio of feed consumpfion(FC) over
egg mass(EM) or alternative criterion, such as residual feed consumption (Luiting,
1990). Usually, it takes long time and large scale of breeding to achieve significant
progress. The other way is to use certain major genes which can reduce body size of
chicken, thus decreasing the maintenance requirements. One of the candidate genes is
the sex-linked dwarf gene(dw), first described by ilutt(1949). In egg-type chickens,
potential interest in the dw gene lies in better feed efficiency during Qgg production,
fewer cracked and soft-shelled eggs, a 20% lower volume of droppings and less space
requirement per hen(Merat, 1990).
The present paper described our effort to improve feed efficiency by introduction of
dw gene into a line of brown egg layers and selection. The initial results were promising,
suggesting that genetic approach to improve feed efficiency is effective and efficient,
especially for those countries where grain feed is in shortage of supply.
MATERIALS AND METHODS
Gene and Chickens
The sex-linked dwarf gene (dw) was chosen for present study. When it was decided to
create a stock of dwarf layers and to study the effects of dw gene on performance, the
only available dwarf chickens carrying dw gene were broiler breeders of dam line. A
pure line of brown egg layers(dam line, fast feathering, silver feather) selected for high
egg production was chosen as another parent line.
Introgression of dw Gene
Dwarf broiler breeder hens were inseminated artificially with mixed semen from the
normal egg-type cocks. After three successive generations of repeated backcrossing
and selection, both dwarf cocks and hens with more than 85 percent of layer's genome
were produced. The introgression process was shown in Fig.l.
Estimation of Genetic Parameters
The pedigreed homozygous dwarf layers were kept in single cages for individual
recording of laying performance. Least-square procedure (Harvey, 1990) was used to
estimate genetic parameters of the main production traits.
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Figure 1. Introgression of dw Gene into Egg-type Chickens
Gl

normal cocks (DW/DW, egg type)

x

dwarf hens(dw/-, broiler)

i
G2

normal S (DW/dw, 50%)
normal cocks(DW/dw,50%)

G3

[ 6 (DW/DW,DW/dw), 9 (DW/-)]
normal cocks (DW/DW, 100%)

G4

normal S (DW/dw, 87.5%)
normal cocks(DW/dw, 87.5%)

x

[ 9 (DW/-) ]
normal hens(DW/-, 100%)

i
x

dwarf 9 (dw/-, 75%)
dwarf hens(dw/-, 75%)

i
[1]

x

[ 9 (DW/-) ]
normal hens(DW/-, 100%)

i
[ 6 (DW/DW,DW/dw), 9 (DW/-)]
[2] normal cocks(DW/dw,87.5%)

x

dwarf 9 (dw/-, 93.5%)
dwarf hens(dw/-,75%, from G2)

i
G5

dwarf â (dw/dw, 81.25%)
[normal S (DW/dw)
dwarf cocks(dw/dw, 81.25%)

x

dwarf 9 (dw/-,81.25%)
normal 9 (DW/-) ]
dwarf hens (dw/-, 93.5% or 81.5%)

i
Closed breeding of dwarf layers
Note: percentage in parenthesis represents ratio of layer's genome; birds in [ ] were culled.

Comparison of Dwarf and Normal Sibs
In order to investigate the effects of dw gene on layer's performance, heterozygous
dwarf cocks (DW/dw) mated normal hens to produce dwarf and normal sib hens. These
two group of hens were kept at the same condition in the same laying house and
production data were recorded for comparison.
Crossbreeding
The disadvantages associated with the dw gene may be minimized be heterosis(Yoo et
al., 1980 cited by Horst, 1981; IVlerat et al., 1994). In the present study, a crossbreeding
system was proposed in which dwarf males(fast feathering) mate to slow feathering
normal hens to produce commercial stock of dwarf layers. The hybrid chicks could be
autosexed by feathering rate, that is all fast feathering chicks are pullets and slow
feathering offspring are cockerels. This crossbreeding combination was named as BAU
Brown No. 3. A field test of 1150 hybrid dwarf layers was conducted from hatch to 72
weeks of age, divided into brooding, rearing and production periods. The caged feeding
system was used for all periods. Production data were recorded daily.
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RESULTS AND DISCUSSION
Homozygous Dwarf Layers
Following the process described in Figure 1, homozygous dwarf cockerels and pullets
were obtained. These birds were used to form a closed breeding stock. Pedigrees were
established and the dwarf layers were then subjected to conventional within-line
selection for high egg production.
Estimates of the genetic parameters were shown in Table 1.
Table 1. Genetic Parameter of Traits in Dwarf Layers
Body Weight
(20 wks)
BW (20 wks)
Sexual Maturity
Egg Weight(40 wks)
Egg Number(60 wks)

0.410**
0.048
0.345
0.275

Sexual
Maturity
0.618
0.123**
-0.105
-0.241

Egg Weight
(40 wks)

Egg Number
(60 wks)

0.483
0.014
0.365**
-0.471

0.902
-0.212
-0.566
0.187**

Heriatabilities on the diagonal, phenotypic correlation in the lower left triangle and
genetic correlation in the upper right triangle.
Effects of dw Gene
The comparison of the dwarf and normal sib hens was shown in Table 2. The main
effects of dw gene were as follows:
( 1 ) dw gene inhibits the growth of bone and other tissues and reduces the body size of
chickens. The adult shank length was reduced by around 25%,body weight by 2227%;
(2) The favorable effects was the reduction of daily feed consumption by 30% in
laying period. But the disadvantages associated with the dw gene was 7% less egg
production and 3% smaller eggs and brought about 9% loss of total egg mass.
(3) The feed conversion rate was improved by 22% in the study. This was due to
much greater benefit from the reduction of feed consumption over the tgg
production loss. Another reason might be the better digestion ability of dwarf
layers. An anatomy study in our another experiment showed that the relative weight
of proventriculus of dwarf layer was 17% heavier than their normal counterpart,
and the number of mammilla in proventriculus was 7% more.
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Table 2. Effects of dw gene on performance of layers (g, cm, kg)
Trait

Dwarf Type

Normal Type

Ratio

Body weight (20 wks)
Shank length (20 wks)
Sexual Maturity
Body weight (40wks)
Egg production
Egg mass
Average egg weight
Daily feed consumption
Feed efficiency

1321.37±140.32
6.97±0.25
166.84±8.20
1745.71±182.53
225.4±62.96
13.10±3.76
58.12±5.02
84.7
2.20

1816.39±211.62
9.34±0.41
170.15±7.01
2245.15±226.33
243.11±72.74
14.43±4.52
59.36±5.89
121.92
2.82

0.73**
0.75**
0.98*
0.78**
0.93
0.91
0.97*
0.70
0.78

Crossbreeding
In the field test of the crossbreeding combination between dwarf cocks and normal hens,
all fem ale hybrid chicks were dwarf. The accuracy of autosexing by feathering rate was as
high as 99%. The test showed that livability in growing period( 1-140 days of age) and in
laying period( 141-504 days) were 90.1% and 89.7% respectively. In the laying period,
annual egg production per hen housed was 266.3, average egg weight 58.0 g, egg mass
15.45 kg, average daily feed consumption 90.0g and feed conversion ratio (FC/EM) 2.01:1.
Compared to the general level of feed conversion rate of normal-type layers(2.5-2.8:l),
the improvement of feed efficiency was significant. These results indicated that the objective
of improving feed efficiency by genetic approach has been achieved.
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GENETIC IMPROVEMENT OF CLUTCH LENGTH IN
DWARF BROWN-EGG LAYERS: ADDITIONAL
SELECTION RESPONSE WITH THE NAKED NECK
GENE
M. Tixier-Boichard, M. Boitard, G. Coquerelle and P. Mérat
Institut National de la Recherche Agronomique, Laboratoire de
Génétique Factorielle, 78352 Jouy-en-Josas Cedex, France

A selection experiment on average clutch length has been undertaken in order to
improve egg production of dwarf brown-egg layers, with or without the presence
of the Naked Neck gene. Selection response has been measured by deviation from
a control line during 10 generations, over a total of 5841 hens. Clutch length has
increased yearly by 0.38 in the normally feathered line (LI) and by 0.71 in the
homozygous naked neck line (L2). At generation 10, selection response was
significantly better in line L2 as compared to line LI, even after accounting for
drift variance. Inbreeding levels did not differ between selected lines but phenotypic
standard deviation and cumulated selection differential for clutch length in line
L2 were twice as large as the values found in line LI. The distribution of clutch
length departed strongly from normality in line L2 from generation 8 on. Although
a power transformation was used to normalise the distribution, a small proportion
(4%) of individuals remained with extreme values, which could suggest a mixture
of two distributions for clutch length in the last generations of line L2. Correlated
changes in age at first egg, laying rate, egg weight and adult body weight are
briefly presented.
INTRODUCTION
The sex-linked dwarf gene (dw) has been known for many years (Hutt, 1959). Its major
advantage is to improve food efficiency. The dw gene is being used in broiler production
as reviewed by Mérat (1984). In egg-laying strains, the dw gene has been shown to
decrease egg production (Bemier and Arscott, 1972), and more particularly clutch
length, i.e. the number of eggs laid on consecutive days, (Amin-Bakche and Mérat,
1975). Clutch length is inversely related to the interval between ovipositions, which
is increased by about 2 hours by the dw gene (Yoo et al., 1984). Conversely, the dw
gene was shown to decrease the proportion of double-yolked eggs in a line selected
for a high rate of multiple ovulations (Abplanalp et ai, 1987). It was also suggested
that a minimal body weight may be required for efficient egg production in White
Leghorn hens (Renden et ai, 1984).
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Thus, the modification of the genetic background by crossbreeding or pure Une selection
could provide a way to overcome the negative effect of the dw gene in laying strains.
One strategy has been to cross broilers and White Leghorns and produce a dwarf
synthetic line (Khan and Yerma, 1983; Khan, 1994). Because brown-egg layers are
already heavier than white-egg layers, it could be suggested that pure line selection
could be efficient to improve egg production of dwarf hens in a brown-egg background.
The present paper reports the results of a selection experiment undertaken in 1985, at
INRA in Jouy-en-Josas, in order to improve clutch length of dwarf brown-egg layers.
Besides, the Na gene was associated with the dw gene, because this association was
found previously to have a favorable effect on egg weight and food efficiency (Bordas
and Mérat, 1984).
It was aimed to answer the following questions : is there a physiological barrier that
will prevent dwarf layers to reduce their oviposition interval ? will the «handicap» of
the dw gene help to unravel new genetic variation of oviposition interval in normal
24h light-dark cycles ? will the combination of 2 major genes influence response to
selection ?
MATERIAL AND METHODS
Animals : The base population originated from 23 males and 99 females, dwarfs and
heterozygous for Úi^Na gene, of a medium-body weight brown-egg population. Chicks
from each of the 3 genotypes at the Na locus were kept from each family and reared
together. Fermales were housed in individual cages for the laying period. After a 6
months recording period, females were selected on an index incorporating body weight
and egg weight in addition to clutch length, males were selected on half-sibs performance
and their own body weight. Matings were planned between individuals of the same
genotype at the Na locus, in order to obtain one selected line normally feathered (LI),
one selected line homozygous for the Na gene (L2) and one control line segregating
for the Na gene (LC). The generation interval was 1 year. After generation 2, clutch
length was the only trait selected for, because body weight had been decreased to a
satisfactory level in LI and L2 without decreasing tgg weight. Females were selected
on a within-sire basis, assuming an heritability of .4 for average clutch length in both
selected lines. Each line was reproduced with 11 sires and 4-5 dams per sire. Each
year, pullets of the 3 lines were hatched in 2 batches, 2 or 3 weeks apart, and were
reared on the floor with a lOhours Light/14hours Darkness Hght cycle. Between 16
and 17 weeks of age, 190 females for each line were moved into individual cages of
a 3-tier system. The light cycle in the laying house was set to 16L/8D from the day
of housing on. A layer mash containing 2600 Kcal/Kg and 15.5% crude protein was
distributed ad libitum. Ambient temperature was held constant at 23°C, in order to
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avoid interaction between lines and environment that could be due to the Na gene with
fluctuating temperatures.
Egg production was recorded daily on a portable computer that makes possible to
register the date of lay and the status of the egg (normal, broken, soft-shelled, doubleyolked). After a recording period of 6 months, egg production traits were calculated
: age at first egg, Qgg number, hen-day rate of lay, % of soft shelled eggs, number of
double-yolked eggs, % of broken eggs and average clutch length. Egg weight was
determined after 1 week collection of the eggs laid in the 36th week of age. Adult body
weight was measured between 40 and 44 weeks of age.
Methods : Fixed effects of the year*hatch and year*line combinations were estimated
by Least Squares methodology according to the General Linear Models of the wSAS
package. A rough estimate of cumulated selection differential for clutch length was
obtained by adding the deviation of selected hens from their contemporaries at each
generation. Selection responses have been estimated by the within-year contrast between
lines. Responses in lines LI and L2 have been compared also by the appropriate withinyear contrast. In order to test for significance of the L1-L2 contrast, drift variance was
added to sampling variance to derive the variance of the contrast. The formula was as
follows :
^'(Ll-L2) = (^Vl + ^'P2 )((th-(l-h2)/Ne) + ((t-l)h^/Me) + 1/Me),
where CT^pi, respectively C)^p2 is the phenotypic variance at generation t in line LI,
respectively L2, Ne is the effective genetic size (40 for each line) and Me is the geometric
mean of the number of females recorded per generation per h ne until generation t
(Me=180). Two values of heritability (h-) were considered, .4 or .2. The derivation of
this formula was shown in Bordas et al, (1992).
Individual inbreeding coefficients were calculated on the total data set according to the
algorithm of Meuwissen and Luo (1992).
The distribution of clutch length in generations 8-10 of line L2 was analysed according
to the 'admixture' method proposed by Mac Lean et al, (1976), which calculates the
likelihood of 4 different hypotheses : one normal distribution, one non-normal
distribution, a mixture of 2 normal distributions or a mixture of 2 non-normal
distributions. Data were standardised within year*hatch and line and pooled for the 3
years before analysis.
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RESULTS AND DISCUSSION
Direct selection response : After 10 generations of selection, the data set included
5841 females, 2865 males and 122 founder animals. As compared to the control line,
both selected lines have shown a significant improvement in clutch length, starting
from generation 2 for line L2 and generation 3 for line LI. The linear regression of
the deviations between each selected line and the control line showed a yearly increase
in average clutch length of +0.378±0.041 for line LI and +0.715±0/051 for line L2.
A higher value for clutch length was observed in line L2 as compared to line LI, which
was significant from generation 4 on, when sampling variance was considered. At
generation 10, this difference was still significant even after taking into account drift
variance (Table 1).
Table 1. Mean values and variability of average clutch length in the selected lines.
Control(CL)
Generation 1
Generation 10

3.01
2.93

Ll-CL

L2-CL

;,,

+0.08
+3.26

+0.68
+6.60

2.48
3.04

.,P, (ULZ) h^= ^ A^T
2.10
6.60

1.58 / 1.96

The (L1-L2) difference was not related to a difference in inbreding levels, which were
very similar in both selected hnes, (11.5% for line L2 and 10.3% for line LI in generation
10, as compared to 7.1% in the control line). However, phenotypic variability of average
clutch length has increased alongwith selection in line L2 to a much larger extent than
in line LI (Table 1). Conversely, the cumulated selection differential (CSD) was twice
as high in line L2 as in line LI. The ratio of CSD to the total selection response estimated
at generation 10 was thus the same in both lines and corresponded to a rough estimate
of realized heritability, which appeared to be .2 in both lines. Further studies will be
conducted on the estimation of genetic parameters in this population by the REML
methodology. However, the departure from normality of the average clutch length will
have to be adjusted.
Clutch length distribution in line L2 : Average clutch length is usually not normally
distributed and truncated towards low values because values lower than 1 cannot be
observed. In line L2, the skewness of the distribution became more and more important
because of the occurrence of hens showing extremely high values. The phenotypic
standard deviation increased regularly with the increase in the mean performance and
the median value of the distribution was much lower than the mean. As a consequence
of a higher clutch length, the average number of clutches was also lower in line L2.
The analysis of 'admixture' was done on 528 hens of line L2. The best likelihood
value (2 test, p<0.001) was obtained for the hypothesis of a mixture of two non-normal
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distributions. In a frist step, a power transformation was proposed to normalise the
distribution; then, 2 distributions were identified : the first one included 96% of the
data and the second, with the remaining 4%, had a mean value at 3 standard deviations
above the mean of the first distribution, on the transformed scale. Although the
percentage of data included in distribution 2 was low, it could be possible that a specific
genetic determinism be responsible for a low proportion of very good layers. This
trend has been observed for 3 generations in line L2 only, and could hardly be due to
an environmental effect. However, the family size within line L2 does not make possible
a more precise analysis The selection procedure will be modified in the future in order
to produce as much progeny as possible from 'extreme' layers in line L2.
Other egg production traits : Although the aim of this paper was not to present all
the indirect responses to selection, a few observations can be given at generation 10
(Table 2).
Table 2. Deviations of selected lines from control line at generation 10 (GLM
analysis)
Trait
CL value
Ll-CL
L2-CL
L2-Ll(a)

Age at 1st egg Laying rate % Egg weight % Broken eggs Body weight
143 (days)

68

-5.8 ***

51 (g)

3.9

2163 (g)

+ 14.6 ***

-.8 *

+ 1.6 ns

-213 ***

+2.7 *

+ 16.4 ***

_1 **

+3.8 *

-361 ***

+8.5***

+ 1.8 ns

-.2 ns

+2.2 ns

_148 ***

ns : not significant; * p<0.5; ** p<0.01; *** p<0.001;
(a) : comparison does not take drift variance into account;
Lines LI and L2 differed in their age at first egg, line LI being more precocious by
1 week. Laying rate was slightly higher in line L2 than in line LI. Both selected lines
produced slightly more broken eggs than the control, had a slightly lower egg weight
and a much lower body weight.
Interval between ovipositions (OVIP) has been significantly reduced by selection, to
a larger extent in line L2 (Tixier-Boichard et ai, 1995). Thus, ovulation rate could be
improved significantly in dwarf layers, particularly in the presence of the Na gene.
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SELECTION, BREEDING METHODS AND ESTIMATION
OF GENETIC PARAMTERS FOR BROILERS

BROILER BREEDING BY THE YEAR 2006
John W. Hardiman
Cobb-Vantress, Inc., Siloam Springs, Arkansas, U.S.A.

The average broiler of the year 2006 will likely be faster growing, more feed
efficient, and will yield more meat and less fat than today's broilers. New selection
traits will continue to evolve in efforts to prevent or reduce ascites, heat stress and
meat quality problems. Traditional methods of selection will still be important in
the next decade but selection may occasionally be practiced on the quantitative
trait loci or genes directly affecting each trait of interest. The continued
development and testing of research lines and new line crosses will be critical to
the breeding industry as well as the detailed economic evaluation of these products.
Customers will demand higher quality breeding stock with better technical service
and assurances of performance.
INTRODUCTION
Over 300 million parent females and 50 million breeder males will be sold worldwide
10 years from now. The broiler breeder of the year 2006 will be dictated by the world
market forces of today and shaped by both the traditional and new breeding tools of the
1990's. Broilers will continue to grow faster, consume less feed, and produce higher
meat yields to the same market weights while pedigree breeders will show remarkably
high egg production, hatchabilities and livabilities. Traditional selection methods will
be supplemented by selection for quantitative trait loci defined by new discoveries in
biotechnology and by complex statistical breeding value estimation supported by a
newer generation of small high speed computers. Increased understanding of avian
reproduction, male and female fertility, skeletal strength, heat resistance, ascites, disease
resistance, and behavior will lead to the definition of new broiler selection traits. Only
by careful, balanced selection for several commercially and biologically important
poultry characteristics will broiler breeding companies preserve the image of poultry
meat as a healthy, relatively inexpensive and profitable commodity.
GROWTH RATE, FEED CONVERSION, FAT AND MEAT YIELDS
In 2006, broiler breeding companies will likely be selecting for those broiler traits
shown in Table 1. Selection will continue for improved growth rate and feed conversion.
Pressure from both processors and consumers will encourage breeders to further reduce
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percent carcass fat. Further improvements in leg and breast meat yields have been
dictated by increase in the percentage of further processing. Quantitative geneticistis
have estimated future rates of improvement in traits of commercial value from analyses
of past trends in performance and from estimates of current genetic parameters in their
pedigree population. Table 2 shown ten year goals in improved broiler performance
which are typical of those cited by US industry broiler geneticists.
Table 1. Selection traits for pedigree broilers
Growth rate
Feed conversion
Livability
Ascites resistance

Heat resistance
Eviscerated yield
Part and meat yields
Carcass leanness

Leg and skeletal strength
Breast conformation
Degree of feathering
Feather and skin color

Table 2. Predicted 10 year genetic improvements in broiler performance
Trait

Unit

Improvement

Weight at 40 days of age
Fewer days to market weight
Feed conversion
Eviscerated yield
Breast meat
Abdominal fat
Hen housed egg production

Grams
Days
Grams of feed per kg weight
Percent of hve weight
Percent of live weight
Percent of live weight
Eggs

500 to 650
8 to 10
-100 to -200
1.0 to 2.0
2.0 to 3.0
-0.2 to -1.0
10 to 20

In addition, measurements of performance such as live bird fat percentage and percent
muscle yields are becoming more accurate through the use of better live bird imaging
equipment. Geneticists are also learning to measure and select for associated traits
which might otherwise impair selection progress in growth rate and feed conversion.
These include'heart and lung development, immune system development, leg strength,
feathering rates, heat dissipation, and fertility and sperm viability.
EGG PRODUCTION, FERTILITY, HATCHABILITY AND LIVABILITY
Most gf those broiler breeder traits listed in Table 3 are already part of selection programs
used today. However, I believe that selection for resistance to high temperatures and
improved parent livability will play a larger role in selection programs 10 years from
now. Breeder research, however, is even more costly and time consuming than broiler
research and demands meticulous attention to management protocols. Future
improvements in egg production will likely come from new line crosses, better
measurement of egg production and better parent management programas.
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Table 3. Selection traits for pedigree breeders
Egg production
Sexual maturity
Fertility
Hatchability
Egg shell quality

Egg size
Chick quality
Feather type
Heat resistance
Livability

SKELETAL STRENGTH, FEATHERING AND CARCASS QUALITY
Breeding programs will continue to include a mixture of qualitative and quantitative
traits which affect the ability of broilers to be processed including leg and skeletal
strength, toe, leg and keel straightness, degree of feathering, feather color, skin and
fascia color, breast conformation, breast blisters and meat color and texture. Despite
decades of selection for the improvement of many of these traits, they still require
constant attention as we continue to select for faster growing, more feed efficient broilers.
In our industry, up to 20 percent of pedigree broiler breeders are discarded at broiler
selection age for imperfections in one or more of these traits.
ASCITES RESISTANCE, HEAT RESISTANCE AND DISEASE RESISTANCE
A wide variety of new techniques are being used to measure incidence of ascites in
broiler crosses and pedigree lines (Table 4). Our research showed that ascites could be
induced in a large variety of commercial broiler crosses and pure lines. In addition,
incidence of ascites showed heritabilities of from .15 to .25 (sire component) in those
pure lines tested. If the industry as a whole selects against ascites, resistance to ascites
should improve before 2006. However, there are still many non-genetic causes of ascites
and the poultry industry must continue to find ways to reduce this problem by improving
bird management.
Tomorrow's broiler chicken will not be immune to disaster, disease or to extreme heat
but it should benefit from the discovery of those factors which increase resistance to
high temperatures. Several traits which may be useful in selection for heat resistance
in both broilers and breeders are presented in Table 5.
Of course, high temperatures are not the only cause of breeder or broiler mortality. The
diseases of 2006 will likely resemble the wide variety of pathogens challenging
commercial chickens today. Since it would be very difficult to select for immunity to
each individual disease in one population of birds, some research will be directed at
general disease resistance. This may include selecting for some of the traits listed in
Table 6. These include selection for specific MHC haplotypes, other disease resistance
genes, and cellular mechanisms of defense against disease. However, the poultry
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health profession must continue to develop new and more effective vaccines and to
find methods to deliver these vaccines more uniformly and at an earlier age.
Table 4. Possible methods of selection for ascites resistance in broiler breeding
programs
Low ventilation treatments
Hypobarametric chambers
Troponin-T assays
Search for resistance genes

Recording ascites mortality in brooding
Measuring degree of cyanosis in comb
Measuring blood oxygen with oximeter
Right ventricle heart dissection

Table 5. Possible methods of selection for heat resistance in broiler breeding
programs
Measuring respiratory rate
Measuring respiratory efficiency
Measuring of comb size
Relationships of heat shock proteins

Use of heat stress environment
Recording responses in heat stress chambers
Measuring evaporative cooling
Measuring non-evaporative cooling

Table 6. Possible methods of selection for disease resistance in broiler breeding
programs
Response to sheep red blood cells
Response to natural antigens
Response to GAT
Selection for specific B blood groups

Selection for specific MHC genes
Selection for B cells, T cells, IgG, IgM
Selection for macrophage activity

TRADITIONAL SELECTION METHODS
Although our definition of selection traits will continue to change, the choice of selection
methods in the future will be just as important as they are today and may still include
those listed in Table 7. Many of these methods are similar to those used in breeding
cattle, swine, sheep and other species of poultry. For example, inbreeding must still be
avoided and breeding values must be calculated while selection is applied to a variety
of commercial traits of value to the poultry industry. This encourages the maintenance
of large, fully pedigreed populations. In addition, excellent pedigree management,
careful measurement of performance traits, computer estimation of breeding values
and efficient construction of the pedigree pipeline will be critical to successful breeding
even in the year 2006.
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Table 7. Traditional selection methods for broiler breeders
Large, closed populations
Complete family pedigrees
Carefully chosen selected traits
Accurate trait measurements
Computerized family summaries

Estimated breeding values
Controlled matings with minimum inbreeding
Strong selection pressures
Minimum generation intervals
Use of line crosses

NEW TOOLS OF BIOTECHNOLOGY
Recent developments in biotechnology have increased the number of tools available to
the poultry geneticist. The major techniques include DNA fingerprinting, genome mapping,
marker assisted selection and gene transfer. Characteristics of gene maps are listed in
Table 8. Maps will be helpful in locating large numbers of genes in the future and even for
comparing genes across different population of chickens and across different species.
Selection for gene markers associated with genes is described in Table 9. Gene markers
which are found to be associated with traits of economic importance can be used as selction
traits but with greater accuracy and at an earher age. Several possible uses of DNA
fingerprinting are hsted in Table 10. These can be used to identify hues or individuals and
even to show the resemblance among diverse stocks of poultry. The movement of valuable
genes among Hues of chickens by gene transfer may also play an important role in the
genetic improvement of poultry. However, concerns over consumer acceptance of this
research may delay progress due to this technique.
Table 8. Potential uses of a poultry genome map
Identify markers spaced evenly over the entire genome
Allow identification of commercially valuable QTL's and gene markers
Comparison of genes across populations and species
Table 9. Potential uses of poultry gene marker selection
Selection directly for gene markers as opposed to trait phenotype
Early or juvenile selection prior to complete phenotype development
Ease of selection requiring only a blood sample. Increase accuracy of selection by
reducing effect of environment
Table 10. Potential uses of poultry DNA fingerprinting
Unique profiles for each bird or genetic line
Estimation of degree of inbreeding
Maximize heterosis in crosses
Estimation of differences among lines
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FUTURE RESEARCH LINES
Research lines are developed to test new selection methods and to serve as unique
gene pools for introduction of new traits into already existing lines (Table 11). The
development of the base population for these lines requires either unique selection
methods or unique genetic lines. New lines or line crosses must be carefully tested.
Strong partnerships between primary breeding companies and their customers will be
necessary in order to generate the large amounts of parent and broiler field performance
necessary to evaluate new crosses accurately. In addition, breeders will have to invest
more money in the construction of broiler testing facilities with continuous weight,
feed conversion, mortality and part yield measurements taken at each potential market
age. Similarly, expanded facilities for parent testing will be required to supply mortality,
egg production, egg weight, feed consumption and egg quality data for experimental
parents. Pedigree broiler growth rate cannot and perhaps should not continue to increase
each generation. Therefore, breeders may set aside Unes in which growth rate is stabilized
but selection for other broiler traits continues.
Table 11. Future research lines for the broiler industry
High egg production lines
High meat yield lines
Low feed conversion lines
New lower fat, lean lines
Dwarf lines

Heat resistant lines
Ascites resistant lines
Disease resistant lines
Lines with stabilized selection for growth

DIFFERENT BREEDER PACKAGES AND ECONOMIC MODELS
Today's poultry growing companies will help define the chicken of tomorrow by
demanding better broiler growing performance, higher hatchability and production
and higher sellable part yields. Almost all breeders have developed simplified computer
models to compare potential profits resulting from the use of different commercially
available broiler crosses. These economic models have been effective in guiding both
the breeder and the customer in developing and purchasing the most profitable breed
for each company. The broiler crosses of 2006 must maximize these profits for the
largest number of customers possible. Over the last 10 years, several broiler breeding
companies have added a second or third product to improve broiler meat yields and
some have employed broiler-roaster hybrids to reach these goals. Table 12 lists a variety
of commercial parents currently being sold.
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I believe that by 2006, broiler companies will be fewer in number but larger in size and
that they will prefer to use only one or two broiler crosses with consistent management
requirements and excellent performance over a wide variety of processing products.
Processing plants should become more versatile in their ability to move birds and
chicken parts of varying sizes between plants and production lines and to produce a
great variety of value added products. Competition among broiler companies will permit
fewer concessions on any one trait and will dictate balanced broiler and breeder
performance. Part yields and deboned meat yields will be important in more markets
worldwide ten years from now.
Table 12. Parent females currently being sold by five large commercial breeders
Arbor Acres Farm

Avian Farms

Cobb-Vantress
Hubbard Farms
Ross Breeders

Classic
Yield female
Super yield female
Avian 34
Avian 43
Avian 24
Cobb 500
Standard
High yield
Ross 308
Ross 208
PM3

CONCLUSIONS
While pursuing future selection and product development goals, broiler breeders will
be faced with new issues regarding selection traits and selection ages, global markets,
the number of pedigree products, research lines and research expenditures, balance
versus niche markets, changes in processing, environmental issues, customer
partnerships, improved quality assurance programs, animal welfare and research ethics,
poultry health challenges and the need to reduce production costs while maintaining
high rates of genetic progress. Commercial poultry breeding, an already diverse and
complicated business, will become even more sophisticated with the inclusion of a
growing numbers of poultry science breeding and technical service specialists on their
staffs. I believe that broiler breeding companies will be competing for research
opportunities in a diminishing number of poultry science departments. The number of
broiler breeding companies will likely decrease and those remaining will be selling
larger number of parent breeders to large customers and will be faced with the need to
guarantee bird performance and technical service.
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SELECTION FOR FEED EFFICIENCY AND
INCREASED LEAN TISSUE GROWTH RATE IN MEAT
CHICKENS
R.A.E. Pym
Department of Farm Animal Medicine and Production, University of
Queensland, St. Lucia, Queensland 4072, Australia

This paper reviews the published results of selection experiments for feed efficiency
and body composition in meat chickens, and the related studies of line differences
in physiological traits associated with the direct and correlated response in the
performance traits. Suggestions are made regarding selection strategies that might
be used to improve these traits in commercial broiler breeding programs.
INTRODUCTION
The greatly increased consumption of chicken meat world wide in recent times is a
reflection of the efficiency of that industry in producing a high protein, consistent
quality product. Future development of the industry will depend on its ability to
efficiently utilise available feedstuff resources, to maximise lean meat production, and
to minimise effects on pollution.
In recognition of the deleterious effects on skeletal abnormalities, metabolic disorders
and reproductive performance of long-term intense selection for growth rate in broilers,
the emphasis in most commercial broiler breeding programs has changed since the
early to mid 80's, to include significant selection pressure on such traits as feed
efficiency, skeletal abnormalities, body composition and carcass traits in the young
growing bird, and reproductive performance in the broiler breeder. There is, however,
significant and complex interaction between these traits and the task of the commercial
broiler breeder in optimising overall economic selection response with respect to these
traits is by no means simple.
One of the principal concerns of commercial meat chicken geneticists is to maximise
the efficiency of lean tissue growth rate in the broiler chicken. This paper will look at
direct and correlated responses to selection for feed efficiency and lean tissue growth
rate and the ways in which these traits can be effectively incorporated into a breeding
program.
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SELECTION FOR FEED UTILISATION EFFICIENCY
Selection for feed efficiency is now commonplace in commercial broiler breeding
programs, but the techniques employed vary considerably from company to company.
It has been generally recognised that whilst selection for juvenile growth rate alone
has undoubtedly improved feed efficiency by reducing maintenance requirements over
the shortened growing period, there is considerably additional response from direct
selection for the trait. This arises from the much wider range of physiological
components manipulated by direct selection, which include aspects of body composition
and energy and protein metabolism (see review by Pym, 1990). Differences in growth
and feed efficiency between lines selected for growth rate and feed efficiency have
been shown to be due to differences in body composition (Pym and Solvyns, 1979;
Sorenson, 1984, 1988; Chambers, 1987; Leenstra and Pit, 1987), metabolisability of
dietary energy (Pym et al, 1984; Leenstra and Pit, 1988; Jorgensen et al, 1990),
maintenance requirements and net availability of metabolisable energy for growth (Pym
etal, 1984), and protein turnover (Tomas et al, 1988, 1991).
The reduction in body fatness in birds selected for feed efficiency is a logical response
given the high energetic cost of lipid tissue deposition. Not only is lipid high in energy,
it is deposited in the body in lipid reserves which generally contain only about 10%
water, compared to about 70% water with protein in muscle. The bird selected for feed
efficiency thus looks for ways of reducing the energetic cost of tissue deposition, and
what better way than depositing water instead of fat. Whilst the efficiency of fat
deposition in energetic terms on a dry matter basis is much greater than for protein
(0.89 c.f 0.64, Pym and Farrell, 1977), when the energy density of the two and the
associations with water in the body are taken into account, it is about three to four
times more costly in energetic terms, to deposit one gram of fatty tissue than the
equivalent weight of muscle.
Whilst selection for feed efficiency undoubtedly reduces body fat, there is a considerable
body of evidence to suggest that, contrary to popular opinion, birds selected for growth
rate are no fatter than their unselected counterparts when measured at the same
bodyweights and on the same diets (Pym, 1985, 1987). The oft-stated assertion that
broilers are much fatter now than they were 20 or 30 years ago is confounded by
differences in weights at slaughter, diets, and changing consumer attitudes towards
dietary fat.
The underlying factors contributing to correlated response in body composition to
selection for feed efficiency, have been investigated in a number of studies. These
studies have shown that the reduced fatness in birds selected for feed efficiency is due
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to effects on lipogenesis and adipose tissue cellularity (Hood and Pym, 1982), plasma
low-density-lipoprotein concentration (Whitehead et a/., 1984) and plasma thyroid
hormone concentrations, (Decuypere et al.,1995).
Selection for feed efficiency has been shown to reduce maintenance energy requirements
(Pym and Farrell, 1977; Pym et al, 1984). There are a number of ways in which this
can be achieved, but one of the more obvious is to ensure that insulation to heat loss is
optimised by exploiting any variation in feathering. This is particularly important
where birds are reared in sub-optimal temperature environments. All of the birds in
Pym and NichoUs' (1979) efficiency line were rapid feathering, whereas the control
line birds were segregating for both rapid and slow feathering and the line selected for
increased appetite was very poorly feathered. This association may even reverse where
birds are subjected to high temperatures (Cahaner and Leenstra, 1992).
The improved metabolizability of dietary energy observed by Pym et al (1984),
Leenstra and Pit (1987) and Jorgensen et al (1990) in their high efficiency lines in
comparison to high-weight-selected counterparts, indicates that digestibility can be
genetically manipulated if pressure is brought to bear on the efficiency of food utilisation.
The remarkable similarity in the findings of these three studies suggests that considerable
reliance can be placed on this assertion. Digestibility has hitherto been regarded as a
quite unmanipulable trait, largely because there was Uttle difference between strains
and breeds in this regard, none of which had actually been selected for traits likely to
exert pressure on digestibility.
The considerably higher net availability of metabolizable energy (NAME) for growth
measured in the efficiency (E) line in Pym et aVs (1984) study, in comparison with
the high growth (W) line, is difficult to reconcile with line differences in body
composition, where the E line was considerably leaner than the W line. Given the high
turnover rate of amino acids, it would have been expected for NAME to be higher in
the W line. It was subsequently shown by Tomas et al (1988), that the fractional rate
of protein breakdown was significantly lower in the E line than in the W or control
lines, demonstrating that selection for feed efficiency had significantly improved the
net efficiency of protein utilisation which would have impacted on line differences in
NAME.

SELECTION FOR REDUCED BODY FAT
There have been a number of selection experiments around the world which have
looked at responses to selection for aspects of body fatness, measured either directly or
indirectly. Most of the studies have made comparison between lines selected for
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increased or decreased fatness, and in some cases unselected control lines have been
included. Five of these studies (Leclercq, 1988; Cahaner et al, 1986, Chambers,
1987; Leenstra, 1988; and Lilbum and Myers-Miller, 1988) used sib selection for
abdominal fatness, whereas Whitehead and Griffin (1984) used plasma very-lowdensity-lipoprotein (VLDL) concentration in fed birds as the selection criterion.
Abdominal fat calipers (Pym and Thompson, 1980) were used by Pym (1987) as the
measure of fatness in his selection experiment.
In all studies where divergent selection was practiced, there was considerable divergence
in total body and abdominal fat between the high and low fat lines, as might be expected,
but little difference between the lines in growth rate. In two of the studies (Chambers,
1987 and Cahaner etal, 1986), there was concurrent selection for increased liveweight
in the high and/or low fat lines, and the study of Pym (1987) incorporated a high
growth-low fat line in addition to the single trait-selected high and low fat lines. This
latter study and that of Leenstra (1988) also included a line selected for increased
growth rate alone, and the studies of Leenstra (1988) and Chambers (1987) both made
comparison with a line selected for improved feed efficiency. The studies all
demonstrated that it was possible to reduce fatness in meat-type birds without deleterious
effects on growth performance, and the latter studies demonstrated that it was possible
to make significant improvement in lean tissue growth rate by combining selection for
increased growth rate and decreased fatness.
Most studies showed an improved feed utilisation efficiency in the low-fat line in
comparison with their high-fat counterparts, as might be expected from the energetic
cost of fat and lean tissue deposition. However, when comparison was made between
the low fat-high growth rate and high growth rate lines in the study of Pym (1987),
there was no significant difference in feed efficiency despite substantial differences
(33 percent) in abdominal fatness. This result highlights the limitations of selection
for reduced body fatness as a means of improving feed efficiency. Undoubtedly, in a
comparison of the extremes, high fat birds are less efficient than lean birds, all other
things being equal, but the differences in feed efficiency between birds selected for
high growth rate or high lean growth rate, may be quite small, if evident at all.
There have been exhaustive studies of underlying physiological mechanisms influencing
response in body composition in all of the above selection experiments, as detailed in
the proceedings of a symposium on "Leanness in Domestic Birds" conducted in Tours,
France in August 1987 (Leclercq and Whitehead, 1988 and more recently reviewed by
Griffin (1995). A comparison of these and other studies demonstrates some consistent
differences in physiological terms between selection for feed efficiency and selection
for leanness per se.
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COMPARISIONS BETWEEN LINES SELECTED FOR FEED EFFICIENCY
AND BODY COMPOSITION
Whilst there is a positive response in feed efficiency to selection for low body fat, the
correlated response is considerably less than the direct response to selection for feed
efficiency itself (Leenstra, 1988). There is some disagreement between studies as to
how effective selection for feed efficiency is in reducing fatness relative to direct
selection for reduced fatness itself. Chambers (1987) showed the two to be equally
effective, whereas Leenstra (1988) found her lean line to be significantly leaner than
the high efficiency line at a fixed age. In a study of the commercial consequences of
selection, in which males from the selected lines were mated to commercial strain
females, Leenstra (1988) could find no difference between her high growth rate and
low fat line progeny in feed conversion efficiency measured over a weight constant
interval. This is compatible with the finding by Pym (1987) of essentially no difference
in feed efficiency between two lines selected for either increased growth rate or increased
lean tissue growth rate. The high efficiency line progeny in Leenstra's (1988) study
were some 5 points lower in FCR than the other two lines. (1.72 cf. 1.77). Abdominal
fat in the low fat line progeny was considerably lower than their high growth rate
counterparts (17.6 cf. 28.9 g/kg) with the feed efficiency line birds intermediate (22.3
g/kg), indicating a continuing advantage, in terms of leanness at a given weight, of
selection for low fat over selection for feed efficiency.
In a study of endocrinological parameters in lines selected for feed efficiency, growth
rate or high or low body fat, Decuypere et al (1995) found that the direct or correlated
responses in body composition were achieved through different endocrine mechanisms.
Selection for feed efficiency appeared to affect parameters of the somatotropic axis,
which is primarily associated with nitrogen retention-efficiency and protein metabolism,
whereas selection for high or low body fatness affected parameters of the thyroid
hormone axis, which are more closely associated with lipogenesis and fat metabolism.
This suggestion is supported by a comparison of protein turnover in lines selected for
feed efficiency and growth rate (Tomas et al, 1988) and lines selected for high or low
abdominal fatness (Tomas and Pym, 1995). In the first comparison the fractional rate
of protein breakdown was significantly higher in the high feed efficiency than in the
high growth rate line, whereas in the second, there was no difference in this regard
between the low- and high-fat lines.
It is instructional to look at the relative importance of body composition, and in particular
that of body fat and protein, relative to the components of energy metabolism, in
determining selection response in feed efficiency in the different Unes. Pym (1985)
reported on comparisons of age- and weight-constant measures of FCR in lines of
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birds selected for twelve generations for increased growth rate, feed efficiency or
appetite. Notwithstanding the extra three days it took for the high efficiency (E) line to
gain the same weight as the high growth rate (W) line, the former line was still
substantially more efficient (FCR 2.42 cf. 2.60 respectively). This begged the question
as to what factors could possibly account for the large discrepancy in energy costs
associated with the additional maintenance energy requirements and lower food intake
of the E line. At the chosen end weight of the study, the E line birds had less total body
fat (92 cf. 105 g/kg) and more protein (185 cf. 180 g/kg) than the W line birds.
In a study of energy metabolism in these lines, Pym et al. (1984) showed that
metabolisability of dietary energy was higher in the E line (0.76) than the W line
(0.73), and that the net availability of metabolisable energy for gain was also higher in
the E line (0.85) than in the W line (0.68). The discrepancy in energy costs between
birds of the two lines arising from differences in maintenance costs (700 kJ ME/kg W/
day) associated with the longer test interval for the E line, and their lower food intake,
amounted to 5,315 kJ per bird. The calculated saving in energy costs in the E line
arising from differences in body composition, metabolizability of dietary energy, and
net availability of metabolisable energy for gain relative to the W line was 400, 1,660
and 3125 kJ respectively, making a total of 5185 kJ per bird. This is very similar in
magnitude to the above discrepancy in energy costs between the lines. The small
contribution of differences in body composition to the saving in energy costs is worth
noting. Fairly dramatic changes in body composition are needed to result in significant
savings in energy costs. Selection for leanness per se is likely to influence such savings
only via its effect on body composition and not through any effect on the components
of energy metabolism (McLeod ^i úE/., 1988; Gereart et al, 1990).
The association between fat and protein deposition is greatly influenced by the method
of expression, as pointed out by Leclercq ( 1995). If the two are expressed as proportions
of body weight, there is a strong negative association, but if they are expressed in
absolute terms, there is no such association. It is thus possible to alter the rate of lean
and fat tissue deposition in birds more or less independently by either genetic or
nutritional means. This has implications for selection for breast meat yield.
SELECTION FOR BREAST MEAT YIELD
Whilst it is a component of lean tissue, the high value of breast meat argues for its
special consideration in breeding programs. Long term selection for growth rate and
body conformation in commercial broiler breeding programs, has resulted in substantial
increases in breast meat yield in commercial strains of broilers, but there is good evidence
that significant genetic variation in this trait is still present in commercial broiler lines.
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Selection for breast meat yield in broilers using sib-selection has been successful (Ricard
and Marche, 1993; Leclercq, 1995), with a twelve percent increase in breast muscle
proportion after seven generations of selection. Alternative means of selection for
breast meat yield include the use of real-time ultrasound as a method of defining the
cross-sectional area of breast muscle in the live bird allowing objective measurement
of this trait to be made (Komender and Grashom, 1991).
A selection experiment using Japanese quail as a model for meat chickens was
commenced in 1994 to evaluate the use of real-time ultrasound as a selection tool for
breast meat yield (Popovic and Pym, 1996). In a comparison of lines selected for three
generations on the basis of optimal multiple regression prediction equations, breast
meat yield (g) in the line selected for increased breast yield, was 15 percent greater
than in the line selected for increased growth rate. The two lines were of similar
growth rate and liveweight at slaughter. Given that the base population of these lines
had been subjected to fairly intense selection for growth rate for some generations, the
indications are that it might be reasonable to expect good response in breast meat yield
in broiler lines subjected to similar selection based largely on ultrasound measurement.
In a comparison of conmiercial strains of broilers (Gous et al, 1996), one strain
exhibited a high proportion of breast meat and abdominal and total body fat, indicating
that combining responses from parental lines and/or a differential deposition of protein
in the body in response to selection for yield of a particular muscle mass, can result in
unexpected associations between carcass components.
PRACTICAL IMPLICATIONS FOR BROILER BREEDING
In view of the imperative to optimise the efficient utilisation of feedstuffs, and to
maximise lean tissue (particularly breast meat) deposition, commercial broiler breeding
programs should incorporate selection for increased growth rate, feed efficiency and
breast meat yield, and decreased body fat in the various lines which contribute towards
the commercial crossbred bird. Without question, in the males of the sire line(s) at
least, selection should be exercised for feed efficiency rather than leanness per se, but
selection can be exercised for increased lean tissue growth rate in the females of the
sire line(s) and in say the males of the dam lines, where food intake test facilities are
limiting. There is scope to select all lines for other criteria, as appropriate.
There is no doubt that the most difficult decision relating to the way in which these
traits should be measured, is that associated with feed efficiency. The considerations
relate to group or individual measurement of food intake, the interval over which food
intake should be measured, the selection criteria, the proportion of the population to
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test for food consumption, adjustments for differences in body weight and growth rate
and whether to test both sexes. In relation to this Pym (1993) concluded that: there
was little or no benefit from group measurement of food intake; food intake should be
measured within, but during the latter part of the normal growth period to slaughter
weight; selection should be on a index which optimises predicted selection response
with respect to growth rate and food consumption, and not based on the FC ratio; a
moderate proportion of the population can be culled on the basis of body weight at
commencement of the food intake measurement period (say at 21 days), since the
lighter birds are very unlikely to have high selection indexes; both sexes should be
measured where facilities are not limiting, but where this is so, males only should be
measured.
Given this, where individual food intake test facilities are not limiting, it is suggested
that for the sire lines, the heaviest one third of the males and one half of the females at
about 21 days of age be placed in the single cages for measurement of food intake and
growth rate to typical slaughter weight, but on an age-constant basis. If the aim is to
produce roasters, the birds should be retained in the cages to typical roaster slaughter
weight. Birds are selected on an index which optimises predicted selection response
with respect to growth rate and food consumption. The index takes the typical form :
Index = Final Wt - bj Food Cons - b^ Initial Wt
The index coefficients are determined by the genetic and phenotypic parameters
associated with the relevant traits and by the relative economic weightings to the traits.
The negative weighting to food consumption is obvious, but the negative weighting to
initial weight may not be so and is due to the high positive correlation between this
trait and predicted food intake between hatching and placement in the single cage at
about 21 days. Typical values for the coefficients are: (both negative) 0.3 for bj and
0.5 for b^. Using typical economic weightings and genetic parameters, predicted
economic response per generation to such selection is some 20 to 25 percent greater
than selection for growth rate alone (Pym, 1885). The top index birds could be further
selected for e.g. breast meat yield by ultrasound, ascites susceptibility and/or leg and
skeletal problems, i.e. for traits showing good variability and high heritabihty but which
are slow and/or expensive to measure.
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COMPARATIVE EVALUATION OF SELECTION OF
BROILERS ON THE BASIS OF GROWTH RATE
VERSUS FEED EFFICIENCY
G.L. Jain
Venco Research and Breeding Farm Ltd., Pune 411 025, India

From a base Cornish population, four groups were formed by alloting equal
number of progeny from each dam in each group. These groups were then
named and selected for five generations as follows. Line W - Selected on 6th
week body weight only, Line F- selected on residual feed consumption only, line
N - Selected on the basis of an index giving equal weightage to residual feed and
6th week body weight and line R - kept as control, selected randomly. Regression
analysis showed that weight gain accounted for 55 to 70 per cent and initial
body weight 5 to 7 per cent variation in feed consumption. The heritability
estimates of residual feed consumption (RFC) were almost double in magnitude
(h^s = 0.370) compared to h^ estimates (h^s = 0.138) of feed conversion ratio
(FCR). The genetic correlation between FCR and RFC was high and positive
(0.89). The results of selection studies and subsequent comparison show clear
and significant divergence of lines with respect to body weight at six week of
age. Line F did not differ significantly from line R in body weight indicating no
correlated response in body weight when selection is applied to RFC. Line F
had significantly lower FCR and RFC than line R and W. The difference between
F and N were low but in favour of line F suggesting clear divergence of lines
with respect to feed efficiency. Comparisons of FCR on floor (0 to 42 days) and
in cage (43 to 52 days of age) showed the ranking of lines for this trait was same
on floor as well as in cages.
INTRODUCTION
Feed accounts for 70 per cent of total production cost of Poultry meat. In the past,
improvements in efficiency of feed utilisation have been brought about as a growth
related trait. Guill and Washbum (1974) indicated considerable genetic variation in
feed conversion efficiency not accounted for by variation in body weight gain. This
was further confirmed by Sorenson (1984) and others.
Almost all the authors who studied the genetics of feed efficiency used feed conversion
ratio at a given age as a measure of feed efficiency (Wilson, 1969; Pym and NichoUs,
1979; Chambers et al. 1983; Wang et al. 1991) However, direct selection on the
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basis of a ratio as trait may not be the best way to improve feed efficiency (Bebber
and Mercer, 1994). An alternative approach could be to use the concept of residual
feed consumption (Nordskog et al. 1972; Arboleda et al. 1976 and Bebber and
Mercer, 1994) which is the difference between the actual feed consumption and the
feed consumption estimated to have been used for weight gain and body maintenance,
where estimated feed consumption is calculated using the multiple regression
equations.
Further, all the selection experiments for improving feed efficiency as reported in
literature (Guill and Washbum, 1974; Pym and Nicholls 1979; Soreson, 1984 and
Leenstra and Pit, 1987) were based on single trait selection either on body weight at
fixed age or on feed conversion ratio (FCR). In these studies, when the selection was
based on feed efficiency alone, there was little or no gain in growth rate. In the
commercial broiler breeding, weight gain is still the major criterion for broiler
grower to decide which breed to buy. A slow growing but feed efficient bird can not
be sold. The present study was, therefore, designed to answer following questions.
1.

Whether to use the concept of residual feed consumption or the conventional
feed efficiency criteria, FCR (feed conversion ratio), for selection.

2.

What are the direct and correlated changes in different
traits when selection is aimed at :
A.
B.
C.

3.

Body weight at constant age only.
Residual feed consumption only.
An index comparising of body weight at constant
age and residual feed consumption.

Whether the genetic gains obtained in feed efficiency in the selection studies
conducted in cage environment for 10 days period after 6 weeks of age are also
reflected in the floor environment where the birds are grown up to 6 weeks.

MATERIAL AND METHODS
An experimental Cornish line formed the base of this study. Initially 60 males and
420 females were used in pedigree mating to produce 6953 chicks in 5 hatches at 10
days interval each. The chicks of first four hatches were divided into three groups
such that each group received equal number of chicks from each of the 390 dams
which produced the chicks. From the fifth hatch, out of 1249 chicks hatched, 194
chicks were taken from these dams to equalise their representation in the three
groups. These groups were then named as three separate lines.
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LINEW
LINE F
LINEN

Selected on six weeks body weight only.
Selected for feed efficiency.
Selected on the basis of an index comparising
feed efficiency and body weight, both.

The remaining 1055 chicks of the fifth hatch were sexed and out of these chicks 150
males and 500 females were randomly chosen and kept as control line R.
LINEW
Standard Normal Deviate (SND) of six week body weight was calculated for all
measured birds sex-wise separately and all the birds were ranked in the descending
order of SND of body weight. From these, top 30 males and 240 females were
selected as breeders in all generations.
LINE F
AU the birds that hatched, except lame and environmentally handicapped, were
weighed and put into single bird cages in feed efficiency house for 10 days to
measure the feed consumption and weight gain.
The feed consumption data were subjected to within hatch sex-wise regression analysis
to determine the estimated feed consumption as per the model given below.

Yi

=

Y + bl (gi- g)+ b2 (wi - w)

Yi

=

bl and b2

=

Predicted feed consumption of the ith
individual from the least squares regression
equation with Y as mean feed consumption.
Estimates of the partial regression of feed
consumption on body weight gain (gi) and
initial body weight (wi)

Where
A

The residual Ri was calculated for each bird as
A

Ri

=

Yi - Yi

where Yi represents actual feed consumption.
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Standard normal deviate of residual (R) for each individual within each hatch was
obtained (SNDR). Then all the individuals of all the hatches were combined sexwise and were ranked on the basis of SNDR. Based on SNDR, top 30 males and 240
females were selected as breeders in all generations.
LINEN
For N line, it was decided to give equal weightage to body weight and feed efficiency.
In this line bottom 50 per cent of males and 25 per cent of females were discarded
on the basis of body weight only, because it was observed in a separate trial that
these birds will not make to selection if equal weightage is given to body weight and
residual in an index. Rest of the birds were transferred to the feed efficiency house
and residuals were calculated as described in LINE F.
The standard normal deviate of body weight and R were calculated. These values
were then combined into an index as follows.
li

=

SNDWi - SNDRi

where I represents the index and SNDW and SNDR as defined earlier.
All the individuals were ranked on this index sex-wise separately. Based on this
index, top 30 males and 240 females were selected as breeders in all generations.
LINER
In control line all chicks were evaluated for broiler traits on 43rd day morning. All
the environmentally handicapped and lame were discarded. From the rest, 30 males
and 240 females were randomly selected as the breeders in all generations.
Estimation of genetic parameters was done using LSMLMW PC - 1 version package
by Harvey, 1987. All data were first corrected for hatch effect using least square
constant. Further analysis was done pooling the data of all the four generations.
A separate trial was conducted to determine whether the line differences for feed
efficiency observed in cage environment were also true when birds are grown on
floor upto 6 weeks of age.
RESULTS AND DISCUSSION
Regression analyses showed that weight gain accounted for 55 to 70 per cent and
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initial weight 5 to 7 per cent of variation in feed consumption. Almost 35 to 45 per
cent variation in feed consumption was not accounted by weight gain and initial
body weight. It is this part of variation on which selection was targeted in this study.
GENETIC PARAMETERS
The heritability for body weight in all the Unes was found to be moderate. However,
estimates obtained in this study were lower than literature average reported by
Chambers (1990) for sire component of variance as 0.41 with a range of < 0 and > 1.
The lower estimates in the present study could be attributed to the fact that this line
has been selected for growth rate for more than 25 years. Important point to note is
that even though these lines have been subjected to selection for growth rate for
more than 25 generations there still exists significant amount of genetic variation.
This is in agreement with Marks (1991).
Table 1. Estimates of heritability, genetic and phenotypic correlation in line F, for sex combined
analysis
FDC

WGN

FCR

RFC

BDWT

FDC

0.32(.05)

0.82(.03)

0.58(.09)

0.80(.04)

0.27(0.10)

WGN

0.77

0.18(.03)

0.02(.13)

0.35(.10)

0.28(.ll)

FCR

0.10

-0.49

0.13(.02)

0.89(.03)

0.11(.12)

RFC

0.58

0.00

0.70

0.37(.05)

-0.07(.ll)

BDWT

0.37

0.20

0.16

0.00

0.18(0.03)

Heritabilities on the diagonal, genetic correlations above, phenotypic correlations below the diagonal,
standard errors in parentheses;
FDC : Feed Consumption, WGN : Weight Gain, FCR : Feed Consumption Ratio,
RFC : Residual Feed Consumption, BDWT : Body Weight at Six weeks.

The h^ estimates of feed conversion ratio were low in magnitude in this study(Table1). This is in contrast with estimates reported by Leenstra and Pit (1988) and by Pym
and Nicholls (1979), who reported much higher estimates. However, unlike these
authors, in the present study, data of much larger number of individuals were analysed
resulting in very low standard errors of h^ estimates. For example, Leenstra and Pit
(1988) reported h^s for FCR as 0.37 for male and 0.58 for female. Similarly, Pym
and Nicholls reported h^s for FCR as 0.38 ± 0.27 in males and 1.91 dLO.22 in
females. Wang et al. (1991) reported an average of h^s of 5 generations as 0.16 for
feed efficiency which is close to the present estimate.
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Another interesting feature in the present study is that the heritabihty estimates for
residual feed consumption (RFC) was consistently larger than h^ estimates of feed
conversion ratio (FCR) and in h^s+D fact both h^s and h^s+D of RFC were more than
double of the h^s and h^s+D of FCR in all the male, female and combined analysis
(Table-1). Similar results were obtained by Bebber and Mercer(1994). With equal
standardised selection differential one is expected to make progress at twice the rate
in RFC compared to FCR.
With genetic correlation between FCR and RFC being more than 0.8 one would
expect to get more correlated genetic gain in FCR when selection is based on RFC
than selecting directly for FCR (Table-1).
SELECTION STUDIES AND COMPARATIVE EVALUATION OF
DIFFERENT LINES
1.

Fertility, Hatchability, Mortality and Defects

From the present study it can be concluded that selection based on a single trait viz.
body weight or feed efficiency or both does not have significant adverse effect on
fertility, hatchability, mortality and defects at least in short term selection studies.
2.

Six Week Body Weight

The six week body weight deviation from control for line W on straight run basis
were 36.2 g, 38.2 g, 174.2 g, 145.4 g and 340.2 g for generation zero, one, two, three
and four respectively. In the trial, W line body weight were better than control by
221.93 g. These results clearly indicate that selection on the basis of six week body
weight has been effective in the line W. Similar trend was observed in line N which
was selected on an index where the deviation from control in the trial was 191.97 g.
Table 2. Six week body weight in different lines expressed as deviation from control (R)
Gen-0

Gen- 1

Gen-2

Gen-3

Gen-4

W

36.2

38.4

174.2

145.4

340.2

F

41.7

-14.5

-45.0

-234

44.7

N

78.1

38.7

306.0

114.7

240.8

Line

In the feed efficiency line F the six week body weight deviated from control by 41.7
g, -14.5 g. -45.09 g, - 23.09 and 44.7 g respectively for generation zero, one, two,
three and four(Table-2). In the trial the deviation of F line body weight from control
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was 41.42 g only. These results clearly indicate that selection based on residual
(RFC) did not change body weight in either direction. Pym and NichoUs (1979) also
suggested that selection for improved FCR would not improve initial body weight.
3.

Feed Conversion Ratio (FCR) and Residual Feed Consumption (RFC)

Selection for feed efficiency in this study was done based on residual feed consumption
(RFC). F line had lower FCR than N line by 0.064,0.052, 0.232, 0.145 and 0.169 in
generation zero, one,, two, three and four respectively. This shows that the selection
on the basis of feed efficiency only was superior to the index (BW + RFC) for FCR.
In the trial also the F line was lower than N by 0.064 in FCR and 41.6 g in RFC.
Table 3. Mean and standard deviation for feed conversion ratioin Line F and N
Line

Gen-0

Gen- 1

Gen-2

Gen-3

Gen-4

F

MEAN
SD

2.256
0.265

2.363
0.357

1.999
0.220

2.137
0.207

2.037
0.210

N

MEAN
SD

2.320
0.297

2.415
0.306

2.231
0.271

2.282
0.221

2.206
0.211

F-N MEAN

-0.064

-0.052

-0.232

-0.145

-0.169

Line W which was selected on body weight alone was higher in FCR compared to F
line by 0.153 and in residual by 109.25 g in the trial. However line W was better
than control by 0.046 in FCR and 36.74 g. in RFC in the same trial. These results
indicate that selection on the basis of body weight only would improve feed efficiency
to an extent.
The difference in body weight at 42 days of age between W and N (W-N) lines were
- 41.6 g, 0.3 g, - 132 g, 30.7 g and 99.4 g in generation zero, one, two, three and four
respectively and 29.96 g in the Trial. These data suggest that genetic gain in line N
for six week body weight was more or less similar to the line W. But line N was
better than line W in FCR, the difference being 0.088 in the Trial in cage and 0.094
on floor. Important point to note is that line F which had the best feed efficiency can
not be marketed because of poor six week body weight. Line W will also have tough
competition because of poor feed efficiency. But line N which is an index line is
good in both body weight as well as feed efficiency and it should be the most
acceptable bird by broiler growers.
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Comparison of Feed Efficiency on Floor V/s Cages
The selection for feed efficiency in this study was on the basis of residual feed
consumption (RFC) during the test period from 43 days to 52 days (10 days total) of
age of birds. A trial was done to find whether what we saw in cage during 43 to 52
days of age is also seen on floor during 0-42 days of age. Comparative data of floor
v/s cages are tabulated in table 4.
Table 4. Comparison of feed conversion ratio (FCR) actual values and deviation from control
line R for different lines in Trial 1 when the birds vi^ere on floor from day old to 42 days of age
and when they were put in individual cages from 43rd to 52nd days
LINE

Actual
Floor Cages

Deviation from control
Floor Cages

W

2.0599c

2.3517c

-0.0196

-0.0462

F

1.9313a

2.1992a

-0.1482

- 0.1987

N

1.9682b

2.2633b

-0.1113

-0.1346

R

2.0795c

2.3979d

_

Comparison was done by Ducan's multiple range test.
Means with same letter were not significantly different.

The ranking on FCR of the lines was the same on floor as well as in cages i.e. F line
being the best followed by N,W and R in that order (fig.l). Analysis of variance
showed that F line was significantly different from other lines and so was the N line
on floor as well as in cages ( Table-4). Weekly FCR data on floor, actual as well as
deviation from control are plotted in (fig.2) and (fig.3). These figures reveal clear
divergence of lines with respect to body weight as well as FCR.
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Fig.1. FCR IN T-1
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BROILER BREEDING RESEARCH UNDER THE
AEGIS OF INDIAN COUNCIL OF AGRICULTURAL
RESEARCH : AN OVERVIEW
S.C. Mohapatra
Central Avian Research Institute, Izatnagar, 243 122, U.P., India

Technology developed from two and half decades of broiler breeding research
undertaken by Indian Council of Agricultural Research has been presented.
Broiler stocks available in the country, imported from abroad and synthetic lines
developed from commercial stocks constituted the experimental material for these
studies. Evaluation, selection and regeneration of each stock and evaluation of
their performance in cross combinations constituted the main features of
investigation. Body weight at 10/8/6 weeks of age received maximum weightage
in strain improvement programme. Due attention was given for improvement of
conformation traits in the male lines, egg production in the female lines and fertility,
hatchability and egg weight in both lines. Comparisons were made among single
and multiple crosses for broiler traits. Results revealed that breeding technology
followed has been effective to bring about improvement in the broiler traits in the
populations under study. Selection in pure lines resulted in concomitant
improvement in crosses. Differences were observed among the lines with regard
to their performance as male and female parents for production of crosses. 3and 4-way crosses were superior to single crosses for body weight at marketing.
Single crosses were superior to multiple crosses for viability. Results obtained
from Random Sample Tests and field trials suggest that the four commercial broiler
stocks developed and released for commercial exploitation are not only
economically viable but also comparable in their performance to the industrial
broilers marketed from private hatchery sources with respect to feed conversion
efficiency and viability to the age of marketing. Body weight to the age of marketing
of experimental stocks, however, has been about 15% less than industrial broilers.
INTRODUCTION
The demand for poultry meat is constantly on increase in the Indian subcontinent because
of its nutritive value, wide acceptability and cost effectiveness compared to other sources
of animal protein. Prior to 1970 the discarded and culled birds of the egg industry and
indigenous desi fowls raised in backyard were used for this purpose. Broiler production
in India had its beginning in early 70's and 300 million broilers were produced during
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1994, compared to four million in 1971. The commercial broiler industry relied heavily
for its growth and development on import of grand parent stocks of repute from abroad
in the early stages of development. While the import of grand parents still continues,
a number of pure line breeding programmes have been established in the country, both
in public and private sectors, in recent years, to develop genetically superior broiler
stocks for use by the industry. Indian Council of Agricultural Research, the nodal
public sector organisation for agricultural research in the country, has taken up broiler
breeding progranmies at its own institutes as well as at some of Agricultural Universities
in form of Institutional project, All India Coordinated Research Project, ad-hoc projects,
foreign aided projects etc. for similar purpose. A brief account of researches undertaken
for development of superior broiler genetic stocks and the results obtained thereto are
presented in this paper.
MATERIAL AND METHODS
Pure line White Rock and Cornish strains available in the country prior to 1971 and
imported from abroad during 1972 constituted the experimental material for these
investigations. Synthetic stocks were also developed at some of the centres utilizing
commercial broiler germ plasm available in the country from private hatchery sources.
Body weight to the age of marketing was the trait of interest and received maximum
attention in the breeding programme. Both males and females of each line were
continued to be mass selected on the basis of high 10/8/6 week body weight. Variable
emphasis, however, was given for improvement of conformation traits in male lines
and for egg production in female lines. Selection for egg weight was restricted to
discarding small sized eggs before incubation. For improving fertility and hatchability
the male and female breeders selected on the basis of other traits were tested for their
fertility and hatchability early in the mating season and those which showed promise
for high fertility and hatchability were used to reproduce the next generation. About
40 males and 240 females were selected in each generation in each line to raise the
replacement stock. Information on crossbred progeny performance was supplemented
to the selection programme of those stocks, which showed promise in their performance
in cross combinations. Several other traits of economic importance such as average
age at first egg, egg production to 280 days of age, per cent fertility, per cent hatchability
on total and fertile eggs set, feed efficiency to the age of marketing and mortality
during various periods were measured as unselected but correlated traits. The number
of individuals measured varied among locations depending upon available testing
facilities and resources and ranged from 2000 to 5000 per line per generation.
The stocks so developed were crossed in all possible combinations (complete diallel)
or in specific combinations (partial diallel) at intermittent intervals within the centre to
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evaluate their performance in cross combinations. While the performance at the home
farm was the sole basis of evaluation for pure strains, evaluation at the home farm as
well as at random sample tests provided the basis for cross evaluation. Only those
cross combinations which were found to be commercially remunerative and with
repeatable satisfactory performance in different tests were supplied to the farmers under
field testing progranmie and released for commercial exploitation.
Data generated on crosses were subjected to combining ability analysis using different
models suggested in the literature( Griffing,1956;Harvey,1966) to evaluate the various
genetic effects influencing the broiler traits. Comparisons were also made between F,
and F2 crosses to determine the nature of heterosis (Matizinger et al. 1962) and between
single and multiple crosses to determine the superiority of cross types(Hill and
Nordskog,1988)
RESULTS AND DISCUSSION
Response to selection
The growth rate to 10/8/6 weeks of age showed positive improvement in all the broiler
populations under study irrespective of the method of selection applied (Annual Report
1989-90; Choudhary,1994; Dev Roy et al. 1990; Jain et al.l992; Misra,1986; Misra et
al. 1995; Saxena and Mohapatra, 1981; Singh and Mohapatra, 1988). The magnitude
of response however varied considerably among the populations due to difference in
test environments, available genetic variability in the population under selection,
intensity of selection applied and method of selection. Average genetic response per
generation was found to be significant in most of the stocks. Response was more when
selection was practiced for 10 weeks body weight and declined in magnitude when the
criterion of selection was changed either to eight or six week body weight. Realized
genetic gains averaged over the populations were about 80 g per generation for 10
week body weight compared to about 40 g for 8/6 week body weight (Table 1). Response
for 10 weeks body weight may have been biased upward to some extent since it was
based on single study whereas the average response for 8 and 6 week body weight
were calculated taking into consideration several studies.
Conformation traits like breast angle and shank length also showed positive
improvement either as direct(Singh and Mohapatra, 1988; Singh et al. 1992) or correlated
response (Dev Roy et al. 1990; Singh et al. 1992) to selection for body weight at
marketing. Feed efficiency improved as a correlated response to selection for body
weight in initial generations of study but declined in magnitude as the generations
advanced (Annual Report, 1989-90; 94-95) as reported earlier (Sorensen,1984). On
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phenotypic level, no definite trend was observed since regressions were positive in
some and negative in other populations. All these regression coefficients however
were very small and statistically non-significant.
Table 1. Realized genetic gains to selection for juvenile body weight
Criterion of
selection

lOwkBW
8wkBW

Average response References
per generation (gm)

82
50
34

on
6wkBW

42
35
22
63
65

Average of all
the reports (gm)

Pati et al. (1975)
(Annual Report, 1989-90;94-95)
(DevRoyetal.1988)
(Kanvikaretal.1978)
(Padhietal.1990)
(Annual Report, 1989-90,94-95)
(Choudhary, 1994)
(Harvey, 1966)
(Mitizinger, etal.1992)

82

38

46

Synthetic populations were superior to pure unes with respect to growth rate but the
magnitude of this superiority declined as the generations advanced. Performance of
the synthetic stocks was influenced by the commercial stocks used to synthesize the
stock (Annual Report,89-90; 94-95).
Selected lines were seen to have higher abdominal fat than the control suggesting a
positive realized genetic correlation between juvenile body weight and abdominal fat
deposition. Abdominal fat as a trait was seen to be highly heritable with heritablity
estimates ranging from 0.44 to 0.96 (Annual Report 1989-90; 94-95).
Coloured chicks tended to be heavier than their white counterparts at the time of hatch.
The plumage colour also had significant effect on 6 week body weight, the results
being more pronounced in females than in males. Among the coloured birds Barred
stocks were heavier than the non-Barred coloured counterparts. The sequence of
performance for 6 week body weight in decreasing order was barred, blue, laced, red,
multi coloured and black ( Annual Report, 1989-90;94-95). Both I and C loci were
associated with growth depression, the action being more pronounced in dominant
white (I) birds.
Studies in a Cornish population (IC-3) revealed that single comb has an edge over pea
comb for juvenile body weight. Single comb males were heavier by 16 and 45 g for 6
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and 8 week body weight respectively over their pea comb counterparts (Reddy et al.
1993). This phenomenon however was not seen in the females.
Correlated response for average age at first egg did not present any definite trend.
Although wide variation was observed among the strains for egg production from
generation to generation and location to location, it improved in most of the female
lines. IC-3 Cornish strain also recorded similar improvement (Annual Report, 198990;94-95).
Independent culling level selection was seen to be effective to improve egg weight and
hatchability. Fertility however showed a marginal decline in advanced generations of
selection in most of the populations under study. Both in terms of production and
reproduction restricted feeding showed a favourable impact in many of the populations.
Selection for feed efficiency
Feed alone accounts for 70% of the production cost of broilers upto the age of marketing.
Feed conversion efficiency therefore is as important as growth rate to marketing age in
determining profit from a broiler enterprise. Most of the response in feed efficiency
has been obtained in the past as a correlated response to selection for high juvenile
body weight. The relative importance of feed cost in broiler production is not likely to
decrease in forseeable future. Therefore even small improvement in the conversion of
feed to poultry meat can result in substantial increase in profit. Information is Umited
about the usefulness of feed conversion records in selection for broilers. Studies were,
therefore, undertaken to determine the usefulness of incorporating feed conversion
efficiency information in improvement of broiler performance. In two studies
(Choudhary,1994; Jain et al. 1992) comparisons were made among lines developed
from the same base population but subjected to different criteria of selection viz.,
selection of high 6 week body weight (line G), selection for feed efficiency (Line F)
and selection on the basis of an index with equal weightage to 6 week body weight and
feed conversion efficiency (Line I). Randombred control populations (Line R) derived
from the same base as those of selected lines, were also maintained to estimate the
response in different populations. As far as feed efficiency was concerned two different
criteria were followed. In one experiment feed efficiency was defined as feed conversion
ratio (FCR) i.e. ratio of feed consumed to weight gain and in the second experiment,
feed efficiency was measured as residual feed consumption(RFC) in which feed
consumption record was adjusted for weight gain and initial body weight. Results
realized from both the studies revealed that selection for feed efficiency brought about
significant improvement in feed efficiency in line F although line F was inferior to G
and I lines for growth rate. Body weight was highest in the line G; but it was poorer in
493

feed efficiency than line F and I. Line I was as good as line G for body weight and
better than line G and R for feed efficiency. In both the studies line F was found to be
unsuitable for marketing because of its poor body weight in spite of superior feed
efficiency. Selection on the basis of an index incorporating growth rate and feed
efficiency appeared to be the best for improving broiler performance at least from
commercial point of view, since small improvement in feed efficiency in line I would
be adequate enough to compensate the superiority of the growth line 'G' for body
weight. It was suggested that selection based on RFC will be more beneficial than
selection on FCR since RFC aims at minimizing feed consumption for all purposes
other than growth and also takes into account feed required for the growth as in case of
FCR (Jain et al. 1992).
Comparison of individual and reciprocal recurrent selection
In one study response realized for 8 week body weight from individual selection and
reciprocal recurrent selection superimposed on individual selection was compared.
Results revealed that both individual selection and modified RRS are effective to bring
about improvement in the performance of pure lines as well as in their crosses. Modified
Reciprocal Recurrent Selection however appeared to be slightly superior than individual
selection in improving cross performance for 8 week body weight ( Misra,1986).
Naked neck and sex linked recessive dwarf gene dw
Introduction of Naked neck gene into broiler genome is receiving considerable attention
in recent years for tropical broiler production because of its superior heat tolerance,
adaptability and protein conversion efficiency. Studies carried out at Central Avian
Research Institute, Izatnagar and Project Directorate on Poultry, Hyderabad have shown
that broiler stocks having Naked neck gene grow faster than their normal counter parts.
This superiority of the Naked neck was found to be more in summer compared to the
winter. Naked neck white plumage broilers also had an edge over the coloured plumage
Naked neck broilers with respect to growth rate.
Dwarf gene 'dw' derived from a layer population has been introduced to a broiler
stock for development of a dwarf broiler female line. Results obtained so far indicate
that it possesses a good nicking ability. Further work is in progress.
Cross performance
Selection in pure lines brought about concomitant improvement in their crosses. Crosses
were found to be superior than their parents for all the traits investigated (Pati et al. 1975;
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Padhi, et al. 1990). The magnitude of heterosis varied from cross to cross and from
trait to trait (Aggrawal et al. 1978; Pati et al., 1975). Heterosis was maximum for
viability; maximum heterosis observed for growth rate was about 10%. Comparison
of Fj and F^ crosses (Dev Roy et al., 1979) revealed that the epistatic effects are important
in manifestation of heterosis for the broiler traits like body weight, dressed weight
percentage, shank length and breast angle but not for viability and feed efficiency.
Percent mortality to the age of marketing was higher for the crosses resulting from
synthetic populations than those from pure lines.
Comparisons among mating systems indicated superiority of crossbreds over the strain
crosses and pure strains with respect to body weight and viability to age of marketing.
On the basis of overall performance strain crosses were intermediate to crossbreds and
pure strains, crossbreds being the best (Aggrawal, et al. 1979).
3- and 4- way crosses were superior to the single crosses for body weight at 8 and 10
weeks of age and dressed weight percentage. Single crosses were non-significantly
superior to multiple crosses for percent viability. The superior performance of multiple
crosses over that of single crosses for highly heritable traits like body weight was
attributed to the favourable combination effects of the genes in addition to maternal
and/or sex linked effects of the hybrid parents. The poor performance of multiple
crosses for viability may be due to recombination loss of useful genes influencing
viabiUty(Kanvikar et al. 1978).
Broiler stocks differed with respect to their performance as male or female parent in
the production of commercial crosses. In general, Cornish strains performed better as
male parent and Rock strains as female parent (Annual Report, 1989-90; 94-95).
Differences were also noticed among reciprocal crosses when synthetic populations
were used both as male and female parents for production of crossbred broilers.
General combining ability (GCA), specific combining abihty (SCA) and reciprocal
effects were significant for almost all the broiler traits investigated. GCA however
accounted for greater portion of the total phenotypic variance than other sources of
variation. Maternal effects were found to be important at earlier ages in the inheritance
of body weight but its influence decHned as the age advanced (Aggrawal et al. 1971;
Annual Report, 1989-90;94-95; Pati et al. 1975).
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Table 2. Performance of Broiler Parent lines and Their Crosses

Reporting
Year

10-wk
BW(g)

Pure Lines
8-wk
BW(g)

6-wk
BW(g)

10-wk
BW(g)

Crosses
8-wk
6-wk
BW(g) BW(g)

(a) Performance of the best parent lines and their cross
1974-75
1994-95

1504
1498

1036
1057

-

1518
_

1342
.

-

-

1502
1480

-

-

_
1534
1846**

(b) Average performance of parent lines and their cross
1974-75

1282

946

-

1377

993

1985-86
1994-95

-

1287
-

879
1222

-

1214*
-

727*
1354

* Non-superiority of crosses over pure lines is due to measurement at different times
** Performance at 7 weeks of age.
Data presented in Table 2 would reveal that the performance of pure lines and their
crosses for 6 week body weight recorded at present has been comparable to the
performance recorded about 20 years back for 10 week body weight. Most of the
commercial broiler breeders have claimed a gain of 60 g to the age of marketing annually
in their broiler stocks (Hunton,1995). The results obtained in this study (Table 1) for
genetic gain in six week body weight is about 33% less than the claim made for industrial
broilers. This may be due to the variation in the genetic stocks used and the intensity
of selection applied.
Table 3. Commercial broiler stocks developed and released by ICAR
Name of the stock

Institute where developed

Plumage colour

B-77
IBL-80
IBB-83
IBI-91

C.A.R.I., Izatnagar
P.A.U., Ludhiana
U.A.S., Bangalore
C.A.R.I., Izatnagar

Coloured
Coloured
Coloured
White
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Commercial broiler stocks developed and released from ICAR sponsored projects have
been presented in Table 3. The results realized from different tests have conclusively
proved that these commercial broiler stocks are not only economically viable but also
comparable in their performance with the industrial broilers marketed from private
hatchery sources with respect to feed conversion efficiency and viability. However, 6
weeks body weight for experimental broilers has been about 12-15% less than the
industrial broilers as expected since three out of the four stocks developed and released
are coloured broilers which do not grow as fast as industrial broilers, although, they
are more efficient to withstand suboptimal conditions because of their high immunity
status (Guinbert, 1995).
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SELECTION FOR PHOTOPERIODIC DRIVE IN
BROILER LINE MALES MAY IMPROVE MALE AND
FEMALE REPRODUCTIVE PERFORMANCE
Y. Eitan and M. Soller
Dept. of Genetics, The Hebrew University of Jerusalem, 91904
Jerusalem, Israel

Effect of photoperiod on age and body weight at attainment of mature semen
production was examined in males of lines selected for high (HL) and low (LL)
threshold body weight at onset of lay, and in males of a commercial broiler breeder
female line cross (BX), and a commercial layer cross (LX). Photoperiod treatments
were: (i) increasing light; (ii), decreasing light. The experiment was replicated in
two successive years. Relative to increasing light, age at onset of mature semen
production under decreasing light was delayed by 18.3, 8.0, 60.9, and -2.0 d, for
HL, LL, BX and LX males, respectively, in Year 1; and by 32.9,24.5,60.2 and 2.9
d, respectively, in Year 2. The differential effect of decreasing light on the various
genetic stocks is attributed to differences between stocks in photoperiodic drive.
On this interpretation, the very great increase in age at onset of mature semen
production in BX males, points to a severe reduction in photoperiodic drive in
males of these stocks, and to future problems in male fertility in broiler breeder
flocks entering lay in the summer and fall. HL, LL, BX and LX lines rank the
same with respect to photoperiodic drive, whether measured in males as in this
experiment, or in females, as in previous experiments. This suggests that genetic
factors affecting photoperiodic drive come to similar expression in males and
females. Thus, selection for increased photoperiodic drive in broiler line males,
may be able to improve male reproductive performance. Selection for increased
photoperiodic drive in broiler line can also be expected to increase photoperiodic
drive in females, improving female reproductive performance as well.

INTRODUCTION
A two-way selection program for high and low threshold weight for onset of lay (TWL)
was implemented in a broiler line, in which TWL was determined as body weight at
first egg on gradual release from feed restriction. The selection lines differed by more
than 700 g at onset of lay (Eitan and Soller, 1991a); age at first Qgg of the high-line
(HL) was invariably greater than that of the low-line (LL) (Eitan and Soller, 1991a);
low levels of light stimulation delayed entry into lay to a much greater extent in the
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HL line than in the LL Une (Eitan and SoUer, 1991b); and, egg production of the LL
line exceeded that of the HL line (Eitan and SoUer, 1993). Dunn and Sharp (1992)
proposed that photoperiodic drive (FoUett and Nichols, 1984) could be quantified as
the number of days to first egg after relaxing dietary restriction. Because number of
days to first egg after relaxing dietary restriction is highly correlated with body weight
at onset of lay (Eitan and Soller, 1991a), it is thought that the selection procedure
implemented in the TWL selection lines may have increased photoperiodic drive of
the low-line and decreased photoperiodic drive of the high-line (Eitan and Soller, 1993,
1994).
In parallel, it was shown that low levels of light stimulation cause a much greater
delay in the onset of lay in broiler line females, than in layer line females. This suggests
that a decrease in photoperiodic drive may also have occurred in modem broiler line
females during the four decades of stringent selection for increased juvenile growth
rate, and indeed may be one source of current problems in reproductive performance
of broiler breeder flocks (Eitan and Soller, 1994). The study reported here was carried
out to determine whether differences in photoperiodic drive are also found between
males of the high and low TWL selection lines, and between mâles of modem broiler
and layer lines.
MATERIALS AND METHODS
Stocks : The experiments were carried out on males of four genetic types: (1) HL, the
high TWL selection line; (2) LL, the low TWL selection line; (3) BX, a commercial
broiler breeder cross; and, (4) LX, a commercial layer cross. Birds from the HL and
LL selection lines were from the sixth generation of relaxed selection. Two separate
experiments were carried out. Chicks for Experiment 1 were hatched on 17.12.92 (HL
and LL), 5.1.93 (BX) and 7.1.93 (LX) . Chicks for Experiment 2 were hatched on
12.9.93 (HL and LL), 5.9.93 (LX) and 7.9.93 (BX).
Rearing procedures : Following the brooding period chicks were transferred to
individual cages with individual feeding troughs. A proprietary starter mash (210 g
protein and 10.75 MJ ME/kg, 1MJ=.239 Meal) was fed until 7 d (Exp 1) or 10 d (Exp
2), a broiler mash (170 g protein and 11.5 MJ ME/kg) until 42 d (Exp 1) or 56 d (Exp
2), a grower mash (140 g protein and 10 MJ ME/kg) until 140 d, and a layer mash (150
g protein and 10.6 MJ ME/kg) thereafter. Chicks were allowed to consume feed ad
libitum until 34 d (Exp 1) or 50 d (Exp 2). Feed quantities were limited thereafter: 40
to 60 g/d for LX; and 50 to 70 g/d for HL, LL, and BX. From 140 d (Exp 1) or 160 d
(Exp 2), feed quantities were increased to 100 g/d, and were increased weekly thereafter
by 10 g/day until a maximum of 120 g/d for LX and 150 g/d for HL, LL and BX.
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Experimental treatments Exp 1. BX and LX chicks were grown under natural light
until 34 d. HL and LL birds received 16 h incandescent light, 5-10 lux until 53 d. At
this time the birds of each genetic group were divided into two light-treatment groups.
The "increasing light" group continued in natural light in an open shed. For this group,
photoperiod increased until June 21. From this date until the end of the experiment,
artificial incandescent light (20 to 40 lux) was supplied to these birds to provide a total
of 16 h light daily. The "decreasing light" group was transferred to a controUed-light
dark room, where the birds were subjected to continually decreasing photoperiod ,
from 20L:4D (30 to 40 lux) at 5 w, decreasing by 30 m/w to 17L:7D (10 to 20 lux) at
13 w, and thereafter by 15 m/w to 12L:12D (5 to 10 lux) at 36 w.
Exp 2 All chicks were grown under natural light until 50 d. At this time the birds in
each genetic group were again divided into two light-treatment groups. The "increasing
light" group continued in natural light in an open shed until 10 w. From this age
artificial incandescent light (20 to 40 lux) was supplied to these birds, in gradually
increasing amounts to a total of 17L:7D at 23 w, and remaining at this level to the end
of the experiment. The "decreasing light" group was transferred to a controlled light
dark room, where birds were subjected to continually decreasing photoperiod from
18L:6D at 7 w, decreasing gradually by 0.5 h every two weeks to 11L:13D at 35 w.
Data collection and analysis Starting at 14 w, each male was individually checked
weekly or biweekly for onset of semen production, by manual massage. Following
procedures developed by Pirzak (1976), onset of mature semen prodiiction was
evaluated by eye, and scored on a scale of 6 to 1, as follows: 6, Shrunken Cloacal exit;
5, Extrusion of rudimentary penis, without semen production; 4, Production of seminal
fluid; 3, Production of yellow semen; 2, Some indication of white semen; 1, Production
of white semen. Testing was discontinued for each bird individually when a score of 1
was reached. At this time age and body weight was obtained for the bird. Statistical
significance of differences between lines and treatments, were determined by t test.
RESULTS
Table 1 shows age and body weight at full semen maturation according to genetic type
and light treatment. As compared to the "increasing light" treatment, under "decreasing
light", age at maturation of the LX birds was virtually unchanged in both experiments;
that of the HL and LL birds was delayed by 18.3 and 8.0 d, respectively in Exp 1, and
by 32.9 and 24.5 d in Expt 2; while that of BX males was markedly delayed, by 59.4
d and 60.2 d in Exp 1 and 2, respectively. Similar effects are noted on body weight.
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Table 1. Body weight and age of males at onset of fully mature semen production
according to genetic stock and light treatment in Experiments 1 and 2. Stocks:
HL and LL, high and low threshold weight for onset of lay selection lines; BX,
White Rock broiler breeder cross; LX, Leghorn layer cross. Treatments: I,
increasing light; D, decreasing lights

Stock

Treat

No.

Experiment 1
Weight

HL

I
D

13
16

LL

I
D

BX

LX

Experiment 2
Weight Age

Age

No.

360P
3726^'^

168.5^
186.8^'^

11
7

3101C4

3657''

162.4^
195.3^

12
13

2995^^
3127^

133.6^^^
141.6^

18
14

2585^
2808^'^

130.2^^*
154.7^

I
D

25
18

2493^^
3708^^^

124.0^^'^
184.9^

25
13

3183^^
4050^

140.6'^
200.8^

I
D

28
26

124P
1215^

118.0^
116.œ

20
20

1334f
1245^

121.8^
124.6^

a-eValues within the same column that do not share a common superscript differ
significantly (P<.05) by t-test.
See text for details.
DISCUSSION
Age and body weight at onset of mature semen production of the layer breed, LX
males in this experiment, was unaffected by light treatment. This parallels the lack of
effect of light treatment on onset of lay in LX females in a previous experiment (Eitan
and SoUer, 1994). For HL and LL males, the absolute delay in onset of full semen
maturation imposed by decreasing light treatment was somewhat greater than the delay
previously found for females. However, the excess effect of decreasing light in the HL
as compared to LL was almost exactly the same in the two experiments: +10.2 d and
+8.4 d for males in Exp 1 and 2, respectively, as compared to +8.9 d for females. For
BX males, the absolute delay in onset of full semen maturation imposed by decreasing
light (59.4 d and 60.2 d in Exp 1 and 2, respectively), was much greater than the 21.1
d previously found for BX females (Eitan and Soller, 1994).
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Differences between stocks in the effects of light treatment on onset of lay in females
were explained by introducing the concept of photoperiodic drive, and attributing the
differences between the stocks to differences in photoperiodic drive. Application of
comparable reasoning, implies that photoperiodic drive may be an important factor
determining onset of semen maturation in males as well.
The photoperiod behavior of the LX, HL and LL males, quantitatively paralleled that
previously obtained for their respective females. In contrast, the effect of light treatment
on BX males was much greater than the effect on BX females. These powerful treatment
effects may reflect extreme sensitivity of males of modem broiler stocks to reduced
photoperiod. We speculate that greater sensitivity of males than females to photoperiod
treatment, may be due to the fact that females make use of threshold body weight cues
(Brody et al., 1980) as well as photoperiod to trigger onset of photosensitivity, while
males may rely on photoperiod alone. Thus, these results may portend future severe
problems in male fertility of broiler breeding flocks entering lay in the fall.
Following the procedure used in determining relative photoperiodic drive of female
stocks (Eitan and SoUer, 1994), strength of photoperiodic drive of male stocks will
stand in inverse proportion to the delay in age at full semen maturation under decreasing
light as compared to age at full semen maturation under increasing light. When this is
done, the relative ranking of male photoperiodic drive of the various genetic stocks
(going from highest to lowest photoperiodic drive) is: LX> LL>HL> BX. The rank
order of the stocks exactly follows that previously obtained for LX, LL, HL and BX
females. This implies that genetic factors affecting photoperiodic drive in males are
closely correlated with those determining photoperiodic drive in females. Previous
studies suggest that selection can affect photoperiodic drive. Thus, selection for
increased photoperiod drive in males, may be able to forestall possible future problems
in male fertility. Furthermore, a genetic correlation between photoperiodic drive in
males and females implies that selection for increased photoperiodic drive in males
can be expected to increase photoperiodic drive in females as well. We have previously
attributed part of the differences in reproductive ability of our HL and LL lines, and
similar differences between of modem layers and broiler breeders, to differences in
photoperiodic drive (Eitan and Soller, 1994). Thus, this line of reasoning leads to the
intriguing proposition that selection for increased photoperiodic drive in broiler line
males, may also contribute to improvement of female reproductive performance.
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SELECTION INDEX FOR IMPROVEMENT OF FEED
EFFICIENCY IN BROILERS
R.V.Singh, C.V.Singh, RajKumar and Devendrá Singh
Department of Animal Science, Govind Ballabh Pant University of
Agriculture and Technology Pantnagar, Udham Singh Nagar-263145,
Uttar Pradesh, India

Data on 1602 progenies of 111 sires each mated with 4 dams,of synthetic strain
were utilized. The genetic and phenotypic parameters were estimated from sire
component of variance and covariances. The traits considered for broilers were
day old body weight, body weight at 5 and 8 weeks, feed consumption, during 5-8
weeks, feed efficiency during 5-8 weeks. In terms of genetic cost of restriction,
body weight at 5 and 8 weeks were found to contribute non significantly to the
efficiency of index. While maximum contribution was found from day old body
weight and feed consumption during 5-8 weeks. The index (l^) consisting of day
old body weight, body weight at 5 and 8 weeks, feed consumption and feed efficiency
during 5-8 weeks was found superior for improving the body weight and feed
efficiency of broilers.

INTRODUCTION
Differences among individuals in terms of their ability to convert feed into body tissue
is important in determining net income from the production of broiler chickens.
However, measuring individual feed consumption is costly and time consuming process.
It has been shown that most of the improvement in the efficiency has come out as a
result of correlated response to selection for growth traits^ The associations among
feed efficiency, growth rate and feed consumption are complex and difficult to
understand. However, It is extremely important that the industry has information
regarding the effects of continuing approach to the subject as in the past.
In view of the unquestionable economic importance of feed efficiency in meat type
chicken production, there is the need to develop practical breeding programme to provide
necessary information needed by breeders. In the present investigation, different
selection indices have been constructed to optimise economic efficiency in meat type
chicken.
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MATERIALS AND METHODS
Data on 1602 meat type chicken belonging to 111 sires and 444 dams from a synthetic
flock of broiler maintained at poultry Research centre of the university was recorded
for the study. The data were analysed using least square technique (Harvey, 1975) and
adjusted for significant effect of nongenetic factors. The heritability, genetic and
phenotypes correlations were computed as per Becker (1985).
The partial regression coefficients (bi's) were computed by setting up normal
simultaneous equations for each traits which, in matrix notations, can be presented as:
Pb = Gaorb = P^Ga
Where P and G are the variance and covariance matrices of pheno typic and genetic
values respectively.
b = Vector of partial regression coefficients of X,s in the trait
a = Vector of economic weightages
In order to know which index is most suitable for use as an efficient selection criterion,
the changes in aggregate genetic merit ( G) was computed for each index. The aggregate
genetic worth was defined as :
G = i.= P'^' .Where
ai = the relative economic values of the th economic character included in the index,
gi = the genetic value of the th trait.
The expected genetic gains ( xi) in each trait were also estimated for each index to
weigh the efficiency of an index.
RESULTS AND DISCUSSION
The heritability estimates of day old body weight, body weight at 5 and 8 weeks, feed
consumption, weight gain, feed efficiency during 5-8 weeks based on adjusted data
have been presented in Table 1. The heritability estimates of these traits were lower in
magnitude except day old body weight. The improvement in these traits may be possible
through proper selection of superior germ plasm and better management of the flock.
The present findings are found in close agreement with those reported by Wilson (1969),
Singh (1975), Pym and Farrel(1977) Pym and Nicholls(1979), Pym (1980), Singh
(1986), Sharma (1990) and Singh(1995).
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Table 1. Heritability estimates for various traits estimated from sire component of variance.
Traits

h^

1.

Dayold body weight

0.978 ±0.004

2.

Body weight at 5 weeks

0.133 ±0.001

3.

Body weight at 8 weeks

0.210 ±0.001

4.

Feed consumption during 5-8 weeks

0.195 ±0.001

5.

Weight gain during 5-8 weeks

0.270 ±0.001

6.

Feed efficiency during 5-8 weeks

0.128 ±0.002

The estimates of genetic and phenotypic correlations among these traits have been
detailed in Table 2. The genetic correlation of day old body weight with body weight at
5 and 8 weeks, feed consumption during 5-8 weeks and weight gain during 5-8 weeks
was highly negative. However, the genetic correlation of day
old body weight with feed efficiency during 5-8 weeks was positive and non significant.
The genetic correlations of 5 weeks body weight with weight at 8 weeks, feed
consumption, weight gain and feed efficiency during 5-8 weeks were positive. The
genetic correlation of 8 weeks body weight with feed consumption and weight gain
during 5-8 weeks was highly negative. The feed consumption during 5-8 weeks had
the highly positive genetic correlation with weight gain during 5-8 weeks but negative
with feed efficiency during 5-8 weeks. The genetic correlation between weight gain
and feed efficiency during 5-8 weeks was highly negative.
The phenotypic correlations of day old body weight with 5 weeks body weight and
feed efficiency during 5-8 weeks were positive and non significant. However, the
phenotypic correlations of day old weight with 8 weeks body weight, feed consumption
and weight gain during 5-8 weeks were negative and non significant. The phenotypic
correlation of 5 week body weight with weight at 8 weeks, feed consumption weight
gain and feed efficiency during 5-8 weeks were positive and significant which indicate
that higher body weight at 5 weeks increase feed consumption, weight gain and feed
efficiency during 5-8 weeks. The phenotypic corrections of 8 weeks body weight with
feed consumption and weight gain during 5-8 weeks were highly positive and significant.
However, negative phenotypic correlation was observed with feed efficiency during 58 weeks which indicate, that higher body weight at 8 weeks leads to lower feed
efficiency. This is in agreement with the reports of Upadhyay (1987) Bharat Bhushan
(1989) and Singh (1995). The phenotypic correlations of feed consumption during 5-8
weeks with weight gain and feed efficiency during 5-8 weeks were positive and highly
significant. The phenotypic correlations between weight gain and feed efficiency during
5-8 weeks were positive and highly significant. The phenotypic correlations between
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Table 2. Estimates of genetic and phenotypic correlations among broiler's traits (above the diagonal are genetic correlations and below
phenotypic correlations).
Traits

'

Dayold body
weight

Body weight at
5 wks

Body weight at
8 wks

1
2.

Dayold body weight
Body weight at 5 weeks

—
0.026 ± 0.025

-0.169 ±0.003

-0.469 ± 0.003
0.466 ± 0.001

-0.607 ± 0.003
-0.247 ± 0.001

-0.453 ± 0.003
0.079 ± 0.001

0.098 ± 0.003
0.289 ± 0.002

3.
4.

Body weight at 8 weeks
Feed consumption during
5-8 weeks
Weight gain during 5-8
weeks

-0.025 ± 0.025

0.637 ±0.015
**
0.332 ± 0.022
**
0.179 ±0.024

—
**
0.497 ±0.019
**
0.872 ± 0.006

. 0.794 ± 0.001

0.919 ±0.001

-0.573 ± 0.004

—
**
0.424 ±0.021

0.785 ±0.001

-0.236 ± 0.003

—

-0.774 ± 0.004

**

**

**

**

0.101 ±0.024

-0.495 ±0.019

0.295 ± 0.023

-0.697 ±0.013

5.

6.

Feed efficiency during
5-8 weeks

* Significant at P< 0.05
** Significant at P<0.01

-0.051 ±0.025
-0.049 ± 0.025
0.002 ± 0.025

feed consumption ^
weight gain
during 5-8 wks during 5-8 wks

feed efficiancy
during 5-8 wks

—

Table 3. Multi-trait selection indeces of different combinations.
Index

Dayold body

Body Weight

Body meight

Feed
consumption

Weight
gain during

Feed
efficiency

Weigh

5Wks

8Wks

5 to 8 Wks

5 to 8 Wks

during 5 to 8 Wks

bi
I,
I,
13^
I,
I,
I,
I,
I,

-7.835
—
-7.842
-7.837
-7.967
-7.848
-7.835
—

9
10
11

1,2
I„

-7.828
-7.807

IM

-7-914
-7.835
-7.822
-7.896
-7.835
-7.878

I,
I„
I,
I,
I,

Gi
-0.921
(-0.304)
-0.921
-0.921
0.915
-0.920
-0.921
(0.305)
(-0.305)
(-0.248)
(-0.304)
-0.921
-0.919
-0.924
-0.921
-0.919
-0.925
-0.921
-0.919

bi

Gi

bi

0.023
0.038

1.343
0.570
(1.358)
1.345
1.415
1.349
1.343
(0.538)
0.564
0.633
0.576
(1.295)
(1.239)
(1.560)
(1.344)
(1.331)
(1.394)
1.344
1.367

-0.010
0.031
0.013

—
0.011
-0.964
-0.113
0.117

—
-0.005
-1.142
-0.150

—
—
—
—
0.032
-0.001
-0.229
-0.229

—
1.024
0.121
-0.104
-0.009

—
1.187
0.139

—
0.012
0.044
0.012

—
—
0.272
0.272

Gi

bi

0.054
12.581
9468
0.060
12.570
0.059
12.574
0.057
—
19.442
12.567
0.072
0.054
12.579
9.499
0.052
(9.501) 0.053
—
9.232
9.446
0.075
(12.550) 0.059
12.642
—
12.439
0.092
12.581
0.054
—
(12.680)
(12.271) 0.0111
—
(12.581)
12.538
—

Gi
22.712
15.010
22.709
22.714
21.290
22.742
22.714
15.632
15.012
(12.398)
15.03622.744
(22.437)
22.580
22.712
(22.419)
22.667
22.719
(21.991)

bi

Gi

bi

Gi

0.180
0.147
0.141
0.163
-0.805

11.237
8.896
11.241
11.242
10.990
(11.315)
11.238
8.891
8.878
8.536
(8.979)
11.276
11.152
(11.099)
11.238
11.103
(11.175)
11.238
(10.992)

0.152
0.189
-3.171
-1.390
1.837
-11.205

-0.015
-0.017
-0.015
-0.015
-0.007
-0.014
(0.010)
-0.017
-0.017
-0.004
-0.016
-0.015
-0.015
-0.014
(-0.015)
-0.015
-0.015
(0.015)
-0.012

—
0.274
0.214
0.200
-0.953

—
0.159
0.296

—
0.156
0.305

—
—
—

—
5.745
4.765
2.071
-9.088
2.294
28.109
-24.641

—
27.710
-33.207
19.253
19.253

H

46.93
33.62
46.94
46.93
45.21
47.03
46.93
33.63
33.63
30.54
33.71
46.93
46.53
46.74
46.93
46.59
46.56
46.93
45.95

RIH Relative

0.367
0.263
0.367
0.367
0.353
0.368
0.367
0.263
0.263
0.239
0.263
0.367
0.364
0.365
0.367
0.364
0.364
0.367
0.359

100.00
71.66
100.00
100.00
96.18
100.27
100.00
71.66
71.66
65.12
71.66
100.00
99.18
99.45
100.00
99.18
99.18
100.00
97.82

Index

20
21

23
24

26
27
28
29
30
31
32

34
35
36
37

Dayold body

Body Weight

Body meight

Feed
consumption

Weight
gain during

Feed
efficiency

Weigh

5Wks

8Wks

5 to 8 Wks

5 to 8 Wks

during 5 to 8 Wks

bi

Gi

bi

Gi

bi

Gi

-7.976
-7.835

-0.915
-0.921
(-0.304)
(-0.300)
(-0.295)
(-0.304)
-0.918
-0.925
-0.921
-0.976
-0.915
-0.915
(-0.299)
(-0.296)
(-0.304)
-0.987
-0.915
-1.009

0.173
-0.157

1.423
1.343
(0.595)
(0.391)
(0.955)
(0.576)
(1.180)
(1.395)
(1.289)
1.871
1.423
-1.423
(0.452)
(0.757)
(0.613)
(1.174)
(1.128)
1.972

-0.112
0.169

72.407
12.584
(9.514)
9.609
9.173
9.466
(12.623)
(12.272)
(12.560)
(10.140)
(12.409)
12.414
(9.625)
(8.983)
(9.480)
(9.556)
(12.272)
(9.406)

—
—
—
—
-7.794
-7.896
-7.824
-8.328
-7.976
-7.976

—
—
—
-8.266
-7.935
-8.327

—
—
—
—
—
—
—
0.122
0.060
-0.152

—
—
—
—
—
0.121

—
-0.009
0.037
-0.007

—
—
—
—
—
0.212

—
—
—
—
—
—

bi

0.054
0.052

—
0.102
0.061

—
0.111
0.056

—
—
—
—
0.118
0.060

—
—
—

Gi

bi

Gi

(21.219)
22.711
14.988
(14.719)
14.602
15.010
(22.471)
22.667
22.744
(18.212)
(21.218)
(21.218)
(14.671)
14.718
14.977
18.013
(21.221)
(18.259)

0.325

10.987
(11.239)
8.856
8.805
(8.558)
8.897
11.185
(11.175)
11.271
(8.472)
10.986
(10.988)
8.766
8.659
8.688
8.591
11.145
(7.435)

—
0.202
0.349

—
0.185
0.313

—
0.169

—
0.212

—
0.337
0.337
0.178

—
0.219

—

H

RIH Relative

RIH Relative

bi

Gi

H

'

-0.017
(-0.013)
-0.017
-0.017
-0.016
(0.017)
-0.015
-0.015
(-0.015)
-0.010
(-0.016)
(-0.014)
-0.017
-0.017
(-0.017)
-0.010
(-0.017)
(-0.004)

45.10
46.94
33.63
33.20
32.97
33.62
46.52
46.56
46.92
37.71
45.10
45.11
33.19
32.80
33.61
36.33
44.83
36.05

—
5.170
33.055
-26.901

—
28.888
-33.206

—
-18.372

—
—
32.474
-34.114
-18.202

—
—

0.352
0.367
0.263
0.259
0.258
0.263
0.364
0.364
0.367
0.295
0.352
0.353
0.259
0.256
0.263
0.284
0.350
0.282

95.91
100.00
71.66
70.57
70.29
71.66
99.18
99.18
100.00
80.38
95.91
96.18
70.72
69.75
71.66
77.38
95.36
76.83

weight gain and feed efficiency during 5-8 weeks was highly negative and significant
indicate that if weight gain is higher during 5-8 weeks, the feed efficiency will be
lower, this seems to be correct as feed efficiency is the ratio of feed consumption and
weight gain and when the weight gain is higher the ratio will be low. These results
confirm with the findings of Wilson (1969), Pym and NichoUs (1979) Matny (1987)
and Singh (1995) in case of meat type chicken.
Multitrait Selection Index
Thirty seven selection indices of different combinations of day old body weight, 5
weeks body weight, 8 weeks body weight, feed consumption, weight gain and feed
efficiency during 5-8 weeks have been developed which comprises one for six traits,
six for five traits, fourteen for four traits, ten for three traits and six for two traits
selection indices. Weighting coefficient (bi), expected genetic gain, R^^^, aggregate
genetic worth have been given in Table 3. On the basis of R^^^ value, aggregate genetic
worth and relative efficiency of selection index, the efficiency (R^^^) of the index (I^)
combining all the six traits was observed 0.367 (Table-3). Exclusion of 5 weeks body,
8 weeks body weight, feed consumption during 5-8 weeks, weight gain during 5-8
weeks, and feed efficiency during 5-8 weeks individually from index (I^) was not
reduced significantly the efficiency (R^^^) which were observed as 0.367, 0.367, 0.353,
0.368 and 0.367 for 13,14,15,16 and 17 respectively. The exclusion of day old body
weight from index (I,) reduced the efficiency (Rjj^-0.263).
The response in each trait from index Ij (i = 4) was -0.921 g 1.343 g, 12.581 g, 22.712
g, 11.237 g and -0.015 respectively (Table-3). The highest reduction in efficiency
(Rj^) was noticed by dropping of day old weight and feed consumption during 5-8
weeks from index I, and followed by I33, l^^, l^^, l^^, l^^ and I,, respectively.
The contribution of day old body weight and weight at 5 weeks to aggregate economic
gain was high due to high correlation with the other traits included in the index in this
study. So the increase in aggregate economic gain by including two highly correlated
traits was not much over inclusion of either of the trait in an index.
Index having Six (I^), five (I^) four (Ij^), three (I^^) trait was not much superior in
aggregate economic gain to that having two traits (13^) Patro and Mohapatra (1987),
Dey et al (1990) reported that the efficiency of the index selection depends upon the
importance of the characters and not on the number of characters alone. This is because
of the differences in economic importamce of the different traits as well as the magnitude
of the genetic correlations among the traits indicated in the index (Young, 1961)
These results indicate that exclusion of 5 and 8 weeks body weight and feed efficiency
during 5-8 weeks from the selection index have not much affect the efficiency (Rj^)
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and aggregate economic gain. A maximum reduction in R^^^ and H was observed when
day old body weight and feed consumption during 5-8 weeks were excluded from the
index. Similar obser valions were also made by Bharat Bhushan (1989), Sharma (1990)
Matny (1992) and Singh (1995).
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USE OF ARTIFICIAL INSEMINATION IN BROILERS,
UNDER VARIOUS PRODUCTION, MANAGEMENT,
AND MARKETING CONDITIONS
R. P. Reddy
Research and Development Department, Peterson Farms Inc., 250 South
Main, P. O. Box 248 Decatur, Arkansas 72722 (USA)

Optimum management of reproductive efficiency in broiler breeders is a challenge
as the primary breeders continue to intensely select for growth and carcass traits
because of economic pressures and consumer demands. Use of artificial
insemination in commercial production of broiler chicks has remained sporadic,
despite the economic advantages because Al is not obligatory in broilers. Use of
AI is largely dictated by diverse socioeconomic, and production-managementmarketing conditions around the world. However, use of AI can be economically
justified and may even be necessary to shorten the "genetic pipeline" under special
circumstances.
Production costs and genetic potential of female parents produced from imported
grandparents and those generated by using elite sires of high breeding values at
pedigree level from indigenous pure line breeding programs of developing countries
are compared using a computer simulation model. Cost advantage of 16.6% for
indigenously produced over imported for equivalent genetics is shown. Using
another simulation of vertical broiler integration, production and processing data
from two systems (AI vs. natural mating) and two diverse areas (USA vs. India)
are compared for production economics. Use of AI is shown to be advantageous
when broilers are processed than sold live. Net return per kg processed meat of
various product mixes was higher 3.2 to 5.6%) in India than in the US with similar
production systems. This is because of lower AI and production costs which more
than offset higher feed costs.
Use of AI, both at primary breeding and commercial levels is necessary in the
developing countries to compete with developed countries as GATT and free trade
becomes a reality.
INTRODUCTION
Artificial Insemination (AI) is a very powerful tool for rapid genetic improvement
(Lake, 1967,1989; Hammerstedt, 1992). This technique has been used very effectively
by dairy cattle industry for over half a century. Poultry industry lagged behind in
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extensive use of this technology because of historical reasons. Evolution of broiler
industry growth in the United States with vertical integration and contract breeder
production coupled with socioeconomic conditions kept AI at bay. The AI h^s been
used by primary breeders at various levels of breeding hierarchy but, at the commercial
level, its use remained sporadic. In addition, AI has been used successfully in sexually
dimorphic stocks in which male:female differences for body weight, height, and shape
make natural mating inefficient such as dwarf breeders both at grandparent and parent
levels (van Wambeke, 1984; Brillard, 1985). Primarily dictated by both genetics and
economics AI, is deemed more suitable for certain areas of the world than others.
Economic considerations popularized AI in developing countries such as India where
skilled labor is in abundance and inexpensive.
Turkey industry is an exception in the sense that it was forced to use AI for routine
reproduction as a result of genetic improvement in growth rates, and breast and body
conformation characteristics. Broiler industry is closely following the turkey industry
in its emphasis for genetic improvement for growth and breast meat yields. With rapid
expansion of deboned further processed products, selection pressures for growth
efficiency and carcass related traits have been increasing dramatically in the recent
years. Trend is also seen in emphasizing selection pressure for breast conformation
and meat yields from the dam side of the breeding equation and relax selection pressures
somewhat for these traits from the sire side. However, primary broiler industry is
watching the trends in reproductive efficiency of the parent breeders. Breeder efficiency
improvements are largely made through non-genetic innovative management approaches
such as sex-separate feeding to control body weights of breeders, and raising them in
dark-out houses in regions where natural day-lengths vary significantly among seasons
etc. This approach may delay the use of AI in broiler industry as an obligatory approach
to produce broiler chicks. Primarily based on the dictates of economic constraints of
least-cost broiler chick production and superior genetics due to male selection for growth
and semen traits, AI may remain an alternate to natural mating. (Bilgili, 1989).
Significant improvements in broiler performance due to parent male selection at juvenile
ages have been reported (McDaniel, 1974, 1986; van Wambeke et al., 1979). Negative
genetic correlations among growth and reproductive efficiency traits are well
documented (Siegel, 1963a, 1963b; Sollar et al 1965; Marini and Goodman, 1969;
Reddy and Sadjadi, 1990). Broiler industry seems to be approaching a time to use AI
for both genetic improvement as in dairy industry and for improving reproductive
efficiency as in turkey industry. Both economic and management implications of using
AI at various levels of broiler production was discussed by Reddy (1995).
Although the subject of AI has been investigated extensively as to semen collection,
handling, extending, holding, preservation, insemination techniques, equipment and
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management etc.(Lake, 1969, 1983; Cooper, 1969), there is little information in the
literature on economics and feasibility of using AI under diverse cultural, socioeconomic,
and production-management-marketing conditions. Some of these thoughts were
discussed by Hanmiersteadt, (1992) and Reddy (1995). Presented in this paper is the
feasibility of using AI under different circumstances both by the primary breeders,
grandparent customers, small indigenous breeders, and broiler integrators around the
world. Several computer simulation models are developed to examine "what if
situations where AI can be used as an alternate to natural mating. Some aspects of
semen preservation and its use at different levels of breeding hierarchy are also discussed.
PRODUCTION SYSTEMS
Gene-Pool and Pedigree level: The primary breeders can use AI at pedigree, great
grandparent (GGP), and grandparent (GP) levels very effectively. Genetic amplification
through extensive use of superior sires either to develop synthetic gene pools or genetic
improvement of existing lines has proven to be useful. Use of AI by primary breeders
for such purposes vary depending upon need and effectiveness. However, one should
watch for narrowing genetic base and effects of inbreeding of taking such an approach
at gene pool-pedigree and GGP levels. For commercial parent production AI can be
used safely and extensively at GP level. The pyramidal effect of genetic potential
inherent in birds at pedigree level through various generations of breeder multiplication
on economics of end products at commercial level and the "genetic lag" involved was
elaborated by Ewart (1993). Theoretically, one male mated to ten females at pedigree
level would influence the performance of over 28 million broilers at commercial level.
Grandparent level: Using AI at the GP level to produce parents specially in the female
lines using elite males from pedigree can be an attractive and sensible approach (Reddy,
1995), both from genetic and economic standpoints under some circumstances.
Hammersteadt, (1992) suggested such an approach by-passing the GGP generation to
avoid possible "genetic slippage"and shortening the pipeline from pedigree to product.
Using a computer simulation model and data from US broiler integration of producing
hatching eggs through breeder contract system using natural mating, Reddy (1995)
showed a benefit ratio of 1:1.64 in favor of using AI at GP level. This approach can be
more attractive to some primary breeders than others. This is because, the relative
economic values of key economic traits are not linear with trait values but to the breeder
they are significantly non-linear (Shultz, 1986; Reddy, 1992) to compete at the market
place.
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Breeder performance of locally produced vs. imported - A simulation model
Circumstances under which AI can be used successfully at GP level differ significantly.
For example, in India there are several pure line programs trying to compete with
imported GP stocks made possible due to recent liberalized economic policies. The
local breeders may use AI rather diligently to produce female parent breeders that
compete with those generated from imported female GP stocks. Using a simulation
model (Table 1) to produce 500,000 female parents, it is shown that the indigenous
breeder can have a cost advantage of about 16.6% in producing female parent breeders,
while keeping their performance competitive with those generated from imported
GPs. This model considered using genetic amplification of superior sires from the
pedigree populations for producing parent stocks by the indigenous breeder, thus
neutralizing the estimated genetic advantages due to additional selection pressures
that the international primary breeders possibly apply for improvement of their basic
lines. Since the selection pressures for broiler traits in female lines at GGP level are
not usually very intense, parents produced under both systems would be equivalent in
performance. The indigenous breeder would have cost advantage in GP production
since imported GP are usually expensive (about $20 to $24 per bird) compared to
those produced locally.
Table 1. Simulation for comparing costs of female parents produced (500,000) from imported
grandparents vs. those produced indigenously using pedigree sires and AI; economic analysis
Financial
Cost of grandparent chicks (15,600)
Production and hatching costs
AI costs and related capital costs
Female parent chick cost

Imported GPs
$312,000
$262,000
$0
$1.1480

Indigenous GPs
$200,000
$235,000
$57,200
$0.9844

Cost advantage of indigenous over imported 16.6 %

This approach can be tested in the developing countries where pure line breeding
programs are in vogue. In addition, the breeding stocks generated locally would probably
have added advantage due to adaptation to local environments. Genotype by
environment interactions in poultry are being recognized as important. Significant
differences in performance between imported and locally produced stocks are reported
(Singh, 1992). This may be due to indigenous stocks developing resistance to local
pathogens and adapting better for physical environment than the imported stocks.
However, as the market share increases the indigenous primary breeder may have to
increase the pedigree population size and estimate the breeding values of sires with
accuracy otherwise the theoretical estimates may not translate into superior breeder
and broiler performance.
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Producing female parents through AI at grandparent level seems an attractive proposition
however, one should be cautious about the possible effects on nesting behavior of
parents generated by AL Mench (1995) expressed soriie apprehension using AI at
primary breeding level both in male and female lines. If the parent production is planned
to be in cage environment, mating and nesting behavior may not be a consideration for
the primary breeders. However, more than 90% of all the broiler hatching eggs produced
in the world today come from natural mating.
Taking similar approach at GP level for producing male parents may have severe genetic
consequences. The indigenous breeder may not be able to compete in producing male
parents of equivalent performance because the international breeders have the luxury
of applying rather intense selection pressure for various traits and can cost justify
because of wider marketing area. Because of limited needs for GPs and male parents
the indigenous breeder may not cost justify applying selection pressure commesurate
with international breeders even if OOP generation is by-passed. In addition there is a
possibility of impairing mating ability of males at parent level since some males with
poor mating ability may perpetuate through the use of AI. There is not a clear and
consistent relationship between semen quality, fertihty, and mating behavior (Wilson
et al. 1969). Mating behavior is shown to be under genetic control (Siegel, 1965,1972)
and hence a male selection index based on both mating behavior and semen
characteristics would more adequately indicate potential fertilizing capacity of males
than either measurement (McDaniel and Craig, 1959).
Table 2. Description of various parent breeding methods for broiler production
NM (US)

Natural mating of parents to produce broilers under US breeder contract
system for producing hatching eggs.

NM (India)
AI (US) - M. Sel.

Natural mating of parents to produce broilers by hatchery man in India.
Use of AI in the US, at parent level with males selected for broiler traits
at broiler age and selected for semen traits at maturity (30%).

AI(India)-M.Sel

Use of AI in India, at parent level with males selected for broiler traits
at broiler age and selected for semen traits at maturity (30%).

AI (India)-No M.Sel

Use of AI in India at parent level with no male selection.

Parent level: Using another computer simulation model, comparisons were made
among five parent breeder production systems for producing broiler chicks (Table 2).
These production systems are simulated for two diverse socioeconomic and production
management systems such as in the United States (US) and India, using both natural
mating, and AI with or without male selection. These systems are compared to see the
combined effects of genetics and production economics. The data in Table 3, indicate
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that use of AI has some advantages over natural mating in both countries but, more so
in Indian context. Since the broiler industry is highly vertically integrated in the US,
use of AI at parent level with parent males from lines specifically bred for premium
meat yields and selected at juvenile ages for broiler traits and semen traits at maturity
offer economic incentives for further processed segment of the industry.
Broiler chick production cost is lowest in India using AI without male selection
compared to AI with male selection and natural mating. Broiler industry in India is
largely horizontal, and hence using AI will have economic advantage because of
lower broiler chick cost. When selected males are used for AI, net return per broiler
chick is lower, but broiler performance is expected to improve which would be
advantageous to broiler grower who in turn is expected to be a repeat customer for
hatchery man. Assuming vertical integration of broiler production and marketing in
both the countries with similar product mixes, broiler production in India using AI
with selected males showed cost advantage ( 3.2 to 5.2 %) over the US with similar
production and marketing methods.
Table 3. Simulation of broiler parent production: bottomline fínancial analysis for broiler
integration producing 1,000,000 broilers per week under various breeding methods in US and
India. Advantage of other breeding methods over NM (US) per year
Breeding Method

NM (US)

NM (US)

NM
(India)

AI (US)
M-Sel

AI
(India)
M-Sel

$551,200

$468,000

$114,400 $1,081,600

($83,200)

$592,800 $530,400
$676,000 $613,600
($62,400)

NM (India)
AI (US) M - Sel
AI (India) M - Sel
Cap. pullet-i-males
Broiler chick cost ($)
Live broiler cost/kg ($)

AI
(India)
No M- Sel

$7.0265
$0.1659
$0.4504

$7:i391
$0.1614
$0.4451

$6.9434
$0.2106
$0.4459

$7.0542
$0.1688
$0.4394

$6.4498
$0.1609
$0.4400

$0.1158
$0.1149
$0.1678

$0.1210
$0.1202
$0.1731

$0.1222
$0.1230
$0.1783

$0.1286
$0.1295
$0.1848

$0.1272
$0.1274
$0.1827

Net return/kg(W:P:Db)
100:0:0 (W:P:Db)
50:30:20 (W:P:Db)
0:0:100 (W:P:Db)

(W:P:Db) = Product mix (WOGs : Cut-iLip parts : Debon ing of breast and parts)

For developing countries such as India to compete in the world markets, AI becomes
inevitable to take advantage of both genetics and inexpensive skilled labor. Higher
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feed prices in the developing countries could be offset by inexpensive skilled labor
costs. With open markets and fewer barriers to international trade, countries such as
India can produce hatching eggs with high fertility at a relative cost advantage. The AI
and other farm labor cost advantage is almost 25 fold in favor of India compared with
the US while breeder feed and equipment costs are competitive. Given the inputs
Indian production system can cost effectively produce processed end products for export
markets. The only drawback is free availability of high energy feeds for broiler meat
production.
Management
i. Primary Breeders: Most of the internationally prominent primary breeders of broiler
type chickens have their breeding programs in temperate climates and are located in
developed world. Management practices are largely influenced by technological
breakthroughs which occur in the developed countries. Because of the genetic potential
inherent in birds at higher levels of breeding hierarchy, managing AI programs at primary
breeding level have very little cost concerns: Availability of technology, technical
knowhow, research funding for developing innovative ideas for devising artificial
breeding methods are added advantages. Hence, the primary breeders can take advantage
of newly emerging technology in management , semen handling and preservation
methods (liquid and frozen semen), innovations in equipment design etc. and use for
continual development of germplasm resources. Intercontinental transport of both
liquid and frozen semen and its effective use at grandparent level has been discussed
by Hammersteadt, (1992, 1994).
ii. Parents; Management methods for parent breeders for AI has been extensively
reported (Lake, 1967, 1983; Cooper, 1969; Brillard, 1985; Seigneurin, 1985; Reddy,
1995). Significant breed differences exist for semen quantity and semen quality traits
and hence breed selection plays important role to ensure adequate supply of good
quality semen throughout reproduction period. Fertility is better predictable using AI
than natural mating. One should be aware of public perceptions and legislative
considerations before instituting extensive AI programs involving cages. Using AI
under floor management similar to turkeys can also be used in broilers with good
success.
Marketing
i. Grandparents: Marketing of AI technology using either Uquid or frozen semen in
poultry is a novel idea. Most of broiler GP stocks are shipped to various locations
around the world by the primary breeders. The AI with either liquid or frozen semen
525

from elite males at pedigree level of high breeding values for the most important
economic traits such as feed efficiency and white meat yields etc. can be used for
upgrading genetics of parents and broilers produced at GP customer locations. This
approach may be economically attractive to both the primary breeders and GP customers
overseas. This is because the GP customers will get semen from tested males from
most recent generation of reproductions because of the uniqueness of overlapping
generations the primary breeders have for continually improving their basic lines.
However, greater confidence and trust between them is needed to make this practical.
Although the idea is interesting, practicahty of this approach is yet to be tested and
results verified. This approach was discussed with the author by Hammersteadt (1996).
ii. Parents: Use of AI at parent level can be justified under certain circumstances as
discussed in this paper and elsewhere (Reddy, 1995, van Wambeke, 1984). Use of AI
is inevitable when sexual dimorphism for size, shape and height impair effective natural
mating. There can be economic justification using AI at parent level under various
production and management systems dictated by production economics and
socióeconomic conditions.
iii. Broilers: Broilers have been produced through AI for many years. Such production
in the future will largely be dictated by genetics, production economics, legislative
considerations and public opinion. As the primary breeders apply intense selection
pressure for growth, body conformation, and breast meat yield traits, it is likely that
AI becomes obligatory some time in the future. In the meanwhile to produce deboned
meat for further processed segment of broiler industry specially in the developed
countries, use of AI to produce broilers with specific carcass characteristics may be
economically feasible. Such ideas have been floating for a long time in the US broiler
industry and some attempts have been made in the past.
As GATT and the free world trade become common, production systems will be under
scrutiny before products move across national borders. Specially the developing
countries should be aware of the future sensitivities of affluent nations importing food
products produced by developing world.
CONCLUSIONS
Use of AI has remained sporadic around the world because of socióeconomic, and
diverse production-management-marketing conditions. It is unlikely that wide use of
AI become common in developed countries unless it becomes obligatory. Primary
breeders will continue to use AI at pedigree and GGP levels for genetic improvement
of important economic traits in gene pools. Computer simulation models help make
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decisions as to whether AI is economically feasible under specific conditions for breeder
and broiler production. In the developing countries where skilled labor is abundant and
inexpensive, AI in broilers could be an attractive proposition. In addition, to compete
with breeding stocks produced from imported grandparents, the indigenous pure line
breeders have no choice but, to use AI for genetic amplification of elite sires from
higher levels of breeding hierarchy to produce parent stock equivalent in genetic merit
compared to those generated from imported GP stocks. Production economics justify
using AI in the developing countries to compete with the developed countries having
different set of advantages in broiler production and processing. Intercontinental
transport and extensive use of liquid and frozen semen could become a reality if
economics justify. Possible implications of using AI on free international trde of poultry
products is briefly commented.
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FACTORS AFFECTING THE STORAGE OF FOWL AND
TURKEY SEMEN IN THE LIQUID STATE
F. Van Wambeke
Government Research Station for Small Stock Husbandry, Burg. Van
Gansberghelaan, 92 - Merelbeke 9820, Belgium

Semen of domestic fowl and turkey can be stored for 24 and maximum for 48 h
above 0°C, without loss in fertility and hatchability.
In this paper important steps of the storage procedure are discussed.
Semen of the fowl is collected preferably by forcible ejection from the bulbous
ends of the vasa deferentia in clean and dry collecting vessels. Transparent fluid,
urates and faecal material should be avoided. Such semen contains 7-9 x 10^
spermatozoa/ml. Turkey semen is collected by aspiration and has a concentration
of 8-12 X10^ sp./ml. Yellow turkey semen should be discarded. The best collection
temperature is between 15 and 20°C. Semen and diluent should have the same
temperature when mixed and optimal cooling rate is 2-3°C/min. Moderate dilution
rates (1/2 to 1/4) are preferred. A number of published and commercial diluents
are available, but only a few have good storage capacities. Each diluent has its
own characteristics, such as osmolarity and pH. Storage temperatures may be
relatively high for short periods (15°C - 3 h), but for longer periods low
temperatures (about 5°C) are required. It is important that stored semen is kept
at storage temperature until inseminated. During prolonged storage turkey semen
(but not that of the fowl) requires aerobic conditions. Several methods of aeration
have been investigated. The optimal required number of spermatozoa per
insemination dose depends on many factors, but 200-250 x 10^ sp./hen is an
acceptable value.
INTRODUCTION
The possibility to retain the fertilizing capacity in vivo is several days for spermatozoa
of the domestic fowl and weeks for those of the turkey. However, semen from both
species can only be stored in vitro for 24 and maximum for 48 h above 0°C without
loss in fertility and hatchability. Despite the wealth of information available in the area
of cell and tissue culture technology, the storage media for poultry semen available
today are derived from formulations proposed over a decade ago. Semen storage
requires, apart from theoretical knowledge, a high degree of skill and discipline.
Important steps of the storage procedure will be reviewed in this paper.
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SEMEN COLLECTION METHODS
Semen of the fowl is usually collected in open vessels. The original massage technique,
which involves pressure on the base of the phallus in order to milk out the distal vasa
deferentia (receptaculum ductus deferentis) was described by Burrows and Quin (1935).
According to Lorenz (1959), the average amount of fowl semen per collection is close
to 0.5 ml and the concentration between 3.5 and 4x10^ spermatozoa per ml.
Both volume and concentration are dependent on breed and strain, frequency of
collection, season and age of the males. However, precise estimates of sperm
concentration have little meaning unless the collection techniques are defined. Lake
(1957) and Van Wambeke (1976) described modifications of the original technique,
where the collection of transparent fluid (TF) (a product of the erectile tissues in the
cloaca) is avoided. As a result, the concentration of spermatozoa in RIR males was
increased to 7.7 (Lake, 1957) and 6.7 x 107ml (Van Wambeke, 1976) while the volumes
decreased to 0.35-0.4 ml per ejaculate. Using commercial broiler breeder males Van
Wambeke (1984) and Van Wambeke and Fujihara (1994) obtained concentration values
between 7.5 and 9 x 10^ sp./ml, with corresponding volumes of about 0.35 ml per
ejaculate.
Lake et al. (1985) showed that TF is not harmful to spermatozoa when inseminated
fresh and may have even a beneficial effect on fertility. Van Wambeke and Fujihara
(1994) investigated the effect of TF in stored semen (24 h). The fluid was collected
separately and added to semen in a concentration of 30 %. After weekly insemination
of normal numbers of spermatozoa (217 - 250 x 10^ per insemination dose), fertility
was decreased slightly but not significantly. Thus, the presence of TF in stored fowl
semen is rather a negative than a positive factor. A slight amount of TF is not believed
to be a retarding factor in semen storage, but its presence should be kept to a minimum,
because it reduces sperm concentration, especially under field conditions, where semen
is collected in the morning and inseminated in the afternoon. Semen is often collected
by different people, resulting in varying amounts of TF. Here, a fixed volume of semen
has to be inseminated which includes a larger amount of spermatozoa than required.
Contamination of TF is often the result of frequent milking and squeezing, during
which granules, blood corpuscels and urates are released. These are dubious components
of seminal plasma.
In the turkey male, the semen can't be expelled forcibly and directly from the bulbous
ends of the vasa deferentia and is aspirated in the collecting tube. The likelihood that
turkey semen is contaminated with TF is much less than in the fowl, unless excessive
milking or squeezing is performed. Adequate semen is obtained by using no more than
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two cloacal strokes per torn (Bakst and Cecil, 1983). Turkeys should produce at least
0.3 ml of semen per ejaculate with a concentration of 8-12 x 10^ sp. per ejaculate
(Christensen, 1995). Some turkeys produce yellow semen, either from the start of their
reproductive life or during the reproduction season (Thurston et al., 1975 ; Perez et al.,
1993). Such semen contains abnormal cells and spermiophages. The latter are actively
involved in the phagocytosis of sperm and bacteria. Toms producing yellow semen
should be discarded.
Undiluted fowl and turkey semen are very sensitive to collection temperatures below
15°C. When turkey semen was collected into dry tubes maintained at 5°C, the fertilizing
ability of spermatozoa was significantly lower than when semen was collected into dry
tubes, maintained at 15 and 25°C or a tube containing the Beltsville Poultry Semen
Extender (BPSE) diluent, maintained at 5°C. When semen was collected in tubes
containing BPSE, fertility was not affected by collection temperature (Sexton, 1982).
Semen of the fowl is collected at ambient temperature if not higher than 20°C. At
higher temperatures, each collected sample is immediately transferred to a tube placed
in a thermos flask containing water kept between 15-20°C. The time lapse between the
collection of the semen of the first male and that of the last one may not exceed 15
minutes.
DILUENTS, DILUTION AND STORAGE TEMPERATURE
Once first quality semen is collected it must be diluted for storage. Bootwalla and
Miles (1992) described the history and development of diluents for short- and longterm storage together with the composition of various diluents for fowl and turkey.
A main characteristic of storage media is osmotic pressure. This is expressed as freezing
point depression (_) or in mOsm/kg H20. The osmotic pressure of fowl seminal plasma
is about 345 mOsm/kg H20 (_ : 0.64°C), but both fowl and turkey spermatozoa can
survive well in hypotonie and even better in hypertonic solutions (280-360 mOsm/kg
H20 ; Van Wambéke, 1977 ; Sexton and Giesen, 1982). Before determining whether
or not an optimal tonicity for the storage of fowl semen can be derived, several factors
will have to be taken into account as likely to vitiate such an investigation, e.g. breed
of birds, methods of semen collection, storage procedure and composition of the diluent.
A way will have to be found for varying tonicity alone without altering other physical
and chemical characteristics of the medium. This is a difficulty in studies for
pronouncing upon an optimal tonicity per se.
Hypotonie solutions cause sperm swelling and bursting. This phenomenon was used
by Bakst et al. (1991) as a sperm stress test after 18-24 h of storage. In the hypotonie
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buffer (60 mOsm/kg H20), viable sperm swell, but still exclude the stain Ethidium
Bromide (EB). In contrast, labile sperm burst and stain with EB.
Fowl and turkey semen can tolerate a pH range between 6.2 and 7.5 (Van Wambeke,
1984 ; Lake and Ravie, 1987 ; Huyghebaert et al., 1984). Normally, a buffer consists of
a mixture of an acid and its conjugate base, e.g. citric acid plus sodium citrate. Organic
zwitterionic molecules such as BES : NN Bis (2-hydroxyethyl)-2-amino ethane
sulphonic acid are also commonly used.
All diluents are developed for storage at low temperatures. Chaudhuri and Lake (1988)
demonstrated that fowl semen can be stored at high temperatures (20-40°C) up to 17 h
in a TES/NaCl diluent. However aerobic conditions were necessary for the extended
storage period. A possible explanation for being able to maintain semen for 17 h under
these experimental conditions is that the spermatozoa are rendered immotile during
the storage period.
Semen and diluent should be mixed at the same temperature and placed in a cool
recipient to allow a decline in temperature of 2-3°C/min. According to Christensen
(1995), very short-term storage (less than 3 h) should be performed at 18°C, but longer
storage periods require low temperatures (4-5°C). Huyghebaert and De Groóte (1983)
compared three diluents for the storage of turkey semen for 6 h at 5 and 10°C (Lake
and Ravie, 1982; Sexton, 1980 and Van Wambeke, 1977). A significant interaction,
diluent x storage temperature was observed for both fertility and hatchability during
the period 8-14 weeks. This interaction showed that the best storage temperature was
5°C for the diluent of Sexton (1980) and 10°C for that of Van Wambeke (1977). Thus,
optimal temperature during storage may be affected by diluent. It's extremely important
that the semen is held at storage temperature just prior to insemination.
Recently, additives of semen diluents have been studied. Blesbois and Caffin (1992),
with the fowl, replaced seminal plasma with a diluent containing different amounts of
seminal plasma albumin. Although better motility was observed after 24 h of storage,
fertility was not affected. Bakst and Cecil (1992a, b) diluted turkey semen in BPSE
containing 1 % bovine serum albumin or commercial culture serum replacements.
They augmented some motility characteristics, but failed to improve fertility either
before or after semen storage for 24 h. Although high dilution rates have given
satisfactory results, moderate dilution rates (2-4 fold) are commonly used.
STORAGE CONDITIONS
Wishart (1982) demonstrated that turkey spermatozoa, in contrast with those of the
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fowl, need aerobic storage conditions to maintain their ATP concentration and fertilizing
ability. Since then, turkey semen is aerated during storage. However, for short-term
storage periods active aeration is not necessary. Huyghebaert et al. (1985), using the
diluent of Van Wambeke (1977) and that of Lake and Ravie (1982), stored diluted
semen (2.5 fold, total volume : 1.75 ml) for 6 h in still tubes of 10 ml capacity or in
Erlenmeyer flasks (EF) of the same content. Fluid to gas ratio was decreased 4 times
when semen was kept in EF, but fertility results were the same (98 %). However, when
the semen was stored for 24 h in still tubes, fertility was more than 10 % lower than
when EF were used (82.5 vs. 95.4 %). When the semen in the EF was oxygenated or
agitated, fertility was further significantly improved to 98 %.
The basic question is to bring the air(oxygen) to the bottom of the semen sample and
both agitation or aeration are suitable techniques. The storage recipients should be
covered by perforated parafilm during agitation, while aeration causes foaming. The
latter can be overcome by adding antifoam agents. Turkey semen was stored for 48 h at
6°C (Huyghebaert et al., 1987) with very little loss in fertility (96.2 vs. 98.9 % for the
control) and hatchability (86.8 vs. 87.6 %) when agitated (intermittently, 10 min/60
min, 200 rpm), provided the weekly number of spermatozoa inseminated was doubled
for the stored semen (140 vs. 280 x 10^).
Fowl spermatozoa were stored for 24 and 48 h at 5°C in still tubes or EF (Van Wambeke
and Mestdagh, 1986). Neither storage vessel or time affected fertility, but hatchability
of fertile eggs was significantly lowered after 48 h of storage in EF. Here, the number
of spermatozoa inseminated was 250 x 10^. These results indicate further that fowl
spermatozoa do not benefit from oxygen supply during storage.
Perfluorochemicals (PFC) are compounds in which all hydrogen atoms have been
replaced by fluorine atoms. They are stable, chemically and biologically inert. The
high solubility of 02 (and C02) in PFC (40 to 50 ml/100 ml for 02) has led to interest
in these compounds as oxygen carriers during turkey semen storage (Thurston et al.,
1993, 1994). The method consists in mixing 50:50 emulsions of diluent and PFC,
adding emulsifier and antifoam. Oxygen is then bubbled for 1 min. through the mixture
prior to use as semen diluent. When PC-80 (perfluorobutyltetrahydrofurane) was mixed
with BPSE or Lake's pH 7.1 diluent and used for the storage of turkey semen for 24 h*
at 5°C, 90 % fertility was obtained (Thurston et al., 1994). Further research with such
compounds which make agitation or aeration unnecessary are awaited.
CONCLUSION
In the future and especially with turkeys, most of the semen will be distributed in the
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stored form from stud farms to different breeder houses. It is essential that fertility and
hatchability results are at least equal to those obtained with fresh semen. To achieve
this, attention has to be paid to each link of the storage chain.
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ARTIFICIAL INSEMINATION AND ITS APPLICATION
TO POULTRY INDUSTRY - IMPROVEMENT OF
REPRODUCTIVE
EFFICIENCY
THROUGH
PREDICTION OF FERTILIZING ABILITY AND HIGH
TEMPERATURE SEMEN EXTENDER
D. Chaudhuri
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Bareilly, 243 122, India

Artificial Insemination (A.I.) in poultry could play an important role in future in
directing breeding towards making rapid genetic gain in production traits or for
conservation of genome. In commercial breeding, male of low or questionable fertility
may go unnoticed. The success of A.I. in poultry is determined by succeeding in
fertilizing each ovum in succession to achieve a level of optimum fertility (90% and
above). Following single insemination per week precisely the same could be expressed
as Fertility Dose Ninety (FD^). Objective calorimetric dye (iodonitrotetrazolium INT) reduction method to predict fertihzing ability could successfully rank the males
in order of merit. Similarly, high temperature semen extender using TES buffer at
pH 7.4 could maintain the keeping quahty of semen (20 - 40"C) for 7 hours static/
24 hours-shaking condition. The application of both the technologies imply the use
of semen from few elite sires as potential breeders. The use of small insemination
dose (15-20 million spermatozoa) could cover 30 to 100 females from single ejaculate
in comparison to 5-8 females covered conventionally. Thus, differential and intensity
of selection may be increased considerably to achieve the target of breeding
experiments more rapidly than otherwise envisaged.
INTRODUCTION
Artificial Insemination (AI) is one of the most important techniques devised way back
in 1780 for the genetic improvement in farm animals. The method is well adopted
globally and responsible for more than 70% of all conceptions in cattle. Ivanov in 1902
reported the first insemination in birds. Quinn and Burrows developed the semen
collection and insemination procedure during 1936. The commercial adoption of AI
in poultry was very limited until 1960's except sporadic approach in Israel (Thumin,
1951; Van Weerden and Van der Wal, 1962; Bomstein et al., 1965) and Japan where
favourable reports on comparative data of 4 years of AI versus natural mating (Saeki
and Nagomi, 1964) were found. In sixties AI gained momentum in other parts of the
world specially in USA (McDaniel, 1974) and Great Britain (Perek, 1966; Cooper,
1969; Lake, 1971). Frozen semen technology is still in its infancy in poultry though
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it was invented on cock semen (Polge et al., 1949) in way back of fifties.
Among the various species of poultry, turkey is probably deriving the best benefit out of
this modem tool which might be under compulsion of mating disability due to body size
and conformation of the male. With the ever increasing body size of the broiler breeders,
it may not be far away from compulsory adoption of 100% AI in their commercial breeding
programme in parent line (might be within a decade), whereas in egg type layer or duck
it might be optional for few more years. In quail possibility of commercial adoption of
AI seems to be remote due to existence of foam which impairs the collection of actual
semen though there are reports of successful AI in quails.
FACTORS INFLUENCING FERTILIZING ABILITY
Lake (1983) identified basic factors associated with male in AI in inñuencing the fertiUty
e.g. genetics and physiology of spermatozoa which may be further classified as effect
of breed, strain, line, age etc. Froman and Bernier (1987) identified subfertility in a
strain due to early death of a proportion of spermatozoa in the ductus deferens. Etches
et al. (1974) suggested that the spermatozoa of homozygous rose comb males failed
to ascend oviduct properly due to defective carbohydrate metabolism.
The frequency of collection on optimum breeding efficiency was discussed by Tan
(1980), and till eighties it was considered that twice or thrice weekly semen collection
is probably optimum for fowl. Chaudhuri (1988) concluded that twice a day, once a
day and thrice a week collection were significantly different from the groups from
which semen was collected once a week or once a fortnight. The observation was true
not only for fresh semen but also for semen stored at S'^C for 24 hour as well as in case
of frozen semen indicating that it is possible to use selected genetic male intensively
for breeding instantly or for banking frozen semen without concern for loss of
spermatozoal quality due to frequent semen collection. That long rests between semen
collection degenerates spermatozoa in the ductus deferens was identified in sixties (El
Jack and Lake, 1966). Photo-period, light quality, temperature, nutrition, seasons and
age are few other important factors influencing semen production.
Harvesting and preparation of semen for insemination includes few important factors
i.e., role of transparent fluid from the cloaca, contamination like faeces, urine, urates,
resulting in not only lower fertility but also microbial contamination leading to often
peritonitis. Therefore, maximum precaution needs to be taken while harvesting semen.
Simple precautions of holding sterilized collector 2 inches apart from cloaca reduce
majority of the contact transmission. The first two strokes of ejaculation during massage
probably avoid the transparent fluid. The transfer of individual male semen instantly
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after each collection would probably avoid most of the contamination chances. Though
these factors are well known and raised by several workers strict vigil and
implementation in the functional level makes all the differences between success and
failure of AI programme. The instant dilution or use of extender in right proportion
is another major factor; the appropriate dilution ratio, the size of the vessel, the degree
of aeration and environmental temperature are also factors influencing the final fertility.
Minimization of loss and maximization the integrity of spermatozoa during storage/
transport till the spermatozoa are actually inseminated into the female reproductive
tract are controlled by few factors contributing to insemination procedures viz., depth
of the insemination, proper eversión of the cloaca, insemination during the time when
pressure was applied in the abdomen of the hen but not released, too fast insemination
or throwing the hen after insemination etc. The concept of volume of inseminate was
replaced by number of good quality normal spermatozoa in million actually inseminated.
It is interesting to note that as low as 6 to 15 million spermatozoa from a superior male
can produce desired fertility. The demand for optimum fertility in a given flock also
changes due to various conditions like season, age, stressful status, nutritional regime,
which are variable for every flock and dependent on a particular time. Therefore, the
concept of FD^.^ (fertility dose-50) initially coined by Wishart (1985) was a easy
describing parameter for obtaining deemed fertility. Niranjan (1995) calculated FD^^
for 2 strains, IWG and IWJ of egg type chicken with fresh as well as stored semen in
high temperature semen extender developed by Chaudhuri and Lake (1988). In fresh
semen, FD^^ for 2-6 days fertility for respective strain was 13.87 and 13.61 milHon for
good category of male and that for 2-8 days fertility was 26.85 and 18.60 milUon. The
experiment was conducted in peak north Indian summer when room temperature was
36-38"C. This result showed a promising direction for use of minimum inseminating
dose from superior male in comparison to average number of spermatozoa/dose of
insemination reported in the literature. The neat semen requirement for single
insemination was as low as 3 to 7 ^ul. This means from a single ejaculate 20-50 females
could be covered from the males contributing low volume whereas the males
contributing higher volume of 0.4 to 0.6 ml a larger number of females ranging from
50 - 100 could be covered from single ejaculate.
CONTAMINATION DURING SEMEN HARVESTING AND ITS ROLE IN
FERTILITY
There are various contaminants during semen collection such as urates, faeces, urine,
transparent fluid and blood. Efforts should be made to collect individual sample first
and once satisfied visually the same may be transferred to the pool. The microbial
contamination is also a problem which could be avoided as discussed earlier. In no
case, transparent fluid should be collected to increase the semen volume.
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OBJECTIVE SEMEN EVALUATION AND RANKING OF MALES BY
PREDICTION OF FERTILIZING ABILITY
Semen evaluation gives an indication of the fertilizing ability by various in vitro tests.
Unfortunately most of the available tests such as the colour, motihty, percentage normal,
proportion of live and dead, proportion of various abnormal spermatozoa and their
density are subjective, time consuming and operator dependent. The dye-reduction
time like méthylène blue and resazurin were objective tests and developed about half
a century ago, but could not find wide application due to lack of repeatability because
presence of oxygen in the substrate and also these tests were operator dependent.
Recently Chaudhuri and Wishart (1988) developed an objective colorimetric dyereduction test which quantifies the fertilizing ability and could rank the male after
correction of the sperm numbers, as nanomole of formazan produced per unit
spermatozoa per unit time. This test showed good relationship with actual fertility and
other subjective sperm evaluation tests (Chaudhuri et al., 1988).
During last 8 years the test had been put to practice on several occasions and in several
locations which indicated its great promise for adoption in commercial poultry breeding
programme, where the males could be evaluated and ranked on the basis of the
quantitative value.
ARTIFICIAL INSEMINATION IN FLOOR BIRDS
The cages require huge initial investment when any poultry breeder wants to switch
to AI programme replacing conventional natural mating. This is probably one of the
major constraints for mass adoption of AI technology. The large number of female
birds to be housed in cages is also undesirable in view of the changed situation for
welfare reasons in Europe. However, males need to be kept in captivity individually
either on litter floor or cage for AI programmes and this is a basic prerequisite. Otherwise
males kept in flock will not contribute semen and also there is a chance of accidental
injury/mortality due to fighting.
Recently, in this direction our personal observation indicates in a large female breeding
farm that if the dams are subgrouped in a flock of 250 females, the AI can be adopted
effectively within a period of 30 minutes and there is no chance of death due to piling
even in peak summer. Folding partitions are used to enclose the flock and pooled
insemination is adopted by batch of 2 inseminators and 4 evertors. The partitions are
so arranged that a central partition in the big house of 2000 breeders is divided in a
small batch of 200-250 and cross partition is moved to push the bird to one third of
the area. These inseminations are best done in the evening time during summer months
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providing dim light in the area of insemination thereby reducing the activity of the
birds considerably.
CONCEPT OF STUD FARM
The turkey industry in USA has developed centralised stud farm where satellite turkey
breeder dams are located in periphery of the circle where as Tom farm is located in
the centre. These toms were selected after vigorous screening on the basis of their
semen parameters as well as growth/feed efficiency parameters. The programme is
quite effective. Similar programmes need to be taken up in other developed as well
as developing countries in future where ever broiler industry is planned to be expanded.
This will demand strict quality control at semen harvesting, transportation and in
insemination process. The insemination dose is also regulated as per season/age of sire
or dam, stress and other factors. Planned single insemination of 5th day cycle will be
probably most effective to get desired fertility.
INTRODUCTION OF MAJOR GENES IN THE BREEDING PROGRAMMESROLE OF AI IN INCOMPATABLE MATINGS
Major genes like dwarf, naked neck, colour gene in broiler lines, are the important
areas in future where more efficiency in production and viability and adaptability is
expected, specially under tropical situation. Most of such breeding programmes demand
AI as the only answer. Effective execution on such programme depend on successful
implementation at every stage of adoption of artificial insemination technology including
washing of glassware and appliances and sterilisation in hot air oven before use. It
needs to be understood that slightest residual detergent or moisture in AI equipment
may kill all the spermatozoa of a semen sample.
CHALLENGE OF INCREASING REPRODUCTIVE EFFICIENCY IN GRAND
PARENT AND PARENT LINES
The actual reproductive data as available from EEC shows hardly 65-70 viable chicks
are produced from each 100 eggs sent to a hatchery when we review the overall data
of one complete year. This is where the role of reproductive efficiency comes into
play. Out of this 30-35 eggs lost is partly (say 10-15%) due to infertility and rest are
due to incubation or genetic problems of fitness traits leading to lower hatchability;
or due to management or nutritional problems. Once AI is adopted and emphasis is
given for selection of higher reproductive efficiency in Nucleus/Grand parent stocks.
The overall chick production from a flock could be raised to at least 8 to 10%
(neutralising completely the preferential mating or other problems) resulting in higher
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economic return. Conventionally it was thought that production and reproduction traits
are traits of opposite direction and therefore selection of one kind is bound to reduce
the performance on other. However, the present study of Niranjan (1995) indicate that
judicial use of required inseminate from good males on the concept of FD^^ insemination
need is quite low and more females could be covered with 90% or more assured
fertility in the progeny thereby resulting in higher reproductive efficiency. Another
factor also can contribute in good reproductive efficiency i.e., heterosis; therefore every
effort needs to be taken as the final cross should be as distantly related as possible
while adoption of AI technology.
INCREASING THE GENETIC GAIN IN PRODUCTION TRAIT PER UNIT
TIME IN BREEDING RESEARCH
Long term selection results indicate that the genetic progress per generation is much
lower to-day than decades ago; this is basically due to reduced availability of genetic
variation in the production traits of the flock. Conventionally 30% of the population
is selected and reproduced whereas modem development in semen technology specially
objective semen evaluation test and use of high temperature diluent, the desired
population size can be regenerated from selection of 10% of superior male germ plasm.
Once intensity of selection is increased the selection differential and ultimately the
genetic gain will be higher thereby the progress envisaged in 10 years could be achieved
in 3-4 years there by saving considerably the cost on breeding experiments. Besides
the cost, the gain achieved in relation to time scale is another big edge over conventional
programme. This will also give provision to select the germ plasm from much higher
genetic base giving superior response in a breeding experiment.
Development of economic prime chicken with reduced carcass fat by AI technology
Selection for carcass fat is a time consuming process. In the event that progress in
reducing carcass fat is not achieved unconventional selection for male simply by use
of superior broiler male line as sire and mediocre breed of RIR/Black Minorca can
yield higher number of moderate growing coloured broilers which have at least 30%
lower carcass fat than conventional.broiler (Mukhopadhyay, 1994). The other parameters
were comparable including sensory attributes and meat quality. Lower feed efficiency
obtained in this type of carcass fat could be compensated by lower chick price and
higher number of birds that could be raised per unit area.
Handling of collected semen till insemination
Semen once collected need to be pooled immediately, diluted within a period of 20 to 30
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minutes to avoid even minimum loss of integrity of spermatozoa with suitable extender
in appropriate dilution rate and kept in a particular environment as per the requirement
of the diluent (5^C or 20°C or 38^C) till insemination. The dilution need to be gentie
without any vigorous shaking. Aeration is a prerequisite for high temperature semen
extender. The size of the vessel, layer of the film on which semen is stored all contribute
to the final fertility results. It is observed that in a 25 ml capacity Earlenmayer Flask 1
ml semen and 3 ml extender give promising results in case of high temperature diluent
between 20-40^C whereas a test tube with 1 ml semen and 1 ml extender is suitable for
low temperature extender around 5^^C. Such differences might be due to the oxygen
requirement and metabolic activity of the spermatozoa. During storage also, in HTD upto
7 hour no agitation is required whereas beyond 7 hours a horizontal shaker with to and
fro shaking of 40-60 per minute in a fixed temperature water bath is most desirable.
DEPTH OF INSEMINATION/HANDLING OF BIRDS
Gentle handling of birds with gentle release in the nest/floor give good fertility results.
The pressure on the abdomen need to be released as soon as cánula is inserted upto
3-4 cm in the vagina and before the semen is released in female reproductive tract.
After release of total inseminate holding of cánula for a second and withdrawal of
cánula gently gives enough time to vaginal muscles to push the semen towards utero
vaginal gland rather than expelling of semen while withdrawl of cánula. Though this
point is very simple but training at the funcüonal level and vigil at the supervisory
level make the difference in success of AI in a given programme.
CONSERVATION AND MAINTENANCE OF NATIVE GERM PLASM
Though frozen semen technology is expensive and not much in use, AI with frozen
semen technology will be the most desirable way to conserve germ plasm which are
endangered or to be used in future. Once the germ plasm is identified the same may
be regenerated by appropriate back crossing system with suitable blood genotype marker
when such genotype need to be regenerated. Various breeds/varieties though not
frequently used could be saved by Al/frozen semen technology. In situ maintenance
of flock might be expensive in view of future requirement as insurance against disease
outbreak or genetic drift in the flock. Thus AI could help in conservation effectively
and economically.
In conclusion, it could be said that AI technology had got a great potential in directing
poultry breeding programmes provided due caution is exercised towards harvesting,
dilution and insemination procedures effectively and judiciously under hygienic
conditions as far as possible for improving reproductive efficiency of the flock. This
will supplement selection for production efficiency for greater benefit of the users.
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SPERM STORAGE AND RELEASE IN FOWL HENS AS
RELATED TO EITHER TYPE OF BIRD, AGE OR
PHYSIOLOGICAL STATUS
J. P. Brillará
INRA, Station de Recherches Avicoles, 37380 Monnaie, France

During the past years, significant progress has been made in developing appropriate
techniques to quantitate the populations of spermatozoa stored in the oviduct of
avian species. Using fowl hens as a model and based on both already published
data and on recent observations issued from experiments conducted in our
laboratory, we analyzed the consequences of various genetic ( eg: hen type) or
physiological factors (eg: hen's age, laying performances) on the subsequent
capacities of storage and/or release of spermatozoa in artificially inseminated birds.
INTRODUCTION
Since the very early observations by Tauber (1875) and Tascher (1876) both cited by
(Van Krey,1965) of specialized sites devoted to the prolonged storage of spermatozoa
in the oviduct of avian species,considerable efforts have been produced by the scientific
community to better comprehend the mechanisms of sperm storage and release in the
so-called "sperm nests" (Van Drimmelen,1946), "Vaginal glands" (Fujii, 1963) or
"Sperm Storage Tubules or SST" (Mero and Ogasawara, 1970) observed in the oviduct
of all studied domestic and non domestic avian species. A recent review by Bakst et al.
(1994) addresses the main physiological, dynamic, immunitary and practical aspects
of the current state of knowledge in this area with reference to poultry species.
For the past years, the emergence of adequate techniques to quantitate the populations
of spermatozoa at various stages of their selection, storage and migration in the oviduct
(Brillard and Bakst, 1990) or those trapped in the perivitelline membrane of eggs
(Wishart, 1987) have been critical to elucidate the role of several types of factors (e.g.
genetic origin, age, physiological status of the hen...) suspected of ultimately affecting
the number of spermatozoa available at the sites of fertilization and consequently impair
fertility traits. These topics are presented and discussed hereafter.
GENETIC ORIGIN OF THE HENS
The incidence of inheritant characters on female fertility has long been observed in
avian species. For example. Hays (1950), studying the individual levels of fertility in
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fowl hens genetically controlled for ten generations, concluded that there was a sexlinked dependence of the duration of fertility in that specie. Using reciprocal crosses
between two lines with high or low fertility traits, Howe and Gowe (1960) observed
intermediate values for these traits in the progeny. The same authors concluded in a
genetically determined filiation of fertility, heritable in a quantitative manner and
probably carried by "several genes...which are the most part autosomal and non
dominant". More recently, Pingel and Planert (1978) conducted a divergent selection
between two lines of fowl hens on the basis of their duration of fertility (DF). These
authors observed a difference of about two days for DF between lines after only three
generations. They concluded in a better overall in vivo survival of spermatozoa in
hens favorably selected for this character. Meanwhile, after eight generations, Pingel
et al. (1984) noticed a significant increase in the occurrence of early embryonic mortality
(EEM) in eggs issued from the line primarily selected for a longer duration of fertility.
Hypothetically, these findings indicate that the prolonged in vivo storage of spermatozoa
in the SST may be accompanied with undetected alterations of genetic materials which
may cause major damage to embryos during the early stages of their development.
In order to circumvent these insidious effects of a selection on the basis of DF, Beaumont
et al. (1992) proposed the use of a synthetic trait based on the number of hatched
chicks rather that a selection for DF and against EEM. Data obtained upon five
generations of fowls selected for (Line +) or against (Line -) this trait at first indicate a
difference of approximately five days in the durations of fertility between the two lines
(Beaumont, personal communication). Moreover, we also completed a series of
experiments with this author in order to both quantitate the initial capacity of these
hens for in vivo sperm storage and to estimate the number of PV spermatozoa recovered
from their eggs. Our preliminary observations revealed that both critaria varied in a
ratio of about 2:1 between Line + and Line - hens, respectively, without obvious
differences between the two lines in either the densities or in the surfaces occupied by
the SST in the uterovaginal junction. These results confirm the observation ofVan
Krey et al. (1971) that factors other than those involved in the determinism of population
of SST may regulate the number of spermatozoa present in the oviduct after
insemination. Recent studies conducted in the fowl by Steele and Wishart (1992) indicate
that a local immunological system located in the vagina may regulate the processes of
initial sperm acceptance of spermatozoa in the oviduct through a possible recognition
of the sperm surface antigenicity (see also Bakst et al. 1994). Therefore, it can be
postulated that selecting birds on the basis of fertility traits may modify the mechanisms
of initial sperm selection known to occur in the vaginal portion of the oviduct (Steele
and Wishart, 1992). Alternatively, it may also be suggested that the local physico
chemical environment of the vaginal lumen (eg: oviducal fluid, mucus...) may vary
between the two types of hens, thus creating favourable or unfavourable conditions to
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sperm migration up to the storage sites. Whether or not these possible regulations a
genetically determined origin remains to be established.
Age of flocks
In all poultry species, a general feature of fertility is its progressive decline with age,
whatever the strategy of reproduction at first chosen (natural mating or artificial
insemination). In field operations, a common attitude by most commercial breeders in
order to circumvent this costly problem consists in removing variable proportions (2540%) of old males which are replaced by equal or slightly higher numbers of younger
males. In some instances, this type of management can be partly successful if
environment-related changes in testicular development have occurred (see review by
de Reviers, 1996) or if behaviour-related problems are suspected (see Ottinger and
Mench,1989).
Meanwhile, unless specific to a given flock (eg: diseases... ) female factors per se
cannot be easily prevented as several causes may interfere at the same period and
therefore initiate and perpetuate a syndrome known as "seasonal decline in fertility".
Such a decline, common in all domestic species, consists in a progressive inability for
the hens to achieve high fertility rates in aging flocks. The onset of declining fertility,
which generally occurs by the middle of the reproductive season, amplifies in a moderate
manner until the end of the season (eg: approximately -11% from 34 thru, 60 wk of
age; Kirk et al., 1980). Meanwhile, in view of previously published works on this
subject, it appears that two series of causal factors should be distinguished :
Those among factors establishing a decline in fertility non compensable by increased
doses of spermatozoa (Harper and Arscott, 1969) or shortened intervals between
inseminations (Sexton, 1977). This situation, only described in turkeys, could
hypothetically have an immune nature (see review in Brillard,1993).
The other series of factors, mainly studied in the fowl, are at IQSLSí partly compensable by
higher numbers of spermatozoa/dose or shorter AI intervals. They can be attributed to an
age-dependent factor of unknown origin which initiates faster release of spermatozoa in
aging versus young hens. By comparing the evolution of the populations of spermatozoa
stored in the S ST of young or old virgin broiler breeder hens following one single
insemination with 200 million spermatozoa, we observed (Figure 1): (i) that maximum
sperm storage in the SST occurs within the same interval after insemination, i.e., one day,
in the two groups of hens; (ii) at this interval, the populations of spermatozoa residing in
the SST are equivalent between young and old hens;(iii) the rate of release of spermatozoa
from the SST accelerates much faster in old than in young hens, and (iv) the proportions
549

of oviductal spermatozoa recovered in the PV membrane of eggs laid on Days 2,4 and 7
after AI are consistently higher in old versus young hens (Table 1).
Tablel. Mean percentages of "SST spermatozoa" recovered from the perivitelline layer of eggs
laid by either young or old fowl hens during the days following AI (5 hens/treatment/day; see
Figure 1 for details of this experiment)
PVspz/SSTspz(%)

Young
Old

Day 1

Day 4

Day 7

4.3
5.0

2.3
6.2

4.0
6.9

10

12

14

Days after AI
Figure 1 Populations of spermatozoa recovered from the sperm storage
tubules of either young (■) or old(0) fowl hens during the days following
insemination. Intravaginal inseminations performed with 200 x 10^ spz;
each point represents the Mean ± s.e.m. calculated from 5 hens.
Hen's age: young: 32-36 wks; old: 55 - 60 wks.

The two latter observations confirm that the decreased duration of fertility observed in
aging flocks of hens is primarely caused by a faster release of spermatozoa from the
S ST rather than due to a decreased efficiency of sperm storage in these hens. Such a
faster elimination of spermatozoa from the S ST in old hens ultimately favors the
occurrence of shortened, female-dependent duration of fertility in these flocks. While
the rationale for the pre-cited observations remains to be established, the hypothesis of
a possible role of egg size (or egg weight) and/or the increased incidence of first-ofsequence eggs in relation to the efficiency of sperm release from the S ST cannot be
discarded. In a recent paper, Fasenko et al. (1992) observed a significant, inverse
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relationship between egg weight and fertility (P<.0001). The same authors hypothetized
that either larger follicles could have reduced oocyte quality with further consequences
on fertility or that the increased incidence of first-of-sequence eggs (generally heavier
than subsequent eggs: Robinson et al. 1990) would contribute to the progressive agerelated decline of fertility at least in that species. From our opinion, the proper use of
adequate techniques to quantitate PV spermatozoa in sequence eggs at various stages
of the laying season should help determining the relative importance of these factors
on age-related decline in fertility. Furthermore,this type of work could also provide
interesting informations to better comprehend the underlying mechanisms involved in
the processes of sperm release from the S ST in avian species.
PHYSIOLOGICAL STATUS OF THE HEN
Apart from the hen's age per se, at least three factors associated with the stage of the
ovulatory cycle or the period in the reproductive season may influence either the
migration of spermatozoa or their prolonged storage in the oviduct of inseminated
avian hens. These factors are: (i) the timing of insemination with reference to the onset
of lay, (ii) the timing of insemination with reference to oviposition, and, (iii) the
individual rate of lay. The relative incidence of the two first pre-cited factors has already
been been extensively reviewed (see Brillard,1993. Bakst et al, 1995). Briefly, it has
been established in turkey hut not in fowl hens (eversión of the vagina impossible at
this stage) that inseminations performed just prior to the onset of the laying season are
accompanied by higher overall sperm storage efficiencies (x^) than inseminations
performed in hens having already started their reproductive season (Brillard and Bakst,
1990). Also, the occurrence of vaginal contractions within a few (3-4) hours before
and after oviposition is responsible for the drastic elimination of most spermatozoa
from the vagina in hens inseminated at this stage, with further consequences on fertility
(Brillard et al. 1987).
The third pre-mentionned physiological factor capable of inducing perturbations on
sperm storage/release in the oviduct of fowl hens refers to a possible link between the
functional status of the ovary and the capacities of storage and/or migration of
spermatozoa in the oviduct. Burke et al. (1969), using PMS-treated hens to study the
migration of spermatozoa in absence of ovulation, noted a significant reduction (but
not the desappearance) of their migration towards the infundibulum in PMS-treated
hens. While one of the consequences of an age-related decline in ovulation rate is a
decrease in sequence length (Robinson et al. 1990), no direct incidence of the sequence
egg position, and therefore of the length of the sequence and of the rate of ovulation,
could be detected as direct causes of declining fertility in fowl hens (Fasenko et al.
1992). Consequently, it appears that the existence or absence of ovulation rather than
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its relative frequency may ultimately affect the populations of spermatozoa present at
the fertilisation site. This hypothesis is partly supported by our own observations in
fowl hens from which we could not detect any differences (P>.05) between the
populations of spermatozoa recovered from the utero vaginal S ST of dwarf broiler type
hens showing high or low individual laying performances during the late stages of the
reproductive season (Table 2). Overall, more information is needed to better comprehend
the mechanisms acting to regulate the populations of spermatozoa present at the
fertilisation sites at each ovulation.
Table 2. Populations of spermatozoa recovered from the SST in dwarf broiler-type hens at first
classified from their individual laying performances.
LAYING RATE

DAYS AFl HR AI
0

<40

>60

1

249± 117^ (6)

1277 ±592*' (6)

1592 ±585 (6)

7

153 ±95^

(4)

160 ±106"

(5)

155 ± 70

(5)

14

37±37

(4)

22 ± 22

(5)

5 ±3

(5)

Al performed with 200 million spz/hen; laying rates checked for one week before insemination.
For each line, the means + s.e.m. affected with different superscripts are significantly different (p
< .05). The numbers of hens/group are reported in parentheses.

REFERENCES
BAKST, M.R.,WISHART, G. and BRILLARD, J.P.(1994) Oviducal sperm selection,
transport, and storage in poultry. Poultry Science Reviews 5: 117-143
BEAUMONT, C, BRILLARD, J.P., MILLET, N.and DE REVIERS, M. (1992)
Comparison of various characteristics of the duration of fertility in hens. British
Poultry Science 33: 639-652
BRILLARD, J.P., GALUT, O. and NYS, Y.(1987) Possible causes of subfertility in
hens following insemination near the time of oviposition. British Poultry Science
28: 307-318
BRILLARD, J.P. and BAKST M.R. (1990) Quantification of spermatozoa in the
sperm storage tubules of turkey hens and the relation to sperm numbers in the
perivitelline layer eggs. Biology of Reproduction 43: 271-275
BRILLARD J.P. (1993) Sperm storage and transport following natural mating and
artificial insemination.Pow/iry science 72: 923-928
552

FASENKO, G.M., HARDIN, R.T. and ROBINSON, RE. (1992) Relationship of
hen age and egg sequence position with fertility, hatchability, viability, and
preincubation embryonic development in broiler breeders. Poultry Science 71: 13741383t
FUJII, S. (1963) Histological and histochemical studies on the oviduct of the domestic
fowl with special reference to the region of uterovaginal juncture; : Archives of
Histology of Japan 23: 447-459
HARPER, J.A. and ARSCOTT, G.H. (1969) Seasonal decline in fertility of turkey
eggs. Poultry Science 48: 2109-2113
HAYS, F.P. (1950) Is fertility in domestic fowl regulated by inheritance? Pow/iry Science
29: 171-175
HOWES, J.R. and GOWE, R.S. (1960) Genetically determined fertiUty differences
between two breeds of fowl. Poultry Science 39: 1259-1260
KIRK, S.,EMMANS, G.C., McDONALD, R and ARNOT, D (1980) Factors affecting
the hatchability of eggs from broiler breeders. British Poultry Science 21: 37-53
MERO, K. N. and OGASAWARA, F.X. (1970) Dimension of uterovaginal spermstorage tubules of the chicken and their possible significance in sperm release. Poultry
Science 49: 1304-1308
OTTINGER, M. A. and MENCH, J.O. (1989) Reproductive behaviour in poultry:
implications for artificial insemination technology. British Poultry Science 30:431442
PINGEL, H. and PLANERT, €.(1978) Untersuchung über die möghchkeiten der
Verlängerung der befruchtungspersistenz. Proceedings of the 16th World's Poultry
Congress, Rio de Janeiro 2: 116-125
PINGEL, H., SCHUBERT, C, STUBS, M. and HENKER, W.(1984) Genetic effects
on fertilization persistency and quantitative sperm characteristics. Proceedings of
the 17th World's Poultry Congress, Helsinki, Genetics: 206-208
ROBINSON, E E., HARDIN, R.T. and ROBBLEE, A. R. (1990) Reproductive
senescence in domestic fowl: egg production, sequence length and intersequence
pause length. British Poultry Science 31: 871-879
ROBINSON, F.E., HARDIN, R.T., ROBINSON, N.A. and WILLIAMS, B.J. (1991)
The influence of egg sequence position on fertility, embryo viability, and embryo
weight in broiler breeders. Poultry Science 70: 760-765

553

SEXTON, T.J. (1977) Relationship between number of sperm inseminated and fertility
of turkey hens at various stages of production. Poultry Science 56: 1054-1056
STEELE, M. G. and WISHART, GJ. (1992) Evidence for a species-specific barrier
to sperm transport within the vagina of the chicken hen Theriogenology 38: 11071114
VAN DRIMMELEN, G.C. (1946) "Spermnests" in the oviduct of the domestic hen
Journal of the South African Veterinary Médecine Association 17: 42-52
VAN KREY, H.P. (1965) Storage and transport of spermatozoa within the oviduct of
the domestic fowl. Dissertation for the degree of Doctor of Philosophy,University
of California, Davis
VAN KREY, H.P., SIEGEL, P.B. and LEIGHTON, JR, A.T.(1971) Reapitability
estimates and quantification of uterovaginal sperm-host gland numbers and
population patterns. Biology of Reproduction 4: 31-34
WISHART, GJ. (1987) Regulation of the length of the fertile period in the domestic
fowl by numbers of oviducal spermatozoa, as reflected by those trapped in laid
eggs. Journal of Reproduction and Fertility 80: 493-498

554

EFFECT
OF
DIFFERENT
DILUENTS,
CRYOPROTECTANTS AND EQUILIBRATION PERIOD
ON FREEZING OF POULTRY SEMEN
R.Kumararaj and A.V.OmPrakash
Department of Poultry Science, Madras Veterinary College, Madras
600007, India

A study was conducted to develop a protocol for the cryopreservation of fowl
semen using different diluents and cryoproctectants with different pre-freeze and
post thaw procedures. Proven White Leghorn males of Foresgate strain were
utilised for this study. Freezing trials were conducted using three different diluents
namely Lakes diluent, Beltsville Poultry semen extender (BPSE) and modified
BPSE at three dilution rates such as 1:3, 1:4 and 1:5. Three cyroprotectants at
different concentrations such as 11 percent glycerol 2, 4 and 6 percent dimethyl
sulfoixde (DMSO) and 2,4 and 6 percent ethylene glycol were tried with different
periods of equilibration such as 30, 60 and 120 minutes. The semen was frozen in
French ministraw of 0.25 ml capacity using a mini-freezer with liquid nitrogen.
Based on the post thaw evaluation of 171 combinations studied, five best treatment
combinations showing more than 40 percent revival rate assessed in terms of
percent motility and live sperms, were selected.
INTRODUCTION
The technique of freezing chicken semen, although still in the experimental phase,
may prove to be of interest and value to the poultry industry. The main problems
associated with the technique of cryopreservation relates to the choice of a suitable
diluent for low temperature preservation, search of cryoprotectant able to reduce the
cell damage caused by freezing and pre freeze processing technique such as rate of
dilution and equilibration period. One of the most critical aspects is the choice of
diluent and cryoprotectant combination and its impact during the process of freezing
and thawing. The storage of chicken seminal material at -196°C in a diluent containing
different cryoprotectants resulted in cell damage. This has been confirmed by evaluation
of motility (Bakst and Sexton, 1979) and percent Hvesperms (Sexton, 1988). With
these in views, a freezing trial was conducted using different diluents and cryoprotectants
at different dilution rates and equilibration periods in order to evolve few treatment
combinations with promising results.
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MATERIALS AND METHODS
Selection and care of cocks : Twenty four superior white leghorn cocks of 36 weeks
of age were chosen to yield semen for the present study. The cocks were housed in
individual cages with floor area of 0.2 M^ per cock. The cocks were fed ad libitum with
standard breeder ration and were trained for semen collection.
Semen collection and evaluation : The semen from each cock was harvested during
the early part of the day, twice a week adopting a method of Burrows and Quinn (1937).
Semen was pooled and a sample of it was evaluated for pH motility, concentration of
spermatozoa, percent livesperms, percent abnormal sperms and méthylène blue
reduction test (MBET). Samples with excellent evaluation results were subjected to
freezing trials.
Freezing Trials : Freezing trials were conducted using liquid nitrogen, utilising three
different diluents namely Lake's diluent, Beltsville poultry semen extender (BPSE)
and modified Beltsville Poultry semen extender (developed during this study)
Composition of diluents
SI. Contents
No. (in grams)

1.
2.
3.
4.
5.
6.
7.

10.
11.
12.
13.

Sodium glutamate (Monohydrate)
Fructose
Magnesium acetate (Tetrahydrate)
Potassium acetate (Anhydrous)
Poly vinyl pyrolidone
(MW 10,000)
Sodium acetate (Anhydrous)
Potassium Citrate (Monohydrate)
TES (N-Tris) hydroxy methyl
2- amino methane sulfonic acid
Magnesium chloride
(Octahydrate)
Potassium diphosphate
(Trihydrate)
Potassiumphosphate
Tris (Hydroxymethyl)
Aminomethane
Deionised triple
glass dist.water

Lakes diluents
(Lakes Stewart 1978)

BPSE
(Sexton
1976)

Modified
BPSE

Freeze

Thaw

1.92
0.80
0.08
0.50
0.30

1.92
0.60
0.08

8.70
5.00

8.67
5.00

—
—
—

0.51
0.128

4.30
0.60
1.90

4.30
0.70

—

0.30

0.30

—

12.70

12.70

—
—

0.60

0.60
1.80

1000 ml

1000 ml

100 ml

100 ml

The pooled fresh semen was diluted i.e. 1:3, 1:4, and 1:5 with three different diluents namely Lake's
diluent, BPSE and modified BPSE to study pre-freeze and post thaw performance of semen.
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Cryoprotectants tried with their levels
Cryoprotectant

Diluents
BPSE

Lake' s Diluent
Glycerol
DMSO (Dimethyl
Sulfoxide)
Ethylene glycol

Modified
BPSE

—

—

2%

11%
4%

6%

2%

4%

6%

2%

4%

6%

2%

4%

6%

2%

4%

6%

2%

4%

6%

The effect of three equilibration periods of 30, 60 and 120 minutes were studied in all
diluents - cryprotectants combinations at three different dilution rates. The processed
semen was kept in an ice bath at 5 °C during equilibration period. The equilibrated
semen was evaluated for sperm motility and livesperms.
Freezing of semen : The equilibrated semen was filled immediately into French
Ministraws (0.25% ml) in a cold handling box in sterile atmosphere. The straws were
sealed with poly vinyl alcohol powder. Freezing was done in a mini freezing unit designed
at the semen bank Madras Veterinary College.
Thawing of frozen semen : Thawing was done by placing the straws in an ice bath at
2° for five minutes to disperse ice as rapidly as possible (Sexton, et al. 1978; Lake et al
1981). But the semen extended in Lake's diluents with 11% glycerol was processed as
per the procedure described by Lake and Stewart (1978). The thawed semen was
subjected to different treatments and were evaluated for motility and percent livesperms
(Table 1 to 6).
RESULTS
Irrespective of the treatments the post thaw motility was reduced to almost 1/3 of the
pre freeze motility. (Table 1 to 3). Over all better post thaw motility was noticed in
modified BPSE (MBPSE) at 1:4 dilution irrespective of the other criteria. Higher motihty
was noticed in semen diluted with Lake's diluent equilibrated for 30 minutes; where as
BPSE and MBPSE recorded higher motility when equilibration period was extended
upto 120 minutes. Eleven per cent glycerol and 4 percent DMSO as cryoprotectants
rendered better protection to semen diluted in Lake's diluent. Similarly when BPSE
was used with 4 percent DMSO showed higher post thaw revival rate. On the other
hand modified BPSE gave better post thaw motility both with 4 percent DMSO and 4
percent ethylene glycol.
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The live sperm percentage as influenced by above treatments showed more or less
similar trend to that of sperm motility (Table 4 to 6).
Based on the results of the percient post thaw motility and live sperms, the following treatments
were selected.
Sr. Diluent
No.
1.
2.
3.
4.
5.

Lake's diluent
Lake's diluent
BPSE
Modified BPSE
Modified BPSE

Dilution
rate

Cryoprotectant
Glycerol
DMSO
DMSO
DMSO
Ethylene
glycol

—
—
—
—
—

11%
4%
4%
4%
4%

1:4
1:4
1:4
1:4
1:4

Equilibration
time
30
30
120
120
120

minutes
minutes
minutes
minutes
minutes

DISCUSSION
Significant drop in the post thaw livability and motility of spermatozoa concurs with
the earlier reports ofWatana.be (1967), Westfall and Harris (1975), Bakst and Sexton
(1979), Scot et al. (1980) and Watanabe and Terada (1980). Structural damage to
spermatozoal cells during freezing and thawing might be responsible for this loss of
livability and motility.
The diluents and cryoprotectants responded differently with different equilibration
periods. But all the treatment combinations showed better post thaw livability and
motility when 1:4 dilution was used, which might be due to ideal concentration of
cryoprotectant and optimal osmolar conditions rendering maximum cryoprotection to
the frozen spermatozoa. Sexton (1967 a) and Sexton et al. (1978) also recommended
1:4 dilution for cryoproservation of chicken spermatozoa. Sexton (1976 b). Lake and
Stewart (1978), Sexton (1980) and Sexton (1981) observed better motility and viability
with semen: diluent ratio's of 1:3 to 1:5.
The optimal equilibration period varies with the diluent, cryoprotectant as well as the
concentration of the cryoprotectant. An equilibration period of 30 minutes was found
to be optimal for Lake's diluent irrespective of the cryoprotectant used. For BPSE as
well as modified BPSE 120 minutes equilibration period was found to be optimal.
Sexton et al. (1978) advocated 10 minutes equilibration period for Lake's diluents and
two hours for BPSE. Similar observations were made by Williamson et al. (1980),
Bradly et al. (1981), Sexton (1980 and 1981) and Duplaix and Sexton (1984).
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However MBPSE had shown over all superior performance irrespective of
cryoprotectant used, dilution rates and equilibration periods advocated. No literature is
available on MBPSE, since its composition was newly formulated in this study by
replacing the hydrogen ion buffer Tes by the conventional Tris buffer which is the
major buffering system in diluents used for cryopreservation of bull and ram semen.
However, Stephens (1986) observed best revival rate in semen diluted and frozen in
Tris buffer.
For Lake's diluent, 11 percent glycerol appeared to be the best cryoprotectant which
concurs with the earlier works of Smith and Polge (1950) and Buss (1993). However,
glycerol having antifertility properties has to be removed prior to insemination by
centrifugation and redilution. Polge (1951), Lake et al, (1981), Spreen et al, (1990) and
Delle et al, (1991) reported the spermicidal property of glycerol, which was due to
reaction between glycerol, spermatozoa and vaginal tissue.
The cryoprotectant DMSO matched well with all the 3 diluents tried but with different
equilibration periods. For Lake's diluents 30 minutes equilibration period was found
to be optimal, whereas for other two extenders 120 minutes period was needed for
optimal livability and motihty. Brown and Graham (1971), Neville et al, (1971), Sexton
and Fewlas (1976) and Lake and Ravie (1984) concluded that DMSO was not toxic to
spermatozoa and not having any antifertihty effects. Therefore, DMSO need not be
removed from the semen prior to insemination, which is an advantage over glycerol.
Among the three levels of DMSO tried, four percent DMSO as cryoprotectant was
found to be optimal for all the three diluents tried as well as the three equilibration
periods studied. This observation concurs with earlier works of Sexton (1975),
Williamson et al, (1980 and 1981), Sexton and Fewlass (1976), Sexton et al, (1978),
Sexton (1980); and Duplaix and Sexton (1984). After an extensive study on
cryopreservation of chicken semen Lake ( 1986) concluded that DMSO was the best
alternative for the glycerol as cryoprotectant to fowl spermatozoa.
Ethylene glycol as cryoprotectant responded more or less similar to the pattern of
DMSO. However, ethylene glycol suited well for MBPSE with 120 minutes equilibration
period. Brown and Graham (1971), Sexton (1973) and Oderkrik and Buckland (1977)
confirmed the suitability of ethylene glycol as a cryoprotectant for avian semen.
Similar to DMSO, four percent ethylene glycol gave optimal livability and motility of
spermatozoa. Earlier works of Sexton (1973) confirmed the present findings.
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Table 1. Percent motility of cock semen treated with different diluents, cryoprotectants at different concentrations, equilibration periods and 1:3 dilution rate (Mean ± SE)
Treatments
Equilibration periods
30 minutes
Pre-freeze Post-thaw
LD+11%GL
LD+2% DMSO
LD+4% DMSO
LD+6% DMSO
LD+2% EG '
LD+4% EG
LD+6% EG
BPSE+2%DMS0
BPSE+4%DMSO
BPSE+6%DMSO
BPSE+2%EG
BPSE+4%EG
BPSE+6%EG
MBPSE+2%DMS0
MBPSE+4%DMSO
MBPSE+6%DMSO
MBPSE+2%EG
MBPSE+4%EG
MBPSE+6%EG

90.0±L4
86.5+LO
89.5±L0
77.0±L3
84.0+L4
85.5±l.I
74.5±().9
79.0+LO
86.0±0.7
79.0±0.9
87.0+Ll
90.()±0.9
87.0+L2
87.0+L5
89.0±().9
7L0±L3
88.Ü+L6
89.5±L4
87.0±L2

37.5+0.9
33.5+L3
38.5+L2
34.5+Ll
3L5+L1
30.5+L4
28.5+Ll
27.5+Ll
33.5+0.8
23.0+LI
19.5+Ll
20.5+0.6
26.0+0.6
29.0+L4
30.0+1.4
2L5+I.2
28.0+L2
36.0+LI
3L0+L2

60 minutes
Pre-freeze Post-thaw
88.0+L5
8L0+1 2
85.5+1 3
67.0+1 4
71.0+1 1
73.5+1 2
70.5+1 3
79.5+1 1
85.0+0 9
66.0+0 8
86.5+1 5
88.5+1 7
86.0+1 1
84.5+1 7
88.0+1 3
63.0+1 1
87.0+1 5
88.0+1 3
85.0+1 2

29.0+1.1
27.5+1.0
36.0+0.5
28.5+0.9
27.5+1.2
30.0+1.3
26.5+0.9
28.0+1.5
35.0+0.9
22.0+0.8
23.5+1.0
27.0+0.9
29.5+0.7
27.0+1.3
31.0+1.2
20.0+1.1
30.0+1.5
37.0+1.3
31.5+0.9

120 minutes
Pre-freeze Post-thaw
86.5+1.0
73.5+1.0
76.0+1.1
53.5+1.0
68.0+1.2
67.5+1.0
65.5+1.2
77.0+1.4
85.5+1.0
53.0+1.2
86.0+1.4
83.0+1.1
85.5+0.9
84.0+1.8
87.0+1.1
45.0+1.1
85.0+1.1
88.0+0.9
83.0+1.3

21.0+1.2
20.5+1.1
33.0+1.4
19.5+1.0
16.5+1.3
18.5+1.5
15.5+1.2
30.5+1.3
38.5+0.7
22.5+1.2
28.5+1.3
27.0+0.8
26.0+0.9
28.0+1.1
38.0+1.0
20.0+1.2
31.0+1.2
39.0+1.0
33.0+1.2

Each value is the average of twenty observations
LD: Lake's Diluent, BPSE: Beltsville Poultry Semen Extender
MBPSE :Modified BPSE, GL : Glycerol, DMSO : Dimethyl sulfoxide, EG : Ethylene glycol.
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Table 2. Percent motility of cock semen treated with different diluents, cryoprotectant at different concentrations, equilibration periods and 1:4 dilution rate (Mean ± SE)
Equilibration periods

Treatments
30 minutes
Pre-freeze Post-thaw
LD+11%GL
LD+2% DMSO
LD+4% DMSO
LD+6% DMSO
LD+2% EG
LD+4% EG
LD+6% EG
BPSE+2%DMSO
BPSE+4%DMSO
BPSE+6%DMS0
BPSE+2%EG
BPSE+4%EG
BPSE+6%EG
MBPSE+2%DMSO
MBPSE+4%DMS0
MBPSE+6%DMS0
MBPSE+2%EG
MBPSE+4%EG
MBPSE+6%EG

90.0±L1
87.0±0.7
9L0±0.9
77.0±L1
85.0±L3
87.0±0.9
76.5±L2
82.0±L3
92.5±L2
67.0±0.8
88.5±0.9
89.0±L4
88.5±L2
85.5±L3
90.5±L1
69.0±L3
89.0±L5
9L0±L0
87.0±L3

48.0±0.9
36.5±L7
45.5±0.8
3L0±L0
35.5±L4
33.5±0.8
32.5±0.9
29.0±0.9
35.0±L1
25.0±L0
23.5±0.7
24.0±0.9
27.0±0.7
30.0±L0
33.5±L2
20.0±L3
29.0±L1
37.0±L2
32.5±L5

60 minutes
Pre-freeze Post-thaw
89.0±L4
82.5±L1
87.5±L2
60.0±L0
73.0±L2
75.0±L1
72.0±L3
8L5±0.9
9L0±L0
56.0±0.9
88.0±L1
88.0+Ll
87.0±0.9
86.0±L1
90.0±0.9
62.0±L1
88.0±L4
90.5±0.9
86.5±L4

35.0±L2
3L5±L0
38.5±L1
27.0±L2
30.5±L1
3L5+0.9
29.5±L0
30.5±L1
37.5±L9
24.0±0.8
29.5±L0
29.5±L2
30.5±0.8
29.5±L1
34.0±0.8
20.0±L1
3L5±L3
38.0±L1
32.0±L4

S-Values of selected treatment combination for fertility trials
Each value is the average of twenty observations
LD: Lake's Diluent, BPSE: Beltsville Poultry Semen Extender
MBPSE:Modified BPSE, GL : Glycerol, DMSO : Dimethyl sulfoxide,
EG : Ethylene glycol.
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120 minutes
Pre-freeze Post-thaw
86.5±L0
79.0±0.9
80.0±L1
50.0±L2
70.0±L0
69.0±L2
67.5±L1
8L0±0.5
90.0±L2
47.5±0.7
86.5±L0
85.0±L3
86.0±L2
85.0±L1
90.0±L2
46.0±L4
87.5±L3
90.5+0.7
85.0+LO

26.0+Ll
23.5+LO
37.0+L3
16.0+L2
2L5+L0
22.5+Ll
20.5+L4
32.5+L2
48.5+0.7
23.5+L3
30.5+L4
34.5+0.9
3L8+L0
30.0+L3
47.0+0.9
2L0+L2
32.0±L0
43.0+0.5
33.0+0.9

Table 3. Percent motility of cock semen treated with different diluents, cryoprotectants at different concentrations, equilibration periods and 1:5 dilution rate(Mean ± SE)
Treatments

Equilibration periods
30 minutes
Pre-freeze Post-thaw

LD+11%GL
LD+2% DMSO
LD+4% DMSO
LD+6% DMSO
LD+2% EG
LD+4% EG
LD+6% EG
BPSE+2%DMSO
BPSE+4%DMSO
BPSE+6%DMS0
BPSE+2%EG
BPSE+4%EG
BPSE+6%EG
MBPSE+2%DMSO
MBPSE+4%DMSO
MBPSE+6%DMS0
MBPSE+2%EG
MBPSE+4%EG
MBPSE+6%EG

87.0±L1
86.0±0.9
87.5±L2
61.5±L4
83.5±L6
86.0±0.9
75.5±L2
80.5±L0
89.5±L6
65.0±0.9
86.5±L3
87.0±L8
86.5±L2
86.0±L1
90.0+L7
66.0±L1
87.5±L9
90.0±L4
88.0±L6

37.0±0.7
34.0±0.9
38.0±L0
32.5±L2
32.5±L1
3L5±L0
27.5±0.8
28.5±L1
34.5±L3
15.5±L0
20.5±0.7
22.5±L2
27.5±L6
29.5±L1
32.0±L1
17.5±0.9
29.5±L3
38.0±L0
30.0±L1

60 minutes
Pre-freeze Post-thaw
84.5±2.1
3L0±L1
80.0±L0
30.0±L0
83.0±L5
37.5±L1
52.5±L6
26.5±0.9
69.5±L4
28.0±L2
74.5±L1
30.5±L1
72.5±L3
27.0±0.7
80.0±L2
3L0±0.9
88.0±L1
36.5±L1
5L0±0.7
16.5±0.9
86.0±L7
26.5±L2
85.5±L8
29.0±L5
86.0±L3
30.5±L1
84.0±L8
28.0±0.9
89.0±L3
32.0±L2
57.0±L6
19.0±L2
87.0±L6
30.0±L4
89.0±L2
37.0±L2
86.0±L1
32.0±0.9

120 minutes
Pre-freeze Post-thaw
83.5±L2
20.0±L0
73.0±0.8
2L0±0.9
75.5±L4
34.5±0.8
50.5±L1
15.5±L1
66.5±L3
18.5±L0
68.5±0.9
19.5±L0
66.0±L2
16.0±0.9
80.0±L1
3L0±L2
87.5±L2
37.0±L4
40.5±0.9
15.0±0.8
84.0±L2
29.0±0.9
84.5±L3
30.5±L3
86.0±L1
28.5±L2
83.5±L4
29.0±0.9
87.0±L2
38.0±L1
43.0±L2
12.0±0.9
87.0±L5
30.0±L1
89.0±L5
38.0±0.7
35.0±L4
30.0±L0

Each value is the average of twenty observations
LD: Lake's Diluent, BPSE: Beltsville Poultry Semen Extender
MBPSE :Modified BPSE, GL : Glycerol, DMSO : Dimethyl sulfoxide, EG : Ethylene glycol.
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Table 4. Percent motility of cock semen treated with different diluents, cryoprotectants at different concentrations, equilibration periods and 1:3 dilution rate(Mean ± SE)
Equilibration periods

Treatments
30 minutes
Pre-freeze Post-thaw
LD+11%GL
LD+2% DMSO
LD+4% DMSO
LD+6% DMSO
LD+2% EG
LD+4% EG
LD+6% EG
BPSE+2%DMSO
BPSE+4%DMS0
BPSE+6%DMS0
BPSE+2%EG
BPSE+4%EG
BPSE+6%EG
MBPSE+2%DMS0
MBPSE+4%DMS0
MBPSE+6%DMS0
MBPSE+2%EG
MBPSE+4%EG
MBPSE+6%EG

89.2±L4
82.7±L1
90.2±0.9
79.4±0.8
86.7+0.9
83.4+L2
76.2+LI
80.4+0.5
88.6+0.8
78.2+LO
86.4+0.6
87.6+0.7
84.3+L2
86.7±L1
90.1 ±0.9
73.2±0.6
82.7±L1
9L2+0.9
83.4+L3

38.9±0.9
34.5+0.8
36.5+LO
32.4+0.8
30.4+0.6
3L6+L3
30.5+LI
28.3+0.5
32.6+0.9
22.4+0.5
20.3+L2
19.3+LO
24.7+0.7
26.4+0.5
32.2+0.4
22.1 + L5
25.3+L2
29.3+0.9
27.7+0.7

60 minutes
Pre-freeze
Post-thaw
84.3+0.6
79.7+L3
86.1 + Ll
68.4+0.9
72.4+0.9
70.6+0.5
69.2+0.7
80.8+0.3
84.6+0.5
66.4+0.7
83.3+0.9
87.3+0.5
84.1+0.6
81.4±0.7
89.3+0.8
63.6+0.7
81.3+0.6
89.9+0.9
81.2+0.5

28.6+0.7
26.4+1.1
33.4+1.2
27.4+1.1
28.4+0.9
29.6+1.6
26.9+1.2
26.3+0.4
36.7+0.6
23.6+1.3
19.7+0.7
20.7+0.3
26.4+0.5
26.2+0.7
31.6+0.3
19.3+1.4
27.2+2.0
31.4+0.7
27.4+0.6

120 minutes
Pre-freeze
Post-thaw
81.3+0.8
70.4+2.2
77.2+1.1
54.2+1.5
64.3+1.0
69.2+0.9
61.6+0.8
80.3+0.7
84.3+0.3
51.3+0.4
83.2+0.6
87.0+0.7
81.4+0.9
81.4+1.1
88.0+0.5
49.7+0.9
8L6±0.4
90.1+0.6
81.4+1.2

17.6+1.1
19.6+0.6
24.3+0.7
20.2+0.6
17.5+0.9
19.7+0.4
17.4+0.6
30.4+0.5
37.5+0.8
19.7+1.1
27.6+1.3
28.7+0.5
29.3+0.7
27.9+0.6
36.4+0.5
18.2+1.7
28.9+1.1
36.5+1.1
30.4+0.5

Each value is the average of twenty observations
LD: Lake's Diluent, BPSE: Beltsville Poultry Semen Extender
MBPSE :Modified BPSE, GL : Glycerol, DMSO : Dimethyl sulfoxide, EG : Ethylene glycol.
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Table 5. Percent motility of cock semen treated with different diluents,cryoprotectants at different concentrations, equilibration periods and 1:4 dilution rate (Mean ± SE)
Equilibration periods

Treatments
30 minutes
Pre-freeze Post-thaw

60 minutes
Pre-freeze Post-thaw

120 minutes
Pre-freeze Post-thaw

LD+ll%GL
LD+2% DMSO

9L6±Ll
84.7±L2

49.6+0.7
37.4+0.8

85.4+0.5
79.9+L5

30.7+0.9
30.7+L3

82.7+1.5
76.8+1.2

25.3+1.1
19.9+0.7

LD+4% DMSO
LD+6% DMSO
LD+2% EG
LD+4% EG
LD+6% EG
BPSE+2%DMSO
BPSE+4%DMS0
BPSE+6%DMSO
BPSE+2%EG
BPSE+4%EG
BPSE+6%EG
MBPSE+2%DMS0
MBPSE+4%DMS0
MBPSE+6%DMSO
MBPSE+2%EG
MBPSE+4%EG
MBPSE+6%EG

90.8±L5
70.4±0.9
89.2±L5
85.2±0.6
76.9±L6
8L3±L2
93.2+1.2
69.3+L4
85.3+Ll
86.3+L6
86.2+L2
84.3+L3
9L8±0.7
70.4±0.6
86.9+0.9
93.2+Ll
86.7+L5

47.8+0.5
30.7+0.9
3L5+0.7
37.3+L5
33.6+0.9
28.4+0.7
34.7+LI
23.7+Ll
20.6+L3
20.6+L2
26.7+L5
28.2+0.5
34.6+0.7
19.7+L2
27.2+0.8
3L7+L4
29.4+0.9

84.3+Ll
59.4+0.8
82.3+L4
70.9+0.7
68.9+L3
8L4+L1
9L6+L1
57.3+0.6
84.7+0.6
87.6+Ll
87.3+0.9
83.2+Ll
90.4+0.6
60.4+0.8
83.7+0.7
9L7+0.9
83.7+L3

38.7+0.9
28.2+Ll
29.9+0.8
28.7+L2
27.6+0.6
29.7+L2
38.4+LO
24.4+L3
23.4+LI
24.6+0.6
27.1+0.7
28.4+0.6
37.2+0.9
18.2+1.1
29.7+0.9
33.6+1.1
29.7+0.6

79.4+0.9
50.7+0.6
67.3+0.7
66.3+0.6
66.2+1.5
80.4+0.9
91.1 + 1.6
45.2+0.9
84.2+0.7
86.2+1.2
82.4+1.4
83.4+1.2
90.3+0.9
49.4+0.7
83.7+0.9
91.1 + 1.2
83.1 + 1.2

26.3+1.2
18.4+0.9
20.4+1.2
21.2+1.5
19.3+1.1
31.2+1.1
49.4+0.7
21.9+1.2
30.7+1.0
30.2+0.8
30.8+1.2
29.2+0.7
48.9+0.5
17.7+0.7
31.2+1.1
45.7+0.9
33.2+0.8

Each value is the average of twenty observations
LD: Lake's Diluent, BPSE: Beltsville Poultry Semen Extender
MBPSE: Modified BPSE, GL : Glycerol, DMSO : Dimethyl sulfoxide, EG : Ethylene glycol.
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Table 6. Percent motility of cock semen treated with different diluents,cryoprotectants at different concentrations, equilibration periods and 1:5 dilution rate(Mean ± SE)
Equilibration periods

Treatments
30 minutes
Pre-freeze Post-thaw
LD+11%GL
LD+2% DMSO
LD+4% DMSO
LD+6% DMSO
LD+2% EG
LD+4% EG
LD+6% EG
BPSE+2%DMSO
BPSE+4%DMSO
BPSE+6%DMSO
BPSE+2%EG
BPSE+4%EG
BPSE+6%EG
MBPSE+2%DMS0
MBPSE+4%DMS0
MBPSE+6%DMS0
MBPSE+2%EG
MBPSE+4%EG
MBPSE+6%EG

85.0±0.9
8L6±0.7
89.2±L1
63.2±0.7
84.3±L1
83.2±0.9
76.4±L3
80.2±L4
9L2±L3
64.3±0.9
87.3±0.7
86.7±0.8
83.7±0.7
85.3±0.7
9L2±0.9
67.3+L3
85.7±L2
89.8±L1
83.6±L4

38.4±0.7
35.0±L1
37.8±L1
29.9±0.6
3L6±0.6
32.6±0.5
30.2+0.9
27.6+L2
33.8+0.7
16.3+0.7
19.4+0.6
19.7+0.5
26.3+1.2
27.3+1.1
33.2+1.3
16.1 + 1.2
26.0+1.6
30.8+1.4
26.2+0.9

60 minutes
Pre-freeze Post-thaw
81.2+2.1
78.0+0.9
81.2+0.9
51.4+0.7
67.2+0.9
70.3+0.6
69.3+0.7
80.6+0.6
88.4+0.6
52.2+0.5
84.3+0.4
84.5+0.7
84.5+1.2
81.1 + 1.4
90.6+0.9
59.5+1.2
81.8+1.1
90.1 + 1.6
82.3+1.2

28.6+0.6
31.2+0.6
34.8+0.7
26.3+0.5
29.0+0.4
30.6+0.6
26.5+0.8
27.9+1.0
37.6+0.6
18.3+0.6
22.2+0.7
21.2+0.5
27.0+1.1
27.6+0.9
33.9+1.3
17.3+1.1
24.3+1.1
32.5+1.2
28.2+0.8

120 minutes
Pre-freeze Post-thaw
80.4+1.4
74.0+0.8
75.2+0.7
50.6+0.5
62.4+0.7
65.4+1.2
63.4+1.1
79.3+0.5
86.3+1.2
41.7+1.0
83.7+0.7
81.6+0.6
81.2+0.7
81.3+0.9
89.6+0.5
41.3+1.1
80.6+1.2
88.9+1.3
81.7+1.4

19.7+0.9
18.3+0.8
21.5+0.6
14.3+0.5
19.2+0.6
17.3+0.4
15.7+0.8
30.6+0.9
38.6+1.1
16.8+1.2
30.8+0.8
30.6+1.2
29.6+1.3
28.2+1.1
37.2+0.4
13.8+0.6
28.6+0.7
38.6+0.5
30.7+0.9

Each value is the average of twenty observations
LD: Lake's Diluent, BPSE: Beltsville Poultry Semen Extender
MBPSE:Modified BPSE, GL : Glycerol, DMSO : Dimethyl sulfoxide, EG : Ethylene glycol.
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EFFECT OF TRANSPARENT FLUID ON MOTILITY OF
COCK SPERMATOZOA
J. Mohan and R. P. Moudgal
Central Avian Research Institute, Izatnagar , 243 122, U. P., India

The physiological significance of transparent fluid secreted from cloacal region of
cock is still controversial. Therefore, the present study is an attempt to clarify
whether the transparent fluid is detrimental to cock spermatozoa. Samples of
washed spermatozoa or neat semen were divided equally into three groups and
sperm of each group extended (1:3) separately with saline (control group),
transparent fluid and seminal plasma. All the samples of spermatozoa maintained
at ambient temperature (18^C) throughout the study period of 10 hrs for the
examination of percent motility at different time intervals. During this period,
maximum (60.84 %) and minimum (24.16%) reduction in motility of washed
spermatozoa was observed in transparent fluid and control group respectively,
whereas in seminal plasma treated group motility was declined by 41.67%. A
similar trend was noted for the spermatozoa in neat semen . Throughout this
investigation, control group alone maintained the best motility of spermatozoa
whereas transparent fluid caused the agglutination in spermatozoa. The pH value,
glucose, calcium, uric acid and chloride content of transparent fluid differed
significantly (p<0.01) from the seminal plasma. The electrophoretic pattern of
transparent fluid and seminal plasma proteins indicated that the presence of
antisperm motility protein was more prominent in seminal plasma as compared
to transparent fluid. It may be concluded from this study that excess of transparent
fluid in semen adversely affect the motility of spermatozoa after a certain period.
INTRODUCTION
In mammalian males there are several accessory glands located along the genital tract
and most of the seminal plasma constituents are secreted from these, glands (Mann and
Lutwak-Mann, 1981). No such accessory sex glands are found in avian male but the
presence of other accessory reproductive organs have been reported in cock which
consist of the paracloacal vascular bodies and paired lymphatic folds located in cloaca
(Fujihara, 1992). These sex organs generated the lymph like accessory reproductive
fluid so-called transparent fluid (TF) in cock (Nishiyama, 1955). Nishiyama et al. (1971)
have found that the presence of TF in semen inseminated immediately after collection,
did not harm the fertilizing ability of spermatozoa. Lake et al. (1985) observed that TF
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improved the fertility when semen was inseminated in the cloaca. Fujihara (1992)
concluded that the accessory reproductive fluids have a favourable effect on the function
of freshly ejaculated spermatozoa in domestic birds. By contrast, TF has been shown
to have deleterious effect on spermatozoal motility ( Nishiyama, 1951) and contains
some components inimical to the integrity of spermatozoa under m vitro storage (Lake,
1956; 1981). No unifying concept regarding the physiological importance of TF in
avian semen has yet emerged (Fujihara et al. 1990). Therefore, the objective of this
work was to study the effect of TF on motility of cock spermatozoa.
MATERIALS AND METHODS
Semen samples from 15 broilers cocks were collected by massage method (Burrows
and Quinn, 1937) on alternate days. TF was also obtained from the equal number of
cocks on squeezing the sides of the cloaca. Subsequently, samples of washed or
unwashed spermatozoa (neat semen) were equally divided in to three groups and samples
of each group extended (1:3) separately with sahne (0.9% w/v, NaCl),TF and seminal
plasma. Sahne treated group served as the control. Washed spermatozoa obtained after
centrifuging the semen at 2500 rpm for 7-8 min and pallet was reconstituted with
saline to its original volume after the removal of supernatant. All the samples of
spermatozoa were maintained at ambient temperature (18^C) throughout the study
period of 10 hrs. for the examination of percent motility (Wheeler and Andrews, 1943)
at different time intervals. Glucose, calcium, uric acid and chloride contents of the
fluids were analysed by using the Qualigens Diagnostics Kits (Glaxo-India). Values of
pH in fluids were determined by means of routine laboratory measurement.
Electrophoretic pattern of proteins in samples were examined by sodium dodecyl sulfate
10% polyacrylamide gel electrophoresis (Laemmli, 1970). Statistical analysis were
made by employing ANO VA (One-way classification) and Student's t-test (Snedecor
and Cochran, 1967).
RESULTS AND DISCUSSION
The percent sperm motility was reduced significantly (p<0.05) in TF treated, washed
and unwashed spermatozoa after 2 and 4 hrs of storage respectively at ambient
temperature (18^C).
No significant reduction in sperm motility was detected in other groups up to 4 hr of
storage and subsequently declined significantly throughout the study period. The best
percent motihty of spermatozoa was maintained only by sahne treated (control) washed
(66.67 ± 5.59) as well as unwashed spermatozoa (74.16±3.74) with the reduction of
24.16 and 18.34 percent motility respectively after 10 hr of storage at ambient
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temperature (18"C). Maximum reduction in percent motility (nearly 60.00%) was
recorded in TF treated spermatozoa under the similar storage conditions. Whereas,
motility maintained by the seminal plasma was superior to the TF but was inferior to
the saline treated spermatozoa irrespective of storage period.
Results of this study also indicated that the pH value, calcium, chloride, glucose and
uric acid contents are significanily (P<0.01) higher in TF than seminal plasma (Table
1). Probably excess of these biochemical constituents may be responsible for the
maximum reduction of sperm motility in TF treated spermatozoa. Similarly, Nishiyama
(1951) reported that TF has harmful effect on spermatozoal motihty and contain some
material inimical to the integrity of spermatozoa in vitro (Lake, 1956; 1981).
Agglutination of washed or unwashed spermatozoa was found in TF treated group
alone. This may be due to the high level of calcium content in the fluid (Table 1).
Nishiyama (1955) reported that TF may contain blood clotting agents which agglutinate
the spermatozoa. With regard to the pH value. Lake and Ravie (1979) found most
satisfactory results with the diluents buffered at pH 6.8 or 7.1. Poor fertility was achieved
at pH 5.8 and pH 7.4 . Similarly, the higher pH value (8.1) of TF (Table 1) may not
prove better for motility as well as fertilizing ability of spermatozoa.
Table 1. Comparison of some characteristics of seminal plasma with transparent
fluid (mean ± S. D., 9 Replicates)
Characteristics
pH
Glucose (mg/100 ml)
Calcium (mg/100 ml)
Uric acid (mg/100 ml)
Chloride (mM)

Seminal plasma

Transparent fluid

Difference

7.20±0.18
18.88±9.27
6.78±0.74
7.03±2.29
39.04±4.11

8.10± 0.40**
201.11±19.96**
10.09± 2.05**
14.28± 3.90**
14L51±15.61**

0.90
182.23
3.31
7.25
102.47

Student's t-test was used for comparison of mean values.
(**P<0.01).
Both the fluids TF as well as seminal plasma were found rich of sperm motility inhibitory
(SMI) protein whereas a prominent band of anti-sperm motility inhibitor (anti SMI)
was investigated in seminal plasma when compared with TF. This finding may further
support the detrimental effect of TF on chicken spermatozoa. Mohan et al. (1995)
reported that the presence of anti SMI in chicken seminal plasma neutralizes the motility
inhibiting property of SMI.
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CONCLUSION
It may be concluded from this study that the excess of TF in semen adversely affect the
quality of spermatozoa after a specific period of storage.
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5. BREEDING FOR DISEASE RESISTANCE AND IMMUNE
RESPONSE

NEW VISTAS FOR THE GENETICS OF DISEASE
RESISTANCE - ASSESSING THE HORIZONS
B.L.Sheldon
Shelgen Pty Ltd., lA Hampden Road, Pennant Hills, NSW 2120,
Australia

INTRODUCTION
As chairman of this session I have chosen the title of my introductory presentation in
order to focus on two aspects of the theme of the session "Breeding for Disease
Resistance and Immune Response". The first, in harmony with the "New Vistas"
theme of the Congress, deals with undoubted facts, as will be demonstrated by the four
invited and three contributed papers. They will highlight recent progress in this field,
especially in the areas of their own research, and display some of the wide new vistas
that will set our goals until well into the 21 st century.
The second aspect is much less predictable. It concerns the width and distance and
contours of the new horizons, judgments about the pathways which are likely to yield
first to concentrated exploration, and of course the time scales involved. A third aspect,
which is always likely to occur in the progress of science, is the possibility of unforeseen
breakthroughs, even a new paradigm. I do not propose to attempt to deal further with
this aspect which requires a high level of clairvoyance.
In relation to the first aspect it is not my task to summarize or attempt a synthesis of the
content of the seven papers in the session. However, I shall offer some observations
from my own experience on the background and context of the new vistas.
The second aspect does not often get a similar objective assessment by authors as the
first aspect. To some extent this is inevitable. Nevertheless, I shall also offer some
personal comments on these questions, partly in the hope that the seven speakers about
to present their papers may respond with their own assessment of the variability of the
landscape ahead and of the time scale needed to understand and conquer it.
BACKGROUND AND CONTEXT OF NEW VISTAS
In respect of the genetics of production traits and disease resistance we are still in the
transition period between the quantitative genetics era and the full flowering of the
molecular genetic engineering era. That is not to say that the latter approach will in the
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foreseeable future supplant the former completely. And for the near future there will
be a long bridging period when effective progress in poultry breeding will depend on
close cooperation between the two approaches. This transition period has already
lasted some 20 years since the possibilities and opportunities revealed by the revolution
in molecular biology started to be fully understood (Sheldon, 1978). It is also relevant
to our crystal-ball gazing that the transition period began less than 25 years after that
revolution started with the discovery that deoxyribonucleic acid (DNA) is the genetic
material. As I pointed out in that review the big deficiency in our knowledge then,
preventing the effective manipulation of poultry genes by the developing molecular
technology, was the paucity of information on basic poultry genetics. This applied
particularly to the genes involved in production traits and disease resistance. The
deficiency, with few exceptions, still exists.
Nevertheless much progress has been made, especially in the past few years, in
developing the techniques and resources necessary both for locating and identifying
relevant genes, and for manipulating them by marker assisted selection or by
recombinant DNA gene transfer methods. It was shown only in 1980 that molecular
(DNA) markers could be very useful as closely linked indicators of genes for human
disease, and it was soon recognized that they now made molecular gene mapping
possible. This led to the Human Genome Mapping project a few years later and at the
same time to the development of interest in doing similar mapping projects for the
main livestock species including poultry (see Sheldon, 1990 for review of this period).
By 1992 the first molecular linkage map for poultry with about 100 markers was
published (Bumstead and Palyga, 1992) and the first International Poultry Genome
Mapping Workshop had been held. By 1996 the number of mapped markers in the
international program has been extended to close to 800 which gives an adequate
coverage of the whole genome (Burt et al., 1995, Barrow and Bumstead, this session).
So the stage is now set for rapid progress to be made in using these mapped markers to
identify and map genes for production traits or for disease resistance. A specific example
of this approach is provided in the paper by Barrow and Bumstead (1996) in this session.
In relation to the techniques necessary for DNA transfer of genes of interest, when
they are eventually identified and cloned, progress has also been good but not as rapid
as with gene mapping. This has been in spite of the fact that the earliest report of
attempts to transfer genetically marked primordial germ cells to host embryos appeared
in 1983 (Shuman and Shoffner 1983, see Sheldon, 1990). The rest of the 1980's
concentrated almost entirely on the use of retro viruses did not become accepted as the
method of choice because of potential problems of resurgent virulence or other side
effects, hence the improbability of the resultant animals being approved for commercial
release. Therefore, research since 1990 has concentrated on transfer of blastoderm
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cells (Carsience et al., 1993) or primordial germ cells (Naito, 1993, Naito et al., 1995),
though the Roslin laboratory (Sang, 1994) has also persisted with injection of DNA
into single-celled embryos. The latter two and my laboratory at CSIRO have also used
in vitro embryo culture (Naito et al 1990) for the transgenic or chimeric embryos arising
from the transfer procedure. The results of these approaches are promising but not
dramatic. The potential will be enhanced significantly when a chicken embryo stem
cell system becomes available to enable gene manipulation and testing in vitro before
transfer to a recipient embryo. Some progress is being made towards this objective
(Dyer, unpublished, Pain et al., 1996). Gavora's paper in this session develops these
themes in detail in relation to the potential utilization of these techniques for breeding
for disease resistance in poultry.
A desirable pre-requisite for the most efficient identification of candidate genes for
specific aspects of the immune response and disease resistance is of course a detailed
knowledge of the pathogen and its interactions with susceptible or resistant chickens.
Fortunately significant advances have been and are being made in detailed knowledge
of the main pathogens, especially where more virulent strains have arisen such as
Marek's disease virus and Infections Bursal disease virus. However, this comment
also applies to the other viral diseases Leukosis, Chicken Anaemia Agent, Infections
Laryngotracheitis, Infectious Bronchitis, Newcastle Disease and Avian Influenza as
well as to the bacterial diseases caused by Salmonella spp. or Escherichia coli, to the
Mycoplasmas and to the protozoan parasite Coccidia spp. Because of their everpresent
potentially disastrous consequences in the modem poultry industry it is highly likely
that an adequate level of research will be maintained in these areas.
In probably only two areas has the interaction of pathogen with chicken genotype been
studied to a similar extent to the above. These are the chicken MHC (major
histocompatibility complex) in relation mostly to resistance or susceptibility to Marek's
disease (Lemont, 1989), and to a lesser extent chickens endogenous viral (ev) genes in
relation to Avian Leukosis viruses and their effects (Tixier-Boichard, 1995). However,
even in these two cases the biological mechanisms are far from being fully worked
out. Nevertheless, associations of MHC haplotype with Marek's susceptibility or
resistance have already been used in some commercial chicken selection programs.
The situation with Marek's disease provides an interesting lesson on new vistas and
horizons.
In the 1960's and early 70's some commercial poultry breeders were selecting
successfully for resistance to challenge with Marek's virus, following Coles' initial
experiment on this possibility at Cornell University. They ceased this selection following
the introduction of successful Marek's vaccines in the early 70's, even though there
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was reasonable evidence that the vaccines were more effective in resistant strains of
chickens. By the mid to late 80's, as vaccines became less effective and more virulent
strains of the virus appeared, commercial breeders began to reconsider returning to
selection for resistance to challenge by Marek's virus as well as selecting for MHC
haplotype. The latter after all has not been proven to be the main component involved.
For the remaining pathogens the number of experiments reporting successful selection
for resistance or susceptibility, or demonstration of such differences between inbred
lines, is still quite small. For example Barrow and Bumstead (1996, in this session)
review their own and others' work on Salmonella spp, and Cahaner et al. (1995) reviewed
their selection work on immune response to E. coli. In the latter study MHC haplotype
did not contribute much to the difference between high and low responder lines. A
clear need exists for many more studies of these kinds on the main pathogens because
the resultant selection lines or identified inbred lines will be the main source of the
resistance genes to be located and identified by gene mapping procedures. Until this
happens they are not available for manipulation by DNA gene transfer techniques.

HOW FAR AND HOW LONG TO THE NEW HORIZONS ?
Prediction is always difficult when the landscape is complex and extends well into the
distance. It would be difficult enough if we had to assess only the likely outcomes of
the science and technology. However , we are also attempting the exercise in a context
of continuing contraction of the staff and funds available to do the work. Globally for
poultry genetics research this trend has already existed for at least 20 years and there is
no reason I know which indicates it will not continue.
Putting that problem aside for the moment perhaps the best aid to more accurate
prediction is past experience of inaccurate or over-optimistic predictions , though
experiences of accurate predictions also help. An example of the latter is the one shared
by most poultry geneticists of my vintage. This concerned strains and in growth rate in
meat strains over the past 40 years or so. In layer strains the prediction included that
the selection response would slow to a plateau as the interval between eggs decreased
towards 24 h. This also happened. In anticipation of this happening we conducted
selection experiments at CSIRO for over 30 years seeking to break through this 24 h
barrier. These were successful. On the basis of these extended from the present level
of 300 eggs to 340-350 in 20-30 generations ( years), with a real possibility of further
increases after that ( Sheldon and Yoo, 1993 ). Confidence in these predictions is based
firmly on experimental evidence.
When we turn to consider the current context of breeding for disease resistance the
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experience so far with gene mapping is of more rapid progress than expected , or at
least as good as the most optimistic prediction. However setting up the map with an
adequate number of molecular markers is the easier and straightforward part. On the
other hand the progress towards a reliable and efficient system for producing transgenic
chickens has been slower than optimistically expected some 12-13 years ago. The
resources involved in both fields have been similar and quite minimal. It is now entirely
possible that these two relative positions could be reversed in the near future.
As indicated already the task of locating (mapping), identifying and cloning relevant
genes for disease resistance depends largely on the availability of selection or inbred
lines resistant to particular pathogens. For many pathogens such lines are not yet
identified or available. The process of creating or identifying them will take some
years. Only when the gene is cloned can it be manipulated by DNA transfer techniques.
If the rate of progress in the techniques for producing transgenic chickens improves we
may well still have a situation of not having enough good candidate genes for
manipulation. Therefore it is desirable to put more resources into creating or identifying
resistant lines and mapping the resistance genes , so that this deficiency ceases to be
the limiting factor it is at present.
When new technologies become available it is common for predictions of successful
implementation to err on the side of optimism, especially where appUcations for research
funds are involved. This undoubtedly occurred in projections of progress in DNA transfer
techniques in chicken in the past 12-13 years. Realistically therefore a similar period
will be involved in perfecting the techniques and in getting the first good candidate
genes for disease resistance transferred to a desired host line. When that is done the
testing of its expression and interaction with the host genome and physiology can
begin. Gavora (1996) deals with details of these requirements in his paper in this session.
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POULTRY INDUSTRY IN 21st CENTURY: WILL
GENETIC ENGINEERING OF DISEASE RESISTANCE
PLAY A ROLE?
Jan S. Gavora
Centre for Food and Animal Research, Agriculture and Agri-Food
Canada, Central Experimental Farm, Ottawa, Ontario Kl A 0C6 Canada

Artificial selection can be viewed as 'genetic engineering' that brought about
profound changes in today's domestic poultry. Gene transfer is another phase of
this process, particularly suitable for the improvement of genetic resistance to
disease. Available results indicate the feasibility of this approach. Among the
prerequisites for successful new disease resistance mechanisms are their low
'biological cost', long-term genetic stability, availability of gene targeting
techniques, and thorough testing of the transgenic birds. Of possible strategies
for such mechanisms, those that prevent entry of the pathogen into the host will
be most valuable. In the 21 st century, the poultry industry will likely have at its
disposal birds with genetically engineered new disease resistance mechanisms
whose benefits will outweigh the risks perceived by consumers.
INTRODUCTION
Over hundreds of years, humans have influenced the evolution of the domesticated
bird species. Some of the changes induced by artificial selection parallel in their
significance speciation: a modem meat-type chicken can be viewed as a species different
from a modern egg-type chicken. This 'genetic engineering' of livestock was achieved
through the long-term use of conventional genetic improvement methods. Gene transfer
can be viewed as another phase in the development of this genetic engineering. It
would seem foolish not to take advantage of the available new technologies that provide
avenues to move genes between species, taxonomic genera and even kingdoms so that
we are no longer limited by the constrains of sexual compatibility.
Improvement of genetic resistance to disease is gaining attention in the design of
commercial breeding programs. Genetic resistance is the most desirable means of
disease control. Genetic gains in resistance accumulate provided there is no genetic
change in the virulence of the pathogen. Unlike medication or vaccination, genetic
resistance does not require repeated expenses. On the other hand, improvement of
genetic resistance is costly in monetary terms, and requires that the breeder devote
some of the selection pressure available to him to the improvement of this trait. Genetic
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disease resistance plays an important role in connection with all other means of disease
control.
The goals of this presentation are to (1) summarize the current state of research on
genetic engineering of disease resistance in plants and animals, (2) define the
prerequisites for successful genetic engineering of disease resistance, and (3) give
examples of strategies of genetically engineered disease resistance.
CURRENT STATE OF RESEARCH ON GENETIC ENGINEERING OF
DISEASE RESISTANCE
Work on the development of new genetic mechanisms that prevent the entry of a
pathogen in the host or otherwise substantially improve the position of the host in the
pathogen-host interaction is justified both by the desirability of such mechanisms and
successes already achieved. While conventional selection leads to quantitative
improvement of resistance, the new mechanisms represent a qualitative change. The
research expenses will be further justified, if the new, engineered mechanism proves to
be stable, will remain effective despite evolution of the pathogen, and function without
harmful effects on the bird's production capacity. Improvement of animal welfare will
be an additional benefit.
Hamilton, (1980) was the first to propose that viral components contained in plants
might interfere with virus infection. The concept of pathogen-derived resistance was
put forward by Stanford and Johnston, (1985). Approaches to the introduction of disease
resistance by gene transfer in plants include transfers of segments of viral genome
encoding capsid or coat proteins, viral sequences encoding proteins that may be subunits
of viral replicase, sequences incapable of encoding proteins, entire genomes of defective,
interfering viruses, and complete genomes of a mild strain virus (Fitchen and Beachy,
1993). Wilson (1993) suggests that any unregulated superimposition of interfering
protein or nucleic acid species can result in plants in an apparently virus-resistant
phenotype. A similar situation may exist in animals. We have shown that transgenic
animal cells expressing a viral mRNA, but not the viral protein, had increased resistance
to bovine rotavirus (Gavora et al. 1994).
The research effort to engineer new resistance mechanisms in animals is smaller than
that in plants. The first successful introduction of pathogen-mediated resistance to
disease in animals was reported by Salter and Crittenden, (1989). They produced
several lines of chickens, each with an insert of a recombinant avian leukosis retro viral
genome at a different locus (Crittenden et al 1989). The transgenic birds that expressed
only the viral envelope coding region of the recombinant genome were resistant to the
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avian leukosis virus (Salter and Crittenden, 1989; Gavora et al. 1995). It is assumed
that this resistance is due to blockage of the virus receptors on host cells by the viral
envelope proteins produced by the transgene.
The murine Mxl is a protein with activity against the influenza virus. Garber et al.
(1991) inserted cDNA encoding the murine Mxl protein into chicken embryo fibroblasts.
Cells carrying the Mxl gene were resistant to infection with avian, as well as human
influenza viruses.
Clements et al. (1994) produced sheep that carry transgenes expressing the envelope
genes of visna virus. Visna virus is a prototype of a family of ovine lentiviruses that
cause encephalitis, pneumonia, and arthritis in sheep worldwide. Three lambs that
expressed the visna virus envelope glycoproteins did not show any negative effects of
the transgene.
To introduce resistance to the bovine rotavirus, two genes that code for rotavirus capsid
proteins were transferred into susceptible cells in culture and, one of the genes, also
into genomes of laboratory mice (Gavora ^i al. 1994). The transgenes produced mRNA
of the viral genes but no corresponding protein. Nevertheless, several of the transformed
cell lines showed significantly increased resistance to the bovine rotavirus (Gavora et
al. 1994). However, no increase in resistance was detected under challenge with the
bovine rotavirus in the transgenic mice shortly after birth (J.S. Gavora unpublished
results).
Additional information on pathogen-host interaction that is now emerging at a rapid
pace may open new opportunities to engineer new resistance mechanisms. Of particular
interest are receptors that facilitate the entry of viruses into host cells. The receptors
are mostly glycoproteins and have a normal physiological role. Viruses compete with
molecules that require receptors for the physiological function of the host. Besides
blockage of viral receptors by a viral envelope protein produced by a transgene, there
are other examples of possible resistance mechanisms.
Soluble, extracellular forms of receptors in the host may also confer resistance. Thus
the viral receptor for herpes simplex virus is present in the body both on cell surfaces
and in body fluids that contain heparin and heparin-binding proteins, either of which
can prevent binding of herpes simplex virus to cells (Spear et al. 1992). Hence spread
of the virus is likely influenced by both immune response and entrapment and inhibition
of viral binding to cells by extracellular forms of the receptor. Similarly, soluble
molecules of the CD4 receptor for human immunodefficiency virus, as well as fragments
of the critical CD4 domains can inhibit infection (Smith et al. 1987a). It has been
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suggested that a secreted receptor for the avian leukosis virus might similarly be able
to neutralize the virus (Bates et al. 1993).
BIOLOGICAL COSTS OF AND RISKS ASSOCIATED WITH GENETIC
ENGINEERING
Given the extent of work on transfer of disease resistance-inducing genes in plants and
animals, surprisingly Httle research has been done on the possible consequences of
adding such new genes to cells. Hilder and Gatehouse ( 1991 ) studied lines of transgenic
tobacco, containing cowpea trypsin inhibitor gene construct. Small but in some instances
significant differences between the transgenic and untransformed plants were found
but there was no difference between plants that expressed the transgene and those that
did not. The authors concluded that although the transformation may have some small
effects on non-targeted phenotypic characteristics, the expression of the transgene at
high levels imposed no additional yield penalty on the plants.
Transgenic plants expressing virus-derived DNA sequences have been considered sites
for hyperevolution of viruses through recombination with the transgene (DeZoetten,
1991). However, there is no experimental evidence to confirm this supposition. On the
contrary, evidence against this type of event exists through one to up to eight viral
passages (Wilson, 1993). Falk and Bruening (1994) believe that it is unlikely that
recombinations between transgene RNA and viral genomic RNA will occur at greater
frequencies than the recombinations already occurring between virus genomic RNAs
in natural infections.
Development of resistant plants by traditional breeding fostered the emergence of
virulent virus strains (Dawson and Hilf, 1992) but the cost of this phenomenon is much
less than the cost of abandoning plant breeding. Similarly, the benefits of engineered
plant resistance genes far outweigh the vanishingly small risk of creating harmful new
viruses in significant excess over those being created by natural processes (Falk and
Bruening, 1994). One example of an increase in the virulence of an animal virus that
may be associated with improved resistance of the host by vaccination and genetic
means is the emergence of highly virulent Marek's disease heipesviruses in chickens
that were described by Witter (1988).
A transgene that successfully induced resistance of chickens to avian leukosis retro virus
in chickens (Salter and Crittenden, 1989) was shown to result in a sizeable reduction of
egg production rate (Gavora et al, 1995). It was suggested that this was a consequence
of interference of the viral envelope protein produced by the transgene not only with
the attachment of the virus to host cells but also with transport of lipids into the
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developing egg yolk, since the virus uses a low density lipoprotein receptor for entry
into host cells. On the other hand, a transgene containing a gene for a capsid protein of
bovine rotavirus in laboratory mice (Gavora et al. 1994) was not associated with any
significant effects on their growth and reproductive performance (J. Nagai and J. S.
Gavora, unpublished). Hence, significant 'biological costs' may not always accompany
insertion of a transgene but need to be considered in strategies for genetic engineering
of new resistance mechanisms.
Until adequate results become available in animals, we could assume that a situation
similar to that described above will also exist in livestock. However, it is imperative to
keep the possible risks in mind in designing strategies for induction of resistance by
genetic engineering in farm animals and birds. It seems, that the arguments used by
plant breeders in favor of continuing research toward new, engineered resistance genes
should be also valid for livestock. A necessary prerequisite for this development is an
adequate system of controls and of thorough testing of the engineered livestock.
PREREQUISITES AND STRATEGIES FOR GENETIC ENGINEERING OF
DISEASE RESISTANCE IN LIVESTOCK
Based on the existing knowledge and experimental data, the following prerequisites
for this type of work, as it relates to viruses, can be listed:
(1)

Knowledge of the viral genome, life cycle and interactions with the host.
Genomes of viruses are generally better understood than those of the host cells.
Most of or entire genomes of some viruses have been sequenced and it is generally
easy to obtain the necessary sequence information for viral genes.

(2)

Design of mechanisms that minimizes their biological cost. As mentioned above,
any introduction of new genetic material into a cell carries with it a risk of
disruption of cell functions. It may be possible to minimize such risks through
understanding of viral physiology and interactions of the virus with the host.

(3)

Long-term stability. The new mechanism may become ineffective through
evolution of the pathogen that will overcome the resistance provided by the
transgene. For example, the mutation rate of a chicken retrovirus is 10-5
nucleotide/replication cycle - 8 orders higher than that of the host cell genome
(Dougherty and Temin, 1988). Evolution of the virulence of pathogens that
overcame resistance induced by conventional breeding is well known in plants
(Wilson, 1993), and a similar phenomenon has recently been observed with
Marek's disease in chickens (Gavora, 1995).
587

(4)

Availability of gene targeting techniques. Recent progress in the development
of techniques of homologous recombination, together with the use of embryonic
stem cells for gene transfer provide good prospects for progress in this area of
research (First et al. 1994). While the use of both these techniques is now routine
in laboratory mice, their application in animal agriculture is hampered by the
inability to produce embryonic stem cells in the livestock species. Nevertheless,
significant progress has been made in this field in poultry (Naito, 1993; Petite et
al. 1993). Homologous recombination and use of embryonic stem cells will allow
preliminary testing of transformed cells in culture for resistance to the pathogen
and make the introduction of new disease resistance mechanisms less expensive
and less risky.

(5)

Thorough testing of the transgenic birds. Conventional methods of genetic
improvement are rather forgiving in the sense that they induce gradual changes and
provide time for the breeder to correct deviations from or disturbances of biological
equilibria that might be harmful to the birds. Gene transfer, on the other hand may
induce abrupt changes that will disturb development or physiological functions.
Despite the preliminary testing of the transformed cells in culture, it will be essential
to subject poultry carrying resistance transgenes to* a series of rigorous tests (Smith
et al. 1987b; Gama et al. 1992). In instances of slight impairment of the production
capacity of the transgenic, compared to the original stock, the decisions on the practical
usefulness of the modified animals will depend on the comparison of the economic
benefit derived from the transgene against the cost of the animals' reduced production
performance due to the disease and the prevalence of the pathogen. In general, the
most useful would be new resistance mechanisms based on an element common to
the life cycle of multiple pathogens. The new mechanisms should be designed to
minimize their biological and financial costs. Targeting of transgenes into 'neutral'
regions of the host genome may be one such strategy. Ideally, the new mechanism
should
be
triggered by the presence of the pathogen, otherwise the mechanism should be 'silent'.

CONCLUDING REMARKS
Conventional breeding methods will remain the principal approach to the improvement
of disease resistance in livestock, but in some instances introduction of new genetically
engineered resistance mechanisms will be justified. Prerequisites for the design of
new resistance mechanisms include good knowledge of the pathogen's genome and
life cycle, minimization of the biological cost of the new strategies to the host and of
chances that the strategies will be overcome by viral evolution, and thorough testing of
the transgenic, resistant livestock.
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Possible strategies for the genetic engineering of new resistance mechanisms are listed
below, in relation to the phases of viral life cycle.
Phase of viral life cycle
Viral attachment and
penetration into host cell

Transgenic mechanisms that
produce viral antireceptor (virion surface)
proteins to block cellular receptors,
produce soluble receptors or their components
to block virion surface proteins and prevent
their interaction with the cellular receptors,
replace host receptor genes by a modified
form able to perform the receptor's physiological function but not allowing the attachment of the virus,
replace host receptor genes by a modified
form able to perform the receptor's physiological function but not allowing the attachment of the virus,

Multiplication of virus and
release of its progeny

induce antisense RNA to a part of the viral
genome crucial for virus multiplication,
cause multiplication and accumulation of viral, or modified viral RNA in host cells,
disturb viral replicase or its function,
produce ribozymes attacking viral RNA,

Viral latency

induce and maintain a latent state of the virus,
do not allow activation of a virus from its
natural latent state,
protect against perturbances of the host's
immune system,

Spread of virus through the body

induce self-vaccination by producing the vaccinating antigen after the immune system is
fully developed.
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There are several possible strategies for the development of new resistance mechanisms
in livestock. For viruses, the transgenes can act at various phases of the viral life cycle.
Strategies that prevent viral entry are expected to be most valuable and the desirability
and usefulness of new resistance mechanisms will likely diminish as their action
distances itself from the point of viral entry into the host.
It is likely that in the 21st century, the poultry industry will experience development of
commercial birds with genetically engineered resistance to disease. The benefits derived
from such resistance will have to outweigh the risks perceived by the consumer.
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ASPECTS ESSENTIAL TO THE EVALUATION OF
MAJOR GENES AFFECTING RESISTANCE TO
DISEASE IN POULTRY
Werner Hartmann
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Landwirtchaft (FAL), D- 29333 Celle, Germany

Crosses between chicken lines of different origin are as useful for detecting the
presence of certain "major genes" as they are for studies on the potential these
might have for commercial poultry breeding. For either of the "major genes"
investigated, significant interactions with genetic characteristics of lines have
been found. This might induce changes of their effects on performance traits in
different purebred and crossbred populations. In respect to genetic resistance to
ALV, this interaction appears to depend on genetic differences in immune
response to this pathogen which might be affected by presence or absence of
specific endogenous viral genes. In respect to B blood groups the variable effect
of the B21 haplotype observed between crossbreds from different lines appears
to result from interactions between specific genes within the MHC. To ignore
the possibility of such interactions could lead to false decisions when evaluating
the potential benefit of known "major genes" for genetic improvement of
economic merit in the final products of a breeding program.

INTRODUCTION
From the poultry breeders viewpoint, research on disease resistance should provide
information required for a realistic evaluation of the possibilities for genetic
improvement of viability in commercial flocks. Inspite of convinving evidence from
long term selection experiments that resistance to specific diseases responds to
selection and that genetic progress is continual, it has had to be recognised that
spontaneous losses in families or progeny groups are not effective selection criteria
for improvement of viability. This is probably the main reason why research effort in
this area has concentrated on the few known "major genes" which influence disease
resistance. These are i) geners controlling resistance to infection from avian Leukosis
virus, ii) B blood groups indicating genetic differences in resistance to Marek's
Disease and recently iii) endogeous viral genes.
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Such ''major genes" could also have played an important role in the emergence of
differences between lines provided there was still segregation at the respective gene
locus. For this reason investigations based on crossbred progeny of lines of different
origin and quality should be particularly suitable for further clarifying the role and
importance of genetic factors in disease resistance. The availability of experimental
lines at the Institute of Poultry and Small Animal Research which met these
requirements was a fortunate and essential prerequisite for starting research in this
area. If the necessary investigations can be conducted in parallel in lines from
different genetic background this should allow the question to be answered, of
whether the desirable effect of a specific genetic factor will be expressed independent
of the genetic characteristics of any strain into which it might be introduced for
breeding purposes. For commercial application it is particularly important to be
certain that such a genetic factor is producing the expected effect in the final crossbred
products of a poultry breeding programme.
ORIGIN OF EXPERIMENTAL LINES AND SPECIFIC EFFECTS FROM
CROSSING
For the research on genetic influences on resistance to disease the following
experimental White Leghorn lines have mainly been used. All lines were established
at the Institute of Poultry and Small Animal Research several years before this
research program started.
Line R: from hatching eggs imported in 1965 of the Cornell Line K selected by Hutt
and Cole for resistance to neoplasms.
Line M: from hatching eggs imported in 1967 of a pure Leghorn line from the
American Leghorn breeder, Cashman.
Line G: from inter-se mating in 1965 of crossbred hens and cocks from a commercial
breeding program.
During the initial period of the research program (1971 to 1975) a special mating plan
was appHed which allowed the simultaneous production of purebred and crossbred
progeny from the three experimental Unes. Information on mortality from Leukosis and
Marek's disease (MD) recorded over several generations have been averaged for each
of the three purebred and six crossbred combinations and are summarised in Table 1.
All figures in Table 1 refer to the losses from Leukosis and MD which occurred
before the end of the first laying year. By far the highest losses from Leukosis were
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observed in both types of crossbreds of line R dams while purebred progeny of line
R suffered very little Leukosis mortality, even less than purebreds of the other two
lines. As could be shown in later studies these experimental Unes differed in the
genotype for susceptibility or resistence to Leukosis virus infection. Similarly striking
differences between crossbred combinations were also observed for the losses from
MD. The unusually high level of MD mortality results mainly from the fact that the
chickens were not vaccinated against MD, in the hope that genetic differences in
MD resistance might show up more clearly. High losses from MD occurred among
the progeny of both types of crosses between lines R and G, which are nearly twice
as high as in the purebred progeny of the three experimental lines. Later it turned out
that these differences could be associated with certain effects of B blood groups.
Table 1. Losses from Leukosis and Marek's disease (MD) during the first laying year of each
mating combination from a diallel cross of three Leghorn lines (after Hartmann et al. 1978)
Line of
sire
dam

Mortality (in %)
Leukosis

MD

R
M
G

R
M
G

1.6
5.1
1.7

9.0
12.0
12.5

R
M

M
R

3.4
7.3

11.7
10.7

R
G

G
R

2.3
7.3

20.3
20.3

M
G

G
M

1.3
3.0

10.1
11.8

±0.6

±0.9

Stand, error

INVESTIGATION ON EFFECTS OF RESISTANCE TO LEUKOSIS VIRUS
INFECTION
Initial status of lines and selection for homozygosity of resistance and
suspectibility
Of particular importance in respect to genetics of disease resistance was the finding
that for resistance to Leukosis there exist two separate lines of defence
i) cellular resistance to virus infection and ii) resistance to tumor development after
ALV infection (Crittenden, 1975). Resistance and suspectibility to infection is under
the control of single genes with genotypes which are specific for each subgroup of
ALV. The subgroup specificity of ALV depends on properties of the virus envelope.
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The loci controlling resistance to infection against a specific subgroup of ALV are
called accordingly Tv-A, Tv-B, Tv-C etc. each with the alíele for suspectibility
dominant and that for resistance recessive (Crittenden, 1991).
In this paper the aspects related to Leukosis resistance concern mainly the two loci
Tv-A, and Tv-B because Leukosis infections observed under field conditions are
mainly caused by ALV of subgroup A and B. These two loci are located on different
chromosomes of the chicken and Tv-B is involved in addition in resistance to ALV
of subgroup E (Crittenden, 1991) Subgroup E viruses are present in most poultry
populations as genetically transmitted endogeneous viruses ("ev genes") which are
also considered in this paper.
Lines G and M are mainly suspectible to subgroup A, as are most commercial
Leghorn stocks. Contrary to this, line R is predominantly resistant in this respect.
For resistance to ALV of subgroup B, the three experimental lines vary as much as
commercial Leghorn stocks. As all three lines still segregated at both loci, divergent
selection on the genotype for resistance and suspectibility was initiated. Efforts were
made to ensure that the emerging sublines would not differ genetically, except in
genotype of resistance to Leukosis infection. The determination of genotype was
based on tumor formation after inoculation of RSV of subgroup A and B respectively
into the left and right wing web of two week old chickens. The procedures are
described in more detail elsewhere (Hartmann, 1991)
Table 2. Initial status of experimental lines for resistance to Leukosis virus infection of subgroup
A and B (from Hartmann, 1991)
Exp. line
R
M
G

Resistant individuals (in %)
Subgroup A
Subgroup B
60-70
20-30
10-20

70-80
20-30
75-85

The sublines selected for the resistant genotype are now completely homozygous for
resistance to infection from ALV of subgroups A and B. This was achieved after
only two generations. Selection in the opposite direction which had to be based on
progeny test results, required four generations to reach the present status of near
homozygosity. The selection experiment, therefore, provides a clear answer to the
question, with what effort genetic resistance to Leukosis infection could be achieved
if this was desirable from a commercial point of view. Another important question is
whether selection for the genotype of resistance might lead to variable or undesirable
side effects in different genetic backgrounds. This could be studied more easily after
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sublines for genetic resistance and suspectibility of Leukosis virus infection had
become available in each experimental line.
Testing methods for frequency of leukosis infections
The principal route of Leukosis virus infection is by congenital transmission of ALV
which leads to infection of the embryo, immunological tolerance and no production
of neutralising antibody (Crittenden, 1991). Infection by contact after hatching also
occurs but will normally result in the production of neutralising antibody against the
subgroup of Leukosis virus which caused the infection. Specific methods are required
to detect chickens which are infected congenitally and are mostly "shedding" group
specific Leukosis antigen (GSA) into their eggs.
Table 3. Line effects on the frequency of suspectible hens with group-specific antigen (GSA) in
their egg albumen ("shedders")* Averages from consecutive generations (after Hartmann, 1991)
Line

Generation
1980

1982

1984

% GSA positive hens
R
M
G

82
9
0

87
15
0

75
4
2

Information from different generations of the experimental lines on the frequency of
"shedders" identified on account of GSA in the albumen of the hens eggs is
summarised in Table 3. While in each generation most eggs from suspectible hens of
line R contained GSA, this was seldom or not at all the case in eggs from hens of the
other two suspectible sublines. This highly significant difference between lines
suggests genetic influences on the occurrence of congenital transmission of Leukosis
infection. In addition to these line effects, genetic variation was also observed between
sire families of line R, as confirmed by a significant heterogeneity Chi-Square of the
frequency of shedders.
Effect of Leukosis infection on mortality and egg production
Gavora et al. (1980) were the first to show that Leukosis infection in hens can lead
to unfavourable effects on performance and viability. On account of the low mortality,
this disease was generally considered of little economical importance. If, however,
subclinical Leukosis infections result in lower egg production and higher mortality,
its practical importance would appear in a different light. The lines with different
genotypes of resistance to Leukosis infection are suitable to study this aspect by
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comparing the performance of the sublines in each of the three populations.
Meaningful results, however, could only be expected if there had been natural infection
from Leukosis virus. Since most susceptible line R chickens were congenitally infected
(see Table 3) they could be systematically utilized for contact infection with ALV in
these experiments. In every generation about 250 purebred hens were housed from
each subline. In addition about 120 hens each of six different crossbred combinations
were produced to study the effect of the genotype for resistance to ALV infection in
crossbreds. Only hens vaccinated against MD have been used in these experiments.
The results are summarised in condensed form in Tables 4 and 5. Preliminary data
from the first generation had already indicated that mortality from causes other than
Leukosis tends to be lower and that egg production rate is on average higher in the
resistant than in the susceptible sublines (Hartmann, 1991). This is in principle
confirmed by additional results from consecutive generations of the three pairs of
sublines presented in Table 5 but there are obvious differences between the three
base lines which need special consideration. The most striking result concerns the
laying rate in susceptible hens of line R which is 13% lower while there is no
indication of such an unfavourable effect in line M.
Table 4. Purebred progeny of sublines genotypically resistant (r) or susceptible (s) to Leukosis
infection : Mortality and egg production during 12 months of lay (after Hartmann, 1987)
Mortallity (%)
Leukosis

Line and
Genotype

Other
causes

Hen-day egg
production

(%)
R

r
s

G

64.5
51.4

+ 3.1 *

-0.8

0
0.7

7.1
11.6

68.1
70.7

s-r

+ 0.7

+ 4.5 *

+ 2.6

r
s

0
0.4

5.2
7.5

63.0
58.0

s-r

+ 0.4

+ 2.3

Significance of differences : * P<.05; ** P<.01
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7.4
6.6

r
s

s-r
M

0
3.1

- 13.1 **

-5.0*

Of particular importance for commercial poultry breeding would be the effect of
Leukosis infections in crossbred laying hens. Results from crosses of either resistant
or susceptible sublines have been summarised in Table 5. For reasons of simplification
and because the results of crossbred combinations involving the same maternal line
were quite similar, they are combined and shown as one average for each line.
Compared to purebred hens (see Table 4) the negative effect of Leukosis infection
on egg production was markedly less severe in crossbreds. Table 5 shows further
that mortality, as in purebreds, was generally higher in susceptible crossbreds than in
their resistant counterparts, but the difference is particularly large in the combinations
with line R on the maternal side. In this type of cross mortality from Leukosis was
also unusually high, even higher than in susceptible purebreds of this Hne. Taking
the results on egg production also into consideration it appears that line R is
particularly sensitive to ALV infection.
The differences observed between the experimental lines in the amount of damage
from ALV infections points to interactions between the genotype of resistance to
ALV infection and genetic characteristics of the line or lines involved. An aspect
that might help to elucidate the nature of this interaction concerns the mode of
infection which differs greatly between the lines (see Table 3). In Une R most hens
have been infected congenitally while hens of lines G and M have been mainly
infected by contact after hatching. Congenital Leukosis infections appear to be
particularly harmful for the reproductive ability of domestic hens which is in line
with reports in the literature.
Shedding of Leukosis virus and the role of endogenous viral genes
Endogenous viral genes are DNA copies of the ALV genome that have entered the
chicken germ line and are inherited in the same way as the genes of the particular
animal species. According to Crittenden and co-workers, endogenous viral (ev) genes
vary greatly in number and in chromosome location in different strains of poultry or
may not be present at all. So far 22 ev genes have been identified in White Leghorns,
each controlled by a dominant gene (Crittenden, 1991). A specific ev gene (ev 21)
closely linked to the slow feathering (K) gene was found to lower viability and
production of auto-sexing crosses of White Leghorn strains, which could be associated
with the shedding of endogenous Leukosis virus of subgroup E and congenital
transmission into the crossbred progeny (Bacon et al. 1988). Another ev gene (ev 6)
which has also been studied more intensively was found to inñuence immune response
to ALV infection, resulting in an increase of viremia, in fewer chickens with
neutralizing antibodies, and in more shedders (Smith et al. 1991).
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Table 5. Crossbred progeny of sublines genotypically resistant (r) or susceptible (s) to Leukosis
infection : Mortality and egg production during 12 months of lay (after Hartmann, 1987)
Mortality (%)
Leukosis

Materbai Line
and Genotype

Other
causes

Hen-day egg
production

(%)
R

r
s

0
5.5

3.6
12.7

72.9
67.6

+ 5.5 *
0
0

+ 9.1 **
2.3
3.3

-5.3 *
69.8
70.4

M

s-r
r
s

G

s-r
r
s

0
0
0

+ 1.0
0.8
5.0

+ 0.6
75.0
73.4

s-r

0

+ 4.2 *

- 1.6

Significance of differences : * P<.05; ** P<.01

In the light of these recent results on the importance and role of endogenous viral
genes it is fortunate that information on the frequency of ev genes in the three pairs
of sublines originating from experimental lines R, M, and G is also now available.
This is largely due to the friendly cooperation of Dr. Urs Kuhnlein of McGill
University at St. Anne de Bellevue in Canada and his co-workers, who analyzed
blood samples of 18-21 hens from each of the six sublines systematically selected to
include all sire famihes in the subline. The results are summarised in Table 6.
With only a few exceptions the frequencies of the individual ev genes are surprisingly
uniform in each pair of sublines. Exceptions such as the frequencies for ev 6 in line
M and for new E in line R are probably due to so-called "founder effects". Particularly
if such differences are observed for the frequency of single genes, the more probable
cause is "founder effects" and not selection. In contrast to the correspondence of ev
gene frequency within each of the three pairs of subhnes, the frequency figures in
Table 6 point to stiking differences between the three foundation lines. Except for ev
1 and ev3, which appear to be very common in White Leghorns (Crittenden, 1991),
the frequency of the other four ev genes found in line G is very low. Besides evl and
ev3, two or three additional ev genes with higher frequency have been found in lines
R and M. On the whole lines R and M carry a heavier load of ev genes than line G.
In contrast to lines R and M, line G originates from a successful commercial breeding
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program. It would be interesting to know whether this is an essential characteristic
of lines utilized for commercial breeding.
Table 6. Incidence of ev genes in lines of different origin, each with sublines resistant (r) or
susceptible (s) to Leukosis virus infection (Urbani et al. 1995)
LineR

ev locus
r

/

Line M
s

r

/

Line G
s

r

/

s

Relative frequency
ev 1 .
ev 3
ev 4
ev5
ev 6
ev 7
ev 8
New A
NewB
NewD
NewE

.53
.68

.43
.86

—
—

—
—

.63
< .05
.16
.95

.81
.24
/ < .05
.91

—
—

—
—

< .05

.52

1.00
.95
.70
<.05
.05
< .05

1.00
.67
.33
.06
.83
.11

—
—

—
—

.25

.06

—
—

—
—

.63
1.00

.70
.95

—

—

.05
< .05

.10
.05

—
—
—
—

—
—
—
—

.05

.25

—

—

In the light of the evidence on the negative influence of ev 6, the high incidence of
this ev gene in both sublines of line R could suggest that the particularly serious
effects of ALV infections in susceptible hens of line R (see Tables 4 and 5) results
mainly from the high incidence of ev 6 in this line. This should be verified by
comparing the effects of ALV infection in groups of hens from this subline which
either carry the ev 6 gene or are free of it. But why does a similar effect not occur in
the susceptible subline of line M, which also carries the ev 6 gene in higher frequency
? In this context it should be recalled that the original line M was largely susceptible
to ALV infection (see Table 2). It would be interesting to find out whether line M is
resistant to infection from ALV of subgroup E as this should have a similar effect as
resistance to subgroup B, or whether other genetic characteristics influence the
effects of endogenous viral genes in certain lines.
Resistance of Leukosis infection and mortality from Marek's disease
During some periods of the research on resistance to avian Leukosis, questions of
line effects on resistance to Marek's disease (MD) were included. For this purpose a
certain part of each experimental population was not vaccinated against MD. During
these experiments the outbreak of MD depended on natural infection and a few
times mortality from MD was therefore negligible. The valid information on MD
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mortality, which is available from each of the three pairs of sublines, but only from
two types of crosses of the sublines, is summarized in Table 7.
In vaccinated hens the mortality from MD was negligible in resistant, but some what
higher in susceptible hens with only a slight indication of differences between lines.
Without vaccination, resistant hens of the three lines and the two crosses differed
significantly in MD mortality. While in susceptible hens of line R and line G the
mortality from MD was considerably higher than in their resistant counterparts, the
opposite was the case for susceptible hens of line M as well as for those of the GxM
cross with M as maternal line. This interaction between characteristics of the lines
and genotype for resistance to ALV infection is highly significant.
It appears as if line M hens and also crossbred hens of line M dams, can cope more
successfully with Marek's disease when there is simultaneous ALV infection. Apart
from the fact that the original line M was largely susceptible to ALV infection, there
is no obvious explanation for the unexpected but interesting interaction of maternal
line effects and genotype for resistance to ALV infection.
Table 7. Mortality from Marek's disease (MD) in sublines and crosses resistant (r) or susceptible
(s) to Leukosis infection with and without MD vaccination (after Hartmann, 1991)
Line/cross

Vaccinated

Not vaccinated

% MD mortality
R
M
G
MxR
GxM

0.6
0.7
1.1
1.1
0

+
+
+

4.4
0.2
1.5
2.3
0

8.1
15.7
3.7
13.4
23.8

+ 12.1 **
- 9.2 **
+ 6.8 *
+ 9.1 **
- 9.5 **

Significance of differences : * P<.05, ** P<.01

THE INVOLVEMENT OF THE BLOOD GROUP SYSTEM IN DISEASE
RESISTANCE
As Abplanalp (1979) pointed out, the high hopes held for blood typing as a means of
supplementing information for the selection of breeding stock were generally not
realised- with one important exception: namely the association between the B blood
group system and immune response. In a review Briles (1984) emphasized that
commercial poultry breeders have already been interested in blood group work since
1950 and soon became aware of the involvement of B-alleles in genetic variation of
602

viability and hatchability and particularly in their association with resistance to
Marek's disease. It was therefore of considerable importance scientifically, when
Schierman and Nordskog (1963) demonstrated that the blood group system of the
chicken represents what is known as the major histocompatibility complex (MHC), a
complex genetic system that plays a central role in immune response of most species
of vertebrates.
Apart from numerous and varied studies on the structure and function of the MHC in
chickens (Hala et al. 1981; Lamont et al. 1987; Nordskog et al. 1987), much of the
research in this new area concentrated on evaluating the effectiveness of different Balleles for genetic improvement of resistance of MD (Bacon, 1987; Flock, 1993)
Briles et al. (1980) summarized data from separate experiments on the association of
MD resistance with B blood group genotypes. Chickens possesing any of the three
B-alleles - B2, B6 or B21 - exhibited moderate to strong resistance against MD,
while those possessing genotypic combinations of six other alíeles - B3, B5, B13,
B15, B19 and B27 showed a comparatively high level of susceptibility when
challenged with MD. These findings might suggest an easy approach to genetic
improvement of MD resistance in poultry breeding. A closer look at the published
evidence on the B blood groups particularly interesting in this respect (B21 vs B19)
leaves, however, no doubt that the effect on MD resistance can vary considerably in
different experiments (Hartmann et al. 1992) . When evaluating the utilization of B
blood groups for the genetic improvement of MD resistance in commercial breeding
programmes. Flock (1993) argued that the effects might depend much on the genetic
structure of the breeding populations. He warned that it might be dangerous to apply
results from purebred experimental populations directly to commercial crossbreeding
programmes.
B Blood groups and resistance to Marek's disease in crossbreds
The important aspect of the association of B blood groups and MD resistance in
crossbred Leghorn hens has been investigated with the same experimental lines as
used for the studies on resistance to ALV infection (Hartmann et al. 1986). To
provide crossbred hens particularly suitable for this purpose, the experimental lines
R (homozygous B15) and M (homozygous) were both crossed with line G which is
segregating for B2, B13, B14 and B21. This allowed the study of the influence on
MD mortality of different B alíeles from the same experimental line simultaneously
in crosses with two lines of different origin, which are each homogeneous in respect
to a certain but not the same B blood group. In this experiment the exposure of the
crossbreds to Marek's disease was by contact from first day of age with chickens
inoculated with a field strain of MD. The results on the association between B blood
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group genotype and MD mortality, which did not start before 20 weeks of age, are
shown separately for both crosses in Table 8.
In progeny from the cross between line G and line M, large and according to a "Chisquare test" (Chi2), statistically significant differences in MD resistance were found.
Hens with B21 showed the highest resistance, while those with B2 were moderate in
this respect compared to hens with B13 or B14 which died at a much higher rate
from MD. Except for hens with B14, these results are in good agreement with the
evidence from most published investigations reviewed by Briles et.al.(1980)
Table 8. Mortality from Marek's Disease in different crosses of a Leghorn line segregating at
the B blood group locus (from Hartmann et al. 1986)
B- alíeles of line G
B2

B13

B14

B21

Cross of lines G and M (homozygous B2)
Number of hens
118
47
% MD mortality
26.3
42.6

31
41.9

122
8.2

Cross of lines G and R (homozygous B15)
Number of hens
68
21
% MD mortality
20.6
28.6

18
16.7

94
29.8

Chi^ between crosses ns
ns
Significance level of Chi^ : ns P>.05, *** P<.001

ns

!

Chi- between

I

B types

1

*^*

1

ns

***

In contrast to these results, the association of MD mortality with B blood group
genotypes in crossbreds from line G and line R shows a completely different pattern.
Firstly, the variability of MD mortality between hens with different B blood groups
is considerably reduced and not significant statistically. Secondly, there is no positive
effect of B21 on MD resistance in this cross. On the contrary, hens with B21 have
the highest MD mortality of the four genotypes. This highly significant difference in
MD mortality between the two types of crossbred hens with B21 points at an
interaction between lines and B blood group effects in respect to MD resistance.
For a better understanding of the underlying genetical causes it would be helpful to
know whether the observed interaction results mainly from specific properties of the
MHC of the lines or from non MHC related genetic differences between lines.
However, there is no way of answering this question with the data contained in Table
8 because B blood group and line effects are confounded. An approach that could
help to clarify the nature of this interaction would require F2 progeny from first
generation (Fl) GxR crossbreds. The degree of similarity in the pattern should
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indicate whether the observed interaction effect on MD resistance of crossbreds
(Table 8 ) resulted mainly from specific properties of the MHC of the lines or not.
The above approach has been used in further experiment on the association of B
blood groups and MD resistance which was recently completed. In addition to the
F2 progeny of GxR crossbreds, first generation crossbreds (GxM and GxR) were
also produced. These serve as a replication of the initial experiment (Table 8 ) to
facilitate comparisons between the experiments, nearly 850 chickens were available
for this experiment, of which about 500 were F2 progeny. Exposure to Marek's
disease was again by contact from first day of age with chickens inoculated with a
field strain of MD. The association between B blood group genotype and MD
mortahty is shown in Fig. 1 in separate diagrams for the two Fl crosses of line G
with lines M and R and for the F2-progeny of GxR crossbreds. Only the B genotypes
present in the Fl as well as in the F2 generation are shown except the homozygous
B15 genotype which corresponds to the B genotype of line R. Compared to an
average of about 30% MD mortality in the first trial, the level reached in the recent
experiment has more than doubled. This suggests that the infectious material used
for exposure was a from a particularly virulent field strain of MD virus. Nevertheless,
the results clearly strengthen the evidence from the earlier experiment concerning
the differential effect of the B21 blood group on MD resistance in GxM and GxR
crossbreds. Further more, the pattern of the association between B blood groups and
MD resistance in the Fl and F2 generation is nearly indentical. This suggests very
strongly that the peculiar effect of the B21 alíele is the result of an interaction
between specific genes within the MHC for which the lines crossed might differ.
Results presented by Briles et al. (1982) from specific crossbred matings of Leghorn
sires and dams with known B type also point in this direction.

^1

^1

I blood jroupi itfregttint froa Lint G
FZ - Scntration» GRxSX

BZ

Í

I I

Hi

Figure 1 : Influence of B complex (MHC) genes of different origin on mortality from
Marek's disease (MD) in Leghorn crosses : Identical sets of B types produced from
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different FI crosses and from a specific F2 cross. (Hartmann, Hala et al. unpublished)
In the light of the evidence from these experiments, there cannot be much doubt that
the effect of specific B blood groups on resistance to Marek's disease can vary
greatly in different types of crosses. This implies that the feasibility of improving
disease resistance in commercial poultry populations by selection on B blood groups
needs to be evaluated on the basis of the effects achieved in crossbreds of the
particular breeding lines (Hartmann, 1988).
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SALMONELLOSIS - A PARADIGM OF GENETIC
RESISTANCE TO DISEASE IN CHICKENS
P. A. Barrow and N. Bumstead
Institute for Animal Health Compton, Newbury, Berks, RG20 7NN, U.K.

A brief résumé of our current understanding of avian salmonellosis is presented
together with reference to early work in the genetic resistance of fowl to Salmonella
infections. Work at Houghton and later at Compton has shown with systemic
S.typhimurium infection in newly hatched chickens considerable differences in
resistance existed between several inbred lines. The same was true for infection
with other Salmonella serotypes. Resistance was not sex linked or associated with
MHC haplotype, was dominant and likely to be the result of the expression of a
single gene. Expression was at the level of the reticuloendothelial system but was
not related to the Nramp gene. Variations between inbred lines in the pattern of
intestinal colonisation also occurred which did not correlate with resistance to
systemic disease.
INTRODUCTION
Genetic resistance to disease is widespread in all species and this phenomenon can be
seen with many diseases. However, the mechanisms whereby different pathogens
produce disease can be very different and mechanisms of resistance are likely to be
similarly diverse. Our understanding of host resistance is relatively poor, even in host
systems such as the mouse. However, our knowledge of resistance mechanisms in
poultry is rudimentary. The frequency of resistance genes is also largely unknown.
Studies have begun to investigate the basis of resistance of inbred lines of chickens to
a variety of infectious agents including Eimeria spp.. Salmonella spp., infectious
bronchitis virus and Marek's disease virus. The final goal of such studies is to identify
resistance genes and either select for them in, or introduce them into, commercial
breeds at risk from particular infections.
It is impossible in a short review to cover the whole of this field. As an example of
some of the findings together with associated problems, the work on resistance to
Salmonellas will be summarised. It is also useful because considerable work has already
been done in salmonellosis in mice.
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SALMONELLOSIS
From the point of view of disease the Salmonella genus can be divided into two groups
of serotypes. A small group characteristically produce typhoid like diseases in a fairly
narrow range of host-species. Such serotypes include S.typhimurium in man, S.dublin
in cattle, S.chole rae-suis in pigs, S.gallinarum and S.pullorum in poultry and a few
other serotypes. In these infections the organism gains entry to the host V/úí the alimentary
tract and invades, probably via lymphatic tissues such as Peyer's patches, without
extensive colonisation of the gut. After invasion the organisms are taken up by and
multiply in cells in the reticuloendothelial system, probably macrophages. During
clinical disease, they then re-enter the alimentary tract and are shed in the faeces as a
result of infection of the gall bladder or by the production of ulcerative lesions in the
wall of the small intestine (Old, 1990; Lax et al, 1995).
The remaining 2000 or so serotypes do not normally produce clinical systemic disease in
the immunologically mature healthy adult animal or man. Some serotypes, particularly
S.typhimurium and S.enteritidis, are capable of producing such disease in very young
animals or in animals which are immunologically compromised. Generally, and of greatest
relevance to us, in poultry, they are able to colonise the aUmentary tract and are shed in the
faeces. Because of this, carcase contamination at the time of slaughter is not uncommon
and organisms enter the human food chain and can cause food poisoning. The pathogenesis
of the gastroenteritis typical of food poisoning has still not yet been fully elucidated (Lax
et a/., 1995). In addition the two serotypes mentioned above are capable of producing
typhoid like disease in mice and they may be essentially rodent serotypes which have
been spread extensively throughout the meat animal industries as a result of opportunities
for infection and their particular characteristics (Barrow et al, 1994).
EARLY WORK ON GENETIC RESISTANCE
Early studies in chickens concentrated on resistance to S.gallinarum and S.pullorum
which were major economic problems in the 1930's and 1940's. Lambert (1932a)
showed that it was possible by selective breeding to develop strains of chicks that
varied greatly in regard to resistance to S.gallinarum infection. Go wen (see review,
1984) carried out a large number of experiments to the same effect. Bell (1949) attributed
differences in resistance between different breeds of chicken to differences in the ability
of polymorphonuclear leukocytes to kill phagocytosed Salmonella bacteria. Hutt and
Scholes (1941) and Hutt and Crawford (1960) carried out similar studies on S.pullorum.
Later work by Smith (1956) again identified genetic resistance to S.gallinarum but this
work was carried out in transient populations of outbred birds and no attempt was
made to study the mechanism of resistance.
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WORK AT THE INSTITUTE FOR ANIMAL HEALTH
Our original model system was developed in studies on the pathogenesis of
S.typhimurium in which several outbred and two inbred lines (C and Wl) of chickens
were infected orally at one day of age. With bacterial strains of different virulence
considerable variation in the mortality from systemic disease was observed (Barrow et
al., 1987). Line Wl appeared to be considerably more resistant than line C. In further
experiments inbred lines of chicks were inoculated intramuscularly (Bumstead and
Barrow, 1988). The results (Table 1) indicated considerable variation in susceptibility
as indicated by the LD50 values obtained with one Salmonella strain, chosen for its
virulence by this route. Two of the lines, one susceptible (C) and one resistant (Wl),
were compared further (Table 2). These results showed that resistance and susceptibility
were expressed whether the challenge was given orally or by the intramuscular route.
Table 1. Virulence of Salmonella serotypes by intramuscular route for different inbred chicken
lines
Log.o

LD^^^ (±SE) of following Salmonella serotypes in chickens that were

Inbred line

Wl
C
6,
7^
151
N

1-day-old

3-weeks old

S.typhimurium

S.enteritidis

S.pullorum

2.3 ± 0.4
0.8 + 0.2
4.5 ± 0.2
1.7 + 0.4
<1.0
3.0 ±0.2

3.5 ±0.3
1.8-H 0.2
5.8 ±0.2
4.2 + 0.2
ND
3.2 ±0.3

>10
4.8 ±0.3
6.2 ±0.3
4.6 + 0.4
5.9 + 0.4
5.3 ±0.3

S.gallinarum
>8
1.3 :L 0.3
>8
1.3+ 1.0
<2
>8

ND = not done

A similar system was used to study susceptibility of inbred lines to S.enteritidis and
S.pullorum. Susceptibility to S.gallinarum was studied in three-week-old chickens
(Bumstead and Barrow, 1993). The results (Table 1) showed that lines previously
found to be resistant to systemic disease caused by S.typhimurium were also resistant
to S.gallinarum, S.pullorum 2ináS.enteritidis whereas lines susceptible ioS.typhimurium
were also susceptible to the other serotypes. An exception was line 7^, which was
relatively resistant to S.enteritidis in two of the three experiments carried out. At the
moment this result is difficult to explain, particularly since other results were fairly
consistent when experiments were repeated. If the Une was, or birds within the line
were, resistant this would represent a further specific effect superimposed on
susceptibility to the other serotypes.
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For S.enteritidis and S.pullorum the extent to which lines differed in susceptibility was
generally less than that seen for S.typhimurium and even more so with S.gallinarum.
This was particularly so for S.pullorum, for which the low pathogenicity of this strain
was reflected in very high LD50 values, even for susceptible genotypes. At these very
high levels of inoculation the host phagocyte system may become saturated and this
may place an upper limit on possible levels of resistance. This may have happened
with S.pullorum inoculation since it is likely that an intramuscular dose of 10^ bacteria
may approach this saturation limit. It is interesting that this is also the level at which
mortality occurs following intravenous inoculation of Escherichia coli (Bumstead et
al., 1989). Similarly the reason for the very large difference in LD50 between susceptible
and resistance lines for S.gallinarum is unknown but obviously reflects some aspects
of the virulence of this organism, particularly in regard to its ability to survive in
macrophages under different conditions.
Differences in susceptibility were less marked following oral challenge of these
organisms than following parenteral challenge. This may be due to replication in the
gut leading to a high effective dose, causing some mortality even in relative resistant
lines. Preliminary studies with oral inoculation of newly hatched chicks with
S.typhimurium indicated that the organism invaded from the alimentary tract and reached
the reticuloendothelial system (spleen and liver) after a similar length of time. However,
when Salmonella organisms (in this case S.gallinarum) were inoculated intravenously
into three-week-old birds they were cleared from the liver and spleen of a resistant line
(N) by 17 days post-inoculation whereas they multiphed well in the tissues of susceptible
birds (line C) and killed the birds by 10 days after infection.
In vitro cultures were made of peripheral macrophages from a resistant and susceptible
line and were infected with S.typhimurium organisms for 2 h to allow the organisms to
be taken up. The cells were then washed several times and incubated for a short period
with a high concentration of kanamycin to kill off the organisms which had attached
but not invaded the macrophages. They were then incubated for several days in tissue
culture medium containing a low concentration of kanamycin to kill any bacteria
released from healthy or dead cells. At intervals cell cultures were lysed and the numbers
of viable bacteria estimated. No difference was seen in the microbial numbers harvested
from cells from the susceptible or resistant lines. The counts remained static. However,
a higher proportion of the cells from the susceptible line appeared to be undergoing
lysis than was seen with the cells of the resistant line. It may be, therefore, that a
cytotoxic principle is produced intracellularly which may lead to necrosis and tissue
destruction in susceptible but not in resistant birds (Barrow and Bumstead, unpublished
results).
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CHARACTERISATION OF RESISTANCE BY INHERITANCE
To study the inheritance of resistance the resistant Une (Wl) and susceptible Une (C)
were crossed reciprocally to produce Fl populations, whose chicks were tested orally
and intramuscularly. The results (Table 2) indicated that resistance to either of the
strains tested was dominant. Mortality in the reciprocal Fl groups did not differ
significantly and there was therefore no evidence of maternal effects.
Table 2. Mortality in reciprocal Fl crosses following inoculation with two strains of S.typhimurium

Intramuscular virulence of strains'

Cross
(male x
female)
Wl

c

CxWl
WlxC
'
^

F98

Swindon

5.0
1.9 ±0.48
5.0
4.7 ± 0.4

2.7 ±0.3
1.4 ±0.4
4.8 ± 0.6
4.7 ±0.2

Mortality as a percentage
following oral inoculation^
of strains
F98

40
100
45
16

Swindon

0
36
0
5

Log 10 LD50 values ± SE. Where there were insufficient intermediate values no SE is given.
Group sizes 14-20.

Fl birds were reared and mated to produce F2 and back-crosses. These were hatched
with parental and Fl chicks and infected. The results are shown in Table 3. The
dominance of resistance was again clearly evident. There was no evidence that any
birds segregating in the F2 or back-crosses were more resistant than the resistant parental
line, suggesting that where the lines differ the resistance genes were always in line
Wl.
The mortality predicted for the inheritance of a single dominant resistance gene was
calculated on least squares estimates (Mather and Jinks, 1971). Table 4 shows that the
overall fit of this prediction and the fit to individual crosses was good, suggesting that
the results were compatible with this model, although other more complex genetic
mechanisms are also possible. Similar results were obtained by analysing the results
of intramuscular inoculation.
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Table 3. Mortality following oral inoculation with S.typhimurium F98 of F2 and backcrosses
between line C and W
Cross

Mortality'
(chicks/100
challenge)

Number of
birds
challenged

Observed
mortality

Expected
mortality

X2(1DF)

C
Wl
CxWl
Cx(CxWl)
Wlx(CxWl)
(CxWl)x
(CxWl)

100
79
66
100
89

14
56
38
71
110

14
44
25
71
98

14
43
29
64
85

0.0
0.02
0.05
0.77
1.99

80

91

73

77

0.21

'mortality following oral inoculation
^overall fit X^ := 3.54

More recent experiments have involved crosses between pairs of susceptible lines,
using bacterial counts of the viable Salmonella organisms in the liver and spleen at a
set time after intravenous inoculation rather than using mortality as a measure. No
complementation was evident in the Fl progeny of these crosses which were as
susceptible as the parental lines. Similarly matings between pairs of resistant lines
produced progeny which were no more resistant than the parent lines. This indicates
that probably the same genes are responsible for the resistance or susceptibility in each
of the lines.
Table 4. NRAMPl polymorphisms
Resistant

Thr/Ala"^^
Thr^^
Thr209

Arg/Gln22^

Ser'^^
Leu^^^
Val/Ile^'"
Phe^"
Gly^'2

Ile^^^
Ser^^^
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Susceptible

N

6

W

7

15

C

GCG
ACC
ACT
CGG
TCA
CTC
ATC
TTC
GGC
ATT
AGC

GCG
ACC
ACT
CGG
TCA
CTC
ATC
TTC
GGC
ATT
AGC

ACC
ACT
ACT
CGG
TCA
CTG
GTC
TTT
GGC
ATC
AGT

ACG
ACT
ACC
CGG
TCA
CTG
GTC
TTT
GGC
ATC
AGT

ACG
ACC
ACC
CGG
TCA
CTG
GTC
TTC
GGT
ATC
AGT

ACG
ACC
ACC
CAG
TCC
CTC
GTC
TTC
GGC
ATC
AGT

In another experiment, in order to test for possible association of resistance with MHC
haplotype, the chicks were bled before challenge and their MHC phenotypes determined.
The sexes of the chicks were determined following death or at the end of the experiment,
in order to determine any sex linked effect. There was no evidence of association of
susceptibility with either the B4 or B12 haplotypes from the susceptible line C. Nor
was there any association between mortality and either of the sexes.

Chromosome 7
T-

ITPR2

::

COM47
COM48
ADL163
ADL180
ADLlll

COM49

I

+

NRAMPl
CD28
EFIB NDUSFl
COM123
ADL107
MCW120
COM76
MCW30

Figure 1.
The absence of maternal effects in these experiments is perhaps not surprising, because
the birds were produced from specified pathogen-free flocks where parental birds did
not have antibodies to transmit to their progeny. Similarly, given the fact that the
expression of resistance/susceptibility occurs very rapidly and in the acute phase of the
disease and that the birds were generally very young at the time of challenge it is not
surprising that MHC-associated factors did not seem to be involved. In the later stages
of sub-lethal infections when immune clearance may play a rôle the MHC may
conceivably become involved as is the case in mice (Briles et al., 1977). This is
suggested by the MHC-associated differences of chickens in antibody response to killed
Salmonella antigens (Pevzner et al., 1981).
Because resistance is fully dominant it is tempting to suppose that the resistant form
possesses a property lacking in susceptible birds. However, the fact that several different
inbred lines are susceptible suggests that this is not a rare mutation fixed in a particular
inbred line but not generally expressed in the chicken population, as may be the case
for some of the genes shown to affect resistance to bacterial pathogens in mice (O'Brien
et al., 1980). Because most of the lines used were derived from a single breed of
chicken (White Leghorn), though from widely different source populations, they do
not provide a good general estimate of the frequency of resistance and susceptibility in
the outbred chicken population.
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In several respects the mechanism of resistance in chickens resembles that caused by
the Ity gene in mice. The gene corresponding to Ity, Nramp 1 (A^atural /Resistance
Associated Macrophage Protein 1) has now been cloned (Vidal et al., 1993; Malo et
al., 1994) and shown to be a membrane protein expressed, apparently, exclusively in
macrophages. In mice Nramp is responsible for enhanced intracellular killing of
facultative intracellular bacteria by macrophages and is a dominant autosomal resistance
gene expressed in very young as well as adult animals (Lissner et al., 1983; Swanson
and O'Brien, 1963).
The chicken homologue of Nrampl has been identified and cloned (Hu et al., 1996a)
and its sequence determined for a number of susceptible genotypes of chicken (Hu et
ai, 1996b). The sequences of the gene differ only slightly in the different genotypes
however, and none of these differences are common to either all resistant or all
susceptible genotypes, eg all the chicken A/'rampl genes resemble the resistant form of
the mouse Nrampl gene at the critical glycine residue at position 105. This suggests
variation in Nrampl is not responsible for the differences in susceptibility seen in
chickens. This is consistent with experiments which directly compared the susceptibility
of progeny inheriting A^rampl genes from resistant or susceptible parents, which showed
little evidence of association of resistance with the gene.
In mice the Nrampl gene is thought to confer resistance against several different
intracellular bacterial types which parasitise macrophages, including Mycohacterium
bovis BCG (Skamene et al., 1982), M.lepraemurium (Brown et al., 1982) and also to
Leishmania donovani (Plant et al., 1982). The resistance that we have observed is
expressed against several Salmonella serotypes. It will be interesting to see how far
other intracellular bacterial parasites of fowl are also affected.
The above studies indicate that there is a genetic basis to the observed differences in
susceptibility to systemic salmonellosis. This is of considerable relevance to selecting
for, or introducing, resistance into poultry against systemic infections of economic
importance, primarily fowl typhoid (S.gallinarum) and puUorum disease (S.pullorum).
However, we do not know what effect such genetic resistance has either on the period
of excretion of Salmonella from the gut or on the likelihood of infection of eggs via the
oviduct or ovary - two of the principle sources of Salmonella infection for man. It
seems likely that a reduced level of visceral infection will have some effect on at least
the latter aspect of the disease.
Very preliminary experiments have been carried out to test whether variation in the
pattern of faecal shedding occurs between different inbred lines of birds. Experiments
were set up with 6 inbred lines (3 resistant and 3 susceptible to systemic disease). At
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one day of age they were all inoculated orally with an intestinal flora to ensure that
they all started equally resistant. They were tagged and allowed to run together until 6
weeks of age when they were separated into separate cages and infected orally. The
percentage of chickens in each group shedding the inoculaitd Salmonella was monitored
weekly and showed considerable variation which was statistically significantly different
and did not correlate directly with susceptibility or resistance to systemic infection.
Further studies are required to attempt to elucidate a mechanism for these differences.
Studies on vertical transmission have begun which have revealed a different picture
depending on the age of the bird. One experiment involving 50 week old birds (2
susceptible and 2 resistant lines) were equally susceptible to infection and there was
little correlation between the presence and levels of Salmonella in the faeces, infection
of the reproductive tract and isolation of infected eggs. A second experiment involving
30 week old birds which were physiologically much younger suggested that susceptible
to systemic infection lines might have harboured S.enteritidis more frequently in the
ovary and oviduct. There was no difference in the frequency of infection in liver,
spleen or caeca.
These sets of experiments suggest very tentatively that the host genetic background
may affect vertical transmission in the same way that it affects the outcome of systemic
disease. By contrast the lines which excrete S.enteritidis the most heavily and for the
longest duration are not necessarily the most resistant or susceptible lines to systemic
infection. It would perhaps not be surprising if completely different factors were
involved.
One of the aims of the current work is to attempt to map the gene conferring resistance
to systemic salmonellosis. A linkage map for the chicken genome has been constructed
(Bumstead and Paly ga, 1992; Le vine ^r a/., l99A\B\xnet al, 1995). Although A^ramp7
does not appear to be responsible for resistance to salmonellosis in chickens other
genes which influence susceptibility in mice, including Lps, Xis and Nramp2 are likely
to be isolated soon, which may show greater effects in chickens. Work is also underway
to map the genes responsible for resistance in chickens. Currently the genomic map of
the chicken contains over 800 mapped loci, and appears to provide virtually complete
coverage of the genome with an average distance between loci of around 4cM (Bumstead
and Palyga, 1992; Levin et al., 1994; Burt et al., 1995). Summaries of the map are
available at the World Wide Web sites at Roslin (http://www.ri.bbsrc.ac.uk/) or USDA
East Lansing (http://poultry.mph.msu.edu/). A Yeast Artificial Chromosome (YAC)
library of the chicken has also been created (Toye et al., 1995 and unpublished results)
and it should now be possible to identify and isolate the resistance genes by positional
mapping. For this purpose a backcross population has been generated from a cross
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between the resistant line 61 and susceptible line 151 and birds of this population are
now being genetically mapped.
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RELATIONSHIPS BETWEEN GENETICS AND
FEEDING
REGIMENS
ON
GROWTH
AND
IMMUNOCOMPETENCE OF YOUNG CHICKENS
N. K. Praharaj, E. A. Dunnington, W. B. Gross, I. Nir and
P. B. Siegel
Animal and Poultry Sciences Department Virginia Tech, Blacksburg,
VA 24061-0306, USA

Experiments were conducted to measure growth, immunocompetence and disease
resistance of chickens fed ad libitum (AL) and on alternate days (AD). In the
first experiment the AD regimen was designed so that on any particular day,
half of the chickens were fed and the other half were not fed. Severity of
response to E, coli inoculation at 22 days of age was greater for AL than AD
chicks, and greater for those not fed 24 hours before challenge than for those
that had beeii fed. In the second experiment, immunocompetence was measured
in chicks from different sire families reared under AL or AD feeding regimens.
Severity of response to E. coli inoculation was lower and antibody response to
SRBC antigen was higher in AD than AL chicks. There were differences among
sire families for SRBC antibody titers and for change in body weight after E.
coli inoculation.
INTRODUCTION
Genetic selection has made a large contribution to the improvement of growth rate
and other performance traits of today's broilers. The result of this selection not only
increases the incidence of skeletal, metabolic, and reproductive disorders, but also
compromises immunocompetence (Katanbaf et al. 1988; Boa-Amponsem et al. 1991;
Qureshi and Havenstein, 1994). Although broilers are reared under ad libitum feeding,
the management of broiler breeders involves restriction of feed intake. The two
experiments reported here were designed to measure growth and responses to a
foreign protein and bacterial agents in chickens from two different populations reared
under alternate-day (AD) ad libitum (AL) feeding regimens. A further objective in
experiment I was to measure responses to a bacterial agent and a foreign protein
when administered on days of food depletion or repletion for chickens on the alternateday feeding regimen.
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MATERIALS AND METHODS
Experiments 1. Cockerels from a fast growing commercial broiler population were
randomly assigned to AL or AD feeding regimens. AD restrictions were started 1
and 2 days after hatch so that on any day there were chicks fed and fasted. On day
22, chicks from each feeding regimen were administered one of the three inoculations
with volume of 0.1 ml. Inoculations and corresponding routes of administration were
: intravenous injections of 0.5 % suspensions of sheep red blood cells (SRBC), and
10-2 and 10-4 dilutions of E. coli on the posterior thoracic air sac. Five days after
inoculation, 0.5ml of blood was collected from SRBC-inoculated chicks to measures
SRBC antibody titers by the microtiter hemagglutination procedure (Wegmann and
Smithies, 1966). On the same day, E. coli inoculated chicks were killed by cervical
dislocation and scored for pericardial and air sac lesions. Scores were : (1) none, (2)
mild air sac, (3) moderate air sac, (4) mild to moderate, (5) extensive heart, and (6)
dead.
Experiment 2. The chicks used in this experiment were produced by mating 12
roosters from a White Plymouth Rock population selected for high 8-week body
weight with 96 dams from a White Leghorn population selected for low antibody
production to SRBC. Chicks were fed ad libitum to day 7 followed by either an AL
or an AD feeding regimen until the end of the experiment. On day 36, chicks from
each sire family in each feeding regimen were inoculated with 0.1 ml of 0.5% of
SRBC suspension or a 10-4 dilution of E. coli. The routes of administrations and all
other procedures to measure the response to SRBC and E. coli inoculations were the
same as experiment 1.
RESULTS
Experiment 1. Severity of response to E. coli challenge, as measured by lesions and
mortality, was greater for AL than for the AD groups (scores 4.3 vs. 2.7; mortality
34% vs. 3%). Within the AD regimen, response to E. coli was greater for those
fasted 24 hours before challenge than those that had been fed (scores 3.0 vs. 2.2;
mortality 6% vs. 0%). Antibody titers to SRBC antigen was not affected by feeding
regimen.
Experiment 2. Percentage change in body weight 96 hours after E coli inoculation
was greater in AD (2.86 ± 0.73) than AL (-1.23 ± 0.88) chicks. Differences among
sire families were also evident with change in body weight being negative for some
sire families and positive for others. There were significant feeding regimen by sire
family interactions for percentage change in body weight 144 hours after E. coli
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inoculation. Lesions scores to E. coli inoculation were higher for AL (3.07 ± 0.16)
than AD (2.56 ± 0.14) chicks. Antibody liters to SRBC were higher for AD (4.55 ±
0.14) than AL (4.16 ± 0.11) chicks. Differences among sire families were also
evident for antibody titers.
DISCUSSION
That responses of chicks to E. coli inoculation were more severe following a day of
fast than following a day with feed has practical implications for chicks raised on
alternate-day feeding programs. That is, vaccinations should be administered on the
day that chicks will not be fed. Higher lesions scores and mortality from the £. coli
inoculation and lower antibody titers to SRBC m AL than AD fed chicks suggests
that chickens from lines selected for rapid growth may maximize their body weight
by a preferential allocation of greater proportion of resources to growth which, in
turn, reduces the magnitude of immunoresponsivness against foreign protein and
ability to adjust rapidly to disease challenges (Praharaj et al. 1995). The significant
sire family by feeding regimen interaction for percentage change in body weight 144
hours after E. coli inoculation suggests that the response among sire families was not
consistent for AL or AD feeding regimens.
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HERITABILITY AND RELATIONSHIP OF HUMORAL
RESPONSE TO SRBC WITH GROWTH TRAITS IN
WHITE LEGHORN
S.N. Shukla, Gyanendra Kumar, R.N. Chatterjee and B.P.
Singh
Department of Animal Genetics and Breeding, College of Yety. Sei. &
Animal Husbandry, C.S.A. Univ. of Agrie. & Technology, Mathura
Campus.-281001, India

Three strains of White Leghorn (two pure strains and a strain cross) were used
for determining the heritability and relationship of humoral response to sheep
red blood cells (SRBC), with growth traits in White Leghorn. Chicks were
immunized with 1.0 ml of 3% suspension of packed SRBC in phosphate buffered
saline at the age of 25 days. Chicks were bled from wing vein on 7th day post
injection. Sera were collected and the antibody titre was determined by the
haemagglutination test. Titres were expressed as the log-2 of the reciprocal of the
highest dilution giving complete agglutination. The data was subjected to least
square analysis and correction for sex and genetic group effect was made before
estimating heritability of antibody titre to SRBC and subsequent body weights at
different ages. The estimate of heritability (0.35±0.16)for antibody titre to SRBC
indicated that the trait is moderately heritable and can be utilized as a selection
criterion to increase general disease resistance capability in White Leghorn. The
estimates of genetic correlation between anitbody titre and body weights at different
ages and body weight gain during different periods were inconclusive,
INTRODUCTION
Poultry keeping has tremendous scope to bring about the socio-economic uplift of
small, marginal and landless labourers. Perhaps in no other front the benefit could
come as fast as in the case of poultry.
For increased egg and broiler production a state of continuous health and high survival
rate is fundamental to poultry farming. Poor livability and morbidity not only adversely
effect the commercial performance but also lead to lowered genetic progress (Singh,
1995). The genetic resistance may play a key role alone or interact synergestically
with medication and vaccination in improving individual chances for survival vis a vis
a disease challange.
625

In recent years there has been renewed interest in improving genetic resistance to
infectious diseases. This improvement can be accomplished indirectly by selective
breeding for immune responsiveness and disease resistance.The immune system of
and individual consists of three major facets : antibody response, T. Cell mediated
immunity and phagocytosis (Cheng and Lamont, 1988). Humoral response, measured
as the response to sheep red blood cell's (SRBC'S) is one of the important parameters
to assess antibody response (Vander zijpp, 1983) and very little authentic information
is available for various aspects of genetics of humoral response to SRBC's in chicken.
The present work was undertaken to study the status of humoral or antibody mediated
immunity in different strains of White Leghorn and to compute the heritability of
humoral response to SRBC's and its relationship with growth traits.
MATERIALS AND METHODS
The exprimental birds belonged to three strains viz. IWG,IWM and IWGM (cross of
IWG X IWM) of White Leghorn. Seven sires of the genetic group IWG, four Sires of
IWM and six sires of IWGM were each mated with 24, 18,and 25 dams, respectively.
A total of 181 chicks were investigated for their anitbody titre. Method of Siegel and
Gross (1980) with slight modification was followed for assessing the immune response
to SRBC's. Chicks were immunized with 1.0 ml of 3 % suspension of packed SRBC in
posphate buffered saline at the age of 25 days. Chicks were bled form wing vein on 7th
day post injection. Sera were collected and the anitbody titre was determined by the
haemagglutination test. Titres were expressed as the log-2 of the reciprocal of the
highest dilution giving complete agglutination. Body weights of the experimental birds
at 0 day and 4 and 8 weeks of age were also recorded.
The data was subjected to least square analysis and coiTection for sex and strain/genetic
group was made before estimating heritability of anitbody titre to SRBC and subsequent
body weights at different ages. The heritability estimates of the traits under study were
obtained by paternal half-sib correlation method. The genetic and phenotypic
correlations between humoral response and growth traits were also computed.
RESULTS AND DISCUSSION
Response to 1.0 ml of 3 % suspension injection of sheep RBC'S was studied at 7th day
post injection in each individual. It was found that birds belonging to IWG strain had
significantly (P<0.05) higher antibody titre (5.94±0.18) than the birds of IWGM strain
(Table 1 ), and thereby was expected to be more disease resistant.
The mean titres recorded in this study for different strains of White Leghorn are in
626

agreement with Vander zijpp and Leenstra (1980) who found a mean titre of 5.2 (log 2
value)in 598 White Leghorn chicks.
The estimate of heritability obtained from paternal half-sib correlations revealed a
significantly moderate value (0.35±0.164) for anitbody response to SRBC. The
heritability estimate for growth traits were associated with high standard error
(Table 2).
Table 1. Mean ±S.E. of antibody titre and growth traits of three strains of White Leghorn.
Antibody
Strain
genetic
group

titre for
response
to SRBC
log2
(value)

Growth Traits

Body weight

Body weight g ain

Oday
(g)

4 week
(g)

8 week
(g)

0-4 week
(g)

4-8 week
(g)

0-8 week
(g)

IWG

5.94^
±0.19
(3.32-9.51)*

33.61
±0.73

231.79
±7.33

482.18
±17.46

198.58
±7.35

250.38
±14.57

448.12
±17.93

IWM

5.60^^'
±0.25
(3.32-6.02)

34.11
±1.00

202.14
±10.10

570.75
±24.04

167.82
±10.11

368.61
±20.06

536.27
±24.68

IWGM

5.52^'
±0.18
(2.00-7.00)

34.16
±0.68

197.84
±6.84

476.37
±16.28

163.83
±6.85

278.53
±13.58

442.89
±16.71

Means having same superscript(s) for the antibody titre do not differ significantly at 5% level of
probability.
* Figures in parenthesis indicate the range.
Table 2. Heritability estimates of humoral immunity and growth traits of chicken.
Traits

h2 ± S.E.

Humoral response to SRBC

0.35±0.16

Growth Traits
4 week body weight
8 week body weight
0-4 week body weight gain
4-8 week body weight gain
0-8 week body weight gain

0.19±0.20
0.16±0.19
0.08±0.17
0.28±0.22
0.16±0.22
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The present estimate of heritability for response to SRBC falls within the range of zero
to 0.5 as reported by Vander zijpp and Leenstra (1980). The heritability estimate gives
an idea that additive genetic variance was important for inheritance of SRBC antigen.
Heritability of antibody titre can be considered as one of the criterion of selection for
the prophylactic response (Vander zijpp et al, 1983).
A perusal of the Table-3 showed that the phenotypic correlations between SRBC's
titre and various growth traits were all non-significant. The phenotypic correlation
between SRBC's titre and 0-4 week body weight gain was negative (-0.043), all other
correlations were postitve.
Table 3. Relationship of humoral response to SRBC with growth traits.

Growth traits

4 week body weight
8 week body weight
0-4 week body weight
4-8 week body weight gain
0-8 week body weight gain

Genetic Correlation
with antibody
titre to SRBC
0.561±0.575
-0.086±0.648"
-0.988±1.165
-0.407±0.510
-0.097±0.638

Phenotypic Correlation
with antibody
titre to SRBC
0.034
0.013
-0.043
0.018
0.012

The genetic correlation between SRBC's titre and 4 weeks body weight was highly
positive but the titre was negatively correlated which 8 week body weight, 0-4,4-8 and
0-8 week body weight gain with low to high magnitude as indicated in Table 3. All the
estimates of genetic correlations were associated with high standard error.
Research literature indicate wide variation on the genetic relationship of immune system
with growth and production traits. Kim. et al., (1987) reported significant genetic
correlations (0.21 to 0.31) among response to SRBC's and body weight at all ages in
White Leghorn. In the present study the trend and estimate of genetic correlation betwen
SRBC's titre and 4 week body weight was similar to the value reported by Kim et al.,
(1987).
The negative estimate of genetic correlations obtained in the study between SRBC's
titre and 8 week body weight and 0-8 week body weight gain were in accordance with
Martin et al., (1990) and Siegel and Gross, (1980) who also reported the negative
association between SRBC's titre and growth traits. However, Vander zijpp (1983 a)
has reported that antibody response may be independent of body weight differences.
The genetic correlations obtained in this study were inconsistant therefore, further
study with large quantum of data is needed for a definite conclusion.
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BREEDING FOR SUSTAINING CLIMATIC STRESS :
GENOTYPE AND ENVIRONMENTAL INTERACTION
G.LJain
Venco Research and Breeding Farm Ltd. 13/6, Milestone, Pune-Panshet
Road,Pune 411 025 India

The main objective of breeding commercial chickens is to minimise the cost of
production and to optimise the quahty of the products.
One of the pre-requisites of conducting a successful commercial poultry breeding
programme is thorough knowledge and understanding of agro climatic conditions and
husbandry practices followed in different regions where the birds are to be marketed.
Most of the world's leading poultry breeding companies are located in temperate regions,
while their products are marketed all over the world in varied conditions of climate,
husbandry, feeds and feeding practices.
Since the start of the commercial poultry breeding, poultry geneticists have questioned
whether the genetic gain obtained by selective breeding in particular agroclimatic and
husbandry conditions hold good when chickens are reared under different set of
management and feeding conditions. In other words whether any genotype - environment
interaction exists.
It has been shown by Falconer(1960) and others that mice selected in a non stressful
environment performed poorly in stressful environment. Marks and Huston (1973)
observed that Japanese quail selected for increased four week body weight were less
tolerant of heat stress at 45°C. than an unselected control hne. Sheridan (1990) stated
"there is considerable evidence for layer strains that genotype x environment interactions
are present for tolerance to high and low temperatures, with hens generally performing
best in the environment in which they were bred". A number of authors have reported
stock by location interaction for certain traits like egg production and mortality in
layers and feed conversion and livability in broilers (Hartmann, 1990). Also, highly
significant sire x location interaction for egg production and egg weight were reported
by Mukherjee et al. (1980). Yamada and Tanaka (1992) demonstrated that it is feasible
to successfully select for heat tolerance in a Leghorn strain. Similarly El-Gendy and
Washbum (1992) have shown that it is possible to select for heat tolerance in broiler
stocks by selecting for body weight under heat stress.

The approach taken by most of the poultry breeders who market their products world
wide is to suggest and even insist the producers to modify the cUmate by housing
design and by providing environmentally controlled conditions in the house to represent
nearly same environment in which the birds have been selected. The question one has
to ask is that, is it fair for breeding companies to ask the producers to built especially
designed houses with gadgets to modify the environment at enormous cost or is it
appropriate to breed chicken in the environment in which they have to perform so that
they give same productivity without extra cost on housing and electricity to run the
gadgets, In a country like India which has over 130 million layers and place 500 million
broilers annually and where industry is growing at the rate of 10 per cent annually, the
second alternative is economically more justified. This is more so because the interest
on capital cost is as high as 18 to 20 percent with only 5-7 percent inflation rate and
the labour cost is only $ 50 per month as against 6 - 7 per cent interest rate and $ 50.00
per day labour cost in USA and other Western countries. This enable a lot of people
with less capital to take up poultry farming as vocation creating much needed
employment opportunities to large number of people not just as employee but as
enterprenuer.
Gowe and Fairfull (1995) raised a question "would it be possible to select strains that
are resistant to heat stress and that have all other economic characteristics and are,
therefore, more profitable under these conditions". They further observed that there
is no evidence to show that the strains selected for multiple performance traits as well
as for heat tolerance in a constant temperature chamber do better under the variable
conditions found in most tropical environments than the strains that were selected
under variable temperature conditions.
In this context the breeding work done in India need to be looked into. India has taken
up pure line poultry breeding in a big way as far back as 25 years ago. Today most
of the producers in India prefer layers and broilers from the companies doing breeding
work in India inspite of the import of G.P. from a larger number of western based
breeders. This is because indigenously bred stock out perform the imported ones in
Indian agro-climatic conditions. Not a single layer flock is housed in environmentally
controlled house where 3/4 of the country has average summer temperature higher
than 40°C and in that temperature birds produce on an average of 300 eggs/hen housed
in 52 weeks of production period. Similarly 80% of broiler producers opt for broiler
bred indigenously and their broiler breeders are housed in open sided house without
any environmentally controlled condition except the fans and foggers inside the house.
These breeders produce on an average 140 chicks per hen housed in 40 weeks of
production and their broilers are among the best in the world for Indian market.
The indigenous breeding companies of India have amply proved that it pays to breed
the chicken in the environment in which they are to perform.
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BREEDING POLICIES FOR SPECIFIC TROPICAL
ENVIRONMENTS USING APPROPRIATE
COMBINATION OF MAJOR GENES
P. Horst, P. K. Mathur and Anne Valle Zarate
Institute of Basic Animal Sciences, Humboldt University Berlin,
Lentzeallee 75,14195 Berlin, Germany

The high yielding commercial lines suffer from different degrees of heat stress in
the tropics. This results in a general depression in the performance that can be
compensated to a distinct degree through incorporation of tropically relevant major
genes such as naked neck, frizzle and dwarf, as shown by the experiments in
controlled climatic chambers and some tropical locations.However, the effects of
the major genes are highly influenced by gene by gene and genotype by environment
interactions revealing the need to develop specific genotypes for specific locations.
Hence, eight genetic groups of high yielding commercial lines carrying different
combinations of the three major genes were tested in Turkey, Egypt, Cuba,
Burundi, Bolivia and Malaysia representing the degree of heat stress and other
environmental conditions in the regions to identify suitable major gene or
combination of genes for the specific environmental conditions.The results revealed
significant genotype by environment interactions also within the tropics. The major
gene effects were more favorable for locations with high heat stress but were very
less pronounced or at times unfavorable for locations with lower degree of heat
stress. Hence, specific major gene or its combination needs to be identified by
actual field tests in deciding the regional breeding policies.
INTRODUCTION
The tropical environments consist of wide range of conditions such as arid, semiarid,
subhumid, humid etc. These environmental factors have mainly a depressive effect on
productivity but there are significant differences in performance reactions of different
breeding groups or genotypes to specific environmental condition due to
significant genotype by environment interactions (Hutt, 1949; Tindell et al., 1967;
Horst, 1985; Washbum, 1985; Gowe and Fairfull, 1995). These interactions are not
only observed for specific breeds or lines but also with respect to major genes such that
a particular gene or combination of two or more genes may additionally improve the
suitability of the genotypes to specific environmental conditions (Horst and Mathur,
1992).
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Hence, breeding programs from temperate zone can not be directly transferred or
generalized for the tropical locations as a whole but need to be modified giving due
consideration to such important phenomenon.
During the last two decades, or more, the investigations in our institute are concerned
in developing breeding policies for tropical climatic conditions. We have investigated
the performances of several major genes in different genetic backgrounds at different
locations in Asia, Africa and wSouth America. Some of the important findings are
presented here.
GENOTYPE BY ENVIRONMENT INTERACTIONS
In our earlier experiments, we considered three breeding groups: a light weight White
Leghorn type line (LL), a medium heavy Rhode Island Red type brown layer line
(MM) and a cross between the two lines (LM). These were tested under three
environmental conditions: Controlled normal temperature housing [ CN, 20 ± 2 ""C,
Relative humidity (RH), 60 to 80% ], Controlled high temperature housing [CH, 32''C,
RH 45% ] and Tropical open housing in Malaysia [ TO, 22 to 34 ""C, RH 60 to 80% ].
All the three lines showed their maximum performance in CN and highest depression
in CH. But there were significant genotype by environment interactions ( Mathur and
Horst, 1989). There was higher depression in the performance of the heaviest genotype
than the lighter ones and optimum performance was shown by the intermediate type.
This pattern was more clearly observed in CH but it was less pronounced in TO in the
humid tropical location. A plot of the breeding values of sires with respect to body
weight and egg mass production showed nonlinear relationship. The sires with lowest
body weights had the lowest productivity but those with highest body weight also had
lower egg mass production (Mukherjee et al., 1980; Mathur and Horst, 1994). The
body weight for optimum production in CH was much lower than that for CN. These
results revealed that body size is an important determinant of productivity in the tropics.
There should be a specific range of optimum body weight for specific locations that
needs to be considered while identifying a breed or line for the given conditions in
layers as well as broiler stocks. The genotype by environment interactions are not only
important considering the temperate and tropical environments but they are also
important for different tropical locations with different levels of temperature, humidity
and otl^er environmental factors ( Horst and Mathur, 1995).
MAJOR GENE EFFECTS UNDER CONSTANT HEAT STRESS
Several major genes found in the tropical local populations have revealed their
significance for adaptability and suitability to the given environmental conditions.
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Experiments in the hot cUmatic chamber of BerUn (CH) revealed important findings
with respect to naked neck (Na), frizzle (F) and sex linked dwarf (dw) gene (Mathur
and Horst, 1989).
The naked neck gene (Na) responsible for general reduction of feathers and total loss
of feathers in the neck region has shown very favorable results under heat stress (Rauen,
1985; Merat, 1986). The heterozygous naked neck layers (Nana) had significantly higher
egg number, egg weight, egg mass and body weight under constant heat stress. The
frizzle gene (F) also revealed its favorable effects on productivity but they were less
pronounced than the naked neck gene (Somes, 1988; Haaren-Kiso, 1991). The dwarf
gene itself reduces body size and thereby causes a reduction in egg number and egg
size but there is a significantly lower depression in the productivity of dwarf layers due
to heat stress than the normal types. Thus it improves the productive adaptability to
heat stress. A specially favourable effect of this gene is the improvement in feed
efficiency (Horst, 1988; Merat, 1990).
MAJOR GENE EFFECTS IN DIFFERENT TROPICAL ENVIRONMENTS
The above three major genes were introduced in a commercial brown egg layer line
and were tested in Turkey, Egypt, Cuba, Burundi, Bolivia and Malaysia. The
performance of the normal type and deviation in performance of the major gene types
compared to the normal type, are given in Table 1.
The effect of the naked neck gene was mainly observed on egg number, egg weight,
egg mass and productivity index although there are large differences in different
locations. Egg production of naked neck layers was higher in the arid conditions of
Egypt and Turkey but was lower in other locations. The gene has a positive effect on
egg weight also, bringing up substantial improvements in most locations. The effect is
even higher compared to other traits if the deviation is considered in standard deviation
units.
The frizzle gene showed favorable effect on egg production in Egypt and slightly in
Malaysia. At the same time the production was significantly lower in Bolivia, Cuba
and Burundi.
The dwarf gene had mainly a depressing effect on body weight (ranging from 24 to
36%). This was also associated with reduction in egg number, egg weight and egg
mass production in most of the locations. However, considering the egg mass production
in relation to the metabolic body weight (productivity index), this gene seems to have
very favorable effects. Due to the local experimental constraints, it was not possible to
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measure the individual feed intake in some locations. Hence, it is not possible to compare
the feed efficiency. Nevertheless, an indication of higher feed efficiency by the dwarf
layers is given by the productivity index.
Table 1 : Performance of normal layers and deviations due to major gene effects ( % ) in different
tropical locations
Ankara
Turkey

Cairo Havana Bujumbura Cochabamba Kuala Lumpur
Egypt
Cuba
Burundi
Bolivia
Malaysia

Normal (nana ff Dw-)
Body weight ( 20W kg)
Egg number (64 W)
Egg weight (g)
Egg mass (kg)
Productivity indexe*

1.69
216.70
65.40
14.71
46.43

1.73
228.80
59.20
13.98
49.72

1.75
221.80
60.17
13.32
41.47

1.46
178.80
53.92
9.55
33.97

1.53
157.00
60.75
9.54
35.34

1.64
183.20
56.17
10.26
38.05

Naked neck (NanaffDw-)
Body weight
Egg number
Egg weight
Egg mass
Productivity index

-1.78
1.85
-1.07
-4.08
-3.45

-1.16
13.14
3.38
12.86
7.24

-0.57
-4.97
3.65
-1.50
-1.21

2.74
-3.37
1.11
-2.11
-4.42

-2.60
-5.09
2.47
-2.11
-17.83

0.61
-0.55
-0.71
-0.97
7.10

Frizzle (nana Ff Dw-)
Body weight
Egg number
Egg weight
Egg mass
Productivity index

-2.96
-3.24
1.68
1.36
3.66

-1.73
14.89
2.87
13.57
6.03

-1.71
-12.20
3.16
-9.77
-8.92

-1.37
-10.10
-0.74
-10.53
-9.71

0.65
-12.71
0.99
-11.58
-14.15

-3.05
2.73
-0.53
1.94
-2.10

Dwarf (nanaffdw-)
Body weight
Egg number
Egg weight
Egg mass
Productivity index

-35.50
-5.09
-11.16
-19.05
19.18

-24.28
9.20
-3.04
2.14
11.47

-26.86
-26.66
-5.65
-30.83
-12.54

-36.30
-24.68
-7.79
-30.53
-2.36

-29.22
0.64
-6.25
-5.26
16.98

-28.05
-1.64
-4.45
-5.83
8.94

* Productivity index = (egg mass / MetaboHc body weight )x 100

COMBINATIONS OF MAJOR GENES
In addition to using single major gene effect, it is possible to use more than one major
genes to take advantage of the combined effects. Hence, different combinations of the
three major genes were also tested at the locations (Figure 1).
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Figure 1. Effects of different major genes and their combinations on egg mass
production in different tropical environments
Apparently there is some favorable effect of a combination of necked neck and frizzle
genes but this effect is not very high compared to the single gene effects. Incorporation
of dwarf gene in combination with either naked neck or frizzle or both
improved productivity at all locations although there are differences in the
magnitude.
SPECIAL CONSIDERATIONS FOR SPECIFIC LOCATIONS
From practical point of view it is important to identify a major gene or its combination of
genes for a specific tropical location and an economically defined trait. In Turkey the
effects of naked neck or frizzle gene are not so favorable but a combination of naked neck
and frizzle gene seem to be more suitable. In Egypt, most favorable effects are shown by
naked neck and ftizzle genes for egg mass production. A combination of three major gene
yields lower egg mass but higher productivity index. There seems to be no favorable
effect of major genes in Cuba and Burundi, since the temperature conditions were not so
high. Specially in Burundi the stress is due to high altitude condition rather than due to
heat stress. It was surprising to observe very favorable effect of frizzle-dwarf combination
in Bolivia while no other gene or gene combination had such a prominent effect. InMalaysia
the only favorable effect seems to be that of frizzle gene.
In general, the major gene effects were very low compared to earUer findings in climatic
chambers of Berlin ( Mathur and Horst, 1990). This indicates that the effectiveness of
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the major genes depend very much on the environmental conditions. The higher the
heat stress the more favorable is their effect but as the stress is reduced or compensated
by other natural or artificial environmental conditions, the major gene effects decrease
and at times can lead to negative results.
CONCLUDING REMARKS
The large differences in the effects of major genes and their combinations even
within the tropics reveal that the breeding policies for tropical locations can not be
generalized for entire tropics. There is apparently an additional advantage
of using major genes. The naked neck and frizzle gene seem to be more advantageous
for more arid condition with high temperature and low humidity content. But as the
temperature stress decreases and the humidity content increases their effects reduce.
The dwarf gene, seems to be rather less effected by the climatic variation and reduces
egg number and egg weight due to reduction in body size but it has an overall favorable
effect on productivity in view of the lower maintenance requirements.
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PRODUCTION EFFICIENCY OF DWARF CHICKEN
WITH VARIABLE POLYGENIC GENOMES UNDER
SUMMER HEAT STRESS
A.G.Khan
Jawaharlal Nehru Agricultural University, Jabalpur 482004, M.P., India

This report examines the responses in purebred egg type dwarf (DL) and upgraded
dwarf broiler breeder females (DB) kept for 50 days at 25.5 to 45.0°C. DL dwarfs
laid 11.6% more eggs than normal broiler breeder control (NB). The genotype
effect was significant for egg production. The regression coefficients of maximum
daily temperature on percent egg production were -3.27, -1.27 and -3.25 for DL,
DB and NB. Pooled data over dwarfs showed less depression of -1.98% in egg
production with 1°C rise in shed temperature than for the NB. DL weighing 1.15
kg behaved similar to 2.4 kg NE hens to heat stress. Further, with the increased
Leghorn polygenic (IDL) inheritance (87.5 Leghorn : 6.5 broiler : 6.5 mini) dwarf
showed superior egg production. The crossbred dwarf hybrid (CBD) hatched from
mating of dwarf sires x White Leghorn females further improved egg production
even as maximum shed temperature of 21.5 - 45.10°C. In summer egg production
of (IDL) declined from 87.0 to 34.2% as against 83.3 to 50.9% in CBD. The CBD
weighed less (1.15 kg) than IDL (1.21 kg) at 40-weeks but laid heavier eggs with
less decline in feed consumption in summer. The CBD showed less depression of 3.75% egg production than IDL with 1°C rise in temperature. The summer stress
tolerance in dwarfs depended on interaction of dw gene with polygenic combination
from Leghorn and broiler genomes.
INTRODUCTION
Breeding for tropical adoption constitutes polygenic selection and major gene
approaches as Dwarf and naked neck genes. Dwarfs were considered viable because
of their superior feed efficiency, less housing space requirement and superior adoptation
to summer stress (Merat at al., 1974 ; Reddy and Siegel, 1977 ; Banerjee et al. 1982
Khan et al. 1987 ; and Zulkifli et al., 1994).Relative smaller body size (Horst and
Peterson, 1981) and significantly higher blood plasma sodium concentration (Singh et
al. 1980) were linked with heat adoptation in dwarfs. The information on summer heat
responses in polygenically different broiler and Leghorns dwarf hens are limited in the
literature. Normal (NB) and dwarf broiler breeders (DB) alongwith dwarf layer (DL)
were used in the first experiment as genetically divergent population. NB and DB were
obtained by mating heterozygous males for dw gene with the dwarf females. Normal
chicks inherited superior broilers inheritance (Table 1).
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In the second experiment pooled semen from dwarf (50.0 WL : 37.5 broiler : 12.5 Mini
polygene) males was utilized to inseminate dwarf and White Leghorn females
simultaneously. IDL purebred dwarf have less polygenic inheritance from Leghorn
than the crossbred CBD.
Table 1.
Parameter

% of Polygenic Inheritance
Broiler
Leghorn
Mini

Experiment I
Normal broiler breeder (BN)
Dwarf broiler breeder (DB)
Dwarf layer (DL)

93.5
87.5
37.5

—
—
50.0

6.5
12.5
12.5

Experiment II
Dwarf purebred (IDL)
Dwarf Hybrid (CBD)

6.5
3.25

87.5
93.5

6.5
3.25

In each experiment pullets were housed between 16-17 weeks of age in individual
cages and were fed layer diet containing 18.0 percent crude protein and 2600 kcal ME/
kg feed. The first experimental period was limited to summer hot period of 50 days
(May to June) but second experiment was of 122 days duration (March to June).
In both the experiments cyclic maximum shed temperature range was from 25.5 to
45.5°C and 21.5 to 45.1°C with humidity of 15.3-29.8 and 20.0-77.0 for morning and
evening, respectively (Table 2). The minimum shed temperature varied from 18.4 to
30.5°C. These environments represented tropical summer on the line of the Capricon
and the influence of such a wide cyclic temperature range is little reported in the literature
(Banerjee eLal.1982 ; Khan, 1992 Zulkifli eLal- 1994).
Table 2. Temperature (°C) and relative humidity data

Temperature
Humidity

Maximum
Minimum
Morning
Evening

Experiment I*

Experiment II**

25.5 to 45.5
21.1 to 30.5
20-25
20-77

21.5 to 45.10
18.4 to 28.2
15.3-29.8
32.3-75.3

^Temperature for 50 days May to June and **122 days from March to June.
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Dwarf Broiler and Layer Genotypes
Genotype effects were significant for egg production and difference between normal
(BN) and combined dwarf genotypes (DB and DL) was 11.6% whereas between BN
and DB it was 12.1%. Hens inheriting dw gene laid significantly more eggs than those
carrying its normal allel under broiler genome (Table 3). On the contrary, DB and DL
though were polygenically divergent laid eggs almost at same rate. It appears that the
50% Leghorn genome in layer dwarf was not enough to offset the classical depressing
effect of dw gene on egg production (Hutt, 1959 ; Khan, 1983).
Table 3. Mean production performance of experimental genotypes.

Experiment I

Experiment II

Parameter
(33)

BN
(69)

DB
(115)

DL
(210)

IDL
(118)

CBD

Body weight (Kg)
(30 wk)

2A'

1.45^

1.15^

1.2P

1.15^

44.2^

55.3'^

56.6^

71.8^

82.6*^

Egg production
(100 hen days)

Figures with common superscript within experiment and row do not differ significantly
(P>.05). In paranthesis are number of observations.
In summer the egg production in DL decHned from 76 to 34 percent against 65 to 39
percent in BD. The small body sized dwarfs (1.15 kg) showed more sensivity (b=3.17±0.33) than large bodied (1.45 kg) dwarfs (b=1.27 ± 0.25) to summer stress (Table
4). If the effect of dw gene is assumed independent to poly genes then the depression of
-1.98% in egg production with 1°C rise in shed temperature may be attributed to a
partially association with dissimilar body size of genotypes and the interactions of dw
gene with the broiler and Leghorn poly genie modifiers inherited by DB and DL.
Correlation coefficients between maximum and minimum temperature on hen day
percent production were -0.81 and -0.61 for DL and -0.59 and -0.27 for DB hens
respectively. These also suggested greater sensivity of dwarfs with Leghorn genome to
heat stress compared to broiler dwarf hens.
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Table 4. Regress»ion coefficients of egg production on íîhed temperature.
Experiment I

Temperature

Maximum

Minimum

Experiment II

BH**

DB

DL**

IDL**

CBD**

-3.25±.4

-1.27±.25

-3.17±.33

-9.85±.89

-6.78±.58

(-.77)

(-.59) NS

(-.81)

(-.96)

(-.90)

-2.92±0.50

-0.62±.32

-2.54±.48

-5.16±.20

-3.29±.34

(-.64)

(-.27)

(-.61)

(-.90)

(-.82)

Figures in parenthesis are correlations.
The striking differences in heat tolerance in dwarf genotypes indicated that the poly genie
background and body size variations might have resulted in differential responses to
egg production. Contrarily Banerjeeet al. (1982) was unable to detect such differences
in heated (33.5°C) stalls but Reddy and Siegel (1977) suggested that expression of
dwarfing gene depends on background genome. Neither of these studies were at a
temperature range as that of the present report.
Pure Bred and Cross Bred Layer Dwarfs
IDL purebred and CBD hybrid pullets inherited more than 87.5% Leghorn genome.
IDL showed decline of 52.8 (87.0 to 34.2) and CBD 32.4 (83.3 to 50.9) percent in
mean egg production (Table 5). The values of regression coefficient of egg production
on shed temperature were -09.85 ± 0.89 and -6.78 ± 0.58 for IDL and CBD genotypes
(Table 4). The higher values of regression coefficient were associated with wider range
and gradual increase of heat stress due to longer period of study than that of first
experiment. Both the genotypes inherited dw gene from the same source but caused 3.97 and -1.87 percent less deppression in egg production in favour of CBD with rise
in 1°C maximum and minimum shed temperature respectively. It may be logical to
conclude that 6% more polygene from diversified Leghorns inheritance, and their
interaction with dw gene were responsible for the differences observed between IDL
and CBD. The advantages were in favour of CBD irrespective of its 0.062 kg (CBD
1.149 g Vs IDL 1.12 g) less body size.
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Table 5. Mean performance of interse and hybrid egg type dwarfs in summer
stress.
Age
(weeks)

Temperature °C
MaxiMinimum
mum

28

37.50

32

40.06

36
40

41.46
43.10

Genotype

%Egg
Prod-uction

Egg
wt
gm

Body
wt.
gm

FeediConsumption
Per To produce
d/gm
1 egg, gm

18.40

IDL
CBD

87.0
83.3

49.1
47.4

1240
1064

84.4
71.4

2.19
2.01

24.66

IDL
CBD

75.0
76.9

49.2
48.2

—

74.8
68.7

2.24
2.05

IDL
CBD

48.1
55.6

49.4
49.9

—

71.5
70.6

3.31
2.82

IDL
CBD

34.2
50.9

50.7
50.1

1211
1149

71.3
69.9

4.50
3.03

26.20
28.20

Age dependent positive gain in egg weight was 0.27 g and 0.15 g for CBD and IDL
respectively with rise in 1°C shed temperature from 37.5 to 45.1°C. CBD hens further
maintained their daily feed need within a narrow range with the change in shed
temperature. Lesser drop in egg production and feed efficiency (2.01 to 3.03) for CBD
than IDL (2.19 to 4.50) indicated that hybrid dwarfs were more efficienct in maintaining
feed consumption and its utilization under summer stress. This could be attributed to
differential interactions of dw gene with poly genie combinations from layer genomes
resulting in variable tolerance responses to summer stress in egg type dwarfs.
Responses in the quantitative traits with the change in the proportions of polygenic
inheritance from existing layers and broilers is an interesting field of study when single
major genes like dwarf are examined. In hostile environments such reports carry more
importance when dw gene is treated as micro-mutant to improve adoptative advantages
not only by reducing size of hen but capacity to modify the expression of traits under
divergent genetic and environmental conditions. Such flexibilities offered opportunities
to use dw gene to synthesize dwarf layer and dwarf broiler breeder female line.
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GENOTYPE X ENVIRONMENT INTERACTIONS IN
TWO WHITE LEGHORN LINES BASED ON PATERNAL
SIBS IN GERMANY vs. INDIA
\;

R. Preisingeri, D.K. Flock^ and H. Singh^

^

^Lohmann Tierzucht, RB. 460, D-27454 Cuxhaven, Germany
^Select Breeders LTD., Hyderabad 500029, India

The magnitude of genotype x environment interactions was studied on the basis
of single-cage data produced by paternal half sibs of two commercial White
Leghorn lines in two environments: Germany (environment controlled houses)
vs. India (open houses). In the controlled environment heritabilities of .86, .30, .62
and .55 for body weight, rate of lay, egg weight and daily feed intake respectively
have been estimated. The corresponding values in the tropical environment are
.56, .38, .55 and .25 for line A. In line B estimates are .70, .28, .75 and .50 for closed
housing and .42, .21, .37 and .30 for open housing. Rank correlations for sire
breeding values between both environments for line A are .75, .58, .58 and .50.
For line B correlations of .45, .25, .55 and .20 have been estimated. The high rank
correlations in line A support the idea of testing in a controlled environment where
differences between genotypes are better expressed. But in line B the substantial
reduction of rank correlation indicate a higher susceptibility of line B for genotype
X environment interaction. Especially in rate of lay and feed intake genotype x
environment interactions are more pronounced. Testing in different environments
should be a major objective for world wide operating breeding companies to
overcome the problem of genotype x environment interaction.
INTRODUCTION
For a successful poultry breeding program a testing scheme has to be organized which
ensures a maximum of reliability in the performance recording. Based on this, higher
genetic parameter can be estimated and the accuracy of breeding value estimation can
be increased.
On the other hand the environment in which the performance testing is carried out
should reflect the production environment to keep genetic correlations between the
same traits in different environments (nucleus farm vs. production farm) close to unity.
The phenomena of correlations less than one known as genotype x environment (G x
647

E) interactions have been extensively reviewed in the Hterature (Tindell, et al., 1967;
Alihussain-Gadhia, 1983; Mathur, 1985; Mérat, 1989; Cahaner, 1990; Hartmann, 1990;
Mathur and Horst, 1994). If birds are worldwide distributed and such interactions are
of essential magnitude breeding programs have to be adjusted in respect of performance
testing. If there are big differences between test environment and the target production
environment the effectiveness of a breeding program with single location testing is
essentially reduced. Individuals found to be superior in the test environment may not
be able to maintain their superiority in the production environment. Therefore the
magnitude of genotype by environment interactions was estimated for two pure lines
of White Leghorns housed in different environments to improve the efficiency of a
commercial breeding program.
MATERIALS AND METHODS
This investigation was conducted using five consecutive placements of two pure lines
of White Leghorn laying hens. Four hatches were housed in single cages in Germany
under controlled environment conditions with about 3500 hens in each line. The fifth
hatch with about 1200 hens from the same 80 sires in each line was housed in India.
For performance testing birds were tested in a single cage open house unit.
Birds were suppUed with water ad libitum and a standard layer mash diet. Hens were
tested for body weight, egg production, egg weight and daily feed intake in both
environments in a test period between 28 and 40 weeks of age.
Genetic parameters were estimated based on an animal model including all relationships
with the method Restricted Maximum Likelihood (REML) using the program VCE
(Groeneveld, 1995) including hatch effect for the German environment with four
hatches. Breeding values for both environments have been estimated using also an
animal model PEST, (Groeneveld, 1990).
RESULTS
Averages for the production traits, summarized in Table 1, document a lower production
level for India whereas body weight was similar in both environments.
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Table 1. Mean and standard deviations for production traits in two pure lines of White Leghorn
housed in different environments
Line

Environ-

Body weight (g)

Rate of lay(%)

Egg wei ght (g)

Daily feed intake (g)

ment*

X

s

X

s

X

s

X

s

A

1

1698

168

89.4

9.0

63.0

3.5

114.2

9.3

A

2

1700

189

88.4

7.8

60.2

3.5

120.3

6.7

B

1

1646

116

86.8

8.2

62.2

3.2

114.4

7.0

B

2

1652

143

85.0

8.5

53.2

3.2

123.3

9.5

* 1 : controlled houses
2: open houses

For body weight in environment 2 a higher variation can be observed. In the other
traits there is no clear trend obviously. For both lines feed intake is about 6 or 9 g
higher whereas egg weight is reduced by 3 or 9 g in environment 2 (India).
Table 2. Heritabilities for Line A and B when birds are housed in two environments
Line A
Environment

Environment
Trait

LineB

1

2

1

2

Body weight

.86

.56

.70

.42

Rate of lay

.30

.38

■ .28

.21

Egg weight

.62

.55

.75

.37

Feed intake

.55

.25

.50

.30

In the controlled environment for all traits in both lines a higher heritabihty can be
estimated. The only exception is rate of lay in line A (Table 2). Differences in heritability
support the idea of testing birds in a controlled environment to reduce environmental
variation. The results in Table 2 indicate a higher susceptibihty of line B for differences
in the environmental conditions.
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Table 3. Correlations between sire breeding values based on progeny from different hatches and
environments in Line A

Trait
Body weight

Environment 2

Environment 1
Hatch

Hatch
Hatch

2

3

4

5

1

.79

.71

.78

.73

.72

.77

.79

.75

.75

2
3

.78

4
Rate of lay

1

.64

2

.62

.53

.53

.56

.53

.60

.50

.53

3

.58

4
Egg weight

1

.67

2

.58

.65

.54

.65

.70

.58

.62

.62

3

.58

4
Feed intake

1
2
3
4

.59

.51

.64

.49

.48

.52

.56

.58

.51
.46

Especially differences in ranking between environments can be the reason for reduced
genetic progress in the commercials. Correlations between environments give a good
overview of the magnitude of genotype x environment interactions. The four hatches
housed in Germany in the same site are handled as independent replicates of progeny
groups. Estimated correlations between hatches 1 to 4 can be used as maximum
expectations for the correlations between sire breeding values when no genotype
environment interactions are existing.
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Table 4. Correlations between sire breeding values based on progeny from different hatches and
environments in Line B
Environment 1[
Hatch

Hatch
Trait
Body weight

Environment 2

Hatch

2

3

4

5

1

.59

.64

.57

.46

.71

.68

.39

.67

.55

2
3
4
Rate of lay

1

.57
.46

2

.52

.27

.18

.51

.51

.33

.50

.17

3
4
Egg weight

1

.27
.69

2

.62

.64

.57

.66

.63

.52

.69

.54

3
4
Feed intake

1
2
3
4

.59
.47

.48

.48

.28

.62

.53

.14

.60

.17
.36

Based on the high heritabiHties for body weight and egg weight correlations in
environment 1 are in a range of .60 to .80. For rate of lay and feed intake correlations
vary between .45 and .60 in both lines (Table 3 and Table 4). In line A correlations
between environment 1 and 2 are close to their expectations for body weight, rate
of lay, egg weight and feed intake (Table 3). Deviations in correlations between
environment 1 and 2 are not significant in line A. In line B for all traits a clear
reduction in the correlation between environment 1 and 2 in comparison with
different hatches in environment 1 can be observed (Table 4). As well as in the
high heritable traits like body weight and egg weight and in the medium heritable
traits like rate of lay and feed intake correlations are . 10 or .20 below the expected
values.
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DISCUSSION
The controlled housing may be considered as the most favourable environment,
permitting optimum expression between genotypes. For all traits a higher heritability
can be estimated based on reduced environmental variation. The open house
environment with heat stress had a depressive effect on performance, especially in line
B. Heritability estimates are also essentially negative effected.
The correlations between the breeding values for different pairs of environments (within
Germany vs. between Germany and India) indicate clear differences between lines.
Correlations are not close to 1.0, because the correlations were calculated from estimates
of breeding values. For the different hatches in Germany housed in the same site it can
be assumed that no interactions were present for the given data set. So deviation of the
correlations between hatches within one environment in comparison with the other
environment indicate genotype x environment interactions. The more stressful location
gives different ranking in this data set for line B. For line A a reasonably good agreement
in ranking for environment 1 and 2 can be estimated.
Based on this data it can be summarized that for line A selection should be practiced
under controlled environment that permit optimum expression of the genetic potential.
For line B birds should be tested under the environment in which the future progeny
are to be used. While only cross line birds are used for egg production to make use of
heterosis effects a combination of pure line testing in the controlled environment and a
cross line field testing should be used to maximize genetic progress for the most
economic traits. Breeding companies with world wide distribution are aware of the
importance of adaptation of their products to specific environments. Test data from
different environment are routinely used for breeding value estimation and are expected
to contribute to improved adaptation to specific environment. Significant line differences
in genotype x environment interactions support the idea of line specific estimates and
prevents a general statement on genotype x environment interaction in poultry.
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VARIATION IN SERUM TOTAL T3 AND BODY
TEMPERATURE RESPONSE TO ACUTE HEAT STRESS
IN NAKED NECK (Nana) AND NORMAL NECK(nana)
BROILERS
S. ÖzkanS S. Yalçyn^, H. OzkylyçS M. Argon^
Aegean University, ^Dept. of Poultry Science,
^Dept. of Nuclear Medicine, Izmir-T\irkey

The experiment was conducted to determine the variation in serum total T3 and
body temperature response to acute heat stress in naked neck (Nana) and normal
(nana) broilers. Body weights were measured at 3rd and 7th wk. Body temperature
(BTl) was recorded and blood was sampled for serum total Tri-iodothyronine
(T3) analysis in the mornjpg at 7 wks of age. After two hours' heating exposure at
36°C, body temperature (BT2) and blood samples for T3 (AHT3) were obtained.
Genotype had no effect on BW at 3 and 7 weeks of age. The Nana birds had
significantly lower body temperature than normals before and after heating. There
were no significant difference in serum total T3 levels of birds. However, Nana
birds had numerically lower reduction in serum total T3 under acute heat stress.
The results indicated that Nana birds may adapt better to high temperature by
having lower body temperature than normals.
INTRODUCTION
It is generally accepted that T3 stimulates metabolic rate. Although it is not universally
observed, several reports suggest a relationship between thyroid function and heat
tolerance in birds (Huston, 1966; Steward and Washbum, 1983; Etches et al., 1995).
Bow an and Wahsbum (1985) also noted that thyroid response was reduced under heat
stress. It is well known that naked neck birds are resistant to high temperatures (Merat,
1986; Cahaner et al, 1994). Higher levels of T3 were found in Nana birds when
compared to normal birds under heat stress by Kan and Mitchell (1994) and Yahav et
al, (1994). Eberhart and Washbum (1993), also showed less change in body temperature
of Nana birds under acute heat stress which is associated with increased resistance to
high temperatures. Therefore, the present study was conducted to determine the effect
of Nana gene on serum total T3 level and body temperature response to acute heat
stress in broilers.
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MATERIALS AND METHODS
Forty heterozygous naked neck (Nana) and 40 normal neck (nana) broilers were raised
in cages until 48 days of age under hot summer temperature in an open sided poultry
house with windows. The ambient temperature in the poultry house was average 29 ±
2 °C during the experiment. Body weights were determined at 21 (BW3) and 48 (BW7)
days of age. Seven birds from each sex and genotype were selected randomly at 48
days of age. Rectal temperature (BTl) of the selected birds were recorded in the morning
where the temperature was 27°C. Blood samples were collected from the same birds
by vena puncture. After that, birds were moved to a small pen and exposed to extra
heating at 36 °C. Data about rectal temperature (BT2) and blood samples were collected
from the same birds two hours later. The serum concentrations of total tri-iodothyronine
(T3 ) were determined by spesific radioimmunoassays (RIA) using DPC (Diagnostic
Products Corporation, LA, Ca 90045) commercial kits with antibody-coated tubes.
Data were analysed using ANO VA. Correlation coefficients and regression equations
were calculated for the traits that are under discussion.
RESULTS AND DISCUSSION
Body weights at 3 and 7 wks of age and body weight gain between 0-3 wks (BWGl)
and 3-7 wks (BWG2) by genotype and sex effects are given at Table 1. There was no
significant genotype effect while males had heavier body weight in both genotypes.
There were significant differences between genotypes and sexes for BTl. Naked neck
birds had lower BTl than normal birds before heating. As expected, females had higher
BTl than males. After two hours' exposure to heating at 36 °C, Nana broilers had
lower BT2 (O.TC) than normals (P<0.08). Change in body temperature (BTC= BT2BTl) in Nana birds were numerically, but not significantly, lower (1.95± 0.30 °C) than
normal birds (2.25 ±0.30 °C). The sex did not have an effect on BTC, however, it was
2.41±0.3rC and 1.78±0.29 °C in males and females, respectively.
Genotype and sex did not have any effect on serum total T3 level before heating (BHT3)
and after heating (AHT3). The reduction in serum T3 (RT3= BHT3-AHT3) was
numerically highest in normal females (0.96 ± 0.14) under acute heat load. This may
suggest that females had better adaptation to acute heat stress reducing their serum
total T3 levels.
Relative reduction in serum T3 [(RT3/BHT3)*100] were 46.6%, 49.67%, 53.8%, and
63.25% in naked neck males and females and normal males and females, respectively
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Table 1. Body Weights (BW) at 3th and 7th wk, Body Weight Gains (BWG) from 0 to 3 and 3 to 7 wks, Body Temperature (BT) and
Serum total T3 Concentration of Naked Neck (Nana) or Normal (nana) Broilers Exposed to Acute Heat Stress.
Nana
Male

nana
Female

Probabilities
M+F

Male

Female

638±17

547±17

592±14

639±18

Sex Gen*Sex

M-hF

Gen

600±20

620±13

0.170

0.002

0.199

0.706

0.0001

0.388

Body weight,g
BW3
BW7

2284±60

1914±48

2099±38

2218±51

1940±51

2079±36

BWG 0-3

28.6±1.2

24.1 ±0.9

26.4±0.7

28.2±1.1

26.3±1.0

27.3±0.7

0.397

0.006

0.230

BWG 3-7
Body
temperature, °C
BTl

61.0±2.2

50.2±1.7

58.8±1.3

58.5±1.8

49.0±1.9

51.8±1.3

0.299

0.0001

0.806

41.02±0.16

41.28±0.14

41.14±0.11

41.34±0.15

41.74±0.15

41.54±0.11

0.016

0.043

0.650

BT2

43.20±0.41

42.98±0.35

43.09±0.27

43.98±0.38

43.60±0.38

43.79±0.27

0.082

0.445

0.824
0.714

BTC
Serum
T3,ng/ml
BHT3

2.18±0.45

1.71±0.39

"1.95±0.30

2.64±0.42

1.85±0.42

2.25±0.30

0.484

0.152

1.41±0.13

1.64±0.11

1.53±0.08

1.52±0.12

l.47±0.12

1.50±0.08

0.806

0.437

0.248
0.347
0.854

AHT3

0.76±0.13

0.89±0.11

0.78±0.09

0.71±0.12

0.51±0.12

0.61±0.08

0.181

0.513

RT3

0.65±0.12

0.85±0.13

0.74±0.09

0.81±0.14

0.96±0.14

0.88±0.10

0.327

0.215

BTl: Body temperature before heating, BT2: Body temperature after 2 h of heating, BTC: Body temperature change,
BTC=BT2-BT1, BHT3: Serum total T3 concentration before heating, AHT3: Serum total T3 concentration after heating
RT3: Reduction in serum total T3, RT3=BHT3-AHT3

(data were not shown on Table 1). This finding is in accordance with the observation of
Kan and Mitchel (1994), who found that plasma T3 decreased by 70% in birds reared
under moderate heat stress (29°C) compared to the birds reared under thermoneutral
conditions (21°C).
Correlations among traits
There were negative correlations between BTl and BTC in Nana (r= -0.48, P<0.1) and
in normal (r= -0.68, P<0.01) birds. These results close to that are expressed by Eberhart
and Washbum (1993). The linear regression equations calculated were, BT1= 41.72 0.29 BTC, (R2 = 0.234), BT1= 41.86 - 0.14 BTC, (R2 = 0.465) for Nana and nana
broilers, respectively.
In normal females, correlation between BTl and BHT3 was negative r= -0.81 and
significant (P<0.02). The linear regression equation for BTl was, BT1= 42.41 - 0.0045
BHT3, (R2 = 0.667). This relationship shows that generally normal females had better
thermorégulation than males by decreasing total T3 level suggesting a reduction in
metabolic rate.
There was a negative (r= -0.51) and significant (P<0.07) correlation between BWG2
and BHT3 in Nana birds. The linear regression equation for this relationship was
BHT3=298.936 - 2.629 BWG2, (R2 =0.264). This suggests that Nana birds gain more
body weight by decreasing their serum total T3 level under high temperature. However,
we did not find any difference in T3 levels of genotypes.
The results of the present study showed that the Nana birds had numerically lower
reduction in T3 level under acute heat stress. The T3 concentration of blood was
associated with temperature regulation in birds (Etches et al, 1995). This result may be
attributable to lower BT in Nana birds which is partly referred to their enhance the
dissipation of internal heat by reducing feather coverage (Cahaner et al, 1994).
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SESSION - II
NUTRITION FEEDS, FEEDING AND PHYSIOLOGY

1. PHYSIOLOGY OF GROWTH, INCUBATION,
PRODUCTION AND REPRODUCTION

^

IMMUNIZATION OF POULTRY AGAINST
BROODINESS
Peter J.Sharp
koslin Institute (Edinburgh), Roslin, Midlothian EH25 9PS, Scotland,
UK

Broodiness or more precisely, incubation behaviour, results in the regression of
the ovary and in lost egg production. It is a particular problem in turkeys and
broiler breeders. Recent advances in understanding of the hormonal control of
broodiness have led to the identification of two novel potential veterinary products
for immunization against broodiness. The first is based on the observation that an
increase in the secretion of the pituitary hormone, prolactin, causes broodiness.
The chicken prolactin gene has been cloned and used to produce recombinantderived prolactin. This has been successfully used to immunize poultry against
broodiness without compromising a high rate of egg laying. The second
immunological approach is based on the identification of the avian prolactin
releasing hormone as vasoactive intestinal poly pep tide (VIP). This 28-amino acid
neuropeptide was originally isolated from the gut. Immunization against VIP
suppresses prolactin secretion and inhibits the development of broodiness while
maintaining a high rate of egg laying. It is concluded that two novel immunogens
- recombinant-derived prolactin and vasoactive intestinal polypeptide - are effective
in suppressing broody behaviour, and are available for further development as
practical veterinary products.
INTRODUCTION
The term broodiness describes two phases of the reproductive cycle - persistent nesting
(incubation behaviour) and maternal care of chicks (brooding behaviour). Since
commercial birds are not allowed to hatch their own eggs, broodiness is usually taken
to refer just to incubation behaviour. Broodiness is a commercial problem because it is
associated with the cessation of egg laying caused by the regression of the ovary and
oviduct. The genetic potential for broodiness is probably present in most breeds of
poultry with the exception of White Leghorn. Reciprocal crosses between White
Leghorns and the Red Jungle Fowl demonstrate that a major gene controlling the
expression of broodiness is sex-linked on the Z chromosome (Saeki and Inoue, 1979).
Broodiness is most likely to occur in conditions in which birds can express nesting
behaviour. This behaviour is thwarted in hens kept in battery cages, and is one of the
factors which contribute to the efficiency of tigg production in this husbandry system.
Alternative systems to battery cages, including modified cage, perchery, aviary, straw
yards and free range systems, all aim to allow hens to express full nesting behaviour

(Hughes, 1990). If any of these systems are imposed on commercial egg producers as
a result of welfare legislation, broodiness could become a cause of lost egg production,
particularly in strains which are not principally derived from White Leghorns.
In current commercial practice, broodiness affects some flocks of broiler breeders,
especially the dwarf strains, commercial egg layer multiplier flocks, and turkeys. On a
day-to-day basis the problem is managed by careful husbandry aimed at preventing
birds forming an attachment to a nest site. In the longer term the aim is to select nonbroody genotypes. An alternative approach is the treatment of birds with a veterinary
product which prevents the expression of broodiness while maintaining a high rate of
egg laying. This view is concerned with recent research suggesting that it might be
possible to control broodiness using immunization procedures.
PHYSIOLOGY OF BROODINESS
The development of broodiness is induced by interactions between the environment,
genotype and the endocrine system (reviews: Sharp, 1979, 1989; El Halawani et al.,
1988). After hens have been laying for a few weeks, there is a tendency for nesting
behaviour to become prolonged and this may eventually become so persistent that it is
transformed into broody behaviour. A major factor in this transformation is tactile
stimulation from the brood patch. This may be provided by eggs or merely the floor of
a favoured nest site. If the nerves supplying the brood patch are cut, broodiness will not
develop (Brook et al., 1991). Tactile information from the brood patch appears to
stimulate prolactin secretion since removal of a broody hen from its nest results in an
immediate and rapid decrease in plasma prolactin (El Halawani et al., 1980; Sharp et
al., 1988). The increase in prolactin secretion induced by persistent nesting behaviour
reinforces the behaviour progressively transforming it into broody behaviour (Lea et
al., 1981,1982). The secretion of prolactin from the anterior pituitary gland is controlled
by prolactin releasing hormone, produced in the hypothalamus. This has been identified
as vasoactive intestinal polypeptide (VIP), a 28 amino acid neuropeptide first isolated
from the gut (Mauro et al., 1989; Sharp et al., 1989). The role of prolactin in transforming
nesting behaviour into broody behaviour has been demonstrated in a classical hormone
replacement experiment in ovariectomized turkeys (El Halawani et al., 1986).
IMMUNIZATION AGAINST PROLACTIN
The first attempt to evaluate the effect of inmiunoneutralization of prolactin on broody
behaviour was reported by Lea et al. (1981). In this study, it was found in broody
bantam hens that passive immunization against prolactin using two daily doses of antiprolactin serum resulted in a dramatic increase in plasma LH. Due to a shortage of antiprolactin serum, it was not possible to establish whether passive immunization against
prolactin for a longer period would disrupt broodiness and stimulate egg production.

The cloning and subsequent production of genetically engineered chicken prolactin
(Hanks et al., 1989a,b) provided the opportunity to evaluate more fully the effects on
broody behaviour of actively immunizing hens against prolactin (March et al., 1994).
It was assumed that since chicken prolactin is a "self protein" it would not be an effective
immunogen in poultry. For this reason, a more immunogenic form of chicken prolactin
was created using molecular biological techniques. The immunogen consisted of most
of the amino acid sequence of chicken prolactin which was extended by the addition of
a short amino acid sequence of a bacterial enzyme, b-galactosidase (bgal). The encoding
gene was genetically engineered and inserted into a plasmid vector in a strain of
Escherichia coli. The recombinant-derived prolactin immunogen was then purified from
aqueous cultures of the bacterium. Immunization of bantam hens, kept in floor pens
with nest boxes, with the bgal-prolactin immunogen produced antibodies to prolactin
in the blood. The procedure also inhibited the development of broodiness and maintained
a high rate of egg laying (Fig. 1). The development of broodiness was more effectively
inhibited if immunization was initiated before, rather than after, the onset of egg laying.
The presence of antibodies to prolactin did not affect the rate at which Qgg laying was
induced by transfer from short to long day lengths. In hens kept in battery cages to
suppress the development of broodiness, immunization against prolactin had no adverse
effect on the rate of egg laying when compared with non-immunized control birds
(March et al, 1994).
It can be anticipated that the recombinant-derived chicken prolactin used to immunize
against broodiness in bantams will be equally effective in turkeys since the amino acid
sequences of chicken and turkey prolactin are practically identical (Wong et al., 1991).
IMMUNIZATION AGAINST VASOACTIVE INTESTINAL POLYPEPTIDE
(VIP)
In broody hens, it can be assumed that VIP is released in increased amounts from the
median eminence of the hypothalamus to stimulate increased prolactin secretion. The
neuropeptide reaches the anterior pituitary gland by means of a specialized system of
blood vessels, the hypophyseal portal vasculature, which drain the median eminence
directly into the gland. Since the anterior pituitary gland is closely applied to the median
eminence, the major vessels of the hypophyseal portal vasculature are very short. After
stimulating prolactin release, VIP leaves the anterior pituitary gland to be diluted in the
peripheral blood to low concentrations. This contrasts with the concentrations of prolactin
which are very high in the peripheral blood of incubating hens.
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Figure 1. The effect on egg production in bantam hens of active immunization against
a chicken prolactin recombinant-derived fusion protein (n=lO) or a control protein
(n=10). Birds were immunized on three occasions at 5-7 week intervals, starting 9
weeks before the onset of egg laying. Egg laying was induced at 21 weeks by increasing
the photoperiod from 8 to 14L light/day. Eight of the control birds became broody after
6 weeks in lay resulting in a decrease in egg laying. None of the birds immunized
against prolactin became broody. Data from March et al. 1994.
The possibility that immunoneutalization of VIP may prevent prolactin release and
suppress broody behaviour was first investigated by Sharp et al. (1989). Concern that
VIP antibodies in the peripheral circulation may not be able to immunoneutralize VIP
effectively in the hypophyseal vasculature proved unfounded. An intravenous injection
of chicken cVIP antibody in incubating bantam hens resulted in an immediate decrease
in plasma prolactin to base-line values (Sharp et al, 1989). Daily injections with cVIP
antibody resulted in incubating hens deserting their nests within 3-5 days. Hens treated
in this way came back into lay in the shortest possible time, about 18-20 days. It was
assumed that injection of cVIP antibody disrupted incubation behaviour by preventing
the release of prolactin. This view was confirmed by the demonstration that disruption
of incubation behaviour by daily intravenous injection of c VIP antibody was prevented
by simultaneous injection of ovine prolactin (Sharp et al., 1989).

Passive immunization experiments using cVIP antibodies have been followed through by
experiments involving active immunization against cVIP (El Halawani et al., 1995; Sharp
et al., 1996). Active immunization of turkeys, starting on the day of photostimulation
with cVIP conjugated to keyhole limpet haemocyanin depressed prolactin compared with
control hens (El Halawani et al, 1995). Similarly, immunization of turkeys starting before
photostimulation with 15 amino acid fragments of cVIP conjugated to tubercuhn PPD,
depressed plasma prolactin and increased egg production compared with control birds
(Sharp et al, 1996; Fig. 2). A possible comphcation associated with active immunization
against VIP is that it may have a depressive effect on the secretion of gonadotrophin
immediately after photostimulation (Sharp et a!., 1993).
Immunized against VIP
Controls

Figure 2. The effect on egg production in turkey hens after active immunization against
a 15 amino acid fragment of avian prolactin releasing hormone, vasoactive intestinal
polypeptide conjugated to tuberculin protein purified derivative (n=9) or to tuberculin
protein purified derivative alone (control, n=l 0). The birds were immunized at 4 weekly
intervals starting 4 weeks before the onset of lay. Eight of the control birds were broody
7-8 weeks after the onset of lay. None of the immunized birds became broody. Data
from Sharp et al. 1996.
CONCLUSIONS
Two novel methods are now available to inhibit the development of broodiness - active
immunization against prolactin or VIP, the avian prolactin releasing hormone. To be
effective both methods require regular booster injections at 3-5 week intervals to maintain
antibody titres sufficient to inhibit broodiness. In turkeys such an immunization schedule
could be combined with artificial insemination and be applied during the 12 weeks
after photostimulation when the probability of broodiness in greatest. These methods
may not be so attractive in poultry where artificial insemination is not used.
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Concepts of sensory-endocrine interactions in birds must now also include the
immune system. Changes in plasma corticosterone (CS), triiodothyronine (T3)
and body temperature (Tß) during the first 24 h post-antigen injection (PI)
accompany shifts in numbers of peripheral blood leukocytes. However, there are
differences in the kinetics of responses between chicken lines selected for high
(HR) and low (LR) antibody responses to sheep erythrocytes. Although Tß of
both lines rose significantly 3 to 5 h PI, those of the LR line returned to base levels
sooner than those of the HR line. Plasma CS of the HR line peaked and returned
to base levels sooner than those of the LR line. Plasma levels of T3 of both lines
decline rapidly through 5 h PI; however, T3 levels of the LR line began to recover
sooner than those of the HR line. Lymphopenia appeared sooner in the LR line
than in the HR line but both returned to base levels by 12 h PI. Numbers of
heterophils and heterophil to lymphocyte ratios of both lines increased significantly
by 5 h PI and then declined by 24 h ; however, there were no significant line effects.
Results suggested that during the first 24 h PI, genetic selection for antibody
response has a greater effect on neural-humoral than on leukocyte responses.
INTRODUCTION
Recent studies have shed new light on relationships among immune endocrine and
nervous systems. Traditional concepts in which sensory stimuli are transduced by the
nervous system via neurohumoral networks to stimulate trophic hormones by the anterior
pituitary, now must include the immune system as part of the interactive network.
Cells of the immune system have been shown to secrete corticotropin (ACTH) in mice
(Blalock, 1984) and chickens (Siegel et al, 1985; Hendricks et al, 1995a). Moreover,
lymphoid cells contain mRNAs with the potential to secrete a variety of trophic hormones
(Marsh, 1992).
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In chickens, plasma corticosterone (CS) increases and 3,3', 5'-Tiüodothyronine (T3) declines
shortly after various antigens (Ag) are administered and then return to basal levels (Siegel
et al, 1985; Trout et al 1988a). The CS increase is due to ACTH stimulation (Siegel et
al, 1985; Hendricks et al, 1995a). Ag-stimulated chicken leukocytes co-incubated in
vitro with naive isolated adrenal cells produce more CS than non-antigen stimulated cells,
suggesting that at least part of the ACTH increase comes from activated leukocytes (Siegel
et al, 1985). Leukocyte secretion of ACTH in birds appears to be controlled similarly to
pituitary corticotrophs because hypothalamic corticotropin releasing factor (CRF) increases
ACTH secretion from avian leukocytes, monocytes being more responsive than
lyqiphocytes, and CS suppresses the CRF effect (Hendricks ^i«/., 1991 ; 1995b; Hendricks,
1994). However, these leukocytes secrete a variety of soluble substances (cytokines) that
are effectors of the immune system and also have neuroendocrine activity (Blalock, 1984;
Dinarello, 1984; Marsh, 1992).
Paralleling these hormonal changes are also changes in the number of circulating
leukocytes. Lymphocyte numbers decline shortly after antigen injection but return to
base levels about 12 h postinjection (PI). Contrariwise, heterophils increase to peak
levels 6-12 h PI and return to base levels about 24 h PI (Trout et al, 1988a). At peak
levels, heterophils appear to be metaboHcally active (Trout et al., 1988b). Postinjection
of Ag subpopulations of lymphocytes (CD4+ helper cells) leave the circulation and
migrate to secondary lymphoid tissue (i.e. spleen, etc.) (Mashaly and Trout, 1993). It
remains to be determined if this cell redistribution is due to CS stimulation or a direct
effect of interleukin activity. In the present research the effects of antigen administration
on hormone levels, body temperature and peripheral blood leukocyte changes were
investigated during the first 24 h PI in two lines of chickens divergently selected for
antibody response to sheep erythrocytes (SRBC).
METHODS AND MATERIALS
Males of the 12^^ generation of high (HR) and low (LR) response lines (van der Zijpp
and Nieuwland, 1986) were grown from hatch to 32 d of age under standard brooding
conditions in battery units of the animal facilities of the Wageningen Agricultural
University, Netherlands.
Feed (2600 kcal/kg ME, 21% CP) and water were provided for ad libitum consumption.
At 32 d of age 208 chicks of each line were randomly divided into two treatment
groups: those receiving Brucella abortus (BA) Ag (1 x 10^ cells in 1 ml of 0.85% PBS,
/v.; ID-DLO, Lelystad, NL) or control (1 ml of 0.85% PBS, /v.) The treatment groups
were each subdivided into 13 sampling times: -1, 1, 2, 3, 5, 7, 9, 12 and 24 h PI, and 0,
3, 7 and 11 d PL The birds were maintained in batteries in duplicate environmental
chanibers at 24+ 1 ^C and 65% RH. Thus, the design was: 13 sample times x 2 treatments
X 2 lines x 2 reps x 4 birds/subgroup = 416; no bird was sampled more than once.
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For the -1 to 24 h samples, 3 ml of blood was drawn from the cutaneous ulnaris vein
into heparinized syringes. A smear was made for differential and total white blood cell
(WBC) counts and the remainder was centrifuged and plasma stored at -20 ^C for
hormone determinations. In the 0 to 11 d sampling, 3 ml of blood was drawn, centrifuged
and plasma frozen for subsequent antibody (Ab) titration.
Total and differential WBC counts were made simultaneously on cytospin smears stained
with May-Grunwald-Giemsa (Lucas and Jamroz, 1961) by counting the total number
of cell types within 20 squares of known area that were in fixed proportion to the area
of the cytospin pattern.
Plasma CS and T3 were determined by radioimmunoassays (RIA) (Satterlee et al,
1980: Huybrechts et al, 1989, respectively). After extraction of 50 |il plasma with 1
ml CH2CI2, CS was measured with a double antibody kit (IDS, Ltd., Rolden, England,
Code AA-13F1). Cross reaction of antiserum with deoxycorticosterone was 3.3% and
with all other steroids £ 1.0%; detection minimum was 0.39 ng/ml. The intra-assay
C.V.'s ranged from 4.4 to 10.3% on the same plasma pool run 5 times. Measurement of
T3 used antiserum (MaUinckodt Diagnostica, Dieteubach, Germany) with a specific
tracer (^^^I, Amersham International, Amersham, England). The intra-assay C.V. was
2.9%. As assays were both completed in single runs, there were no interassay C.V.'s.
Primary total and 2-mercapto-ethanol resistant (2-MER) antibody titers (log2) were
determined by microtiter procedures (Delhanty and Soloman, 1966; McCorkle and
Click, 1980). The replicate groups of chickens to be sampled for Ab at 11 d PI were
also used to determine body temperatures (Tß) during the first 24 h PI. Tß were
obtained by two 2-person teams in each chamber immediately before blood samples
were taken, using calibrated thermistor probes (Model 47, YSI Telethermometer, Yellow
Springs, OH, USA) inserted 3 cm into the cloaca. The probes were connected to a 4
channel data logger.
Data were first analyzed by the General Linear Models procedure (SAS, 1989), using
time of sampling, line, treatment and replication as main effects, with interactions.
There were no significant interactions involving rephcations; however, for all variables,
time or interactions with time, were significant. Therefore, subsequent analyses were
conducted within sampling times, with replicates combined. Least square means
procedures were used when significant differences were observed in ANO VA. Prior to
analysis, hormone data were coded to logj^ because of significant correlations of means
with standard deviations.
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Figure 1. Total and 2-mercepto-ethanol resistant (■2-MEpl antibody titers to BniceHa abortus
antigen in lines selected for high (HR) and low (LR) responses to SRBC
a.b, A.B-means + SE
with common superscripts within day and measurement are no; significantly different {P < 0.05,
0 Oj. respectively) **, *** indicate difference? from day 0 {P < 0 0!; 0 OOi. respectively)

RESULTS AND DISCUSSION
Antibody Titers - Kinetics of total and 2-MEj^ Ab responses by the two lines (Fig. 1)
indicate that although there was no difference {P < 0.05) between lines at 5 d in total
agglutinating Ab against B A, the rate of decline after 5 d was greater in the LR than in
the HR, so that differences were significant at 7 and 11 d PI (P < 0.05 and 0.01,
respectively). Similar differences in Ab decay have been shown for other hues selected
for Ab response to SRBC (Siegel and Gross, 1980). Lepage et al (1996) report a Bcomplex dosage effect on the decline phase of the primary Ab response to SRBC and
point out that persistence of processed Ag by macrophages may account for similar
differences in Ab persistency in mouse lines (Biozzi et al., 1984). For 2-ME^ titers,
which are indicative of the IgG isotype, differences appeared by 11 d PI (P < 0.01).
Thus, the HR line appears to convert to the IgG isotype from IgM more rapidly then the
LR line. The Ab response of these lines to BA in the 11^^ generation are similar to
those reported for the 4^" generation males of the same lines (Kreukniet et al., 1992).
Tß, T3 and CS (Fig. 2) - Although Tß declined in all groups during the first hour,
probably as a consequence of handling and injection, by 3 h PI, Tß of immunized birds
of both lines were higher than PBS controls (P < 0.05). However, Tß of immunized
LR line leveled off at 5 h PI and declined to near 0 h levels by 9 h. By contrast, Tß of
the HR line continued to increase through 7 h and remained higher than PBS controls
through 12 h PI. These Tß increases are presumably a febrile response to bacterial
surface Ag or endotoxin induced by interleukin-1 (IL-1 ) from mononuclear phagocytes
(macrophages) (Dinarello, 1984).
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Plasma CS (Fig. 2) of immunized birds of both lines were higher than controls at 1 and
2 h PI (P < 0.05 and 0.01, respectively) and reached a peak in the HR line at 3 h, when
the HR were higher than the LR hne (P < 0.05). By 5 h PI, however, HR line CS levels
declined to PBS control levels, while CS of the LR rose to peak levels at 5 h and
continued to be significantly higher than levels of the immunized HR or non-immunized
birds through 9 h PI. These plasma CS responses to Ag follow the same general
chronology as those found previously for S. pullorum, SRBC and B. abortus (Siegel et
al., 1985; Trout et al., 1988a), in which significant increases were noted at 1 h and
peak values were reached at 3 h PI. However, the timing of response differs between
the lines. The later and more extended response may account for the reduced persistency
of Ab in the LR, because CS directly or indirectly suppresses lymphocyte activity
(Glick, 1967; Siegel, 1968; Marsh, 1992). These increases in CS may be mediated by
increases in ACTH secretion by the pituitary or by activated leukocytes (Siegel et al.,
1985; Hendricks et al., 1995a). IL-1 induces CRF release by the hypothalamus that
stimulates ACTH release by pituitary corticotrophs; however, CRF also can stimulate
ACTH release by leukocytes (Blalock, 1984; Hendricks et al, 1991).
Plasma T3 levels were lower in the HR than in the LR line at 1 h PI (Fig. 2); however,
immunization effects appeared at 2 h as levels in immunized birds of both lines declined
precipitously through 5 h PI (P < 0.01). Levels of T3 in the LR line began to rebound
and were higher than those of the HR at 7 and 9 h PI (P < 0.05). Although they remained
lower than controls (P < 0.01). At 24 h PI, the HR-T3 levels remained depressed.
Rapid declines in T3 following antigen injection have been previously described as
part of the response to IL-1 (Dinarello, 1984). T3 declines also accompany increases
in Tß from external heat exposure (Kühner al., 1984). However, the differential response
between lines, which was related to Tß and CS responses to Ag suggests that changes
in deiodination from thyroxine to T3 may occur more rapidly in HR than in LR birds
and may thus be genetically influenced (Scanes et al., 1983; Kühn et al., 1990).
Cellular responses (Fig. 3) - Lymphocytes began to decline in the immunized LR line
by 3 h PI and were further depressed at 5 and 7 h (P < 0.05). In the HR line, lymphocyte
numbers were not lower than controls until 7 h PI. In both lines lymphocyte numbers
recovered to control levels by 12 h, but were again signiñcantly lower than controls at
24 h PI. Similar lymphopenia due to immunization has been reported by 3 h PI and has
been attributed to mobilization of blood lymphocytes - primarily CD4+ helper cells to secondary lymphoid tissue (Trout et al., 1988a; Trout and Mashaly, 1994). Present
data suggest that this mobilization may be delayed in the LR line, and may be a
consequence of the delayed CS response. CS has been proposed as a mediator of
lymphocyte movement to secondary lymphoid sites during early immunological activity
(Trout and Mashaly, 1994).
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Figure 3. Means ± SE of total lymphocyte (L) and heterophil (H) counts and H/L ratios during
24 h. post-injection oíBmcella abortus antigen in males of lines selected for high (HR) and low
(LR) antibody responses to SRBC. a,b,c; A,B {P < 0.05; 0,01, respectively)
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Numbers of heterophils in immunized birds of both lines were higher than those in
PBS-controls by 5 h PI (P < 0.05), and reached peak levels, relative to controls, at 12
h (P < 0.01). Although lower by 24 h PI, heterophils in immunized birds remained
higher than those of controls (P < 0.05). There was no effect of genetic selection on
heterophil numbers. These increases in heterophil numbers are similar in magnitude
and chronology as those reported by Trout et ai, 1988 a; b).
Increases in heterophil/lymphocyte ratios (H/L) are considered indicative of chronic
stress in birds (Gross and Siegel, 1983) because CS stimulation causes lymphopenia
and heterophilia (Siegel, 1968). H/L ratios were higher in immunized birds than in
controls from 5 h through 24 h PI (P < 0.05); however, there were no significant line
differences. The treatment interactions that were present for Tß and hormones were
not present for heterophil number or for H/L. These results suggest that genetic selection
for antibody response may have a greater influence during the first 24 h on the
neurohumoral response than on leukocyte reactions. These responses are mediated by
IL-1, which is released by activated macrophages (Dinarello, 1984). As previously
indicated, processing of antigen, which in large part, depends on macrophage activity,
may account for the differences in persistency of antibody response in genetic lines
selected for this response (Biozzi et al., 1984; Lepage et al., 1995).
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Tibial dyschondroplasia (TD) is a leg problem related to remodeling and
vascularization defects of tibial growth plate in fast growing meat-type poultry.
The present paper explores the possible mechanisms and factors that may be
involved in the onset of this defect. Comparative blood chemistry of normal and
birds with severe cases of TD, showed no significant differences in any parameter
that may be responsible for this defect. The TD-affected birds had higher body
weights despite this problem. The metabolic and matrix-metalloprotease activities
and chondrocyte viability were lower in TD tissues. The extracellular matrix
contained a significant amount of type X collagen, a marker of chondrocyte
hypertrophy. The chondrocytes in TD cartilages exhibited extensive "apoptosis"
compared to normal growth plate cartilages. The premature death of chondrocytes
during the hypertrophie process may account for the delay in subsequent steps of
endochondral bone formation, resulting in the retention of the non viable cartilage
that characterizes tibial dyschondroplasia.
INTRODUCTION
Genetic selection, together with management programs that involve dietary and
medicative manipulations to ensure rapid growth in poultry, has been considered
responsible for metabolic disorders such as the ascites syndrome and leg problems that
are of economic and welfare concern. "Leg problems" is a generic term for a variety of
disorders that affect locomotory capabilities, cause bone distortions and affect bone
growth. Tibial dyschondroplasia (TD) is a common leg problem attributed to asynchrony
in growth that impedes timely replacement and differentiation of
growth plate cartilage of tibia resulting in focal lesions. It may facilitate infective
disease such as osteomyelitis in turkeys and ducks. The following will focus
on the current advances in the physiology of tibial dyschondroplasia and
its possible relation to a variety of factors that regulate skeletal tissue metabolism and
growth.
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OCCURRENCE AND NATURAL HISTORY
Tibial dyschondroplasia is characterized by the retention of a plug of nonvascular
cartilage in the proximal aspects of tibia that fail to undergo endochondral bone formation
(Leach and Lilbum, 1992). The peak occurrence of this disease is at 4-7 week of age in
broilers (Riddell, 1991), 11-16 week in turkeys (Rath et al., 1994 b) and coincides with
the period of maximum rate of growth. The disease, however, resolves by itself during
subsequent weeks but may cause bone deformation, lameness and lesions leading to
bone infection. TD is more common in field conditions compared with laboratory
environments and the incidence is generally higher in cold months (Orth and Cook,
1994). Although broiler chickens and turkeys with severe cases of TD tend to exhibit
higher body weights (Rath et al., 1994 b) it may occur in chickens with no apparent
correlation to body weight and may be a heritable defect (Leach and Lilbum, 1992).
While the causative factor for TD is unknown, it appears that synchronous replacement
of cartilaginous tissues with osseous tissue is impaired resulting in a net accumulation
of cartilage. The observation of mild to severe forms of TD probably represents the
extent to which the cartilaginous tissues have been remodelled and replaced by bone
and may relate to the metaphyseal vessel activities. In the cascade of endochondral
bone formation the transitional zone cartilage hypertrophy, calcify, and undergo
chondrolysis that are concommittant to vascularization that initiates bone formation
(Poole, 1991). The tibial dyschondroplastic cartilages appear to lack some of these
essential features that lead to endochondral bone formation. There is a gradient of
viability of chondrocytes from proximal to distal ends of the lesion, the distal part
containing mostly nonviable chondrocytes (Rath et al., 1994 a). While hematoxylin
and eosin staining appears to impart a somewhat pale staining to extracellular matrix of
TD growth plate compared with normal, this difference is not apparent in tissues stained
with toluidine blue. The chondrocytes in TD tissues appear to be nonhypertrophic with
pycnotic nucleus as compared to normal growth plate chondrocyte of that region. The
chondrocytes isolated from these regions had distorted morphology and were nonviable.
These chondrocytes never attached to the culture plates or underwent hypertrophie
transformation compared to those derived from normal growth plate. Longitudinal
growth of bone is affected in severe cases of TD. In turkeys, subchondral hemorrhages
are common around 12-15 weeks of age and located at the site of mild to moderate TD
lesions (Rath et al., 1994 b)
SERUM CHEMISTRY OF NORMAL AND TD CHICKENS
MetaboUc disorders and tissue dysfunctions often manifest in the serum chemistry due
to ongoing damage or developmental abnormalities, induced through nutritional,
infective or toxicological causes. Several studies have suggested the deficiencies of
factors such as vitamin D3 metabolites, certain mineral nutrients, acid base balance
etc. as the cause of TD with suggestion that the disease may be another form of ricket
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(Thorp, 1994). We compared the serum clinical chemistry of normal and severely
affected TD-chickens at 5 and 7 week of age. There were no differences in any of the
serum parameters including calcium, phosphorus, alkaline phosphatase, acid
phosphatase, creatine kinase and the levels of 1,25 (0H)2 vitamin D3. The 1,25 (0H)2
vitamin D3 is important regulator of osteogenesis and its dietary supplementation has
been shown to improve tibial dyschondroplasia in broiler chickens (Roberson and
Edwards, 1994; Whitehead, 1995). However, our inabiUty to find any difference in
some of these essential serum variable of bone function may suggest that the disease
may be more of a local problem than a systemic disorder.
TIBIAL DYSCHONDOPLASIA, A LOCALIZED DEFECT OF GROWTH
PLATE CARTILAGE
In long bone development, the outer collar of cortical bone is derived by the membranous
ossification of periosteum, where as the trabecular is formed by endochondral
ossification (Ogden and Grogan, 1987). The replacement of cartilaginous growth plate
by bone is facilitated by the invasion of metaphyseal vessels. The vascular invasion is
a critical step in chondrolysis and the degradation of the matrix. The signal for this is
provided by the hypertrophying and calcifying transitional zone cartilage (Poole, 1992).
The exact sequences of the events and the factors that regulate these processes are not
clear. However, the failure of these processes is likely to arrest cartilage degradation
and lead to its retention. In rickets, failure of calcification causes broadening of the
growth plate cartilage but the chondrocytes are still viable and the disease is reversed
when its underlying causes such as the vitamin D, calcium and phosphorus deficiencies
are corrected. On the contrary, in TD there is no compelling evidence to suggest that
these deficiencies cause the disease although it may be exacerbated due to these
deficiencies. Successful interaction between extracellular matrix and cells is key to
most morphogenetic events that regulate cellular metabolism, developmental fate, and
differentiation. It is conceivable that perturbations in either matrix characteristics or
defective interactions between cells and matrix due to chondrocytes or other cells may
contribute to the anomalous development of growth plate cartilages, resulting in TD.
MATRIX CHARACTERISTICS OF TD GROWTH PLATE
Hypertrophy of transitional zone cartilage signals cartilage calcification and vascular
invasion and chondrolysis. In biochemical terms, the hypertrophie chondrocytes secrete
type X collagen that provides signals for calcification of cartilage (Poole, 1992) although
this may not be the only key event in the process. However, there appears to be a close
correlation between the synthesis of type X collagen by chondrocytes to hypertrophie
process. From histological features of TD cartilage, it has been presumed that the
chondrocytes possibly fail to hypertrophy preventing the subsequent steps of
osteogenesis. But in recent years several studies have shown that the TD cartilage
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contains a significant quantities of type X collagen (Rath et al., 1994 a; Orth and Cook,
1994). This suggests that the hypertrophie process of chondrocytes probably fails to
reach a full completion, which could be due to dedifferentiation or premature cell death
as discussed below. The cartilage matrix in mammals is resistant to vascular invasion
because of its anti-angiogenic properties; but in avian species the vascular channels are
present in nonhypertrophic areas of the growth plate (Pines and Hurwitz, 1991) and the
TD tissue is eventually vascularized, sequestered, and replaced by the bone. Unlike
heritable genetic defects such as chondrodysplasia, that have permanent debility to
repair (Erlebacher et al, 1995), TD is more of a transitional defect. However, there
may be additional local factors that may modify matrix and make it resistant to
degradation. The TD-cartilages are also deficient in matrix vesicles which drive cartilage
mineralization (Nie et al., 1995). Orth and Cook (1994) observed an abnormally high
level of collagen cross links in TD matrices and suggested that it may be a factor in the
resistance of the matrix to degradation. Recently, glycosylation products of coUagens
have been impUcated in vascular connective tissue remodehng through their interaction
with macrophages (Vlassara, 1994; Lang and Bishop, 1993). However, the role of
glycosylation products of collagens in normal tissue remodeling are unknown. These
glycosylation end products of collagen are quantitated by their fluorescence (Vlassara
et al., 1988 ). The "collagen linked fluorescence" of TD tissues were significantly lower
compared to normal growth plates derived from same or different chickens. The
significance of this finding remains to be explained. It is likely that many of the
modifications in extracellular matrix characteristics such as the changes in the contents
of cross links, alterations in glycosylation, and reduction in matrix vessicle mineralization
could be secondary changes in the tissue that is already nonviable and may be of little
significance in the etiology of tibial dyschondroplasia.
NORMAL VS. TD CHONDROCYTES
Chondrocytes themselves play an important role in providing autocrine and paracrine
signals by eliciting growth factors and cytokines such as basic fibroblast growth factors
(bFGF) and transforming growth factor-b (TGF-b) that help angiogenesis and matrix
remodeling. The receptors for these factors are also equally important for the realization
of their action at the cellular level. Immunohistochemical studies with some of these
growth factors have failed to localize their presence in TD cells, suggesting that their
absence may impede vascular invasion of cartilage and its degradation (Thorp, 1994;
Twal et al., 1995). However, the failure to locahze these factors in the TD-affected
growth plate may be a secondary consequence of chondrocyte death. The metabolic
activities of TD-cartilage as well as the chondrocytes isolated from these tissues are
low (Leach and Lilbum, 1992; Rath et al., 1994 a), implying that these changes possibly
happen after the chondrocytes loose their viability. Cartilage cells survive in a relatively
low oxygen environment and derive their nutrition by diffusion. However, the increased
cell death without replacement with bone in TD cartilages seem abnormal. In the
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developmental process, programmed cell death or "apoptosis" is normal and has been
shown to take place in the transitional zone of hypertrophie chondrocytes where new
bone formation occurs (Roach et al., 1995). However, apoptosis can occur when stimulus
for survival, attributed to growth factors and hormones or other essential nutrients, are
withdrawn (Kroemer et al., 1995). A comparative study of "apoptosis" in age matched
normal and TD-affected growth plates using the 3' end labelling method (Ben-Sasson
et al., 1995) showed a large number of cells dying in the distal areas of the lesion,
whereas the proximal area cells were still viable. The abundance of apoptotic
chondrocytes in TD tissues may suggest that the process is probably independent of
chondrolysis and matrix remodeling that are facilitated by vascular invasion and
concurrent osteogenesis. Unless the dead cells are removed, the endochondral bone
formation fails to proceed. An alternate mode of osteogenesis in growth plate has also
been suggested in chicken tibia that involves transformation of chondrocytes of
transitional zone to bone (Roach et al., 1995). Cartilage remodeling is a complex event
that involves a variety of cells such as the monocytes, macrophages and multinucleate
chondroclasts. This process is facilitated by vascularization that not only acts as conduit
for these and osteoprogenitor cells but also carry oxygen that is essential for bone
tissues. However, the signals for angiogenesis and remodeling are not clear. Cartilage
tissues are known to contain factors that fend off blood vessels (Hansen, 1993). Either
the removal of these inhibitors or facilitation by factors, such as bFGF and osteopontins
may provide stimulus for blood vessel invasion of the cartilage matrix that may be
deficient in TD cartilage (Twal et al., 1995).
DEFICIENCY OF CELLS THAT MEDIATE REMODELLING
Remodeling of growth plate cartilage and vascularization are concurrent events and
are integral part of endochondral ossification. Both these processes are mediated by
extracellular matrix-degrading enzymes that are broadly termed matrix-metalloproteases
(McLaughlin and Weiss, 1994). Connective tissue cells and many other cells of
hematopoietic origin secrete these metal dependent enzymes that occur in latent forms,
complexed with their naturally occurring inhibitors, known as tissue inhibitors of matrixmetalloproteases (TIMPs). These latent enzymes are activated proteoly tic ally or in
vitro in the presence of compounds of heavy metals. Endothelial cells, macrophages,
monocytes, and osteoclasts that take part in tissue remodeling and vasculogenesis secret
these enzymes too (Sunderkotter et al., 1994). The possible deficiency of these cells
which participate in the processes or an impairement of their function by factors such
as mycotoxins (Orth and Cook, 1994) is likely to affect matrix-turnover and the
vascularization. We compared the matrix-metalloprotease activities of tissue extracts
as well as the conditioned media derived from normal and dyschondroplastic cartilages
using gelatin zymography (Craig et al., 1991). Both normal and TD tissues had gelatinase
activities that corresponded to an approximate MW 66 kDa and on activation with 4aminophenylmercuric acetate (APMA) had MW -58-62 kDa. The gelatinase activities
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have been correlated to certain types of collagenase that mediate matrix turnover (Ries
and Petrides, 1995). The TD cartilages however, had lower gelatinase activities compared
to normal cartilage, suggesting that the cells that secrete these enzymes may be lower
in these tissues. It has been suggested that the meat-type poultry may be
immunosupressed (Roura and Klassing, 1992) having a lowered activities of these cell
types. Other factors such as the dietary, medicative and vaccination regimens that
promote rapid growth can partially obliterate the effect of cells that mediate skeletal
remodeling. Antibiotics like tetracyclines, which are used as growth promotants and
anti-infectives inhibit bone remodeling (Vemillo et al., 1994); however, it is not certain
whether intermittent use of these drugs would also interfere with these processes.
EXPERIMENTAL INDUCTION OF TD
Vascular occlusion of metaphyseal vessels has been proposed as a mechanism that may
lead to TD, as shown by experimental vascular ablation experiments (Riddell, 1991).
However, the cause of this focal occlusion of vessels, in an otherwise healthy animal is
not known. Experimental inductions of TD using a variety of dietary manipulations
has had limited success but do appear to aggravate the disease. Some non-nutrient
factors such as mycotoxins and the pesticide, thiram, are known to increase the incidence
of TD (Orth and Cook, 1994). The former compounds apparently affect osteoclast
function, whereas the mode of action of the latter remains unclear. In vitro studies
suggest that thiram at concentrations >5mM is cytotoxic to chodrocytes and a variety
of other cells as well (Rath et al., 1995). Diethyl thiocarbamates inhibit Superoxide
dismutase (Mugge et al., 1991). It is a likely metabolic product of thiram, that could
create a microenvironment containing excess " reactive oxygen radicals", which could
be cytotoxic to cartilage and endothelial cells. However, it is not clear why the effects
of this pesticide should be limited to or exaggerated only in the tibial growth plates,
although it may possibly relate to its pharmacokinetic and pharmacodynamic properties
of thiram that enable it to be retained in the synovial spaces to cause damage to the
rapidly dividing chondrocytes. It is not known whether thiram-induced TD is eventually
replaced by bone as is in its naturally occuring counterpart.
CONCLUSIONS
The pathogenesis of TD appears to involve a complex regulatory mechanism. Although
the pathological consequences of TD are well characterized, the causes of the disease
are not clear. Despite the claim of the improvement of the disease using certain dietary
supplements such as vitamin D metabolites and ascorbic acid, these do not necessarily
represent the cause. The ability of early feed restriction to reduce the incidence of TD,
suggests that this regimen may slow growth and accumulation of dividing chondrocytes
in the growth plate, thereby establishing a synchrony in the growth process. This may
eliminate the preemptive apoptosis of chondrocytes that obliterates their subsequent
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functions to produce necessary signals for vascularization and remodelling. Evidence
in the literature in other systems (Kroemer et al., 1995; Packham and Cleveland, 1995)
suggest that some regulatory products of cell division such as the polyamines could
contribute to the generation of hydroxy radicals and other "reactive oxygen species"
via oxidation, that are detrimental to the cells and cause apoptosis. Moreover, in
chondrocytes, the production of these "reactive oxygen species" may be increased due
to additional metabolic contributions from enzymes such as lysyl oxidase that catalyses
the formation of collagen cross links. Locally these products are scavenged by enzymes
such the Superoxide dismutase or neutralized by anti-oxidants. However, a deficiency
in local concentration of these factors may offset protective mechanisms in favor of
premature chondrocyte death. Other mechanisms such as fat embolisms that cause
vascular ischemia and injuries and osteonecrosis (Jones, 1993) may also be a mechanism
for pathogenesis of TD in poultry fed with diets, rich in fat.
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Biogenic amines play vital role in existence and in regulating the biologoical
functions of vertebrates under normal and challenged conditions. The recent
findings on the presence of these amines in egg yolk in stable form led to assess
the physiological status in particular under stressed conditions of donor hens.
Mostly the criteria used for these purposes result at one or the other step through
their mediation. Blood analysis of these amines had been of limited use due to
very rapid metabolic clearnace and fluctuations. The overflow or release of biogenic
amines on demand or otherwise into circulation and then their transfer, to
developing ovarian follicles may reflect the physilogical status of donor hens.On
this line, elevated epinephrine (E) in egg yolk has served a sensitive stress indicator
and increased nor-epinephrine (NE) followed by reduced E reflected the
adaptability against Stressors. Likewise, histamine and serotonin have positive
and negative relation to egg production status, respectively. Presence of these
amines in stable form may also have relevance to early embryogensis and to the
consumers. Here, the implications of biogenic amines in egg yolk to reflect the
stress load, adaptability and production efficiency of donor hens are discussed.
INTRODUCTION
Biogenic amines right from subcellular to system/organism levels play vital role in
existence and regulation of vareity of body functions of an individual such as modulation
of hypothalamic releasing/inhibitory factors, thermorégulation, appetite control,
metabolism, peristaltic movements, nerve implulse generation, cardiovascular functions,
smooth muscle contraction and relaxation,reproductive functioning, anxiety and fear,
behavioural control and in several other regulatory functions. The relevance of overflow
of catecholamines to the circulation in relation to several variable functions has been
reviewed by Esler et al., (1990). Increased nor-epinephrine (NE) has been considered
to reflect the attainment of control over the Stressor whereas, epinephrine (E) was shown
to be involved in the control; elevated corticosterone showed the loss of control and
implicated in surrendering type of activities (Folkow and Svanbog, 1993) and this
hormone may also be indirectly stimulating the striving efforts made by E as it stimulates
the conversion of NE to E (Moudgal et al., 1991). Though different workers suggested
different criteria to monitor the stress status in birds but on assessment, it is difficult to
rely fully on any single criterion. Most of these criteria are based upon the effects left
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by corticosterone and catecholamines. Corticosterone through the use of RIA technique
is a sensitive procedure but individual basal level variation and operation of negative
feed back mechanism restricted its dependability and scope.Inspite of very quick and
sufficient release of E on challenge to even mild Stressor, there is hardly any published
information on the stress load and blood catecholamines level in birds.Instead, indirect
measurement of their increase has been assumed through the estimation of fall in skin
temperature following vasoconstriction, increase in heart rate and blood pressure and
upsurge of glucose in blood (Freeman, 1985).
In recent past, our reports on the presence of certain biogenic amines in egg yolk in
considerable stable form has opened an area to develop the relationship between the
level of amines in egg yolk and physiological status of donor hens by overcoming the
problems faced in blood analysis. The present discussion is devoted to assume the
possibilities of biogenic amines in egg yolk to reflect the physiological status of donor
birds under normal and challenged conditions. Catecholamines, serotonin and histamine
are considered here as the availabihty of information is presently restricted to these
amines in egg yolk.
Kinetics Of Catecholamines
In brief, catecholamines enter in plasma principally by overflow of released
neurotransmitter to the circulation or after secretion by the adrenal medulla. Most of
NE is derived from sympathetic nerves and E from adrenal medulla. However, the
origion of plasma dopamine (DA) remains yet an engima. The enzyme associated with
synthesis of DA and NE are mainly confined to secretory granules of sympathetic
nerves, to catecholaminergic neurone of central nervous system (CNS) and to chromaffin
and adrenal medullary cells. In addition, the enzyme, phenyl ethanolamine methyl
transferase (PNMT) concerned with formation of E from NE is even more restricted
being confined to adrenal madulla and extra medullary chromaffin tissue and E releasing
neurone (Esler et al, 1990). Under normal conditions NE in plasma from meduallary
secretion may be only few percents. NE enters circulation from sympathetic nerves
through out the body. It escapes into interstitial fluid of individual organ, enter the
circulation passively by diffusion down a concentration gradient. Factors considered to
influence the spill over rate may be regional blood flow and the neuronal NE uptake. In
general, the overflow of NE is proportional to the rate of sympathetic nerve firing. It
provides the foundation for the use of catecholamines over flow measurment as an
index of catecholaminergic nerve firing rate in experimental physiology and investigative
cHnical medicine. Blood brain barrier against neurotansmitter do exist but such barrier
appears to be unidirectional only, blocking transfer from blood to brain but allowing
NE to pass in the reverse direction from CNS into circulation (Hardebo and Owman,
1980). E from CNS probably may not be entering the circulation. Undoubtedly, the
bulk of plasma E is received from adrenal medulla since bilateral adrenalectomy leads
to almost undetectable plasma concentration.
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Catecholamines clearance through RBC and platelets is very negligible. Removal of
catecholamines from plasma involves combined process of neuronal uptake into
sympathetic nerves, extraneuronal uptake by a variety of other tissues like vascular
endothelium, and metabolic conversion by O-methylation, oxidative deamination, and
sulfoconjungation. Neuronal uptake for all three catecholamines is avid and not solely
for NE. Removal of NE is dependent upon both cardiac output and cellular mechanisms.
Lowering of cardiac output leads to reduction in NE cleamance. The transport of biogenic
amine through ovarian follicular wall from blood to the yolk is also expected.
Ovarian Follicles Contribution
Catecholamines are also present in ovarian follicles and changes with the advance in
maturity (Moudgal and Razdan, 1983; Bahr et al, 1986) and the same may be required
in facilitating ovulatory events in Hmited amount (Moudgal and Razdan 1981, 1985.,
Higuchi et al., 1994) however, excess amount entering from circulation may induce
irregular rupturing of ovarian follicles (Moudgal and Razdan 1985., Moudgal et al.,
1990). But the contribution made by ovarian follicles to the pool of egg yolk is still
obscure.
Presence and Stability in Egg Yolk
Application of methods for estimation of catecholamines used for other body tissue
(brain, lung etc.) was tested in egg yolk by obtaining recoveries of standard
catecholamine on adding in graded manner in extraction medium and yolk extract.
Method used in brain and lung tissue for catecholamines estimation can be used in yolk
(Moudgal et al., 1990). Now a fast HPLC based method for determination of
simultaneously catecholamines, indolamines, metabolites and internal standard without
further sample preparation in avain brain tissue in 20 minutes has been developed
(Barbato, 1990). Catecholamines are present in sufficiently detectable quantity in egg
yolk under varied conditions (Moudgal et al., 1989,1990,1992,1996). Unlike blood
where in the half life of catecholamines is ultra short, but in egg yolk, these amines did
not change significantly on incubation of yolk for 30 min at 41 °C. Either the enzymes
that metabolize these amines may be absent or, if present, they may be in inactive state.
However, levels of these amines declined on exposure to heat, although considerable
amount still remained in the yolk of boiled eggs (Moudgal et al., 1990). Since the NE
and E are quite stable in egg yolk, probably 4ue to the fact that it may be needed in
early embryogensis, but somehow, it is advantageous to the present motive.
Different Variables
Before considering the catecholamines in tgg yolk as a generalised criterion for assessing
the stress load of donor birds, the information on different possible variable factors
should also be available for this purpose. Comparative picture of NE and E in first and
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second year of lay in egg yolk of chicken hens and guinea fowl hens raised in cage
system was determined and listed in Table 1.
Table 1. Epinephrine and nor-epinephrine (Mean±SEM)content in egg yolk of
guinea fowl and chicken hen during first and second year of lay
Year of lay

Guinea fowl

Chicken

* 916.0±36.4'^
1216.4±44.3^
+ (32.21%)

385.4±13.7^
553.7±28.6^
(43.67%)

335.3±20.0^
492.3±21.0''
(46.80%)

865.1±24.0^
1215.2±27.1^
(40.46%)

Epinephrine(ng/g of yolk)
First
Second

Nor-epinephrine(ng/g of yolk)
First
Second

*
+

Each value represents the average of ten observations.
Figures with different superscript within amines are significantly (P < 0.05) different.
Figures in parenthesis are percent increase over previous year value within same species.

Marked differences in these amines between chicken and guinea fowl may be associated
with the species differences. Guinea fowl has relatively higher concentration of E and
markedly lesser amount of NE than that of chicken egg yolk. This may be due to the
process of adaptation in cage system and domestication is also on progress in guinea
fowl. NE and E also increases with the age in both of these species (Moudgal et al.,
1989). This content of amines content also differed between broiler and layer strain.
Therefore, it is advocated that the genetic background should also be considered.
The catecholamines synthesis blocker (methyl-p-tyrosine) induced a significant drop
in catecholamines in egg yolk of chicken (Moudgal et al., 1990, 1994). L-dopa
adminstration in quail also influenced their levels (unpublished).
Stress Indicator
Increased density and handling considered to act as a potent Stressor in poultry,
significantly elevated the level of E in egg yolk (Moudgal et al., 1990). Stressful
conditions or adminstration of E caused abnormal calcification of egg-shell and
considered as stress indicator (Hughes et al., 1988, Spackman 1986; Mills et al., 1987).
E level was highly significant (P < 0.001) in the yolk of abnormally calcified egg shell
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picked up from hens laying frequently such eggs than that of normal egg shell layer
(Moudgal et al., 1990). E content of yolk may prove a better index to determine the
quantum of physiological stress imposed upon the hen by different Stressors. However,
comparison to other existing tests is advocated.
Adaptation Indicator
The hens adapted to lay more number of eggs during severe summer (Minimum dry
and wet bulb reading diurnal ranges were 26.5-31.0 and 23.5 to 27.0°C and maximum
31.0 to 39.0°C and 25.0 to 29.5°C, respectively) in comparison to poor layers had a
significantly different picture of these amines. Results are presented in fig I. The results
concluded from the figure are that the hens adjusted to lay more eggs during summer
contain lower E and relatively higher NE concentration in egg yolk in comparison to
poor layers wherein the picture was just reverse (Moudgal et al., 1992). The similar
conclusion was generalised by Folkow and Svanbog (1993). This means, the poor
performing birds have higher E and they are striving to get the control as suggested by
Folkow and Svanbog (1993) and besides, this amine might be saving the resources by
inducing atresia in ovarian follicles for more emergent situations (Moudgal and Razdan
1985, 1990b). It is, therefore, NE and E ratio in tgg yolk can serve as a good indicator
to reflect the stress sensitivity and adaptation capability. However, these levels may
even be influenced if the birds are adapted against some other Stressor as the hens made
to adapt against immobilization stress prior to summer, could resist and perform better
during summer stress (Moudgal et al., 1991a).
SEROTONIN AND HISTAMINE
Serotonin (5HT) and histamine (HT) are widely distributed in the body and are associated
with several body functions. 5HT and HT in egg yolk can be determind by the same
method as followed for other body tissue (Moudgal et al; 1991b, 1992). 5HT remained
significantly (P< 0.01) higher in egg yolk of broiler strain as compared to laying strain
but HT levels showed reverse trend, though the differences were insignificant. Further,
larger egg posses higher 5HT and lower HT and their implications in early embryogensis
is also indicated (Moudgal et al., 1996). 5HT in egg yolk of hens laying at the rate of
above 75% remained significantly (P <0.001) lower as compared to those laying below
60%. Inverse relationship existed between 5-HT in egg yolk and laying intensity.. The
stress load put on hens due to increase in cage density and social change, both are
considered to act as Stressor, did not show any significant change. However, E under
similar stress increased significantly. HT is present in egg yolk in more heat labile form
as compared to other above said amines. HT concentration was found markedly higher
( F <0.001) in the egg yolk of good layers in comparison to those from poor layers
(Moudgal et al., 1991). This may have support in the observation that LH induces HT
release with a concomitant increase in ovarian blood flow and intum this would allow
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more gonadotrophins to reach the ovary (Szego and Gitin, 1964., Krishan et al., 1986).
However, the imposition of a degree of density and handling stress could not bring any
significant change in the HT of egg yolk (Moudgal et al., 1991b).
CONCLUSIONS
Biogenic amines are present in egg yolk of birds. The methodology opted for other
body tissue can be used to determine the catecholamines, serotonin and histamine in
egg yolk. These amines are present in Qgg yolk in fairly stable form and hence, the
problem faced in estimating these amines in blood due to sampling variation and fast
metabolism are taken care under the present approach. Increased E in egg yolk can be
used as an indicator for determining the stress load of donor bird. Besides, the acquiring
of adaptation can be reflected through regain of higher level of NE and decrease of E.
Serotonin and histamine concentration in egg yolk can also be used as criteria to reflect
the egg laying potential since the former has negative and later one positive relationship.
There is enormous scope for work to include more number of biogenic amines on these
lines and for further testing of their influence during early embryogensis.
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COMPARATIVE DEVELOPMENTAL PROFILES OF
ACTIVITY OF ALANINE AMINOTRANSFERASE,
ASPARTATE AMINOTRANSFERASE AND L-ALANINE:
GLYOXYLATE AMINOTRANSFERASE IN LIVER AND
KIDNEY OF WHITE LEGHORN CHICKEN
M, Tanaka and M, Yamada
Laboratory of Environmental Physiology, Department of Physiology,
National Institute of Animal Industry, Tsukuba Norindanchi, P.O. Box
5, Ibaraki 305, Japan

Developmental changes in activity of alanine aminotransferase(AlaAT), aspartate
aminotransferase(AspAT) and alanine iglyoxylate aminotransferase(AGT) in liver
and kidney of White Leghorn chicken from hatching to 37th week of age, were
investigated in order to elucidate biological functions of these three
aminotransferases in carbohydrate and protein metabolisms. Birds were
maintained with commercial diet under 16L:8D cycle at 22-24^C. Liver and kidney
were exercised and prepared for the enzyme assay. Consequently, specific activity
of AlaAT, AspAT and AGT in liver showed growth dependent changes respectively,
being different from those of kidney. Although relative higher activity of AlaAT
and AGT in liver was detected at ca. 8th weeks of age, higher AspAT activity in
liver was observed around 20th weeks of age. On the other hand, maximum activity
of AspAT and AGT in kidney was obtained at hatching time, but relatively higher
period of AlaAT activity was observed around 20th weeks of age. These results
suggest that AlaAT, AspAT and AGT have respectively different important
metabolic implication in liver and kidney of White Leghorn chicken through the
developmental stage.
INTRODUCTION
Aspartate aminotransferase(AspAT)(EC 2.6.1.1) is known to possess metabolic function
of gluconeogenesis from aspartate and to be a member of malate-aspartate shuttle which
regulates energy balance between cytosol and mitochondrial fractions(Krebs et al, 1976;
Lardy et al, 1965). On the other hand, one of the metabolic functions of alanine
aminotransferase(AlaAT)( EC 2.6.1.2) is known to take part in gluconeogenesis from
L-alanine in alanine-glucose cycle(DeRosa and Swick, 1975). In addition,
alanine:glyoxylate aminotransferase(AGT)(EC 2.6.1.44) reaction is suggested to have
important roles of detoxification of glyoxylate to glycine, gluconeogenesis from Lalanine(Noguchi and Fujiwara, 1984) and biosynthesis of porphyrin precursors(Noguchi
and Mori, 1981; McKinney and Ades, 1991). In liver and kidney of White Leghorn
chicken, AlaAT, AspAT and AGT exist in cytosol and/or mitochondrial fraction, playing
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an important part of amino acid metabolism. But simultaneous changing profiles of
activities of these three aminotransferases in liver and kidney have not been reported
from hatching to adult stage of hen in special reference to biological functions of these
aminotransferases in different tissues during growth. Therefore, in this paper, growth
dependent alteration of activity of AlaAT, AspAT and AGT in liver and kidney of
White Leghorn chicken from hatching to adult were investigated.
MATERIALS AND METHODS
Animal : White Leghorn chickens after hatching to 37th week of age were maintained
with a commercial diet at 22-24^C under 16L:8D cycle. Food and water were available
ad libitum. Birds of the experimental group have initiated egg production about 20th
weeks of age and egg laying rate became more than 90% at about 25th weeks of age.
Tissue preparation and Enzyme assay : Six birds were exsanguinated for the respective
enzyme assay. Livers and kidneys obtained were homogenized with Waring blender in
the presence of 20 vol. of 50mM Tris-HCl buffer, pH7.5 containing ImM EDTA and
ImM b-mercaptoethanol at 4^C. The respective crude enzyme preparation was obtained
after centrifugation(34,000 x g, 30min. 4^C) of crude homogenates. Activity of alanine
aminotransferase (EC 2.6.1.2.) was determined by a coupled assay method with lactate
dehydrogenase(Yamada et al., 1995). In brief, reaction mixture contained 65mM Lalanine, 6JmM 2-oxoglutarate, 0.15niM NADH and 5 unit of lactate dehydrogenase
in 67mM Tris-HCl buffer, pH7.5. Aspartate aminotransferase(EC 2.6.1.1) was assayed
by using a coupled assay procedure involving malate dehydrogenase(Yamada, 1977;
Yamada and Tanaka, 1989). The final concentration of the assay components in 67mM
Tris-HCl buffer, pH7.5 was 30mM L-aspartate, 6.7mM 2-oxoglutarate, 0.15mM NADH
and 5 unit of malate dehydrogenase, respectively. Initial reaction rates of AlaAT and
AspAT were determined by following the decrements of absorbance at 340 nm. Lalanine:glyoxylate aminotransferase (EC 2.6.1.44) was assayed using the previous
method (Rowsell et al., 1972; Noguchi et al., 1978) in the absence of excess amount of
pyridoxal 5-phosphate. Pyruvate formed from L-alanine was determined in the presence
of excess Tris by using lactate dehydrogenase and NADH. The assay mixture contained
130mM L-alanine, 5niM glyoxylate, lOOmM sodium phosphate buffer, pH 8.0, and
enzyme preparation in a total volume of 0.5ml. After incubation for 60 minutes, enzyme
reaction was terminated by addition of TCA to final concentration of 10%. One unit of
AGT activity is defined as amount of enzyme that catalyzes pyruvate formation of 1
mmole per minute at 37°C.
RESULTS AND DISCUSSION
Developmental profiles of activity of AlaAT, AspAT and AGT in liver and kidney of
White Leghorn chicken were determined from hatching to the adult. Activities of AlaAT,
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AspAT and AGT were different from each other,depending on age, enzyme species
and tissues. In liver enzymes, AlaAT and AGT had a main peak at 8th week of age and
AlaAT activity was always higher than AGT activity through the experimental period.
Profile of AspAT activity did not show a clear peak, but relatively higher activity was
observed after 20th week of age. On the other hand, activity profiles of kidney AspAT
and AGT were similar to each other, having maximum value at hatching followed by
subsequent decreasing phase.AlaAT activity of kidney became relatively higher after
20th weeks of age. In special, profiles of activity of hepatic AspAT and AGT showed
apparent mirror image of the kidney enzymes. Although Noguchi and Fujiwara (1984)
have so far examined metabolic function and activity change of AGT in liver of White
Leghorn chicken from prehatching to first week of age, and suggested its biological
function of detoxification of glyoxylate to glycin, there have been no available reports
which deal with profile of AGT activity from hatching to the adult. Therefore, this
paper is the first report which shows marked change of AGT activity in liver as well as
kidney enzyme after first to 37th week of age, and clearly shows its main peak at 8th
week of age. Although the biological significance of the peak activity at 8th week of
age is not clear, it appears for AGT molecule to contribute to active growth of chicken
through gluconeogenesis from alanine. Since AlaAT is a major member of alanineglucose cycle in liver (DeRosa and Swick,1975) and has its maximum activity at 8
weeks of age like AGT molecule, these two enzymes seem to share alanine metabolism
for gluconeogenesis. Recently, it has been reported that AGT molecules in bovine and
murine liver have biosynthetic function of porphyrin precursors (Noguchi and Mori,
1981 ; McKinney and Adez, 1991). Taking these facts into consideration, AGT molecule
appeal's to have multifunctions related with carbohydrate and amino acid metabohsms
in chicken liver to promote active growth around 8 weeks of age, including porphyrin
and heme biosyntheses.
Table 1. Growth dependent changes in respective activity of ALaAT, AspAT, and
AGT in Uver and kidney of WL chicken from hatching to 37th weeks of age
Tissue

Liver

Kidney

Age (week)

Enzyme

AlaAT
AspAT
AGT
AlaAT
AspAT
AGT

0

4

8

14

22

37

1.20
39.2
0.09
1.20
50.2
1.83

1.60
42.5
0.54
0.82
32.6
0.86

3.15
68.3
1.04
1.25
31.2
93

1.95
58.7
0.55
0.95
31.1
1.16

1.97
63.2
0.74
1.42
31.6
1.22

1.72
63.7
0.41
1.86
37.6
0.90

Enzyme activity is expressed as mean of 6 birds in term of unit/g tissue.
The maximum activity of kidney AGT in White Leghorn chicken was observed at
hatching time. Up to 37th week of age, AGT activity in kidney was higher than that of
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liver enzyme. The changing profile of AGT activity in kidney appears to be similar to
that of AspAT which plays main role in malate-aspartate shuttle associated with
gluconeogenesis from lactate and amino acids(Krebs et al., 1976; Lardy et al., 1965). It
seems that maximum activity in kidney at hatching time contributes to gluconeogenesis
from alanine. Therefore, these results suggest that developmental changes in activity
of AlaAT, AspAT and AGT of White Leghorn appear to imply different functions
between liver and kidney, depending on growth stage such as hatching, active growth
and post sexual maturity.
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PLASMA LEVELS T3, T4, GH AND IGF-I IN BROILERS
SELECTED FOR FAST AND MEDIUM WEIGHT GAIN
FED WITH DIFFERENT DIETARY METABOLIZABLE
ENERGY
F.E.B.MorenoS J.A.Ferro^ M.I.T.Ferro^ and M.Macari^
'Departamento de Morfología e Fisiología Animal, ^Departamento de
Tecnología, Faculdade de Ciencias Agrarias e Veterinarias, Campus de
Jaboticabal-UNESP, 14870-000, Jaboticabal, SP, Brasil.
The effect of dietary energy on plasma levels of T3, T4, GH and IGF-I was studied.
Male and female broilers from three different commercial strains, Hubbard (H),
Ross (R) and Naked Neck (NN), were housed in a conventional rearing house and
fed ad libitum using two diets with different metabolizable energy levels (2800 and
3100 kcal ME/kg diet). On days 1, 21 and 42 of the experimental period, 3 birds
per treatment were fasted for 20 hours and plasma samples were collected. A
procedure of radioimunoassay (RIA) was used to determine T3 and T4 plasma
levels by using the commercial kits Couat-A-Count Total T3 and Couat-B-Count
Total T4 (Diagnostic Products Corporation-USA). Levels of GH and IGF-I were
determined by RIA; GH was determined as described by Berhman et al. (1989)
and IGF-I was determined as described by Huybrechts et al. (1987). Blood level
of T3 was strain dependent with birds genetically selected for fast growth H
presenting higher levels. T4 presented significant differences between sexes only
on day 21. NN strain showed the highest level of GH throughout the experiment,
suggesting a reduced number of hepatic or extra-hepatic receptors. IGF-I levels
were similar in all strains in the first period of development, although in the end,
H and R showed higher levels. Plasma concentration of studied hormones was
influenced by strain or sex at different periods of development, but they were not
influenced by dietary energy level.

INTRODUCTION
Genetic achievements of modem broiler strains lead to fast weight gain, which is affected
by different factors, such as the composition of diet fed. One of the most important
nutrients is energy, since dietary energy levels can determine feed consumption and
influence the body development in different periods of the animal life.
The objective of this work was to determine how dietary energy influences plasma
levels of hormones that are related to body development of birds from 3 different strains
selected to fast and medium weight gain.
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MATERIAL AND METHODS
Male and female broilers of 3 commercial strains, Hubbard (H), Ross (R) and Naked
Neck (NN) were fed ad libitum with two different energy levels in diet, 2800 and 3100
kcal ME/kg diet. The birds were randomly assigned to pens, 30 bird per pen, in a total
of 1080 birds. Blood samples of 3 birds per treatment were collected at 1, 21 and 42
days of age, centrifuged to obtain plasma, which was maintained at -20° until analysis.
T3 and T4 determinations were performed by radioimunoassay procedure (RIA) using
commercial kits Couat-A-Count Total T3 and Couat-A-Count Total T4 (Diagnostic
Products Corporation-USA). Levels of GH and IGF-I were determined by RIA; GH
was determined as described by Berhman et al. (1989) and IGF-I was determined as
described by Huybrechts et al. (1987). The experiment was designed as a 3 x 2 x 2
factorial in which strains, energy level and sex were the main effects, with three replicate
pens per treatment combination. Data were evaluated by ESTAT procedure and
significant differences between means were done by Tukey test.
RESULTS AND DISCUSSION
One-day-old H chicks presented higher plasma T3 levels than other strains (Table 1),
and the major determining factor was not dietary energy level, but strain. Plasma GH
levels were significantly higher in NN birds, which may indicate a poor usage of this
hormone. T4 and IGF-1 levels did not show differences between strains or sexes in
these first day samples.
Table 1. Plasma levels of T3, T4, GH and IGF-1 of one-day-old chicks from three different strains
Plasma Levels (ng/ml)
Birds

Weight
weight (g)

T3

T4

Ratio
T3:T4

GH

HM
HF
RM
RF
NNM
NNF

46.9a
47.4a
43.5b
43.3b
36.4c
36.9c

2.04a
1.95a
1.47b
1.34b
0.86c
0.77c

9.09
9.67
7.70
7.22
7.50
6.40

0.23
0.20
0.20
0.19
0.12
0.13

57.14b
35.45b
54.55b
40.73b
205.65a
323.58a

IGF-I
4.87ab
1.98ab
1.82b
1.40b
4.77a
6.90a

Ratio
GH:IGF-I
11,73
17,90
29,97
29,09
43,11
46,90

Means in a column with different letters are significantly different (P < 0.05).
H: Hubbard; R: Ross , NN: Naked Neck M= Male F= Female

At 21 days of age, T3 and IGF-I levels did not show statistical differences between
treatments (Table 2), T4 values in males were statistically superior when compared to
females. GH levels were still higher in NN birds, possibly because these birds are not
genetically specialised for fast growth.
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Table 3. Plasma levels of T3, T4, GH and IGF-I of birds from three different strains at 42 days age
Plasma Levels (ng/ml)
Birds

Weight
weight (g)

HMTl

T3

T4

Ratio
T3:T4

GH

2075.3a

0.02a

5.23

0.004

50.62bA

11.25a

5,00

HMT2

2239.3a

0.25a

8.50

0.030

43.85bA

12.86a

3,41

HFTl

1901.7a

0.05b

6.10

0.008

28.01 bB

11.04a

2,54

HFT2

1946.7a

0.15b

5.65

0.030

'63.11bB

13.67a

4,62

RMTl

2045.0a

0.17a

6.40

0.030

129.65bA

13.30ab

9,75

RMT2

2223.0a

0.13a

5.77

0.020

52.5 IbA

10.08ab

5,21

RFTl

1866.0a

0.03b

4.10

0.007

61.02bB

8.96ab

6,81

RFT2

41.69bB

10.76ab

3,87

IGF-I

Ratio
GHiIGF-I

1947.7a

0.00b

4.30

0.000

NNMTl

958.7b

0.12b

5.63

0.020

184.63aA

6.30b

29,31

NNMT2

990.7b

0.15b

4.37

0.030

213.07aA

10.27b

20,75

NNFTl

901.0b

0.09a

6.13

0.010

94.55aB

8.98b

10,53

NNFT2

919.7b

0.35a

6.37

0.050

133.37aB

6.84b

19,50

Means in a column with different letters a. A, signil'icantly different (P < 0.05), on strains and sex
respectively
H: Hubbard; R: Ross , NN: Naked Neck,, M = Male , F = Female, Tl = 2800 kcal ME/kg dietT2 =
3100 kcal ME/kg diet

CONCLUSION
The results obtained indicate that dietary energy levels did not influence on the
production of these hormones in birds, although sex and genetic selection are directly
related with plasma levels of hormones involved in growth.
ACKNOWLEDGEMENTS:
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Table 2. Plasma levels of T3, T4, GH and IGF-I of birds from three different strains at 21 days
of age
Plasma Levels (ng/ml)
Birds

Weight
weight (g)

T3

T4

Ratio
T3:T4

HMTl

618.10a

0.86

14.57a

0.06

39.55b

13.95

2,84

HMT2

665.20a

0.57

10.27a

0.05

53.58b

15.10

3,55

HFTl

582.47a

0.57

11.70b

0.08

8.87b

19.48

0,46

HFT2

604.20a

0.89

10.97b

0.06

16.84b

15.13

1,12

RMTl

586.23b

0.90

13.40a

0.07

20.52b

11.05

1,86

RMT2

597.83b

0.76

10.40a

0.06

26.72b

9.45

2,83

RFTl

569.90b

0.58

I9.80b

0.03

15.85b

9.29

1,71

RFT2

565.70b

0.48

10.30b

0.05

4.86b

9.77

0,50

NNMTl

267.87c

0.82

15.73a

0.05

67.16a

14.00

4,80

NNMT2

283.43c

0.66

10.67a

0.07

80.25a

30.96

2,59

NNFTl

278.10c

0.82

11.93b

0.06

75.42a

8.70

8,67

NNFT2

267.30c

0.80

10.10b

0.08

70.35a

11.67

6,03

GH

IGF-I

Ratio
GHiIGF-I

Means in a column with different letters are significantly different (P < 0.05).
H: Hubbard; R: Ross , NN: Naked Neck M= MaleF= Female
Tl- 2800 kcal ME/kg dietT2= 3100 kcal ME/kg diet

Data obtained at the end of the experimental period showed that plasma level of T3
was influenced by sex in different strains. The treatments did not affect T4 plasma
concentration. Strain and sex were determining factors in plasma level of GH and the
interaction dietary energy level and strain also influenced plasma GH, since H birds
fed with 2800 kcal ME/kg diet showed lower plasma levels of GH and NN birds fed
with 3100 kcal ME/kg diet still showed higher levels of GH. A possible explanation
to these findings could be related to the small number of hepatic GH receptors in some
strain with lower IGF-I synthesis and reduced growth throughout the experimental
period. Strain was determinant in plasma levels of IGF-I, so that birds selected for fast
growth (H and R) showed the highest levels of this hormone.
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THE EFFECT OF DIETARY INORGANIC AND
ORGANIC CHROMIUM ON THEIR TRANSFERENCE
RATES TO EGG AND ACCUMULATION IN BODY
TISSUUES OF LAYING HENS
C.W. Kang^ H.Y. Lee\ K.T. Nam^, and IJ. Yoo^
^Animal Resources Research Center, Kon-kuk University, Mojin dong
Kwangjin-ku, Seoul, Korea
^Korea Food Research Institute, San 46-1, Baekhyun-dong Bundangku, Songnam-si, Kyonggi-do, Korea

A total of forty-eight 62 wk old Brown layers were divided equally into six
groups and fed one of the six diets : control, two inorganic chromium
(CrCl3.6H20) supplemented diets (2 and 4 ppm) and three organic Cr (Cr
picolinate) supplemented ones (4, 8 and 12ppm) for 4 wk to investigate the effect
of dietary inorgainc and organic Cr on their transference rates to egg yolk and
albumen. The Cr contents in egg yolk and albumen increased sharply during
the first 2wk and then decreased gradually. Cr contents of liver, pancreas,
spleen and kidney significantly increased (P<0.05) as the dietary Cr level
increased. The data suggest that dietary supplimentation of Cr in either organic
or inorganic form be an effective method to fortify chicken eggs and some
tissues with Cr.
INTRODUCTION
Chromium (Cr) an essential nutrient for animals; and there is accumulated evidence
that dietary supplimentation is beneficial in certain situations. The recommended
safe and adequate intake of Cr for adult humans was established at 50 to 200 mg/
d, Anderson and kozlovsky (1985) reported the dietary Cr intake for normal subjects
might not meet the suggested minium daily intake of 50 |Lim, and extensive Cr losses
in food occur due to refining, processing and soil leaching.
Insufficient dietary chromium is associated with increased risk factors linked with
noninsulin-dependent diabetes and cardiovascular disease. Variables in humans that
have been shown to be improved following Cr supplementation include fasting blood
glucose concentration and glucose tolerance, serum insulin and insulin binding, total
cholesterol and HDL cholesterol (Anderson, 1992).
Cr supplementation to diets of pigs has been shown to increase percentages of
muscle and longissimus dorsi muscle area, while reducing 10th rib fat and serum
cholesterol (Page et al. 1993). There is no recommendation for Cr in poultry (NRC,
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1991) but most poultry diets are primarily composed of ingredients from plant odigin,
which are usually low in Cr. The aborption and utilization of Cr may be dependent
on its association with an organic molecule such as picolinate. Anderson et al. (1982)
has reported that Cr, Cu, Fe, Mn and Zn are transfered to tissues. If Cr is transfered
to egg, Cr intake will be increased. Therefore, this study was conducted to investigate
the effect of dietary inorganic and organic Cr on their transference rates to eggs and
accumulation in body tissues of laying hens.
MATERIALS AND MITHODS
A total of seventy 60 wk old ISA Brown layers were fed the commercial diet
(Control) for 2wk, and then divided equally into six groups and fed one of the six
diets : control, two inorganic Cr (CrCl^ • óH^O) supplemented diets (2 and 4 ppm)
and there organic Cr (Cr-picolinate) supplemented ones (4, 8 and 12 ppm) for 4wk.
Thereafter, all the birds were fed the control diets for 2 wk to investigate recovery
patterns. Nutrient composition of control diet was CP 16.3%, EE 3.6%, C. F. 4.4%
Ca 3.5%, P 0.6%, ME 2800 kcal/kg. Water and feeds were consumed ad libitum. The
lighting program was 18 h of light and 6h dark. Feed intake and egg production rates
were measured daily, and egg quantity and Cr contents in egg yolk and albumen
were determined weekly. The Cr contents in body tissues (liver, kidney, pancreas
and spleen) were analyzed every two weeks using ICPA4S.
Data were analyzed by ANO VA using SAS Institute (1985) procedures. Duncan's
multiple range test (Duncan, 1955) was used to determine wheather there were
significant (P<0.05) differences among means obtained from the treatments.
RESULTS AND DISCUSSION
Feed intake and egg production rates were not changed significantly during the
experiment period except with 4ppm organic Cr and 2ppm inorganic Cr (Table 1).
Michael and Donaldson (1987) reported that Cr supplementation of diets increased
feed intake in poultry. However, in this study, feed intake was not different in all
groups statistically.
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Table 1. Changes in feed intake, hen-day egg production over time in hens fed inorganic or
organic Cr supplemented diets.
CrCl3 • (sup
2

(ppm)

118.4^'^
±3.95
121.3P
±3.05

113.08'^
±3.42
99.50''
±13.54

n9.44ab
±2.09
107.26^'^
±16.64

124.39^
±2.50
122.09^
±5.87

116.15^^
±3.84
110.54^»^
±14.42

118.2pb
±3.36
117.29"^
±0.54

Hen-day egg production
1-4
66.00"»^
±2.36
5-6
76.3P
±2.85

42.11^
±3.52
47.64'^
±2.73

61.85^'^
±2.87
69.05^'^
±7.14

73.00^
±4.56
78.57"
±2.83

59.73"
±24.41
64.7 P'^
±3.83

66.15"^^
±2.81
53.57'^
±3.57

week
Feed intake
1-4 '^
5-6

control

4

4

Cr-Picolinate (ppim)
8
12

1) 1-4 wk : Fed Cr suplemented diets, 5-6 wk : Fed the control diets
a-c : Mean ISE with in a row with no common superscripts differ significantly (P<0.05)

The Cr content in egg yolk and albumen were highly increased during the first 2wks.
It was decreased in all groups ft-om the 3rd wk (Fig. 1). However, the dietary Cr
supplemented groups had higher Cr contents than the control group in Qgg and
tissues (P<0.05). This experiment didn't show any consistent differences between
inorganic and organic Cr in their transference to eggs and accumulation in body
tissues. When all birds were fed the control diet for 2wks following withdrawal of
Cr-containing diets, the Cr contents of egg yolk and albumen were reduced to control
level. The absorption of dietary Cr is a function of daily dose supplied. At the daily
dise of 10 mg, almost 2% of the Cr is absorbed. At the dose of 40 |LLg, absorption
remains constant at 0.4% (Anderson, 1987). The decline in % absorption rate of
dietary Cr might account for the decline of Cr content in egg yolk from 3rd wk in
our study. The results indicated that it is possible to accumulate Cr in Qgg yolk and
albumen.
ACKNOWLEDGMENT
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Egg Yolk

Albumen

Kidney

Liver

Pancreas

Spleen

Week

Week

— Control

CrCl3 2ppm

CrCb 4ppm

-B- Cr-P 4ppm

Cr-P 8ppm

Cr-P 12ppm

Fig. 1. Changes in Cr Contents (ppb) of egg yolk, albumen, liver, kidney, pancreas,
spleen over time in hens fed Cr supplemented diets.
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CURRENT AND FUTURE DEVELOPMENTS IN
POULTRY NUTRITION
J.M. McNab
AFRC Institute of Animal Physiology and Genetics, Roslin Institute,
Edinburg, Midlothion, EH24 9PS, Scotland, U.K.

Nutritional research tends to be a multidisciplinary activity which frequently produces
unpredictable finding as well as providing answers to the problems of today. However,
all vibrant research programmes should be addressing future issues. This could be
said to be particularly relevant as far as poultry are currently concerned, where the
science of nutrition has arguably reached a plateau in terms of effecting economic
rewards. Consequently, limited resources are highlighting the need for informed
discussion to determine priorities in future poultry nutrition research.
The principal function of feeding stuffs is to provide the poultry producer with costeffective diets which meet the requirements of the particular birds being fed. To
achieve this goal there is a continuing need to have knowledge of the dose-response
relationships for the major nutrients in relation to different types of output and
detailed information on the ability of each raw material to supply these nutrients.
Consequently, compositional analyses and availability assessment are likely to continue
to feature in research programmes. It is widely acknowledged that studies involving
nutritional responses should now look beyond the usual criteria of weight gain and
food efficiency to body composition and yield. The next step would appear to be
consideration of well-being or health as measures of nutritional response.
Although neither the UK nor indeed the EC has a policy which defines priorities for
research in feeding stuffs some long term trends can be identified. There is a
tendency toward the provision and use of domestically produced protein supplies
(e.g. field beans, lupins, rapeseed, quinoa) fermentation of plant carbohydrates (sugar
residues and other products of the food and beverage industries) and recycling
particularly of residues from human food preparation. A particular priority could
also be to reduce the dependency in poultry feeding on the storage polysaccharides
of plants, mainly cereal starch, by developing methods for increasing the use of their
structural carbohydrates. The role of carbohydrates is likely to prove crucial in any
developments in this challenging area. The addition of ß-glucanase has allowed
barley to be used again as a major ingredient in broiler diets and xylañase
supplementation has also been claimed to improve the economy of wheat-based
diets, the litter conditions and, consequently, the welfare of the birds. The enzyme
phytase is already having an important impact on the dietary phosphorus concentrations
in pig and poultry diets formulated in Belgium and the Netherlands and the philosophy
behind this practice seems likely to spread to other nutrients and countries.
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Because historically food has been cheap there has been a tendency to overformulate
diets, particularly when doubts exist on the availability of certain critical nutrients
(amino acid, vitamins, minerals) or if the requirement of the bird for a particular
nutrient was uncertain. This rather prodigal pohcy is coming under increasing pressure
on environmental grounds, because nutrients for which the bird has no need are
excreted and ultimately are a source of pollution. This is particularly applicable to
protein and phosphorus, the manurial contents of which are aheady controlled in
some countries. Excretion of nutrients excess to the optimal performance of the bird
or unable to be digested can also be a source of welfare and husbandry problems; for
example, the incidence of carcase defects, such as breast bhsters and hock bum, are
often attributed to poorly digested fats and/or high excretion rates or uric acid caused
either by excesses of or poorly available protein. There is, therefore a continuing
need to understand barriers to effective digestion (particularly of fat and protein).
Chemical structure (e.g. cellulose; retrograde starch), location within the foodstuff
(e.g. aleurone cell protein behind an indigestible carbohydrate barrier) and interactions
with "antinutritive" factors (e.g. tannins, hgnin) are all likely to decrease digestive
efficiency and, hence, increase the excretion of potential pollutants. In this context
it is worth noting that the development and practice of gene transfer by plant molecular
biologists could increase the likelihood of previously unknown antinutritional factors
being introduced into potential foods either adventitiously or deliberately, because of
the protective properties these components often confer on plants against possible
predators. Collaboration between plant geneticists and animal nutritionists is essential
at the later stages of any "new" plant food's development.
Better information on requirements, the gradual accessibihty of synthetic amino acids
and more reUable data on amino acid digestibihty coefficients in feedingstuffs are
giving much better control over protein nutrition. There is also much more data on the
energy value of raw materials, mainly because of the vast amount of work which has
resulted from the introduction of rapid methods for the determination of metaboHsable
energy, where the debate about the relative merits of the different methods rumbles on.
Although the description of fats has been improved there is still a need to have a robust
method for their evaluation with, in particular, young birds.
There is also a need to study the metabohsm of relatively unusual sugars, such as
xylose, arabinose and galacturonic acid. Although these monomers would arise
from the breakdown of cell wall carbohydrates, a possible objective of dietary enzyme
addition, there is still considerable uncertainty on how effectively they are utilised by
birds. There is a need to investigate the mechanisms controlling their absorption and
metabolism, particularly any unexpected interactive effects.
There will also probably be a need to continue research directed at improving the
prediction of whole animal responses to nutrients by mathematical modelling. Changes
^2

in the environment (e.g. global wanning; extensification) can readily be accommodated
in these models. New technology may be required to be developed and collaboration
with skilled resource centres sought (nuclear magnetic resonance imaging; doubly
labelled water techniques).
The compound feed industry needs methods which can be used to determine available
nutrient values for the wide range of materials at its disposal. These methods need to
be robust, repeatable and, preferably, rapid. Whether physiochemical techniques,
such as infra red reflectance spectroscopy, will provide this information remains to
be seen but will require a move away from the present empirical to more soundly
based chemical basis. In vitro techniques will probably continue to be explored if
only for reasons of speed and the ethical barriers to the use of bioassays.
A topic which could become important under less intensive systems is the nature and
quality of grassland in goose production.
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PERSPECTIVE ON THE FUTURE FEEDING OF
POULTRY
Robert Blair
Department of Animal Science, The University of British Columbia,
Vancouver, B.C., Canada, V6T 1Z4

The future feeding of poultry should be considered under two scenarios: one relating
to developed regions in which the adequacy of a continuing feed supply is likely, and
the other relating to some developing regions in which the adequacy of an indigenous
supply of feedstuffs is less assured. The pattern of future development of the poultry
industry and of the feeding systems is likely to differ in the different regions. No
major changes in regions with an ample supply of conventional feed ingredients.
More significant changes in regions attempting to expand poultry industries with an
inadequate indigenous supply of conventional feedstuffs. Strategies to improve protein
utilization include use of the ideal protein concept; use of synthetic amino acids to
minimize protein usage; use of biologically available amino acids with feeds that are
less well digested; use of proteases (possibly); plant breeding to remove antinutritive
factors; and genetic engineering to permit N cycling in birds, although there is
currently not much incentive for this. Strategies to improve energy utilization include
use of enzymes, both the commercial types and possibly from slaughterhouse waste;
more widespread use of unconventional feed sources; use of breeds and strains that
utilize fibre, e.g. ratites; and genetic engineering to maximize hind-gut (or small
intestine) fermentation. The strategies in developing countries are likely to include
the development of feed manufacturing infrastructure to support the various sectors
of the poultry industry, large-scale, smallholder and urban (peri-urban) farmer;
also the more widespread adoption of integrated plant/poultry/soil production systems
that emphasize economic efficiency and sustainability.

INTRODUCTION
Two factors will have an important influence on the future feeding of poultry:
a)

b)

an increasing world demand for poultry products, both on a per capita basis and on
a total basis. For instance, India which may be typical of Asiatic countries, predicts
a 50% increase in egg consumption and a 100% increase in poultry meat
consumption over the period 1993-2000 (Tandon, 1995).
an adequate supply of feedstuffs to permit a continued growth of the poultry
industry.
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The second factor is particularly important for regions that experience limited
feed resources and an increasing human population that competes with poultry for
the limited food/feed resources available. China may be regarded as an example
of a region of this type. Recent estimates (Brown, 1995) show that China changed
from a net grain exporter of 8 million tons in 1993/94 to a projected net grain
importer of 14-15 million tons in 1995/96. The net shift of 23 million tons
approaches the annual grain exports of Canada.
Thus the future feeding of poultry should be considered under two scenarios: one
relating to developed regions in which the adequacy of a continuing feed supply is
likely, and the other relating to some developing regions in which the adequacy of
an indigenous feed supply is less assured. The pattern of future development of
the poultry industry and of the feeding systems is likely to differ in the different
regions.
OPPORTUNITIES/LIKELY DEVELOPMENTS
A) NO MAJOR CHANGES IN REGIONS WITH AN AMPLE SUPPLY OF
CONVENTIONAL FEED INGREDIENTS
Support for the argument that diets and feeding systems may not alter significantly in
future in these regions is that the fact that the estimated dietary requirements for poultry
are not increasing as new genotypes are being introduced. Contrary to what one might
expect, the values have fallen over the last 25 years (Table 1). A comparison of the
NRC crude protein requirements for broilers for 1977 and 1994 shows no change. Yet
in that period great advances have been made in broiler productivity. Eleven amino
acid requirements, including lysine, were lower in the 1994 NRC report than in the
1984 report. Nutrient requirements of layers were expressed on an intake per day basis
in the 1994 NRC report. Comparison with the 1984 data show generally lower crude
protein, essential amino acids, macromineral, trace mineral and vitamin requirements.
Table -1. As with broilers, the data on nutrient requirements do not suggest that improved
diets need to be introduced to accommodate improvements in commercial poultry
genotype.
Another facet of the argument that the nutrition of poultry may not change substantially
in future is that many of the nutritional principles were established quite some time
ago. For instance, the concept that the profile of dietary essential amino acids should
be a balanced one, and that the same profile should be used within an acceptable range
of dietary protein, has been used for some time in poultry diet formulation (e.g. Scott et
al., 1969). It is a logical approach to the optimization of growth and protein utilization
(NRC, 1994). The concept was used to formulate a standard reference diet (Blair et al.,
1977; NRC, 1994) based on crystalhne amino acids and purified ingredients for starting
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Table 1. Suggested profile of amino acids (AA) in broiler and layer diets
BROILERO (3 weeks)
AA
1969

Scott et al. Scott et al.

NRC

iNRC

NRC

NRC

NRC

NRC

1977

1977

1984

1984

1994

1994

1994

1969
% in Diet

% in CP % in Diet % in CP % in Diet % in CP % in Diet % in CP

Arg

1.32

4.98

1.44

6.26

1.44

6.26

1.25

His

0.53

2.00

0.35

1.52

0.35

1.52

0.35

1.52

ISO

1.06

4.00

0.80

3.48

0.80

3.48

0.80

3.48

5.43

Leu

1.59

6.00

1.35

5.87

1.35

5.87

1.20

5.22

Lys

1.32

4.98

1.20

5.22

1.20

5.22

1.10

4.78

Met

0.53

2.00

0.50

2.17

0.50

2.17

0.50

2.17

Met + Cys

0.95

3.58

0.93

4.04

0.93

4.04

0.90

3.91

Phe

0.85

3.21

0.72

3.13

0.72

3.13

0.72

3.13

Phe + Tyr

1.70

. 6.42

1.34

5.83

1.34

5.83

1.34

5.83

Thr

0.85

3.21

0.75

3.26

0.80

3.48

0.80

3.48

Trp

0.24

0.91

0.23

1.00

0.23

1.00

0.20

0.87

Val

0.85

3.21

0.82

3.57

0.82

3.57

0.90

3.91

CP

26.5

23.0

23.0

23.0

(0-2 wks)
LAYER (consuming 100 g/d)
AA
1969

Scott et al. Scott et al.

NRC

NRC

NRC

NRC

NRC

NRC

1977

1977

1977

1984

1994

1994

1994

1969
% in Diet

% in CP % in Diet % in CP % in Diet % in CP % in Diet % in CP

Arg

0.85

5.00

0.88

5.33

0.75

4.69

0.70

4.67

His

0.34

2.00

0.24

1.45

0.18

1.13

0.17

1.13

ISO

0.68

4.00

0.55

3.33

0.55

3.44

0.65

4.33

Leu

1.32

7.76

1.32

8.00

0.80

5.00

0.82

5.47

Lys

0.73

4.29

0.66

4.00

0.70

4.38

0.69

4.60

Met

0.34

2.00

0.30

1.82

0.35

2.19

0.30

2.00

Met + Cys

0.61

3.59

0.55

3.33

0.60

3.75

0.58

3.87

Phe

0.78

4.59

0.44

2.67

0.44

2.75

0.47

3.13

Phe + Tyr

1.32

7.76

0.88

5.33

0.88

5.50

0.83

5.53

Thr

0.54

3.18

0.44

2.67

0.50

3.13

0.47

3.13

Trp

0.15

0.88

0.12

0.73

0.15

0.94

0.16

1.07

Val

0.68

4.00

0.55

3.33

0.60

3.75

0.70

4.67

CP

17.0

16.5

16.0

15.0

67

Table 2. Standard diet used in laying stock trials at the Scottish
Agricultural College (intake = 110-120 g/d)
Ingredient

kg per tonne

Wheat

450.0

Com (maize)

135.0

Barley

120.0

Soybean meal (44% CP)

90.0

Meat & bone meal

50.0

Whitefish meal

53.0

D,L-methionine

0.8

Soybean oil

12.0

Grass meal

8.8

Ground limestone

38.0

Limestone granules

38.0

Vitamin/mineral premix

3.2

Salt (NaCl)

0.7

Sodium bicarbonate

0.5

»
Nutrient content
AME

% unless stated
2720 kcal/kg

Crude protein

17.5

Lysine

0.92

Methionine

0.42

Crude fat

3.99

Crude fibre

3.06

Calcium

3.72

Phosphorus (total)

0.67

Phosphorus (available)

0.48

Salt

0.36

Sodium

0.16

chicks. The diet promotes growth equivalent to that obtained with a practical diet,
although it contains no intact protein. A similar approach was used in the formulation
of a practical diet for laying hens (Table 2; Blair and Dun, unpublished). This diet,
although formulated over 20 years ago, continues to give excellent production in the
annual Laying Stock Trial at the Scottish Agricultural College. It is the standard diet
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Table 3. TMhn (MJ/kg; »aJui ^ ot icccl^i it*- «^ .It u inniied with ostriches and
roosters (90% dry matter basis, Smith et al., 1995)

Feedstuff
Yellow com (maize)
Alfalfa (lucerne) hay
Malting barley
Oats
Wheat bran
Sunflower meal
Soybean meal
Saltbush hay
Common reed
Sweet lupin meal
Fish meal

Ostrich
15.06
8.91
13.93
12.27
11.91
10.79
13.44
7.09
8.67
14.61
15.13

Rooster
14.42
4.03
11.33
10.63
8.55
8.89
9.04
4.50
2.79
9.40
13.95

used in these trials and, according to a recent report from the College, there are no
plans to introduce an alternative diet. A purified diet formulated on the same principles
gives excellent growth in starting Cotumix quail (Blair et al. 1972). These examples
illustrate the validity of the concept of balanced amino acids, quantified according to
the values outlined by Scott et al. (1969). There is current interest in this concept in
relation to meat birds and layers (also swine), which will undoubtedly lead to the adoption
of a more exact profile Table - 2.
It would be logical to base amino acid requirements and recommended allowances on
available amino acids rather than on total amino acids (Fernandez et al., 1995; Rostagno
et al., 1995). This system will have greater applicability in situations favouring the
inclusion of feedstuffs that are less well digested than are com and well-processed
soybean meal. The application of availability values in practical feed formulation should
become more common once the available amino acid requirements have been
established. More data on digestibility are required. As pointed out by the NRC (1994)
the digestibilities of several amino acids in animal by-products such as meat and bone
meal, poultry by-product meal and feather meal are greater than generally believed.
Further research is required in this whole area, including rapid methods for the estimation
or prediction of available amino acids.
Use of the existing ideal protein concept has proved to be very useful in practical diet
formulation and feed manufacture. Its use allows computers to be programmed easily
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to accommodate changes in the level of dietary protein, and to derive least-cost solutions
based on cost per unit of energy. This allows the desired balance of amino acids relative
to both protein and energy levels to be maintained.
One change that is likely to take place is a modification of diets and feeding practices
to minimize environmental impact from waste. For instance, reduction in the crude
protein content of poultry diets through supplementation with crystalline amino acids
is known to reduce the nitrogen content of poultry waste by about 25-30% (Williams
and Kelly, 1994). There is also likely to be an increased recognition of niche markets
and the development of products such as eggs with altered fatty acid content to meet
specific consumer demands.
Although major changes in nutrition may not take place, it is likely that the efforts to
improve protein and energy utilization will continue. The efforts may be categorized
as follows.
Strategies to improve protein utilization
1)
2)
3)
4)
5)
6)

use of the ideal protein concept
use of synthetic amino acids to minimize protein usage
use of biologically available amino acids with feeds that are less well digested
use of proteases (possibly)
plant breeding to remove antinutritive factors
genetic engineering to permit N cycling in birds, although there is currently not
much incentive for this. It is known that in some wild galliforms microbial
fermentation of ammonia derived from uric acid and urea in the colon and ceca
can yield amino acids that are capable of being absorbed and utilized (Campbell
and Braun, 1986). Synthesis of non-essential amino acids from ammonia may
also take place in the liver (Lee et al., 1972).

Strategies to improve energy utilization
1)
2)

3)
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use of glucanases, pentosanases (Chesson, 1993) for the digestion of substrates
that the bird is inherently incapable of digesting.
use of cellulase/cellobiase, if a successful breakthrough could be made. Cellulose
digestion might be improved also by preconditioning with high-fibre diets. Duke
et al. (1984) reported that.about 15% of ingested fibre was degraded in
preconditioned turkeys and about 3% in unconditioned turkeys.
genetic engineering to maximize hind-gut (or small intestine - ostrich) fermentation
(although there is currently not much incentive for this)

B)

MORE SIGNIFICANT CHANGES IN REGIONS ATTEMPTING TO EXPAND
POULTRY INDUSTRIES WITH AN INADEQUATE INDIGENOUS SUPPLY
OF CONVENTIONAL FEEDSTUFFS

Changes that might be anticipated in such regions include the following.
Increased imports, if available and affordable.
Development of a feed base. The development of new crops such as improved varieties
of sorghum in the semi-arid parts of East Africa, can be expected.
Urban and peri-urban agriculture to utilize domestic by-products. It is anticipated that
these system of poultry (and livestock) production will become an increasingly important
source of food for parts of Africa, to supply a rapidly expanding urban population. For
instance, Chitungwiza is reported as being one of the fastest-growing urban centres in
Zimbabwe, with an official estimate of 300,000 persons (Kelly et al., 1994). A survey
showed that over one-third of randomly selected households kept chickens (Kelly et
al, 1994).
Development of feed manufacturing infrastructure to support the various sectors of the
poultry industry, large-scale, smallholder and urban (peri-urban) farmer.
Strategies to improve energy utilization
1)

2)
3)
4)

more widespread use of unconventional feed sources. Among the possible sources
are feed ingredients containing chitin (Ravindran and Blair, 1991, 1992, 1993).
According to Duke (1995) chickens secrete a chitinase from the proventriculus.
Chitin is reported to be the second most abundant carbon polymer on earth,
suggesting a potentially important energy source if the technology could be
developed for its exploitation.
processing in some cases.
use of enzymes, both the commercial types and possibly from slaughterhouse waste.
use of breeds and strains that utilize fibre, e.g. ratites such as ostrich. Dietary
habits in the wild and gastrointestinal anatomy and function have established that
the ostrich is a herbivore. It appears to be well adapted to use high-fibre diets.
Swart et al. (1993) reported digestibiUty coefficients of NDF, hemicellulose and
cellulose of 47, 66 and 38% respectively, in ostriches. It was calculated that about
88% of the breakdown took place in the small intestine and about 12% in the large
intestine. These researchers concluded that as much as 76% of the ME requirement
for maintenance could be met by fibre digestion/fermentation. Such findings
probably explains the finding that the TME values of fibrous feeds, but not fibrelow feeds, are higher in ostriches than in roosters (Table 3, Smith et al., 1995).
Higher amino acid availability values in ostriches may indicate the production of
amino acids from microbial fermentation, although no supporting data have been
produced (Smith et al., 1995). According to Gandini et al. (1986) young ostriches
can be grown to gain about 9 kg in weight over the 1-8 week period and with a
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feedigain ratio of about 1.8:1 with a diets containing 2,700 kcal/kg, 6.8% crude
fibre and 16-20% crude protein . Table-3.
Strategies to improve protein utilization
1)
2)
3)
4)
5)
6)
7)

establishing the nutritive value of unconventional feeds
processing in some cases. For instance Mitaru et al. (1984) described a simple
procedure involving moist storage for the detoxification of high-tannin sorghums.
use of biologically available amino acids with feeds of low digestibihty
use of ideal protein concept
use of synthetic amino acids
proteases (possibly)
use of species that show N recycling

Adoption of whole-grain feeding systems may occur, where grain is available. Filmer
(1990) has shown that whole wheat can be used successfully in commercial broiler
production in Europe. Use of whole, rather than ground, grain might be an economic
and useful component of feeding systems developed for urban or peri-urban agriculture.
It is likely that greater emphasis will be placed on overall economic efficiency than on
maximum growth rates or egg production. Thus it is anticipated that integrated plant/
poultry/soil production systems of the type developed by Preston and Murgueitio (1993)
in Colombia will become more widely adopted. The Preston and Murgueitio system
utilizes ducks, swine and ruminants in a sustainable system based on sugarcane
production and yields 3000 kg of meat annually per hectare. The importance of systems
such as these is that they utilize feedstuff s not used as human foods, thus minimizing or
eliminating competition between humans and farm stock for the available food/feed
resource.
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NUTRIENT REQUIREMENTS OF CHICKEN - WORK
DONE IN INDIA
V. Ramasubba Reddy
Department of Poultry Science, College of Veterinary Science, AP
Agricultural University, Rajendranagar, Hyderabad, 500 030, India

The work done on the nutrient requirements of chicken in India is reviewed. Much
of the work was on the requirements of ME and protein for broilers, egg type
starters and layers. Assuming the nutrient composition mainly that of NRC (1994)
for the feed ingredients, the nutrient requirement figures arrived at, were
extrapolated to a diet having 2900 kcal ME/kg for broilers, 2700 kcal ME/kg for
egg type replacement pullets and 2500 kcal ME/kg for layers. The suggested protein
requirement for broilers is 22, 20 and 18% during the three stages of growth.
Seasonal differences were observed in the requirement of protein but not in the
requirement of lysine and methionine. When low protein in the diet was fed up to
3,4 or 5 weeks of age followed by high protein in the diet up to 8 weeks of age,
compensatory growth occurred. A protein requirement of 20% up to 8 weeks of
age, 15% from 9 to 20 weeks of age and 16% for layers on 115 g feed intake/bird/
day is suggested. It was shown that layer performance was not depressed with
step-up feeding programme during growing period. A requirement of 0.4% nonphytin phosphorus, 0.8% calcium, 1225 lU/kg vitamin A for broilers, 1660 lU/kg
vitamin A for WL chicks and 0.19% non-phytin phosphorus, 3.28% calcium and
3600 lU/kg vitamin A for layers were suggested. The lysine, methionine and
methionine + cystine requirements for broilers, egg type starters and layers are
also suggested.
INTRODUCTION
Nutrient requirements of chicken are influenced by many factors. These include genetic
make up of stock, factors affecting feed intake, productive status of the bird, housing,
environment particularly temperature, bulk density, fat content of diet, nutritional adequacy
of diet, digestibihty of ingredients, and health status of the bird. The nutrient requirements
estabhshed in certain temperate countries in detail and recommended by NRC (1994) may
not be appUcable for the tropical countries like Lidia. Blair et al. (1983) reported substantial
differences in the estimates of nutrient requirements used in various regions of the world
for chicken and other poultry. EarHer, Panda and Reddy (1976) reviewed the work done in
India on the nutrient requirements of chicken. The recommendations of ICAR (1985) and
ISI (1992)are essentially guide lines for feed manufacturers.
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The work done on the nutrient requirements of chicken m India ií> lev icwed. Nduch ol
the work was on the requirements of ME and protein for broilers, egg type starters and
layers. Only a few reports are available on the requirements of lysine, methionine,
calcium, phosphorus and vitamin A and none on the requirements of other nutrients.
PRESENT DAY PRODUCTION POTENTIAL
In India, currently in commercial practice, broilers with a live weight gain of 35 g/
bird/day with an energy intake of 200 kcal ME/bird/day reaching market weight in 42
days and egg type layers attaining maturity at about 19-20 weeks of age, producing on
an average at 0.80 eggs/bird/day with an energy intake of 290 kcal ME/bird/day are
common. In the earlier days, however, the production potential of broilers and layers
was rather low. Most of the nutrient requirement data available was carried with the
low productive stocks available then.
CRITERIA FOR THE SELECTION OF INFORMATION PUBLISHED
Published reports have been considered, on the requirements of ME, protein, lysine
and methionine, that gave information with a gain in weight per bird per day of not
less than 15g for broilers and 6 g for egg type starters and of not less than 0.60 eggs/
bird/day for layers. All the reports published have been considered on the requirements
of calcium, phosphorus and vitamin A for broilers, egg type starters and layers and on
the requirements of all the nutrients for egg-type replacement pullets. Varied levels of
ME in the diets have been employed by different workers. In some experiments, a
nutrient not considered for experimentation (eg. methionine, lysine) appeared to be
limiting. Requirements for ME or protein without a specification on the amino acids
provides inadequate information. Therefore, from the work done on the requirements
of ME and protein also and as well as from the few reports on the requirements of
amino acids (lysine and methionine), the minimal levels of ME, protein, lysine,
methionine and methionine + cystine of a diet that gave performance equal to or not
lower than on other diets was calculated, on as such basis, assuming the composition
given by the NRC(1994). In the requirement studies of calcium and phosphorus, only
the calcium and phosphorus content of the diets was calculated. Vitamin A content
employed by the authors was taken in the studies on vitamin A requirement. Some
authors analysed the content of ME and amino acids of the ingredients or diets besides
other nutrients. In these cases also, the calculated nutrient content of the diet was taken
into consideration. Fortunately the differences between the analysed values and the
calculated values are small in most of the cases. The diet having the minimal nutrient
content that gave a performance equal to or not exceeded by other diets was extrapolated
to a diet having 2900 kcal ME/kg for broilers, 2700 kcal ME/kg for starter chicks and
growers and 2500 kcal ME/kg for layers. These levels of ME are achievable under the
existing Indian conditions with the ingredients in commercial practices. Most of the
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vegetable protein meals used are extractions and vegetable oils and animal fats are
beyond the economy of current broiler and egg production. For each nutrient,
considering the area of study by the investigators, excluding the unlikely values, the
most probable nutrient level, in the author's opinion, was taken as the requirement
figure. The requirement studies on ME were treated as the requirement studies on
protein as well. Appreciable differences also besides significant differences, in the
responses to the diets, were considered to arrive at the diet of the minimal nutrient
content that gave performance not exceeded by other diets.
PROTEIN, LYSINE AND METHIONINE
Broilers : From amongst the 24 reports considered (Table 1), only 6 were on the
requirements of lysine and 6 on the requirements of methionine. Four reports dealt with 3
stage feeding (1 day to 3 weeks of age, 4 to 6 weeks of age and from 6 weeks onwards), 3
reports with 2 stage feeding (1 day to 5 or 6 weeks of age and from 5 or 6 weeks of age)
and the remaining 17 reports with single stage feeding. The requirements with single
stage feeding were treated as the requirements for starters ( up to 3 weeks age). With 2
stage feeding, the requirement figures up to 5 or 6 weeks of age were treated as the
requirements for starters and those from 5 or 6 weeks of age were treated as the requirements
for finishers(from 7 weeks on wards). Wide variation exists among the requirements of
protein, lysine and methionine. Most of the reports suggested a requirement of 21 to 24 %
protein for starters. The few reports indicated 20% protein for growers and 18% for
finishers. The Umited information on the requirements of lysine and methionine is much
variable. Li summer, a higher protein, requirement(Virk et al. 1978; Multani et al. 1991;
1993) but not of lysine and methionine (Shingari et al. 1975; 1976) than in other seasons
was indicated. When fed low protein level up to 3,4 or 5 weeks age, broilers showed
compensatory growth by 8 weeks of age (Rama Rao et al. 1990).
Egg type chicken : In India, only SCWL chicken is used as the egg layer.
Starters : Out of the 16 references, only two were on the requirements of lysine and
methionine. The protein requirement varied from 17.7 to 26.9% (Table 2). In some
experiments, a higher protein requirement was observed in summer than in rainy season
and winter( Ahuja et al. 1978; Nagabhushanam et al. 1979) but not in others (Cilly et
al. 1973; Ichhponani et al. 1974; Jalora and Sharma, 1975).
Growers : All the 9 references were on ME and protein requirements only. A protein
requirement of 12.4 to 16.4% was suggested by different workers(Table 3). It was
shown that subsequent layers performance was not depressed with step-up protein
programme during growing period from 1 day to 20 weeks of age (Satyanarayana
Reddy et al. 1988; 1989).
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Layers : Sixteen references were considered (Table 4). Only two were on lysine and
methionine requirements. Most of the references suggested a protein requirement of
15.2 to 16.7%. The two references differed on the requirements of lysine and methionine
as well (Singh et al. 1980; Ichhponani et al. 1983).
VITAMIN A, CALCIUM AND PHOSPHORUS
Very few reports are available on the requirements of calcium and phosphorus for
broilers(Talble 5), layers (Table 6) and of Vitamin A requirements for broilers, egg
type starters and layers (Table 7).
Suggested requirement figures
From the publisherd data considered, the nutrient requirements for chicken are suggested,
which appear to be the best estimates in the opinion of the author, for broilers, egg type
starters, growers and layers (Table 8).
Future needs
India attained 6th position in World's egg production with 28000 million eggs produced
by 130 million layers. Broiler production also rose to 300 million. The commercially
available egg type chicken and broilers are of high production potential. The nutrient
requirements for protein, amino acids (lysine, methionine, methionine + cystine,
threonine and arginine) and minerals (calcium and phosphorus) if established more
accurately may help in saving the cost of feeding and thus economising the nutrients.
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Table 1. Published information on th requirements of energy, protein and amino acids - Broilers
S. No.

1
2
3

]Per

B
B
B

Exptl

Weight

Feed

period
(d)

gain
(g/b/d)

intake
(g/b/d)

MEof
(kcal/kg)

Protien

Lys

Met

Met-h Cys

0.4
0.52

0.7
0.91

9x
10x2
10x3
10x3
10x2
10x2

19.5
24.3

0.88
1.06

s 8-28
r8-28
sp 8-28
8-49

2851

20.3

0.94

0.51

0.80

2851

20.3

1.09

0.51

0.80

m,f

15.8
15.5
16.7
23.3

36
37

2868
2816

19.7
18.3

0.91
0.82

0.40
0.37

0.69
0.65

37
60

2730
2841
2884

26.0
21.6
18.8

1.15
0.90
0.80

0.53
0.52
0.50

0.88
0.81
0.76

19.7
17.3
20.6
15.0
21.5
27.2
22.7
20.7

38
29
41
28
55
95
44
55

2851

20.3

0.94

0.39

0.68

3113

22.0

0.90

0.36

0.67

3113
3129

22.0
18.2
23.2
20.6

0.90
0.73
1.18
0.92

0.36
0.31
0.72
0.42

21.9
23.8

0.91
0.99

2896
2699

19.1
23.3

0.76
0.91

0.35
0.38
0.32
0.45

0.67
0.59
1.06
0.70
0.64
0.70

2738
2770
2767

21.0
19.2
17.3

1.07
0.87
0.74

0.58
0.40
0.30

0.89
0.68
0.57

l-2d
22-32 d
43-56 d

2707
2750
2761
2682
3045
3192
2989
2712
2761
2767
2991

23.0
22.5
19.6
23.0
15.9
17.7
20.5
21.2
20.8
17.9
19.4

1.01
0.82
0.71
1.20
1.01
0.88
0.96
1.06
0.91
0.76
0.83

0.51
0.34
0.31
0.41
0.39
0.45
0.46
0.56
0.42
0.31
0.34

0.85
0.65
0.60
0.74
0.61
0.69
0.75
0.86
0.73
0.59
0.62

l-21d
22-42d
43-56d
l-35d
36-56d
36-56d

0.75
0.71

W8-28

10x2
50x2

1-42
1-70

m,f
m,f

6

B

B

w8-25
s 8-28
sp 8-28
r8-28
w8-42
w8-70
s 8-42
s 8-70

m,f
m,f
m,f

7

10x3
10x3
10x2
10x2
10x2

15x2
9x2

8-42
8-42

m,f
m,f

16.0
35.1

39
82

10x2

w8-42
s 8-42

m,f
m,f

21.7
17.8

57
44

50x1
20x2

1-56
1-35
1-56

m,f
m,f
mj
m,f

29.5
21.4
26.5
24.1

59
37
55

m,f

27 A

11
12

L

c

m.f
m,f
m,f

16
17
18

B
B
L

15x2m
16x2f
10x3
30x
15x2

1-35
1-56
1-56
1-56
1-56

m+f
m+f
m,f
m,f
m,f

29.7
30.6
21.1
20.7
27.1

69
87
49
51
59

19
20

15x2
L
L
10x3
w !5-49 m,f

1-56
a8-49
37.1
s 8-49

m,f
m,f
96
m,f
m,f
m,f

36.1
43.7
3054
26.9
26.7
30.6

f

17.3
32.2
22.4
27.3
30.5
33.4

78
121
19.1
65
66
80
,
32

15

L

21

L

10x3

22

B

10x3

23

L

12x3

24

L

12x3

(%)

2866
2685

B

10

(%)

82
48
40
29
27
40

L

B
B

(%)

35.1
21.3
21.8
17.3
14.8
17.8

5

B

(%)

m/
m,f
m,f
m,f
m,f
m,f

8-42
8-49

4

8
9

On a diet of 2900 kcal ME / kg

diet

Birds X
Groups

r8-49
1-28
a 8-49
s 8-49
W8-49
1-42
1-56
1-42
1-56

m,f
m,f
m,f
m,f
m,f
m,f
m,f

29.2
36.6

84
58
68
67
82
66
93

2713
2713
2942
2702

l-21d
22-42 d
43-70 d

8-42 d
43-70d

0.60
0.80

0.87

0.33

0.59

2832
3029
2775

24.6
23.4

1.14
1.10

21.0

1.00

0.42
0.40
0.37

2835
3061

22.6
21.1

1.03
0.97

0.39
0.36

0.70
0.65

2875

23.7

1.19

0.56

0.90

2861

22.9

1.14

0.50

0.84

l-21d •
22-42d
43-56 d

0.68

Bold faced letters indicate the area of study by the investigators
B=Battery; C=Cages; L=Litter; a=autumn; r=rainy; i=summer; 5/?=spring; w=winter; m=male; /=female;
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Table 2. Published information on the requirements of energy, protein and amino acids - VVL
starter chicks
S.No.

1

Per diet

Exptl

Weight

Birds x
Groups

period
(d)

gain
(g/b/d)

intake
(g/b/d)

ME of
(kcal/kg)

Protien

(%)

(%)

(%)

(%)

31x1

1-56

12.0
9.8

32

2536

20.1

0.88

0.34

0.63

32

2643

21.8

0.84

0.58

0.91
0.70

B

m
f

2

B

16x2
25x2
25x2

1-56
1-56
1-56

3

L

25x2

1-56

4

L

25x2

1-56

5

B

m5
/5

s8-56
w8-56

6

L

50x3

1-70

7

B

8

m

Feed

On a diet of 2700 kcal ME/ kg
Lys
Met
Met-t- Cys

f

13.0
10.3
17.8
10.2

33

2475

18.0

0.82

0.43

f

6.3

22

2798

17.7

0.69

0.28

0.55

f

9.2

25

2795

20.0

0.99

0.46

0.75

m+fSA
m+fUA

27
36

2255

24.2

1.16

0.41

0.72

f

9.3
7.2

34

2570

19.5

0.86

0.35

0.65

f
m

m

10x2

w 15-70
s 29-70

f
f

14.5
10.0

55
27

2808

19.2

0.78

0.32

0.60

B+L50xl

1-56

m

10.0
9.3

33

2428

22.8

1.00

0.39

0.73

f
9

B

30x1

10

B

9x2

1-56

f

6.2

26

2773

18.1

0.83

0.33

0.57

w
s

1-56
9.1

46
37

2096

23.3

0.92

. 0.34

0.64

11

B

20x2

15-70
15-70
29-70

f
f
f

9.6
9.4
9.3

46
46
45

2182
2223
3013

25.5
25.0
19.1

1.06
1.05
0.88

0.40
0.39
0.30

0.74
0.73
0.56

12

B

12x3

1-56

f
f

7.6
9.1

28
32

2649
2531

18.3
22.6

0.78
0.98

0.31
0.36

0.57
0.68

13

B

r15-70

f
f
f
f
f

8.4
8.3
7.9
9.8
7.1

40
40
36
39
25

2182
2223
2697
2182
2697

25.5
25.0
20.6
25.5
20.6

1.06
1.05
0.86
1.06
0.86

0.40
0.39
0.32
0.40
0.32

0.74
0.73
0.60
0.74
0.60

.V1-56
w 1-56

f
f

6.8
8.2

22
30

2385
2576

26.9
20.8

1.17
0.90

0.43
0.35

0.82
0.65

f

6.4

2826

19.6

0.82

0.33

0.59

f

9.5

31

2574

22.5

1.00

0.70

1.03

s 15-70

14

12x3
12x2

15

L 15x4

1-56

16

12 or 13x2

1-56

B=Battery; L=Litter; r=rainy; s=summer, w-winter; m - male; f - female
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Table 3. Published information on the requirements of energy, protein and amino acids - WL
growers(females)
S. No.

Per diet

Exptl

Weight

Birds X
Groups

period
(d)

gain
(g/b/d)

intake
(g/b/d)

ME of
(kcal/kg)

Protien

Lys

Met

Met-l- Cys

6.9
8.5
7.7
7.8
8.0
8.6
7.7
8.4
11.6
8.1
7.1

62
76
51
71
56
56
68
61
144

2591
2903
2887

15.6
12.4
13.5

0.69
0.49

0.30
0.22

0.56
0.40

2844
2724
2871
2635
2723
2695
2695

15.9
13.0
15.0
16.4
13.2
15.4
15.4

0.64
0.45
0.69
0.75
0.60
0.67
0.67

0.27
0.22
0.29
0.31
0.25
0.27
0.27

0.50
0.45
0.53
0.56
0.45
0.50
0.50

2

L
L20x2

3

L20x2

4
5
6
7
8
9

LI 0x2

]

12 or 13x2
18 or 20x2
LI 3x2
L45x2

71-140
W57-140
.957-140
W57-140
.V57-140
43-150
57-140
57-140
57-126
57-147
57-147

Feed

61

On;i diet of 2700 kcal ML/ kg

(%)

(%)

(%)

(%)

Bold faced letters indicate the area of study by the investigators; L = Litter; s= summer; w= winter

References
1 Saxena & Pradhan, (1973a)
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Table 5. Published information on the requirements of energy, protein and amino acids - WL
layers
S. No.

1
2
3
4
5
6
7
8
9
10
11
12

Per diet

ExptI

Birds X
Groups

period
(d)

Clx6
F 20x2
C3x6
C3x6
C3x6
C 1x18
C 1x6
C 1x5
L10x2
5x2
C,S,L
L21or
22x2
C 1x12
L 14x2

Egg
prod

(%)

Feed
intake
(g/b/d)

Prod. lOOd
wl41-230dage
.vl41-230dage
50% prod-280d
50% prod-280d
10%prod-280d
98d
50% prod-112d
5%prod-210d
50% prod-254d
50% prod-193d
290-514dage
287-420dage

66.8
66
59.1
72.6
67.0
65.2
73.1
78.7
78.6
67.4
73.5
66.2
74.3

117
115
83
106
109
107
107
107
115
87
101
99

133-300dage
5l30d

75.3
65.7

On a diet of 500 kcal ME / kg

Egg
output
(kcal/kg)

ME of
diet

Protien

(%)

Lys

Met

(%)

(%)

Met+ Cys

(%)

2588

15.5

0.67

0.26

0.45

no

36.8
36.1
31.4
39.4
37.1
35.9
37.6
39.3
39.7
35.5
37.4
34.4
37.1

2783
2638
2681
2855
2523
2668
2479
2870
2537
2726
2595

14.0
16.2
13.9
12.0
18.0
16.3
16.4
13.2
16.4
16.0
15.2

0.56
0.64
0.61
0.50
0.82
0.69
0.64
0.50
0.54
0.70
0.63

0.24
0.26
0.24
0.21
0.39
0.29
0.27
0.29
0.30
0.29
0.26

0.45
0.49
0.45
0.39
0.66
0.55
0.56
0.50
0.51
0.53
0.49

99
75

39.8
33.5

2510
2844

16.7
14.0

0.71
0.61

0.29
0.27

0.53
0.50

Bold faced letters indicate the area of study by the investigators; C = cages; L = litter; S = slats; s = summer; w = winter
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Table 5. Published information on the requirements of calcium and phosphorus - Broilers
s No

Per diet
Birds x
groups

Exptl
Period
(d)

1
2

C 10x3
C8x3

1-42
3-30

Weight
gain
(g/b/d)
m-f-/12.2
39.5

Feed
intake

ME of
diet

(%)

Bone
ash
(kcal/kg)

(%)

(%)

30
64

55
47

2982
2830

0.76
1.04

Bold faced letters indicate the area of study by the investigators:

C = cages; m = males; f = females

References : 1 Shrivastav et al. ( 1979), 2 Rama Rao (1996)

Calcium

Non-phytin
phosphorus

(%)
0.38
0.40

Table 6. Published information on the requirements of calcium and phosphorus - WL layers
S No

Per diet
Birds x
group

Exptl
Period

C4x3
C4x2
Lllx2
112
C

280
120
112

Egg
prodn

Feed
intake

Egg
output

(%)

(g/b/d)

(g/b/d)

(%)

62.9
62.5
77.0
86.3
94.6

110
102
104
116
118

31.3
35.0
42.5
47.6
56.6

9.76
8.80

(d)

43

shell

Shell
thick- ME of
diet
ness
(mm) (k;cal/kg)

(%)

(%)

2610
2838
2527
2576
2657

3.08
3.10
3.15
3.28
3.61

>0.19
>0.24
0.40
0.62
0.19

0.330
0.336
0.342
0.379

Ca

NPP

Bold faced letters indicate the area of study by the investigators:C = cages; L = litter; NPP = Non-phytin phosphorus

References
IMathuretal. (1982)
2 Chandramoni et al. ( 1986)

3 Reddy et al. (1989)
4 Sudhakar& Reddy (1991)
5. Rama Rao(1996)

Table 7. Published information on the requirements of vitamin A - chicken
Weight
S No

Per diet
Birds x
group

Liver

Serum

Feed
intake

Egg
output

vitamin A

vitamin A

Livability

(%)

(g/b/d)

(g/b/d)

(lU/
lOOg)

(lU/
100ml)

(%)

1-70
1-70
8-49

m,/26.4

3082
4322
569

308
267

m+/4.8

73
73
35

8-56

W+/10.5
10.1

28
31

850
900

59
59

100
100

316455d

52.1

128

231

110

100

Exptl
Period
(d)

gain
(g/b/d)or
Egg prod

BROILERS
1
2

C 15x2
10x2
C 9x3

100

WL STARTER CHICKS
3

C 15x2

LAYERS
4
C20xl

28.6

On a
ME of
diet
diet of
(kcal/ vitamin A
(lU/kg)
(kg)
2900 kcal

ME/kg

2811
2542
2761

>2063
>2282
1224

2700 kcal

ME/kg

2852

1420
1675

2777

3600

Bold faced letters indicate the area of study by thw investigators:C = cages; m = males; f = females

References
ISingh-etal. (1974)
2Prasadetal. (1978)
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Table 8. Suggested nutrient requirements of chicken
Broilers

ME (kcal/kg)
Protein %
Lysine, %
Methionine,%
Methionine
+Cystine,%
Calcium,%
Phosphorus,%
(Non-phytin)
Vitamin A, lU/kg

Egg type replacement
pullets

Layers

Starters
(up to 3
weeks)

Growers
(3 to 6
weeks)

Finishers
(From 7
weeks)

Starters
(up to 8
weeks)

Growers
9-20
weeks

115

2900
22.0
1.03
0.54

2900
20.0
0.89
0.40

2900
18.0
0.75
0.31

2700
20.0
0.99
0.46

2700
15.0

2500
16.0

0.88
0.80

0.68

0.59

0.75

0.40
1225

1660

Feed intake,
g/bird/day
125

135

2500
14.7

2500
13.6

0.29

0.27

0.25

0.55
3.28

0.51
3.02

0.47
2.79

0.19
3600

0.18
3310

0.16
3070
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IMMUNOCOMPETENCE OF SLOW AND FAST
GROWING BROILER CHICKENS FED DIFFERENT
LEVELS OF VITAMIN E
D.V. Maurice and S.F. Lightsey
Poultry Science Department, Clemson University, Clemson, SC 296340379, USA

INTRODUCTION
Supradietary levels of vitamin E have an immunoenhancing effect in poultry as
evidenced by reduced risk of infection and chronic diseases (Tengerdy,1990;Colnago
et al. 1984; Mcllroy et al. 1993). However, genetic differences in growth and immune
responses of chickens (Seigel et al. 1989) and impact of the environment warrant an
examination of the value of high doses of vitamin E under praxis conditions. The
present study examined the effect of excess vitamin E on performance and
immunocompetence of different genotypes of broiler chickens reared under field
conditions.
MATERIALS AND METHODS
Three fast-growing strains of broiler chickens (A, B and C) and a slow growing strain
(D) obtained from parents of similar age were reared on used litter in an open-sided
house. The corn-soybean meal-poultry byproduct meal diets used were similar to
commercial diets in terms of additives and nutrient constraints but fed as mash. The
vitamin premix provided per kilogram of diet: retinyl acetate 7900 lU; cholecalciferol
2500 lU; menadione dimethylpyrimidinol bisulfite 2.5mg; and all the B vitamins. The
experiment was designed as a 4x3 factorial with 4 strains and 3 levels of supplemental
vitamin E (13, 100, and 300mg/kg) arranged in 4 blocks and a pen (1.8m^) of 35 birds
constituted an experimental unit. Supplemental vitamin E was provided as dl-atocopheryl acetate. The cutaneous basophilic response (GBR) to PHA-P measured T
cell-mediated immune response. Antibody response to a commercial bacterin of
Rmultocida (5) measured humoral immunity. Endotoxin challenge (EC) was employed
to assess the response to an acute immunologie stress. Phagocytosis was measured by
nitroblue tetrazoHum (NT) reduction after stimulation with E.coli endotoxin. Plasmaa-tocopherol was measured by HPLC.
RESULTS AND DISCUSSION
Feeding high doses of vitamin E increased plasma vitamin E irrespective of growth
rate(Table 1). Strains fed 100 mg E/kg were 3.3% heavier than those fed 13 mg E/kg
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Table 1. Performance and plasma a-tocopherol concentration of chicken at 7 weeks
Supplemental
vitamin E
(mg/kg)

Body
weight
gain' (g)

Feed
conversion

A

13

2162

2.043

21

A

100

2258

2.016

51

A

300

2195

2.039

119

B

13

2135

2.088

22

B

100

2188

2.049

52

B

300

2078

2.056

146

C

13

2147

2.053

51

C

100

2210

2.033

45

C

300

2120

2.043

75

±28.2

±0.0159

Strain

SEM'

Plasma
vitaminE
(|Lig/ml)

D

13

639

3.064

25

D

100

803

2.813

43

D

300

664

2.792

118

±53.5

±0.1408

±11.6

SEM^
'SEM for strains A, B, and C (commercial strains)
^SEM for all four strains

^A statistically significant strain x vitamin E interaction was not detected. Commercial strains were
heavier than strain D (P<0.0001) and strain A was heavier than strains B and C (2205 versus 2134 and
2159 ±16.3; P<0.002). Birds fed lOOmgE/kg were heavier (2219 versus 2148(13mg) and 2131 (300mg)
±16.3; P<0.002).
^A statistically significant strain x vitamin E interaction was not detected. Commercial strains were
superior to strain D (P<0.0001) and strain B was relatively inefficient (2.064 versus 2.033 (A) and
2.043 (C)±0.0092; P<0.065). Birds fed 100 mg E/kg were more efficient (2.033 versus 2.062 (13 mg)
and 2.046 (300 mg) ±0.0092; P<0.108).
''Supplemental vitamin E at 13, 100, and 300 mg/kg resulted in mean plasma concentrations of 22, 48,
andll5|jg/ml±5.8(P<0.01).
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Table 2. Daily weight gain (g) of chicks fed ad libitum and injected with endotoxin
Supplemental vitamin E (mg/kg)

13
Strain
A
B
C
SEM2
D
SEM^

100

300

-

+

-

+

-

+

46. P
40.6^
52. P^

34.0^
41.5^
51.7^^^

47.2'^
47.5^
479bc

43.6^
46.0^^
37.3^

42.7^'
42.6^^
46.7^^

48.4^
41.9ab

10.3^

±2.15
11.5^
13.œ
±0.761

12.9^

9.8^

14.P

43.6^

'Chicks were injected (i/p) with 300|ig oí Salmonella typhimurium Hpopolysaccharide (L-7261, Sigma
Chemical Co.) each day on 17, 19, and 21 days of age and weighed on day 22. The control group (-)
received saline.
a,b,c Means in a row with different superscripts are significantly different (P<0.05).
^ SEM for comparison of the three commercial strains.
^ SEM for comparison of treatments for strain D.

Table 3. Cutaneous basophilic response to phytohemogglutinin^
Supplemental vitamin E (mg/kg)
Strain

13

100

300

A

141de

138^

IQ^abc

B

lOOab

156d

144de

C

134cd

92a

125b

D

170e

156de

156de

SEM

±11.5

' Cutaneous basophilic response was measured by local reaction (swelling) to intradermal injection of
PHA-P (phytohemagglutinin-P(3110-56-4 Difco)) in the wattle of male birds. Wattle swelling at the
injection site was measured and the index expressed as thickness of PHA-P injected wattle xlOO/thickness
of saline injected wattle.
a,b,c,d,e A significant strain x vitamin E interaction was detected. Means with different superscripts
are different (P < 0.0004).
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Table 4. Antibody titers to bacterin of Pasteurella multocida^
Age (wks)^

Supplemental
Strain

vitamin E
(mg/kg)

4

5

6

7

8

9

A

13

69

412

295

608

699

708

A

100

91

428

344

763

800

818

A

300

125

385

282

744

719

634

B

131

60

464

396

705

736

770

B

100

168

476

414

521

622

657

B

300

108

283

268

661

666

577

C

13

67

313

200

546

573

626

C

100

171

472

399

587

677

762

C

300

126

388

307

583

583

584

D

13

130

349

315

564

588

560

D

100

170

414

505

740

748

708

D

300

147

404

369

616

653

536

SEM

±36.2

'Birds were vaccinated at 3 and 6 wks of age with Pabac (Solvay Animal Health, Inc., MN) a polyvalent
bacterin containing serotypes 1, 3, and 4 of Pasteurella multocida. Antibody titers were determined
weekly by Elisa and expressed as corrected OD of test serum x 1000.
^Each mean based on 16 birds (4 per block). A significant (P<.02) strain x diet x age interaction was
detected. Primary peak response was depressed by 300 mg E/kg in strain B. Vitamin E at 100 mg/kg
stimulated secondary response in strains A, C, and D but not strain B when compared to the control
group fed 13 mg/kg.
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EFFECTS OF n-3 AND n-6 POLYUNSATURATED FATTY
ACIDS IN DIETS ON SERUM AND LIVER LIPIDS
CHOLESTEROL-FED CHICKS
K. Tanaka, B. K. An and S. Ohtani
Department of Animal Science and Technology, Faculty of Agriculture,
Gifu University, Gifu 501-11, Japan

The effect of dietary fat sources in which have different degree of unsaturation
and different position of double bonds on the serum and liver lipids were studied
in cholesterol-fed chicks. Four weeks old chicks were given semi-purified diets
containing 6% palm oil(PLO), 6% safflower oil(SFO), 3% safflower oil and 3%
linseed oil(SFO+LNO), 6% linseed oil(LNO) or 3% linseed oil and 3% fish
oil(LNO+FO). There were no significant differences in body weight gain, liver
and abdominal fat (g/lOOg BW) and feed intake among treated groups. Cholesterol
ester content in the liver and serum of chicks fed PLO diet was significantly higher
than that of other diet groups. Liver triglycéride and free cholesterol contents
were significantly decreased in chicks fed diets containing n-3 fatty acids (i.e. Unseed
or fish oil). Serum triglycéride level was also decreased by feeding the LNO or
LNO+FO diet. Serum lecithin ¡cholesterol acyltransferase activity was not affected
by dietary treatments. Fecal neutral steroid excretion was significantly increased
in the LNO+FO diet as compared with the SFO+LNO diet, although there was no
significant difference in acidic steroid excretion. With the increase in dietary linseed
oil levels, the rates of C18:2n6 and C20:4n6 fatty acids in tissue Upids decreased,
but C18:3n3 and C20:5n3 were gradually increased. Chicks fed the LNO diet had
the highest level of total n-3 fatty acids in tissue lipids. Whereas the levels of longer
chain n-3 fatty acids (i.e. C20:5n3 or C22:6n3) in chicks fed the fish oil (LNO+FO
diet) were significantly increased compared to those fed linseed oil with
corresponding level. This result demonstrated that dietary fat enriched with a linolenic acid and longer chain n-3 fatty acids have stronger effects on lowering
serum lipid levels than dietary fat composed either saturated, or n-6 fatty acids,
but both n-3 fatty acids show differing effects on the deposition of longer chain n3 fatty acids into tissue lipids.
INTRODUCTION
It has been well known that dietary intake of n-6 and n-3 polyunsaturated fatty
acids(PUFAs) is effective in lowering blood lipid level(Gmndy and Denke, 1990). But
n-6 and n-3 PUFAs differ in their effect on serum lipid concentrations; n-6 fatty acids
lower serum cholesterol levels, but not triglycéride; n-3 fatty acid serum cholesterol,
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and even more serum triglycéride levels in experimental animals and humans(Berr et
al., 1993; Lee et al., 1992). n-3 PUFAs are found in some plants and seafood. The
principle n-3 fatty acid in plant is a-linolenic acid, but eicosapentaenoic (C20:5n-3,
EPA) and docosahexaenoic acid (C22:6n-3, DHA) are marine oils. Recently, some
differences between a -linolenic acid and longer chain n-3 fatty acids were reported in
experimental animals(Ikeda et al., 1994; Takita et al., 1994). A common result from
these studies is that longer chain n-3 fatty acids have a stronger effect in lowering
blood lipids and in deposition of longer chain n-3 fatty acids into tissue lipids than alinolenic acid.
Numerous studies using birds have been established with respect to the effects of n-3
fatty acids on fatty acid composition in tissue lipids and eggs(Chanmugam et al., 1992).
But only limited information is available on the effects of dietary fat sources on blood
lipid levels and lipid metabolism in avian species. Thus, this study was designed to
examine the dietary effect of various fats which have different degree of unsaturation
and different position of double bonds on lipid metabolism in cholesterol-fed chicks.
MATERIALS AND METHODS
White Leghorn male chicks were used. At 4 weeks of age, all chicks were weighed
individually and divided into 5 groups of 10 birds each. Thereafter, they were housed
in wire cages arranged each group and fed on one of five experimental diets containing
6% palm oil(PLO), 6% safflower oil(SFO), 3% safflower and 3% linseed
oil(SFO+LNO), 6% linseed oil(LNO) or 3% linseed and 3% fish oil(LNO-hFO),
respectively for 3 weeks. Cholesterol was supplemented in each experimental diet at
0.5% level. Chicks had free access to feed and water. Room temperature was maintained
25±30 and 14/10 hr light/dark cycle was kept throughout the experimental period. At
the end of the experimental period, all chicks were weighed, and 5 chicks from each
group were randomly selected. Thereafter, using syringe, the blood was drawn from
wing vein of each chick for determination of the lecithinxholesterol acyltransferase
(LCAT, EC 2.3.1.43) activity and concentrations of various lipid fractions. At necropsy,
the liver and abdominal fat were immediately removed and weighed. The total lipids of
the liver, serum and abdominal fat were extracted, and then were separated to various
lipid fractions by thin layer chromatography. The fatty acid composition of cholesterol
ester, triglycéride and phospholipid fractions was measured by gas-liquid
chromatography. The rest 5 chicks were housed individually and feces were collected
for 2 days and fecal neutral and acidic steroid excretion were measured.
All data were statistically analyzed using ANO VA, and significant differences of
obtained means were determined using Duncan's multiple range test.
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RESULTS AND DISCUSSION
There were no significant differences in body weight gain, the liver and abdominal fat
weights and feed intake of chicks fed experimental diets. The effect of feeding different
sources of fat on various lipid contents in the liver and serum is shown in Table. Liver
cholesterol ester content was significantly decreased in chicks fed the SFO, SFO+LNO,
LNO or LNO+FO diet than that of the PLO diet. Liver triglycéride and free cholesterol
contents were decreased by feeding of fats enriched with n-3 fatty acids (i.e. SFO+LNO,
LNO or LNO+ FO diets). Liver phospholipid content remained unchanged by dietary
fats. Various lipid concentrations in the serum were similar pattern as to those in the
liver. Chicks fed the PLO diet showed the highest values in each lipid concentrations.
Cholesterol ester level was decreased by feeding of diets containing n-6 and n-3 fatty
acids. However, triglycéride lowering effect was shown in chicks fed diets containing
fat enriched with both n-3 fatty acids, and the lowering was greater in chicks fed
LNO+FO diet than those fed LNO diet. Free cholesterol level was much lower in chicks
fed LNO+FO diet, but not significant. A number of studies have demonstrated increased
hepatic b-oxidation and reduced lipogenesis after feeding of n-3 PUFAs or fish oil
(Surette et al., 1992; Willumsen et al., 1993). In previous study, we found that feeding
of 1.5% linseed oil, at the expense of safflower oil, was significantly reduced hepatic
fatty acid synthetase activity compared with that of chicks fed the diet containing
safflower oil only, and this lead to decrease in triglycéride in the Hver and serum(An et
al., 1995).
Excretion of total neutral steroids was the highest in chicks fed the LNO+FO, whereas
excretion of total acidic steroid was not different. It has been referred to decreased
cholesterol synthesis, increased cholesterol excretion or both as possible mechanisms
with respect to reduction in plasma cholesterol levels. Dietary fish oil has been reported
to reduce the activity of hepatic HMG-CoA reductase, a rate-limiting enzyme of
cholesterol synthesis, and overall cholesterogenesis in rats and in Japanese quails(Choi
et al., 1989; Hood et al., 1991). A part of the serum cholesterol lowering effects of fish
oil may be due to this reduction. In this study, fecal neutral excretion was increased by
feeding of diet containg fish oil but the diet containing linseed oil. However, reduced
serum cholesterol levels after feeding of the diet containing fish oil (LNO+FO diet)
could not be explained by increased fecal neutral steroid because fish oil used in ths
study contained relatively high level of cholesterol (about lOmg/g). Therfore, a precise
mechanism on lowered cholesterol levels in the liver and serum has not been made
clear by the result of increased fecal neutral steroid excretion. But, there was a evidence
that bihary excretion of cholesterol increased in rats fed fish oil, and this was associated
with the reduction in plasma lipids(Smit et al., 1991). The possibility of increased
biliary cholesterol excretion should not be precluded and further studies are required to
clarify dietary effect of longer chain n-3 fatty acids on biliary cholesterol metabolism.
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Table 1. Various lipid contents in the liver and serum, LCAT activity, excretion of
neutral and acidic steroids in chicks fed experimental diet
PLO
Liver, mg/g
Cholesterol ester
Triglycéride
Free cholesterol
Phosphohpid
Serum, mg/100ml
Cholesterol ester
Triglycéride
Free cholesterol
Phospholipid
LCAT activity
Percent esterified,
%/h
Cholesterol
esterified,
n mol/ml/h
Feces, dry wt.
g/2 days
Total neutral steroids.
mg/2d.
Coprosterol
Cholesterol
Total acidic steroids

58.07a
10.21ab
8.01a
44.63
1188a
83.2a
139.0
604.6a

7.20abc

SFO

SFO+LNO

32.79b
11.36a
7.53a
38.45
840ab
71.5a
114.2
471.2b

6.93bc

29.78b
9.35bc
5.35b
35.88
809b
59.9ab
112.6
463.8b

5.74c

LNO
27.78b
7.03d
5.36b
35.81
924ab
58.7a
120.7
419.5b

7.72ab

LNO+FO Pooled SEM
26.54b
8.26cd
5.50b
43.44
613b
41.0b
93.8
387.6b

8.89a

2.92
0.37
0.35
1.70
56
4.5
6.1
19.7

0.31

259.6

199.4

169.2

238.6

208.2

12.0

28.3

30.7

27.8

28.2

26.2

0.8

16.3ab
0.5
15.8ab
13.0

15.6ab
0.3
15.3ab
15.3

13.6b
0,4
13.3b
15.5

14.6b
0.3
14.3b
9.3

24.7a
0.7
23.9a
17.8

1.1
0.1
1.1
1.2

Values are presented as means (n=5, each group).

In present study, LCAT activity in chicks fed the LNO+FO diet was significantly higher
than that of the SFO or SFO+LNO diet as measured in terms of fractional rate of
esterification. But a mass of cholesterol esterified was not affected by dietary fat sources.
As expected, the profile of the dietary oils was reflected in the fatty acid composition
of the various tissue lipid fractions. The tissue lipids from the PLO diet group had a
high percentage of C18:ln9, while those from the SFO diet contained substantial
quantities of linoleic acid. The tissue lipids from chicks fed the LNO diet contained
much higher amounts of a -linolenic acid than the lipids from the other dietary groups.
Chicks fed the LNO diet appeared slightly higher levels of total n-3 fatty acids than
those fed the LNO+ FO diet, although most of the increase was attributed to the increase
of a -linolenic acid. But preformed EPA from fish oil is more effective in deposition of
EPA into tissue lipids. The rate of C20:4n6 fatty acid in each lipid fraction of the liver
and serum from chicks fed the LNO or LNO+FO diet was much lower than the
corresponding data from the other groups. This result agreed with Garg et al. (1988)
and Hwang et al. (1988) who have previously reported that the decrease of C20:4 n6
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fatty acid is due to competitive inhibition between a -linolenic and linoleic acid. The
depletion in the level of arachidonic acid was compensated by a moderate increase in
EPA levels.
In conclusion, these results show that both n-3 fatty acids have a greater effect of lowering
lipid levels in the liver and serum than saturated and n-6 fatty acid. However, longer
chain n-3 fatty acids appeared to be more effective than a -linolenic acid with respect to
deposition of longer chain n-3 fatty acids, such as EPA and DHA, especially under the
condition of dietary cholesterol supplementation.
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ENERGY REQUIREMENTS OF WHITE LEGHORN
CHICKS
B.R. Patle, S. Nayak and S.K. Singh
Department of Animal Nutrition and Food Technology College of
Veterinary Science and Animal Husbandry, Jabalpur - 482001, India

Energy requirements of White Leghron female chicks of 0-8 weeks age were
estimated using comparative slaughter technique. Nine diets containing three levels
of protein i.e. 18, 20 and 22% and three levels of energy i.e. 2500, 2700 and 2900
kcal ME/kg were fed to 27 groups of chicks for a period of 56 days. Body weight
gains were not affected significantly due to diets. Feed consumption was
significantly (P <0.01) higher in low energy (2500 kcal ME/kg) and low protein
(18%) diet and decreased proportionately as the energy and protein levels
increased. The basal metabolic rate and the ME requirement for maintenance
value were respectively 91.7 and 133.1 kcalAV^^^ kg/d. The ME required per kcal
gain was 1.19 kcal. The efficiency of utilization of ME for maintenance was 78%
and for energy gain 74%. The optimum energy requirement for starter chick diet
was 2850 kcal ME/kg.

INTRODUCTION
The energy requirement values for chicks as stated in Indian standards (IS, 1984) are
mainly based on feeding trial methods in which different levels of energy were fed and
the level giving best performance in terms of body weight gain and feed efficiency was
taken as the energy requirement. As chicks try to meet their energy requirements by
adjusting their feed intake (Scott, 1976) the accurate energy requirements may not be
obtained only on the basis of feeding trials. Complete energy balance trials are considered
to be accurate methods to arrive at correct energy requirements. In the present studies
therefore, comparative slaughter technique was used to estimate energy requirements
of White Leghron chicks.
MATERIALS AND METHODS
A total of 364 day old female chicks of WL MN strain developed by AICRP on Poultry
Breeding, Jabalpur were divided into 28 groups of 13 chicks each. One group of 13
chiks was used as Initial Slaughter Group (ISG). All chicks in ISG were sacrificed
using chloroform after eight hours of fasting. The chicks during the fasting period had
access to clean water. The carecasses were packed in polythene bags and stored at 22°C in deep freeze for further chemical analysis.
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The remaining 27 groups of 13 chicks each were housed in electrically operated battery
brooders with raised wire netting floor. The 27 groups were fed nine diets (Table 1)
having three levels of protein i.e. 18, 20 and 22% and three levels of energy i.e. 2500,
2700 and 2900 kcal ME/kg. Thus one diet was rephcated thrice. The feeding trial lasted
for 56 days. A three days metabolic trial was conducted in the middle of the feeding
trial on one replicate from each dietary treatment. Excreta were dried in hot air oven at
90°C and kept in polythene bags for further chemical analysis. At the end of the feeding
trial one bird of average weight from each dietary repHcate was fasted for eight hours,
again weighted, sacriñced and preserved in the same way as for ISG group.
For chemical analysis frozen carcass was removed from the deep freeze, thawed and
cut in to small pieces with sharp knife. The whole carcass alongwith the finely cut
feathers were minced through 1 HP meat mincing machine (Gardner's Co. UK). The
minced carcass was weighed and sparsely spread over G.I. tray for drying in hot air
oven at 60°C for 16 hours. The dried sample was weighed, minced again and
homogenised in waring blender. The minced samples were loosely packed separately
in polythene bags and stored in refrigerator until they were analysed for moisture, CP,
fat and ash (AOAC, 1980). Feed and excreta were also analysed using AOAC (1980)
methods. Gross energy (GE) content of feed, excreta and carcass were estimated using
calorific value for carbohydrates, fats and proteins respectively as 4.15, 9.4 and 5.65
kcal per g (Maynard et al., 1979).
Energy content of chicks in experimental group at the beginning of the experimental
period was calculated on the basis of energy content of ISG of chicks and their initial
body weights. Energy balances were calculated by substracting energy content of chicks
at the start from that at the end of the feeding trial. Heat Production (HP) was calculated
by substracting energy balance (EB) from ME intake. Basal Metabolism (FHP) was
calculated from the regression of log HP (kcalAV 0.75 kg) on ME intake (kcal/ W0.75
kg). Maintenance ME requirement was calculated by regression of EB (kcalAV°^^ kg)
on ME intake (kcal/W°^^ kg), with an adequate fit obtained using the simple linear
regression (Y = a + bx).
RESULTS AND DISCUSSION
The body weight gain, feed consumption, feed efficiency and chemical composition of
carcasses of chicks at eight weeks of age is shown in Table 2. Different levels of energy
and protein did not cause significant difference in the body weight gain at eight weeks
of age. Highest feed consumption was recorded for diet-1 containing lowest level of
energy and protein, which decreased progressively as the levels of energy and protein
increased in the diet. The feed consumption was significantly (P <0.01) low for diets 9
and 8 than the rest of the diets. Best feed efficiency (2.65) was recorded for diet 9 and
poorest (3.41) (significant P <0.01) for diet 1.
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Table 1 Composition of diets fed to different groups of starter chicks (% as fed basis)
Diet
Protein %

1

2

3

4

5

6

7

8

9

18

20

22

18

20

22

18

20

22

ME (kcal/kg)

2500

2700

2900

2500

2700

2900

2500

2700

2900

Maize

33.0

42.0

51.0

29.5

38.0

47.5

25.5

35.0

43.5

Jowar

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

Wheat Bran

26.5

17.0

7.5

23.5

14.5

5.0

21.0

11.5

2.0

Groundnut cake
(Decorticated)

17.0

17.5

17.5

23.5

24.0

24.0

30.0

30.0

31.0

Fish meal**

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

Mineral mixture +

3.3

3.3

3.3

3.3

3.3

3.3

3.3

3.3

3.3

Vitamin mixture ++

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

18.1

18.2

18.1

20.0

20.1

20.0

22.2

21.9

22.1

2511

2708

2940

2513

2701

2904

2508

2709

2903

Crude protein (%)
Metabolizable
**

Prepared by grinding the whole small size fish

+

Mineral mixture supplied 0.81% calcium, 0.15% phosphorus, 0.10% sodium ; and 50 mg manganese, 0.21 mg Iodine, 34.7 mg zinc per
kg feed.

++

Two vitamin mixture were used (a) Merivite and (b) Meriplex (Merind Co. Ltd.) Each g of above contained vit. A, 40,000 lU; Vit. B^,
25mg; Vit. D3,
5000 lU, Vit. B^, 4 mg; Vit. B^, 8 mg; Vit. B,^, 40 ug. Vit. E, 40mg; Niacin, 60 mg; Calcium Pantothenate, 40 mg.

o

Table 2 Body weight, gain, feed consumption, feed efficiency and body composition of chicks fed different diets.
Diet
Protein %
ME (kcal/kg)
Initial body weight (g)
Body weight gain (g)
Feed consumption
Feed efficiency

1

2

3

18
2500
32.1
413.4
1333a
3.41a

20
2700
32.5
399.7
1217abc
3.13ab

22
2900
32.2
403.7
1175abc
2.87bc

4

5

6

7

8

9

CD

SE

18
20
2500
2700
32.7
31.9
387.5
398.5
1292ab 1174abc
3.41a 3.10ab

22
2900
33.1
423.2
1163abc
2.95bc

18
2500
32.8
415.8
1319ab
3.25ab

20
2700
32.4
401.8
1092c
2.87bc

22
2900
32.2
437.0
1083c
2.65c

76.5
227
0.39

36.4
107.9
0.187

64.74a 66.16a
20.19bc 19.40de
8.22bc 8.45ab
3.67
3.63

66.16a
20.7 lab
8.82a
3.70

65.74a
21.06a
0.43
3.71

1.61
0.75
0.20
0.70

0.76
0.35

Body consumption at 8 weeks of age (% dry matter basis)
Water
Protein
Fat
Ash

64.62a
18.71e
7.50d
3.50

64.64a
19.55cd
7.62d
3.52

62.73b 64.76a 64.80a
21.18a 19.49cd 19.47cd
8.30bc 7.89cd 8.12bc
3.02
3.51
3.75

0.35

a,b,c values with different superscripts in the same row differ significntly (P <0.05).
Table 3 Energy metabolism data of chicks fed different diets.
Diet
Protein %
ME (kcal/kg)
Gross energy intake (kcal/c/d)
Excreta energy (kcal/c/d)
Metabolizable energy (kcal/c/d)
Energy balance kcal/W.750/d
Heat production kcal/W.75 kg/d

2

3

4

5

6

7

8

9

CD

SE

20
18
2700
2500
109.8 106.6
35.7
32.3
74.07 74.28
41.00c 39.66c
150.2 143.5

22
2900
104.1
30.1
73.95
45.22ab
139.6

18
2500
101.9
37.7
64.22
40.65c
141.8

20
2700
97.1
30.9
66.16
40.36c
137.0

22
2900
96.1
25.7
70.95
42.64bc
135.3

18
2500
99.4
37.0
62.75
41.53c
136.6

20
2700
95.7
30.2
65.54
47.35a
118.9

22
2900
83.8
25.3
58.52
17.60a
119.3

1.03
0.51
7.76
3.41
15.79

0.50
0.25
3.83
1.68
7.79

1

a,b,c values with different superscripts in the same row differ significantly (P <0.05)

Table 3 presents the energy metabolism data for different dietary treatments. Significantly
(P <0.01) high energy gain was obtained in diet 9 (47.6 kcalAV^^^ kg/d) and diet 8 (47.3
kcalAV^^^ kg/d) than other diets. HP was not affected significantly due to diets.
The regression of EB over ME intake gave the equation 1 as EB = -112.27 + 0.8433
ME (r2 = 0.66). Zero EB gave the maintenance energy requirement as 133.1 kcal ME/
^0 75 ]^g/j j^Q value of b in the equation represnted the efficiency of utilization of ME
for energy gain as 84.33%. The reciprocal of b represented the ME required for 1 kcal
energy gain as 1.19 kcal. Regression of log HP over ME intake was represented by the
equation 2 as log HP = 1.9625 + 0.0034 ME (r2 = 0.74) which gave the PHP value as
91.72 kcal/W°^^ kg/d. The FHP also represented the NEm requirement of the chicks.
The maintenance energy requirements obtained in the present studis are nearly similar
to the value of 129 kcal ME/W°^^ kg/d for 2-4 weeks Hubbard male chicks reported by
DeGroote (1968) and the value of 86 kcal NEm/W^^^ kg/d for WPR male chicks of 34 weeks age reported by Peterson (1970). Singh (1990) reported that the WL male
chicks of 8-28, 28-42 and 42-56 days age required 96.7,107.5 and 123.7 kcal ME/W^'^
kg/d respectively in winter and 91.4, 108.5 and 117.7 kcal ME/W°^^ kg/d in summer.
Regression of EB over weight gain was represented by equation 3 as EB = -10.7908 +
2.63WG (r2 = 0.90), which showed that per g weight gain 2.63 kcal NE was required.
The efficiency of utiUzation of ME was 78% for maintenance and 74% for weight gain.
Peterson (1970) concluded that ME is utilized with highest efficiency for maintenance
(70 to 93%) followed by for egg production (60 to 87%), for lipogenesis (70 to 78%)
and for growth (53 to 79%).
Practical feeding system for chicken includes formulation of complete feed and feeding
ad. libitum. It is therefore necessary to convert the daily energy and protein requiremnts
into their optimum concentration in the diet. The optimum ME concentration of the
starter diet was calculated on the basis of the values of ME required per W°^^ kg for
maintenance plus kcal ME required per g weight gain and the feed consumption record
as worked out in the present studies. The chicks required 133.1 kcal ME/W°^^ kg/d for
maintenance and 2.63 kcal NE per g weight gain. The efficiency of utihzation of ME
for weight gain was 74%, hence the ME required would be 3.55 kcal/g weight gain.
The average body weight of the chicks from 0-8 weeks as worked out by the formula
(Wl + 2W2 + W3)/4 where Wl was initial body weight on one day age, W2 was body
weight at 4 weeks of age and W3 at 8 weeks of age was 194.5 g.
The ME required for maintenance would be 38.98 kcal per chick per day. For growth of
7 g per day the energy requirement would be 24.85 kcal ME per chick. The total ME
requirement of the chick was therefore 63.83 kcal/d. The average feed consumption of
the chicks during the entire period of 8 weeks as worked out in the present studies was
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22.5 g/d including the allowance of 1 g feed wastage. The diet therefore should contain
2837 kcal or 2850 kcal ME per kg. NRC (1984) recommends 2900 kcal ME/kg feed for
chicks of 0-6 weeks of age while the IS (1984) recommends 2700 kcal ME/kg for
chicks of 0-8 weeks of age.
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ADDITIVES IMPROVING THE UTILIZATION OF
PROTEINS, FATS AND CARBOHDRATES IN POULTRY
DIETS
C.W. Scheele and C. Kwakernaak
Institute for Animal Science and Health (ID-DLO) Dept. Nutrition of
Pigs and Poultry, P.O. Box 65, NL-8200 AB Lelystad, The Netherlands

Different kinds of additives are used to improve performance of poultry. As to the
main nutrients in poultry diets, proteins fats and carbohydrates, new developments
in improving digestibility of the nutrients are discussed. Examples are given of
effects of additives interfering with the utilization of proteins, fats and
carbohydrates in poultry metabolism. Synthetic amino acids can be added to
improve the amino acid pattern of dietary protein in relation to the ideal amino
acid pattern for poultry nutrition. A balanced amino acid pattern in poultry diets
can match the supply of dietary amino acids to the amino acid requirements of
chickens. In this way adding synthetic amino acids can reduce environmental
pollution by nitrogen compounds in manure.
Saturated fatty acids such as palmitic and stearic acids in fats are poorly digested
by chickens. Poly-unsaturated fatty acids added to fats with high contents of stearic
and palmitic fatty acid can improve distinctly the feeding value of dietary fat for
poultry. Poly- unsaturated fatty acids as an additive to hard fats show a synergistic
effect on the digestibility of saturated fatty acids of palmfat and tallow. Cereals
are important feedstuffs in poultry diets. Non starch polysaccharides in wheat
(pentosans) cause high viscosity values in the intestinal tract of poultry. High
viscosities in the intestines will impair the digestion of nutrients. Exogenous
enzymes like endoxylanase as additives in poultry diets can reduce viscosity values
in the intestinal tract and can importantly improve the feeding values of wheat
containing diets.

AMINO ACIDS AS ADDITIVES IN POULTRY DIETS
An improvement of the utilization of dietary proteins by animals is desired for different
reasons. Specially for dietary proteins, animal use is in direct competition with human
use. In most practical poultry diets using only complete natural feedstuffs, there will be
a clear mismatch between requirement and dietary supply for most amino acids. The
reason for this is that plant proteins are synthesised as structural proteins for plants
having a different amino acid pattern than animal protein. Some essential amino acids
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in plant proteins are in surplus compared to others if related to the requirements of
poultry. A surplus of some amino acids in relation to the limiting amino acid for poultry
production in diets will lead to high losses of nitrogen in urine of birds. Nitrogen is
excreted by birds as undigested nitrogen in the faeces and as uric acid in the urine. The
excreted nitrogenous products are degraded to nitrate and to ammonia. These products
are responsible for a pollution of the environment. In countries with a high poultry
production there is a growing demand for reducing environmental pollution caused by
nitrogenous products in manure. For this reason more attention is paid to the amino
acid pattern in dietary protein for poultry. Amino acid patterns in poultry diets composed
from plant feedstuff s can be improved using synthetic amino acids. In this way a more
ideal amino acid pattern in dietary protein if compared with the amino acid pattern of
animal tissues can be obtained.
Generally the essential amino acids for poultry production, lysine and methionine are
limiting in diets composed from plant feedstuff s. Synthetic methionine and lysine can
be used to increase contents of these amino acids in diets. This will result in a better
utilization of dietary protein. Synthetic amino acids as additives to poultry diets can
importantly increase the efficiency of nitrogen in diets for deposited nitrogen in animal
tissue. The nitrogen efficiency for poultry production affect greatly nitrogen excretion
in droppings of poultry. In figure 1 is shown the relationship between nitrogen efficiency
and nitrogen excretion. This figure is obtained from Ten Doeschate (1995).
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Figure 1. Effect of N-efficiency of excretion of nitrogen at a fixed production level.
N-excretion is given relative to the N-excretion at 40% N-efficiency.
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Improvement of nitrogen efficiency in a nutritional way results in a more than equal
reduction in nitrogen excretion. An increase of N-efficiency from 40 to 50% results
according figure 1 in a reduction of nitrogen excretion of more than 25%. Depending
on which feedstuff s are used in poultry diets other essential amino acids will become
limiting after addition of synthetic lysine and methionine. A further improvement of
the dietary amino acid pattern can be obtained by adding other synthetic amino acids to
diets such as threonine. In this way less nitrogen will be exceted by the animal. This
can help to reduce environmental pollution by ammonia and nitrate originated from
excreted uric acid. An intensive survey about effects of dietary amino acids patterns on
nitrogen excretion by chickens is published by Ten Doeschate (1995).
DIETARY FAT AND ADDITIVES
Young chickens have problems in digesting high contents (5-10%) of hard fats having
a high melting point. A high melting point is caused by high contents of saturated fatty
acids (palmitic and stearic acid) in the fat (Leeson et al. 1976; Scheele et al. 1995).
Tallow and palm fats contain high contents of palmitic acid and stearic acid. These fats
are poorly digested by young chickens (Scheele et al. 1995). In the oil industry also
mixtures of free fatty acids are produced. Especially palm free fatty acids are available
for relatively low prices for animal nutrition. Palm free fatty acids (PFFA) contain
approximately 45% of the saturated fatty acid palmitic acid. Digestibility values of
PFFA in chickens are low. In experiments it has been shown that by adding soybean
free fatty acids (SBFFA) to PFFA the digestibility of the mixture is higher than is
expected from values calculated from values of both products determined separately.
SBFFA show a so called synergistic effect on the digestibility of PFFA if mixed together
in a blend. This means that PFFA are better digested if mixed with SBFFA than if fed as
such. In this case SBFFA can be considered as an additive for PFFA in order to improve
importantly the feeding value of PFFA. In table 1 values for metabolizable energy for
different fat blends are given. Values were calculated from adding determined values
of pure products (expected values). Values were also determined directly in a blend of
products. Blends were composed using 50% of each product. Expected and directly
determined AME values from different blends are presented in table 1 (Scheele et al.
1995).
Table 1. Shows that especially soybean free fatty acids exhibit a high synergistic effect
in a blend with palm free fatty acids. Using poly-unsaturated fatty acids as additives to
hard fats means that also hard fats like tallow and palm fat can be used in poultry
nutrition
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Table 1. Expected and Determined Metabolizable Energy (AME in kcal/kg dm)
of Fat Blends
Expected

Determined

5306

5625

+ 319

Blend 2 (50% Tallow + 50% SBFFA) 7239

7622

+ 383

Blend 3 (50% SBFFA + 50% PFFA) 5997

7048

+ 1051

Blend 1 (50% CPO + 50% PFFA)

Synergistic
effect of blend

CPO = crude palm oil; PFFA = palm free fatty acids; SBFFA = soybean free fatty acids
ADDITIVES AND CARBOHYDRATES
Cereals are important feedstuff s for poultry diets. Especially non starch polysaccharides
(NSP) as a part of the carbohydrates of cereals affect metabolisable energy values of
cereals negatively. Pentosans (arabinoxylans) in wheat have a distinct anti-nutritional
effect in chickens. It is generally accepted that the anti-nutritional effects are related to
high viscosity values in chyme of the intestinal tract of chickens caused by these non
stareh polysaccharides.
Xylanase enzymes added to wheat containing diets can reduce viscosity values in
intestines of chickens and can improve the feeding value of wheats. Enzymes nowadays
are important additives to poultry diets containing high contents of wheat. In table 2
effects of enzymes on the feeding value of the diet, viscosity in different parts of the
intestinal tract and on feed intake and feed conversion ratio of chickens are given (Scheele
et al. 1995). Table 2 shows that adding endoxylañases to a diet containing 50% wheat
can importantly reduce viscosity values in the intestinal tract and distinctly improve
the feeding value of the wheat containing diet. Endoxylanases especially will be
beneficial if high contents of wheats are mixed up in poultry diets. Also the feeding
value of barley and rye for poultry can be improved by specific enzymes such as
glucanases.
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Table 2: Grand means of values for viscosities in supernatants of jejunal and ileal
chyme and for feed conversion ratio (FCR) obtained in a growth experiment with
broilers from 10 to 30 days of age. Wheat-soybean diets^ without (-) and with
added (40 ppm) endoxylanase (EXL) are compared. Differences between dietary
treatments are given by putting all values belonging to diet A at 100.
Viscosity chym supernatant Feed intake

]Feed conversion ratio

jejunum

ileum

A (wheat - EXL)

100^

100^

100^

100^

B (wheat + EXL)

69«

57«

95«

94«

mPa.s

mPa.s

g/bird.d

g/g

2,21

3,49

111

1,86

Superscripts within the same column : values not sharing a common superscript are
significantly (P<0.05) different.
' Average values of six wheat varieties in broiler diets
The development of specific proteases dealing with the elimination of negative effects
of wheat glutens could be a possibility for a next important step in improving feeding
values of wheats for poultry.
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THE USE OF ANTIMICROBIALS AS GROWTH
PROMOTORS FOR POULTRY
C.Brenninkmeiyer
Hendrix'Voeders,Postbus 1,5830 MA Boxmeer, The Netherlands

Since the late fifties we see a strong development in the use of growth promotors
in the form of antimicrobials in broiler feed as well as in the feed for broiler breeders
and layers.The effect for broilers were very obvious and specially under field
conditions, they are sometimes very spectacular.Also in layer feeds a positive effect
was sometimes seen in production and feed conversion but there the big advantage
appears under stress situations.During the forty years, different products are in
use now,through there has always has been a certain opposition against them from
the side of the veterinarians being afraid of the development of resistance to
pathogenic bacteria as also from the side of the consumers being afraid of
everything the action groups told them to be afraid of. The result is a different
legislation related to the use of these products in the different parts of the world
based primarily on scientific data about effectivity, non-toxicity for animals and
via residues for the consumers of animal produce and quality of the product used.
Alongside these three basic criteria, the commercial interest of the producer and
the consumer attitude are the main reasons for different lists of authorized product
in the different parts of the world.To guarantee a free trade in the world for animal
products, it is necessary to come world wide on line and the WHO should be the
gremium to take the lead in order to be sure that the profit of 2% savings on
animal feed and on pollution can be made all over the world without giving
arguments for trade barriers.
INTRODUCTION
As early as 1946 Moore et al. reported about the possible use of antibiotics in feeding
chickens. From that period on up till now the use of antimicrobials became very popular
in poultry feeding. Due to the S wann report, that appeared in 1969, the government
started to regulate this use in the different parts of the world, thus restricting the number
and dosages to products that were acceptable based on the criteria Quality, Safety and
Efficacy. The World Health Organisation (WHO), where most of the countries in the
world are represented, should set up acceptable Maximum Residue Levels (MRL's) for
antibacterials used as growth promotors just as they did already for veterinary medicines
to have a sound basis for a free trade of animal products throughout the world.
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LEGISTLATION
After the first positive results the use of antibacterials in animal feed became very
popular. Because of the possibly negative effects it became evident that a good legislation
was needed to regulate the use of these products in such a way that the safety of the
consumer was guaranteed.
After the set up of a common market in Europe it became obvious that, to create a free
trade for animal products, the feed and food additives should be harmonized. As early
as 23 November 1970 this harmonization was reached in the additive directive 70/524/
EEC The acceptability of an additive was screened by the Scientific Committee of
Animal Nutrition, the SCAN. Very well known scientists from different disciphnes
and from the different member states are in this committee and they advise the legislator
about the additives as far as the three main criteria Safety, Quality and Efficacy are
involved.
In the 25 years of the existence of the additive directive many new products came in
and many old ones disappeared mostly because of economical reasons but sometimes
also for scientific arguments brought forward by the SCAN. Free trade should not be
inhibited for animal products produced with these harmonized additives if properly
used.
When we look to the world situation we see that after many years of difficult discussions
the General Agreement of Trade and Tariffs (GATT) was signed in 1994. It was agreed
that free trade should be guaranteed only for healthy animals and products. With free
trade all over the world, it is clear that the World Trade Organisation (WTO) should
take care of the harmonization of what means healthy in the near future. The best
representative body to make the proposals for this is the WHO. The Safety should
however be the only criterion for the WHO to follow in accepting products as growth
promotors, because Quality and Efficacy should be left to the local authorities.
Quality
The first criterion Quality covers the chemical purity and the constantness of a product.
Also the technical data about the formulations are important in this aspect because free
flowingness, good mixability, particle size as well as lack of electrostaticity are essential
for an acceptable use. The analytical method, specific for the molecule in the commercial
product as well as in the animal feed with sufficient accuracy, has to be given, otherwise
the control of the use according to the rules is not possible. Especially the tolerance
provided for in these rules, being the total tolerance necessary for sampling, mixing,
dosing and analyzing, has been a heavy point of discussion.
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Safety
In the early sixties the safety was focused only on direct toxicity for the animal and
indirect for the consumer through residues in the animal produce. The S wann committee
brought in the separation between the products used therapeutically and the ones used
as growth promotors. They advised also to exclude those antibiotics that can cause
cross resistance to drugs that are used in humans. Products like penicillin, oxytetracycline
and lincomycine were no longer permitted as growth promotor in Europe as a result.
From next year on new guidelines are proposed including as well environment
persistency and toxicity.
All the "old" drugs are screened once more with these new guidelines and to stimulate
the pharmaceutical companies to bring in the extra dossiers the company bound
registration is possible, so that manufacturers of generic products can not benefit without
appropriate action is taken by themselves. If not, the products have to be withdrawn
from the European market.
Efficacy
The efficacy of antibacterial feed additives is determined by means of properly designed
feeding test. It is a very simple test to perform and thousands of trials are done in all
parts of the world.
Most of the tests were done by the feedmills themselves or by the "independent" research
institutes. We did a lot of trials on our own experimental farm. The effects were always
between 99 and 105 % of the control feed. Soon it came out that a new antibacterial
was always better than the one in use, as was also shown by Vanschouwbroek et al. in
1969 for pigs. Therefore it became a habit to switch every 6 months. The biggest effect
was always seen when the circumstances were less optimal. The effects could be seen
on growth rate, feed intake, feed conversion and mortality and sometimes only one or
two of these items were positive.
After the introduction and acceptance of antibacterials for use in broiler feeds it very
soon became evident that there was also a positive effect for other classes of poultry,
although the effect was more variable as compared to broilers. A secondary but very
important side effect was a better litter condition for rearing pullets and breeding hens.
In trails, we did in our own house, with layers and breeders we always found a positive
effect on livability. Especially under stress conditions, as water deprivation or high
temperature, the recovery to normal was far quicker on the feed containing antibiotics
as on the control feed. Due to these effects and seeing that also egg weight and litter
quality were very often improved, the use of antibacterials became very popular for
(broiler) breeders during their first half of the laying period.
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During the last WPSA nutrition conference in Antalya, Turkey some interesting data
were provided by Okan et aL(1995) showing that under their circumstances for broiler
quails growth improved ± 20 % and feed conversion ± 5 % by using antibiotics. At the
same symposium it was shown by Langhout et al. (1995) that the antimicrobial effect
was still there when enzymes were used to improve feed digestibility. The only negative
effects seen so far are in the combined use of antibiotics and probiotics when these are
sensitive to the antibiotic used.
However Pivnick et al. showed in 1982 in their trials with Competitive Exclusion (CE)
that in those situations even high levels (200 ppm) of several antibiotics had no negative
effects on the CE response.
Only some combinations of coccidiostats and growth promotors have a negative effect
on the protective capability of a CE treatment as was shown by Bailey et al. in 1988.
World Use
At this time the use of antibacterials is accepted world wide by most of the governments,
but in many places of the world there are smaller or bigger groups of consumers - and
in some countries even production chains - who are asking for animal products made
without the use of antibacterials. The real reason is not very clear. Mostly it is because
incidents of abuse of hormones or ß agonists have caused a general aversion against all
feed additives including the legal ones like the antibacterial growth promotors. At the
same time these groups easily accept medical or veterinary use of antibiotics. That they
consider as the appropriate use, but the use of these substances as growth promotor via
their feed they do not accept.
In most of the European Union countries these so called clean products are available
today, be it at a higher price of course. The segment in the market differs from 1-100
% in the member states, the 100 % being in Sweden where the use is forbidden since
1986.
When we look to the situation in three important parts of the world, Europe, Japan and
the United States, we see a far from uniform picture of the authorized antimicrobials as
growth promotors in poultry production as is shown in table 1.
In this table no products are mentioned for layers and turkeys for Japan. The Japanese
only have an approved list of antibacterials for poultry without talking about categories.
The total use of antimicrobials used as growth promotors is estimated by Rosen (1996)
to be 4,500 tons activity per year at this moment provided by 137 million tons of
poultry feed.
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Table 1. Approved use of growth promotors in Europe, Japan and the United
States of America

Product
Arsenicals
Avoparcin

Ja

US

EU

-

-

+

+

+

-

-

EU

Bacitr. M.D.

-

-

Bacitr. Zn
Flavophofol.

+
+

+
+

Linxomycin

-

-

Oxytetracycl.
Penicillin
Tylosin
Virginiamycin

+

+

+

+
+
+
+
+
+
+
+

+
+

+

Ja

Turkey

Pullets

Layers

Broilers

EU

Ja

US

-

-

+

-

+

-

+

-

+

-

-

+

+

-

+

+
+
+

+

-

-

+

+

-

+
+

+

+

+
+

+
+
+
+

EU

Ja US

US

+
+

+

+

+
+

+

Mode of Action
The most important direct way of action is believed to be the creation of a better bacterial
gut flora. It is shown that this indirectly results in less gut weight, the gut being smaller
and its wall thinner. This leads to a better absorbtion of nutrients and a relatively better
retention. This also possibly leads to a lower stress situation in the bird diminishing the
production of cytokines, molecules which work positively on the immune status of an
animal, but which decrease feed consumption and N-retention as was shown by Stahley
1996 for piglets.
For poultry the same mechanism, if available, could declare the extra positive effect
we see under suboptimal conditions as well with broilers as with layers. That the effect
on feed conversion for layers is not as consistent as for broilers could be due to the fact
that part of the positive effect, the one on the gutwall is dependent on the feed consumed
during the rearing period. This feed mostly does not contain antibiotics. It should be
interesting to set up some trials in this direction.
CONCLUSION
In the light of the world economy the meat and egg production with the help of
antibacterials for a lower price and with a better feed conversion, is a must. The same
output of animal products saves world wide several million tons of feed. Seeing the big
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increase in poultry consumption this can be crucial in the coming decennia. For every
million birds consumed, growth promotors in the feed will save almost 100 tons of raw
materials including their transport and handling and at the same time the manure problem
is reduced because of a better usage of the nitrogen and a lower manure production per
kg animal product. The WHO should as quickly as possible start up the procedure to
set up a world wide acceptable list for most of the consumers based upon toxicity
MRL's.
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THE ROLE OF FEED ENZYMES IN ANIMAL
NUTRITION TOWARDS 2000
Mingan Choct
Department of Animal Science, The University of New England
Armidale, NSW 2351, Australia

The use of feed enzymes to improve the nutritive value of poultry diets is a common
practice in many countries. The enzymes are predominantly glycanases which
cause partial cleavage of non-starch polysaccharides (NSP), thereby removing
their anti-nutritive activity for poultry. The benefits of using enzymes in poultry
diets include not only enhanced bird performance and feed conversion, but also
less environmental problems due to reduced output of excreta. Increased accuracy
and flexibility in least-cost feed formulation and improved well-being of the birds
are other possible benefits of using feed enzymes in poultry diets. As more and
more knowledge is gathered on the detailed chemical structures and the
physiological activities of NSP in various ingredients, highly sophisticated enzymes
will be developed to target these polymers in a precise manner. Therefore use of
NSP as energy sources, a more efficient utilisation of animal by-products and
industrial wastes and elimination of specific anti-nutritive factors such as protease
inhibitors, glucosinolates, alkaloids, saponins and polyphenolics will receive
increasing attention from enzyme manufacturers.
INTRODUCTION
The potential for feed enzymes has been recognised for years and indeed various enzyme
preparations have been used in monogastric diets to increase productivity. The early
work focused on the hydrolysis of specific substrates to increase the availability of
these substrates in their simple constituents (Fry et al., 1957; Moran et al., 1968). For
example, various preparations of amylase were used in an attempt to overcome poor
performance of chicks fed barley diets by increasing the availability of starch (Hastings,
1946; Fry et al., 1957). Cellulases and proteases were also used for similar purposes
with minimal success. Appreciable advances have since been achieved in the use of
enzymes in poultry diets with a clear understanding of the target substrates and the
advances of microbiological technology. The prime example of this is the use of ßglucanase in barley diets and pentosanase (arabinoxylañase) in rye or wheat diets.
Within the past five years, the use of enzymes has become widespread in the feed
industry, with many companies producing a wide variety of enzyme products at low
cost. This paper discusses the past, present and future role of feed enzymes in animal
nutrition.
125

THE ENZYMES TODAY
The poultry industry is the largest user of feed enzymes. The enzymes currently on the
market are predominantly glycanases designed to cleave the non-starch polysaccharides
(NSP) which exhibit anti-nutritive activity in monogastric diets. The anti-nutritive effect
of NSP is manifested by poor digestibility of energy and nutrients followed by wet
droppings. The alleviation of these problems by enzymes is achieved by partial cleavage
of the NSP, not by a complete breakdown of the polymers to absorbable monomers.
Barley. The concept of using enzymes to increase feed utilisation was trialed half a
century ago. The strikingly different nutritive values of barley and com for poultry
despite having similar macro-nutrient contents led scientists to use various treatments,
including enzyme supplementation (Hastings, 1946; Fry et al., 1957). These workers
used an a-amylase which significantly increased the liveweight gain and feed conversion
efficiency of chickens fed barley diets. It is now well-established that the starch in
barley is totally digestible by the amylase secreted by chickens. Therefore the reported
improvements with amylase supplementation were probably due to the impurities in
the enzymes used, i.e., the crude enzyme preparation contained ß-glucanase activity.
ß-Glucans are glucose polymers containing a mixture of ß 1-3 and ßl-4 linkages which
make their physicochemical properties totally different from cellulose which is a straightchain glucose polymer with only ßl-4 linkages. Barley contains a high level of mixedlinked ß-glucan (3-4%) which is responsible for its poor nutritive value in chickens
(Burnett, 1966). Since this significant finding, there have been numerous studies on the
use of enzymes, in particular ß-glucanases in barley based poultry diets (Hesselman
and Aman, 1986; Campbell et al., 1989), with outstanding success. The enzymes increase
growth performance and feed conversion efficiency. Increases up to 17% in liveweight
gain (Broz and Frigg, 1986) and 19% in feed conversion efficiency (Newman and
Newman, 1987) have been reported for broiler chickens fed barley diets supplemented
with ß-glucanases. Barley also contains an appreciable amount of soluble NSP other
than ß-glucans and thus the majority of enzymes for barley diets have both ß-glucanase
and pentosanase activities.
Rye. The poor feeding value of rye was reported 60 years ago (Halpin et al., 1936). In
search for an answer to the problem, Fernandez et al. (1973) extracted rye grain with
water and freeze-dried the extract. When this extract was added to a corn-based diet, it
depressed the growth of the birds and caused sticky droppings, whereas the waterextracted rye was markedly better than normal rye. This water-extractable factor is
now known to be the soluble pentosan (Fengler and Marquardt, 1988a,b). Thus, addition
of pentosanases to rye-based broiler diets significantly improved the growth performance
and feed conversion efficiency (Bedford et al., 1991; Bedford and Classen, 1992).
Supplementation with increasing levels (0.11, 0.22, 0.44, and 0.88 g/kg) of an enzyme
preparation having pentosanase and ß-glucanase activities to a rye-wheat based diet
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improved the weight gain of broilers up to 27% and FCE up to 10% (Pettersson and
Aman, 1988; 1989). Although enzymes always substantially improve the performance
of birds fed rye diets, they do not seem to have as large an effect on the litter quality.
The "low-ME" wheat. Although the large variability (up to 4 MJ/kg dry matter) of the
nutritive quality of wheat was reported by numerous researchers (Sibbald and Slinger,
1962; Schumaier and McGinnis, 1967), the significance of the problem had not been
widely appreciated until recently. Connor et al. (1976) noticed that the AME value
obtained for wheats was 7-25% lower than that of sorghum and Payne (1976) postulated
that some wheats may contain a "slightly toxic inhibitor". Subsequently, two major
studies found that approximately 25% of the Australian wheats had AME values below
13 MJ/kg dry matter (Mollah et al., 1983; Rogel et al, 1987). When these "low-ME"
wheats are included above 50% in the ration, chickens have sticky and watery droppings
accompanied by poor growth and feed efficiency. It is now generally conceded that the
occurrence of low-ME wheats is due to an increased level of NSP, in particular the
arabinoxylan (Choct and Annison, 1990; Annison, 1991). Supplementing of wheatbased diets with xylanases (arabinoxylanases, pentosanases, xylanases are glycanases
capable of breaking down the arabinoxylans) Choct et al. (1995) demonstrated that the
commercial glycanase preparation increased the AME by 24% and the FCE by 25% in
3-4 week old broiler chickens.
THE HIDDEN BENEFITS OF ENZYMES
Reduction in manure output. As mentioned in the previous sections, increased NSP
levels in poultry lead to watery and sticky droppings. Reduction of the moisture content
and the volume of the excreta is often noted when glycanases are added to poultry
diets. Supplementation of a low-AME wheat diet with a xylañase product improved
the overall dry matter digestibility by 17% and reduced the excreta output by 43%
(Choct et al., 1995).
Wet excreta is a big problem in the poultry industry, especially in laying hens where
increased percentage of dirty eggs is associated with wet droppings. In many countries,
dirty eggs are not suitable for sale as second-grade eggs and therefore they represent a
net loss to the industry. Wet droppings may also cause increased gas production (ie,
ammonia) and fly and rodent population in the shed. These can affect the well-being of
the birds by way of increased stress and poor air quality. Furthermore, these can also
affect the health of the staff working in the shed. Another important benefit of the use
of feed enzymes related to the environment is the reduction of nitrogen and organic
phosphorus output through the use of phytase. This is of particular significance in
regions such as Asia where high levels of cereal by-products are included in poultry
diets. Martin (1995) has demonstrated that supplementation of duck diets with microbial
phytase allows rice bran to be used at high levels (up to 60%) without detrimental
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effects. P excretion was reduced by 9.6% and significant decreases in excretion of
mineral elements Mn, Cu and Zn were also noted.
The use of enzymes to alleviate environmental problems is not just limited to pigs and
poultry. Sloppy excreta dumped in parklands and residential areas by millions of
household pets throughout the world is a big environmental issue and enzymes have
shown great potential to ameliorate this problem.
Improved well-being of birds. Some benefits of using enzymes in monogastric diets
have not been widely recognised. These include coccidiosis control, change in gut
microflora and elimination of certain diseases. Morgan and Bedford (1995) reported
that birds fed a wheat-based diet with and without glycanase supplementation showed
vastly different responses to coccidiosis challenge. The growth of the control group
was depressed by 52.5% compared to only 30.5% in the enzyme group which also had
a much better lesion score. An increase in digesta passage rate and reduction in excreta
moisture are often noted when glycanases are added to poultry diets, which may be
detrimental to the life cycle of the organism.
The significance of the gut microflora in the nutrition of chickens is not well documented.
It is possible that excessive fermentation in the small intestine may interfere with the
normal physiological process of nutrient digestion. It is often noted that addition of
antibiotics to high soluble-NSP poultry diets markedly improves bird performance (Misir
and Marquardt, 1978). Elevated levels of intact soluble NSP increased the activity of
fermentative microorganims in the small intestine in a detrimental manner (Choct et
al., 1996). Enzyme supplementation largely eliminated the fermentation in the small
intestine and improved nutrient digestibility and the well-being of the birds. It is
postulated that a sudden change in the gut ecology (from aerobic or facultative anaerobic
to strict anaerobic environment) may induce gastrointestinal stress and severely affect
its normal physiological processes.
Increased precision and flexibility in least-cost feed formulation. The nutritive value
of cereal grains for poultry varies greatly and currently no suitable assays are available
for rapid in-mill testing. For instance, the variability of wheat AME for poultry can be
as large as 4 MJ/kg dry matter (Sibbald and Slinger, 1962; Rogel et al., 1987). The use
of glycanases can largely overcome this problem and bring the AME of different wheats
to a comparable level (Choct et al, 1995). In a recent trial, enzyme supplementation
increased the AME of a wheat from 13.7 to 14.5 MJ/kg dry matter, with a 74% reduction
in between-bird variation (Choct et al., unpublished data). The practical significance of
this is an increased precision in least cost feed formulation, hence a more uniform
performance of the birds. Enzymes also allow a wide range of ingredients to be used in
a diet with a desired outcome. This gives the producer a great deal of flexibility to
formulate a nutritionally balanced least-cost diet.
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THE NEXT GENERATION OF ENZYMES
The use of NSP as energy sources. The fermentative capacity of the chicken is hmited
and therefore it absorbs most of its energy as monomeric sugars. The current enzymes
are not designed to degrade NSP to monomeric sugars within the food transit time of
the chicken.
Approximately two biUion tonnes of cereal grains and 140 million tonnes of legumes
and oil seeds are produced throughout the world each year (FAQ, 1993), which yield
an estimated 230 million tonnes of NSP as part of a variety of by-products. The
digestibilities of NSP are very low in both pigs and poultry and large amounts of NSP
are wasted. For example, most cereal grains and their by-products contain large amounts
of arabinoxylan and cellulose as the main NSP. The structure of both polymers is well
characterised and the enzyme technology is widely available for a complete breakdown
of these substrates. But utilisation of arabinoxylan as an energy source by monogastrics
is doubtful since the 5-carbon sugars are not used efficiently in either pigs or poultry
(Schutte, 1991). A large bulk of the NSP, however, is polymers of 6-carbon sugars
(glucose, galactose, mannose) which can be used efficiently as energy sources. Cellulose
is a straight chain 1-4 ß-glucan and requires a combination of cellobiohydrolase,
endoglucanase and ß-glucosidase for complete breakdown to glucose. The (1-3), (1-4)
ß-glucan of barley and oats can be rapidly broken down to glucose with the combination
of endoglucanase and ß-glucosidases. Rice bran, for instance, contains approximately
20-25% NSP, half of which is cellulose (Saunders, 1986). With development of highly
sophisticated enzymes, all these NSP represent a large source of potential energy for
monogastrics .
Grain legumes are usually included in monogastric diets as protein sources. However,
when some grain legumes such as lupins are included in poultry diets as the sole protein
source, bird performance suffers due to the high levels of NSP and the oligosaccharides
present. Legume NSP are more complex in structure than those in cereals, containing a
mixture of colloidal polysaccharides called pectic substances (galactouronans, galactan
and arabinans). Neutral polysaccharides such as xyloglucans and galactomannans have
also been reported. The Australian sweet lupin, for instance, contains a
rhamnogalactouronan with arabinose and galactose side chains, with at least 4-6 different
Unkages (Cheetham et al., 1993). A detailed analysis of the carbohydrate composition
of 6 lupin samples has been carried out recently (Choct et al., unpublished data). The
total amount of carbohydrates ranges from 34.1% to 39.3% on dry matter basis, which
is composed of 2.31-2.71% rhamnose, 0-0.15% fucose, 0.03-0.21% ribose, 10.9411.51% arabinose, 1.97-2.44% xylose, 0.89-1.12% mannose, 72-75% galactose and
8.05-10.34% glucose. Starch is present at less than 1%. Undoubtedly, a total
depolymerisation of the complex NSP of grain legumes requires extremely complex
enzyme activities. The possibility of achieving this is already on the horizon. Thus,
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Annison et al. (1995) demonstrated that some current commercial enzymes had a
significant effect on lupin NSP in vivo. If the NSP in lupins are efficiently utilised as an
energy source, their nutritive value for poultry will be increased by 50%. Appreciable
improvements can be expected for other legumes such as peas (34.7% NSP), navy
bean (17.4% NSP), soybean (30.3% NSP) and rape seed (46.1% NSP).
Enzymes for specific use. Besides NSP, many feed ingredients contain a number of
anti-nutritive factors. These include inhibitors of various digestive enzymes (protease
inhibitors, trypsin inhibitors), polyphenolics (lignin and tannins), phytate, lectins,
alkaloids, saponins and glucosinolate. Degradation of phytate using phytase has already
become a common practice and breakdown of glucosinolate in rapeseed using
thioglucosidase has also been trialed (Lawrence et al., 1995). A clear characterisation
of the other anti-nutritive factors will lead to development of enzymes specifically
targeting these anti-nutritive factors in monogastric diets.
CONCLUSIONS
The nutritive value of cereals for monogastrics varies greatly and NSP are one of the
major factors causing this variation. Supplementation of cereal-based diets with
glycanases substantially increases feed conversion efficiency and bird performance.
The potential for using enzymes in diets containing ingredients like grain legumes and
cereal by-products is also enormous as the physiochemical properties of these materials
are more clearly understood. An increased use of feed enzymes is expected not only
from the aspect of economic gains but also from the environmental point of view as
enzymes enhance nutrient utilisation, hence reducing excreta output to the environment.
The next generation of enzymes will not only be able to enhance the utilisation of NSP
as energy sources, but also target precisely specific molecules which can either be antinutrients or poorly digested nutrients. The improvement of the well-being of animals
by prevention of gastro-intestinal disorders such as swine dysentery will also be a
major attraction of using feed enzymes in the future.
Realisation of the nutritionist's dream of designing a perfect diet every time is becoming
increasingly possible with the advent of enzyme technology.
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HERBAL MEDICINES - AN UNTAPPED TREASURE IN
POULTRY PRODUCTION
G. Devegowda
Department of Poultry Science, University of Agricultural Sciences,
Hebbal, Bangalore 560 024 India

The foundation of the Indian systems of medicine such as Ayurveda, Unani, Siddha
and Pancha Karma are based on naturally occurring products of which more
than 90% constitutes herbs. The application of this knowledge of herbs and their
medicinal properties have made forays into the poultry industry in India in a big
way. Herbal preparations pose no danger of side effects, residual effect or resistance
development and they are personnel and environment friendly. The major thrust
of the commercially available formulations are concentrated as liver correctives,
immunomodulators, antistress agents, antibacterials and growth promoters.A brief
insight into the properties and uses of the most commonly used herbs have been
described along with the results of some of the field and clinical trials using herbal
formulations.
INTRODUCTION
The new catchword the world over is herbal therapy or herbal treatment. Synthetic
drugs and chemicals have their inherent disadvantages such as high cost of production,
toxicity from prolonged usage, contraindications, development of resistance,
environmental and health hazards besides Government policies and controls. The herbal
product makes for a safer alternative due to its suitability and preference, lower cost of
production and being environment friendly by nature, reduced risks of toxicity and
health hazards and most important of all, it is a natural product.
The Indian systems of medicine such as Ayurveda, Unani, Pancha Karma and Siddha
have been in extensive use in human medicine in this country since time has been
recorded and is still being practiced due to its effectivity in curing illness and for general
well being and health. Although the principles and practices, doctrines and approach of
these systems for therapeutic usage and treatment vary vastly, the main ingredients
used are naturally occurring products such as minerals, animal and plant products with
plant materials constituting more than 90% of the formulations. India boasts of about
7500 species of medicinal herbs out of which, more than 700 herbs are the mainstay in
ayurvedic formulations.
The origin of herbal medicines has been attributed to our ancestors who had acquired
the knowledge of plants, mainly by trial and error to determine which plant had medicinal
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value and which were poisonous. Thus, originated the heahng powers of certain herbs
and roots, although discovered purely by accident. Once these attributes were learnt,
this information was passed down from generation to generation, adding fresh
discoveries, not forgotten and later recorded.
THE INDIAN HERBAL MARKET SCENARIO
Herbal medicines in India are still prepared, to a larger extent, from crude plant materials
such as roots, rhizomes, tubers, stems, leaves, flowers, fruits, bark and seeds, in which,
besides harvesting and drying, very little further processing takes place which renders
it very cost-effective. Pioneers in herbal formulations in India who have entered the
Veterinary medicine market include, M/s Indian Herbs, M/s Dabur Ayurvet Ltd., M/s
Himalayan Drug Co., M/s TTK Pharma etc., whose complete range of poultry medicines
are herbal formulations. Due to its high efficacy and commercial value, other
pharmaceutical giants in the veterinary ñeld have also diversified into producing herbal
formulations. Due to this expanding market and fresh thrust into herbal formulations,
high-tech laboratories have been set up for chemical analysis, in-house clinical trials,
quality control research and development besides selective extraction of the active
ingredients, derivatives and solvents from the crude plant material to ensure better
efficacy.
The major chunk of commercial herbal formulations concentrate mainly in four thrust
areas, namely :
a) Formulations to counteract stress and act as immunomodulators.
b) Formulations for respiratory afflictions.
c) Liver tonics.
d) Growth promoters for better health and productivity.
PROPERTIES OF COMMONLY USED HERBS IN POULTRY
1. Achyranthers áspera (Prickly chaff flower)
The flowers contain alkaloids and saponins with astringent property and is use
mainly for respiratory disorders.
2. Androgrphis panniculata (Kalmegh)
This contains andrographolides, flavones and diterpenoids. Its antihepatotoxic
activity includes reduction of SGPT and SGOT levels, inhibits the peroxidation of
lipids, induces microsomal enzyme activity for the excretion of hepatotoxins and
improve bile flow and secretion.
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3. Azadirachta indica (Neem)
Neem extracts, extensively used in agricultural farms as insecticides, have opened
a new avenue of neem as disinfectant in poultry farm due to its antimicrobial
properties. Neem contains several active ingredients which chemically resemble
steroidal compounds, which include cortisone, birth control pills and many valuable
pharmaceuticals and belong to a general class of natural products called triterpenes,
more specifically, limnoids. These compounds are Nimbin, Azadirachtol,
Azadirachnol, Azadirone, Azadirachtin, Salannolides etc. Azadirachtin is a well
known compound and active ingredient in the neem extract (NRC, 1992).
Neem extract had suppressed pathogenic bacteria including staphylococcus aureus,
Mycobacteria, Salmonella paratyphi and Klebsiella pneumoniae, and also been used
as antimalarial febrifuge, anthelmentic, vermifuge, antiseptic, antimicrobial and as an
extemal applicant against various skin disorders (Koul et al., 1990).
Neem extract inhibited Ranikhet disease virus both in vitro and in vivo (Koul et al.,
1990), Herpes virus (NRC, 1992) and Pox virus (Rai and Sethi, 1972).
4. Boerhavia diffusa (Spreading Hog weed)
The active ingredients present in this plant are alkaloids, myristic and oxalic acids
which reduce SGPT and SGOT levels, increase liver ATPase activity and is drug of
choice for jaundice and ascites. Besides, the plant also has stomachic, spasmolytic,
anti-inflammatory and antiviral properties.
5. Eclipta alba (Bhringaraj)
It is considered the best ayurvedic herb for the treatment of liver cirrhosis and
infective hepatitis. Trials have shown a cytoprotective effect for the hepatocytes
against phallidin which is the strongest known hepatotoxin. This antihepatotoxic
effect is attributed to apigenin and wedelolactone which are the main phytochemical
constituents.
6. Ichnocorpus furtiscens (Black creeper)
The active ingredient contained in the stem of this plant are triterpene glucosides
which have strong delulscent, antibillious and antiviral properties.
7. Ocimum sanctum (Tulsi)
Its main property is as an immunomodulator and acts at various levels in the immune
mechanism by increasing IgE antibody titre levels, release of mediators of
hypersensitivity reactions. It is also a very effective antistress medicine especially
to counteract stress related to gastric ulcers and hypertension.
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8. Phyllanthus niruri (Niruri)
The plant extract consists of phyllanthin, triacontanel and related compounds having
antihepatotoxic activity besides inhibiting various hepatic viruses.
9. Picrorrhiza kurroa (Kuru)
The active ingredients in the rhizome are irridoid glycosides which exhibit
hepatoprotective and antihepatotoxic activity besides increasing total biliary output.
10. Solanum nigrum (Black nightshade)
The plant extracts consist of alkaloids, glycosides and fatty acids which exhibit
both, hepatoprotective as well as antihepatotoxic properties.
11. Terminalia chebula (Black myrobalan)
The fruit of this plant contains glycosides, tannins and fatty acids which exhibit
carminative, stomachic and astringent properties.
12. Withania somnifera (Ashwagandha)
Described in ayurvedic literature as the "rejuvenator". It is the herb of choice for
immunomodulation and general well being. Modem research models and studies
have established its antistress, adaptogenic and immunomodulatory properties.
CLINICAL AND FIELD TRIAL REPORTS
Research institutions and scientists have studied the effect of several commercial herbal
formulations in poultry within the country for which more than 300 research papers
have been published. These studies have revolved around pharmacological and
pathological studies, Uver and blood chemistry, immunology, biological trials etc., some
of which have been discussed below.
Biological trials of herbal formulations used as growth promoters have established
beyond doubt the improved overall performance with respect to weight gain, feed
efficiency, lowered mortality and also as therapeutic against liver damage due to feed
contaminants like aflatoxins, toxicity caused by chemical drugs and in improving
digestion. (Ramappa et al. 1975; Rao and Reddy, 1986; Devegowda et al. 1990;
Devegowda and Aravind, 1996).
In an extensive study, Devegowda et al. (1990) used Livol (product of M/s Indian
Herbs Ltd., India) in broiler diets at three levels: 0.0%, 0.25% and 0.5%. The body
weights and feed efficiency of the Livol supplemented groups were significantly superior
to the control group (Table 1).
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Table 1. Effect of Livol supplementation on performance of broilers
Treatment

Control
LIVOL 0.24%
LIVOL 0.50%

Body Weight
(gms)

Feed
efficiency

use''

2.23^
2.16^
2.16^

1613^''
1702^

Means in a column with different superscripts differ, P < 0.01.
In a recent study, Devegowda and Aravind (1996) used LIVFIT (product of M/s Dabur
Ayurvet Ltd., India) in broiler diets and reported the beneficial effects with reduced
mortality accompanied by significant improvement in body weight and feed efficiency.
However, the benefits in immunomodulation and liver enzyme profile were marginal
(Table 2). The results corroborate the findings of Narahari (1995), where significant
improvements were recorded in body weights, feed efficiency and livability in broilers
fed diets supplemented with 0.2% Livfit.
Table 2. General performance, titres against Newcastle (NDV) and Infectious
Bursal Diseases (IBDV) and liver enzyme profile of broilers fed different levels of
LIVFIT
Titres
IBDV
NDV

Liver Enzymes
SGOT
SGPT
(ug/ml)

2.72^

2890^

4525^

45.38^

4.0P

2.09^

1.51^

3000"

4495^^

42.69"

4.68"

2.09^

1.5P

2925^^^

4550^

44.32^

3.96^

Body
VSAeight
(gm)

Feed
Efficiency

Control

1523^

2.16^

LIVFIT
0.2%

\5^T

LIVFIT

ISQS''

Treatment

Mortality

(%)

Means in a column with different superscripts differ significantly P < 0.01.
Studies on the immunomodulatory action of Zeetress (product of M/s Indian Herbs
Ltd., India) showed adaptogenic and antistress activity besides improving the antibody
titre levels against Newcastle disease in broilers (Pande and Vijaykumar, 1994). In an
extensive study using the same product, Rao et al. (1995) evaluated the host cell mediated
and humoral immune response in Infectious Bursal Disease vaccinated broiler chicks.
The results showed a marked increase in rosette forming T-lymphocytes strengthened
by significantly severe delayed hypersensitivity reaction in 2-2-4-dinitrochloro benzene
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skin sensitivity test. Additionally, the nitro blue tetrazolium test showed increased
number of formazan positive cells which indicates increased activity of splenic
microphages.
The results of these and several other research papers have established beyond doubt
the usefulness of herbal formulations in poultry production. With the growing
consciousness universally for a leaning towards naturopathy, the demand for herbal
medicines has grown considerably, not only in the veterinary field but also to a larger
extent in the treatment of man.
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THE NUTRITIONAL EFFECTS OF TETRACYCLINES
IN BROILER FEEDS
G.D. Rosen

Iw

66 Bathgate Road, London SW19 5PH, England

This study elaborates algebraic models for dietary Tetracyclines in broilers and
compares their nutritional and econometrical effectiveness with Albac** zinc
bacitracin. Multi-factorial regression analysis relates gain and conversion effects
to logarithm of feed concentration, duration fed, control feed conversion, sex,
presence of disease and anticoccidial use. A minimum feed inclusion of ISppm of
a tetracycline is recommended. Heavyweight birds respond better than
lightweights. Albac'^, however, aJRPords less variable and better feed conversion
and higher productivity pronutrient effects.
INTRODUCTION
Extensive literature reports since 1948 on the nutritional effects of Tetracyclines (T)
in broiler feeds have not yet been comprehensively analysed. This study elaborates
practical mathematical models to consider the posology of T for broilers of diverse
hveweights in health and disease and it compares T to a non-absorbed antibacterial,
Albac^ zinc bacitracin.

METHODOLOGY
Recently-reviewed modelling procedures (Rosen, 1995) comprise world-wide literature
collection and translation: computer filing of all relevant independent numeric and
descriptive (dummy) variables; and statistical analysis of large data banks, by
conventional multiple regression methods to obtain statistically significant, best-fit,
algebraic equations (nutritional models) for effects on liveweight gain (LWGEFF) and
feed conversion ratio (FCREFF), having minimum standard deviations (SD), maximum
multiple correlation coefficient squares (R^) and significant partial regression
coefficients, excluding aberrant responses (residuals >3xSD about regression).
Antibacterials are compared by tests of statistical significance of response differences
of two or more modelled substances for specified conditions of use.
Econometric dose-response relationships and comparisons, based on iso-feed
concentrations or iso-investment costs, utilise net productivity, i.e. net cost reduction
to target liveweight (NCRw), as the value of feed saved by better conversion, plus all
other overhead costs saved by faster gains, less the antibacterial cost per crop. Net
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profit effect (NPEFF) is NCRw x number of crops per annum. Table 1 defines
independent variables used herein.
Table 1. Symbols, definitions and units of numeric and dummy (DV) variables
Symbol

Definition (unit)

Symbol

Definition (unit)

T

Tetracyclines (mg/kg feed)

A

AlbacR (mg/kg feed)

DURC

duration T or A fed (days)

EXDAT

year of test

LWGC
^
conversion

control liveweight gain (g)

FCRC

control feed

DVCOX

cocks (0 or 1)

DVPULL

pullets (0 or 1)

DVVET

disease present (0 or 1)

n

number of tests

se

standard error

•P

probability

RESULTS
Data Bank
Of 444 publications on T in broiler nutrition, 244 contained controlled test data from
28 countries (1948-88), furnishing 863 tests at 1-llOOmgT/kg, fed for 8-84 days, using
c.141,000 birds. For nutritional levels (5-llOmg/kg) there are 546 tests on LWGEFF
and FCREFF from day-old, mainly from USA (41%), Canada (13%), West Germany
( 11 %), Norway (4.4%) and UK (4.0%), with beneficial responses in 87% for LWGEFF
and 77% for FCREFF. The overall frequency of zero and negative (adverse) responses
for LWGEFF and/or FCREFF is 30%. For 299 chlortetracycline (CHL) and 247
oxytetracycUne (OXY) tests, respective LWGEFF (39g and 37g) and FCREFF means
(-.097 and -.095) from mean 31CHL and 28 OXY mg/kg feed gave reason for the
analysis of the total (546) as T. T test numbers have declined from 52% in the Fifties
to 33% in the Sixties, 12% in the Seventies and 3% in the Eighties.
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Nutritional Modeis and Posology
LWGEFF and FCREfT models for T are:
LWGEFF = - 32.7 + 26.11og(T+l) + .783DUR + 29.2DVVET -16.5DVCOC
se
(9.42)
(5.09)
(.104)
(8.89)
(4.53)
P
(.0006) (<.0001)
(<.0001) (.0011) (.0003)
R2 .154
SD 36.5
n 535
FCREFF = .177 - .04331og(T+l) - .133FCRC + .00251DUR + .0784DVPULL
se
(.0352)
(.0152)
(.0114) (.000363)
(.0189)
P
(<.0001) (.0047)
(<.0001) (<.0001)
(<.0001)
R2 .213
SD .111 n 538
Larger models confirmed no significant difference between CHL or OXY and T. There
has been no change in response to T with EXDAT, other than from changes in DURC
or FCRC. T posology is illustrated in Table 2.

Table 2. LWGEFF and FCREFF for 5-llOmgT/kg in three broiler types*
T
(mgAg)

LWGEFF (g)
Light

Medium

5

-1.5±llt

6.3±10

10

5.4±9.7

FCREFF
Heavy

Light

Medium

Heavy

14±9.6

.001±.026

-.001±.024

-.005±.023

13±8.9

21±8.5

-.011±.020

-.013±.018

-.016±.017

20

13±9.0

21±8.3

28±8.1

-.024±.017

-.026±.015

-.029±.014

50

23±9.5

31±9.1

38±9.1

-.041±.018

-.043±.016

-.046±.017

110

32±11

39±11

47±11

-.056±.024

-.058±.023

-.061 ±.024

* LWGC (g)

FCRC

DURC

t 95% confidence limits

Light (L)

1458

1.78

35

DVVET =0

Medium (M)

1958

1.98

45

DVCOC = 1

Heavy (H)

2458

2.19

55

DVPULL = .071

More detailed 95% confidence limit calculations for 5-20mgT/kg indicate the need to
use a minimum of 15mgT/kg to achieve responses largely free (P=0.05) from zero or
adverse LWGEFF and FCREFF effects. Flat-peak maximum NPEFFs in Bird Types
L, M and H, for broiler feed at US$.33/kg and T at US$.04/g activity, are at 100, 90
and 80ppm respectively.
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Tetracycline and Albac^ Comparison
A large majority (c.80%) of the T results were for Aureomycin^ and Terramycin^.
Hence, T was compared with Albac^ zinc bacitracin, an unabsorbed antibacterial having
the largest data bank of n=483 (Rosen, 1996a). The models for A and a comparison
of the effects of T and A (Table 3) are as follows:
LWGEFF = - 11.8 + 19.31og(A+l) + .451DURC + 29.2DVVET
se
(8.23)
(4.00)
(.125)
(9.98)
P
(.1037) (<.0001)
(.0004)
(.0036)
R2 .233
SD 35.3 n 465
FCREFF = .187 - .05681og(A+l) - .114FCRC + .00161DUR
se
P

(.0281)
(.00844)
(.0118) (.000328)
(<.0001)
(<.0001)
(<.0001) (<.0001)
R2 .304
SD .0705 n 470
Table 3. LWGEFF, FCREFF and NPEFF for T and A in three broiler types*
Tor A
(mg/kg)

L 20

LWGEFF (g)

FCREFF

NPEFF
( US$/1, OOOhirds/annum)

T

A

T

A

T

A

27

30

-.024

-.036

104

154

50

37

37

-.041

-.058

157

226
258

100

44

43

-.055

-.075

175

M 20

34

34

-.026

-.042

117

188

50

44

42

-.043

-.065

168

260

100

52

47

-.057

-.082

181

288

H 20

42

39

-.029

-.050

135

237

52

46

-.047

-.072

184

297

60

52

-.060

-.090

190

320

50

-

100

*

LWGC

Light (L)

g
1458

1.78

35

.00489

8.69

Medium (M)

1958

1.98

45

.00569

6.16

Heavy (H)

2458

2.19

55

.00645

5.53

FCRC

DURC
days

Broiler feed US$.33/kg Terminal gain 56g/day

Overheads
(US$/bird/day)

Crops
per annum

T and A US$.04/g activity

DVVET = 0 DVCOC = .164 DVPULL = .071

For the Table 3 data base, means for LWGEFF are 44±5.4g for T and 41±5.9g for A
and -.041±.019 and -.062±.012 for FCREFF. There are no iso-feed concentration
significant (P=.05) differences between T and A for LWGEFF FCREFF for A is
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significantly better than T for Birds M and H. NPEFF is more for A than T by 46%,
58% and 68% for Birds L, M and H, with mean +58%, +US$91/1,000 birds/annum.
Return on investment ratios are 2.8-9.8 (mean 5.7) for A compared with 1.6-5.8 (3.6)
for T. NPEFF changes by ±27% for feed cost changes of ±25%, but only by ±3.1%
for A cost changes of ±15%, as shown below for Bird M at 50mgA/kg.
Cost of A (US$/ g activity)

.034
.040
.046

NPEFF (US$/1,000 birds/annum)
Feed cost (US$/kg)
.248
.330
.413

267
260
252

338
330
322

DISCUSSION OF RESULTS
The LWGEFF and FCREFF models for T have a substantial data base of 546 controlled
trials at 5-llOmgT/kg. Omissions from the 863 test total were 122 (dosages of 1-4 and
117-llOOmgT/kg) and others mainly from the Fifties with Uveweight gain but no feed
data. The incidence of no gain and/or conversion response to T is 30%, similar to the
28% rating (Rosen, 1995) for 14 antibacterials in 12,153 poultry and pig tests.
There were no significant differences between CHL and OXY, due probably to almost
identical naphthacene-based structures, in which a Cl atom in CHL is replaced by an
H in OXY and an -OH in OXY by an H in CHL. For both T and A LWGEFF averages
29g more in diseased than in apparently-healthy birds. LWGEFF is significantly less
by 17g for T fed with anticoccidial. The T dose-response function indicates the case
for a minimum dosage of 15ppm, higher than current USA approvals of 6-llppm.
Upward revision could be appropriate for today's improved stock, feed and management
conditions.
For 20-lOOmgT/kg, heavyweight birds respond 42% more than lightweights in gain,
but only 13% in conversion. Correspondingly, Albac^ responses in gain and conversion
are 24% and 71% better in the heavyweights. As 95% confidence limits, variation in
liveweight gain responses to T and A is similar (12% v 14%), but T conversion variation
is markedly greater than A (46% v 19%). The econometrical superiority of A over T
in broiler nutrition derives from its better conversion effects, exemplified herein as
+US$50-130/1,000 birds/annum (mean +US$91). Further studies are planned to
determine whether this also applies to other non-absorbed antibacterials functioning as
pronutrient microfeedingstuffs (Rosen, 1996b).
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EVALUATION OF PRIMALAC R PROBIOTIC
CONCENTRATE ON REDUCTION OF E.COLI IN
MALE BROILERS
L.Lin and C.Quarles
Colorado Quality Research Inc. Ft. Collins Co., USA

Following the discovery the antibiotics in the early 1950s and the benefits of using
them as growth promotors, the use of low level antibiotics increased, the virulence
began increasing in the common potential pathogens, such as E.coli, Salmonella,
and various other enteric organisms. Today there is almost total resistance to all
antibiotics by. Salmonella,E.Cö/I, and many other microorganisms. This controlled
trial was conceived after observing how Primalac affected poultry flocks suspected
of having untreatable infections of E.coli. As the results will show the era of disease
control using one or many beneficial microorganisms in a controlled system has
arrived on the scene. When a properly conceived and proven system, Primalac, is
used to control a virulent intestinal infection, the results lead one to believe the
method of using beneficial microorganisms to control potential pathogens, clearly
has a place in modern disease control.

INTRODUCTION
Disease control in our time has passed through many stages. The development of
antibiotics in the early and mid 1950's led to a startling revolution in the way our
poultry industry used them to improve feed efficiency and weight gain, and control
various diseases. For many years most of the common antibiotics, when fed to growing
broilers contributed to a certain amount of disease control, particularly intestinal diseases,
feed efficiency, and increased weight gain.
As time passed, and the use of low level antibiotics increased, the virulence began
increasing in the common potential pathogens, such as E.coli, Salmonella, and various
other enteric organisms. Today there is almost total resistance to all antibiotics by.
Salmonella, E.coli, and many other microorganisms.
This controlled trial was conducted to examine how Primalac affected poultry flocks
suspected of having untreatable infections of E.coli. As the results will show, the era of
disease control using one or many beneficial microorganisms in a controlled system
has arrived on the scene. When a properly conceived and proven system, Primalac, is
used to control a virulent intestinal condition, the results lead one to believe the method
of using beneficial microorganisms to control potential pathogens, clearly has a place
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in modem disease control.
MATERIALS AND METHODS
1120 birds (approximately) were distributed randomly to 20 pens. There were 10
replicate pens per treatment. Each pen contained approximately 56 birds. Treatments
were in a randomized block design. The pen design of the research facility included a
center aisle with individual pens between the aisle and the outside walls.
Rations were designed using standard broiler formulae being used in the U.S.today. A
22% starter was fed from day 0 to day 24 as crumbles. Grower feed was 20% fed as
pellets from day 24. The test ration contained Primalac at the rate of 2/lb (1000 gm.)
per ton of complete feed from day 0 through day 24. From day 24 through day 47, the
end of the trial Primalac was fed at the rate of 1/lb (500 gm.) per ton of complete feed.
Starter and grower feeds contained 100 gm. of Monensin/per ton of feed.
Procedures
1. Treatment 1 = Control, 10 pens, 56 birds per pen.
Treatment 2 = Test, 10 pens, 56 birds per pen.
2. Day 14, infect with coccidiosis field strain of E.maxima, E.acervulina, andE. tenella.
3. Day 21, infect with 1ml of 1.0 x 10/8 CFU/gm, E.coli field strain, orally.
4. Data Collection and Measurement.
(a)

MortaUty at 47 days.
(1) All dead birds were collected and necropised daily to determine cause of
death.

(b) Weight at 47 days.
(c)

Feed Efficiency at 47 days.

(d)

Air Sac scores at 25 and 47 days.

(e)

Liver cultures at 25 and 47 days.

(f)

Intestinal lesions at 25 days.

RESULTS AND DISCUSSION
A randomized block analysis of variance was computed for each of the independent
variables. The difference between means was significant beyond the 5% level for
average weight, feed efficiency and per cent mortality; not significant for adjusted feed
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efficiency, nor intestinal lesion scores at 25 days (upper); and significant well beyond
the 1% level for intestinal lesion scores at 25 days (middle, cecal and average), air sac
lesion scores at 25 and 47 days.
When looking at mortality, we found that the test group, treatment 2 had 72 deaths or
13%, while the control group 1 showed 118 or 21.2%. The significant finding here was
the fact that on post mortem we found only 21 of the 72 deaths in the test group from
E.coli, (29%), while the control group showed 48 E.coli deaths, (41%).
If one studies the significance of the intestinal lesions and the air sac infections, you
begin to reahze the very devastating effect that an insidious disease has on feed efficiency
and weight gain. Both the air sac lesions, and the intestinal lesions were significant at
the 1% level which equated a lower feed efficiency and weight gain in the control
birds.
Table 1. Final Performance data - Project No. SL-91-9 (Mean of replication)

Treatment*

1
2
*
**

No. Birds

Ave.Wt.
(kg)

Started

Removed

Mortality

Weighed

554
551

60
61

118
72

376
418

2.106
2.151

Feed Adj**
Eff.
F.E.
2.193
2.083

1.888
1.871

Each treatment consisted of 10 relications each having 55-56 birds.
Adjusted feed efficiency obtained by adding weight of removed and mortality
birds to total live weight and dividing this into the total feed consumed.

Table 2. Results of liver cultures taken at 25 days of age. Project No.SL-91-9
Treatment
1
2

Positive
Plates

E.coli
Count

Negative
Plates

16
24

2792
5278

44
36
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Table 3. Results of liver cultures taken at 47 days of age on 10 birds per pen Project No. SL-91-9
Treatment

Positive
E.coli Plates

Negative
E.coli Plates

% positive
E.coli

27
7

73
93

27.00
7.00

1
2

Table 4. Summary of mortality and probable cause of death
No. Total
Treatment Start Mort.
1
2

554
551

118
72

EC ACT NGL SDS
48
21

16
12

27
23

11
2

C ACTS
9
3

DC

SO

INJ

AS

BL

2
3

1

1
1

1
—

—
3

2
4

Legend
EC=E.coli Act=Ascites NGL=No Gross Lesions
SDS= Sudden Death Syndrome C=Cull Act-s=Ascites + Sudden Death Syndrome
DC=Decomposed SO=Starve Out Inj=Injury As=Air Sac BL=Bad Leg.
Table 5. Intestinal lesion scores at 25 days of age-four days post infection - project
No.SL-91-9 (Mean of replication)
Treatment
Upper
1
2

1.38
1.33

Intestinal segment
Middle
Cecal
1.87
1.28

1.45
0.72

Total

Average

4.73
3.13

1.57
1.04

Code: 0 = Normal, 1 = Slight Lesions, 2 = Moderate Lesions,
3 = Severe Lesions, 4 = Extremely Severe Lesions.
Perhaps the most significant finding in this trial was the liver cultures taken at 25 and
47 days. We have long thought that Primalac stimulated the immune system in some
way or other. The hver cultures taken at 25 days, only 4 days after infection, showed
treatment 1 (control) with only 16 positive E.coli culture plates, and 44 negative plates,
with a total
E.coli count of all plates of 2792 while the treatment 2 (test) showed 24 positive plates
and 36 negative, with a total E.coli count of 5278. Remember this was only 4 days
after infection. At 47 days treatment 1 (control) showed 27 positive E.coli plates and
73 negative. Twenty seven percent of all control birds still showed that they were
infected with E.coli. Treatment 2 (test) showed 7 positive plates for E.coli and 93
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negative. Only 7% of the test group of birds were still infected with E.coli. Given
these results one must postulate that Primalac actually stimulates the immune system.
CONCLUSION
It is apparent that the poultry industry has lost control of flock health, because of the
tremendous amount of resistance developed by the indigenous intestinal microorganisms
ie. E.coli, Salmonella, etc.. We in the Probiotic industry realize that a great deal more
work will be necessary, to show that the proper combinations of beneficial intestinal
organisms are viable entities, for the prevention and treatment of potential intestinal
pathogens.
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ENHANCEMENT OF MINERAL UTILIZATION AND
GROWTH PERFORMANCE OF BROILER CHICKENS
BY MICROBIAL PHYTASE SUPPLEMENTATION OF
A CORN-SOYBEAN MEAL DIET
S. Sebastian, S. P. Touchburn and E. R. Chavez
Department of Animal Science, Macdonald Campus of McGill
University, Ste. Anne de Bellevue, Quebec, H9X 3V9 Canada

A 3-wk feeding trial with 180 sexed day-old broiler chickens was conducted to
study the efficacy of microbial phytase (Natuphos 1000) on growth performance,
relative retention of P, Ca, Cu, and Zn, and mineral contents of plasma and bone.
Treatments involved a normal P level corn-soybean diet, a low-P diet and a low-P
plus phytase (600 Phytase units / kg) diet. Phytase supplementation increased (P <
.05) body weight in male and female chickens by 13.2 and 5.8 %, respectively at 21
d. The improvements yielded body weights comparable to those obtained on the
normal P diet. Phytase supplementation overcame (P < .05) the depression of feed
intake observed on the low-P diet. Treatments had no effect (P > .05) on feed-gain
ratio. Phytase supplementation of the low-P diet increased (P < .05) the relative
retention of total P, Ca, Cu and Zn by 12.5,12.2,19.3 and 62.3 percentage units,
respectively, in male chickens. Microbial phytase increased the plasma P by 15.7
% and reduced (P < .05) the Ca concentration by 34.1%, but had no effect (P >
.05) on plasma concentrations of Cu or Zn. Phytase supplementation increased
the percentage ash in both head and shaft portions of dry, fat-free tibia bone to a
level comparable to that of the normal P diet. Phytase supplementation had no
effect (P > .05) on the concentration of any of the minerals measured in whole
tibia ash. These results show that microbial phytase supplementation of a low-P
diet increased growth and relative retention of total P, Ca, Cu, and Zn and improved
bone mineralization in broiler chickens.
INTRODUCTION
It is well documented that microbial phytase supplementation improves the availability
of phytate-bound phosphorus in broiler chickens (Nelson et al., 1971; Simons et al.,
1990). However, there is little information about the availability of trace minerals when
the broiler diet is supplemented with microbial phytase. Phytate, being a strong acid
can form various salts with the important minerals such as Ca, Mg, Cu, Zn, Fe and K,
thus reducing their solubility (Eardman, 1979). When phytic acid is hydrolyzed by
microbial phytase it may release all phytate-bound minerals. However, in a very recent
study, Aoyagi and Baker (1995) have shown that microbial phytase supplementation
reduced the Cu utilization by 50 % in chickens fed soybean meal. In another study with
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broiler chickens, Roberson and Edwards (1994) have shown that phytase addition to a
corn-soybean meal diet did not affect the Zn retention whereas phytase plus 1,25(OH)2D3 increased Zn retention. The lack of information and contradictions concerning
the efficacy of phytase on the availability of trace minerals indicate the need for more
investigation. Therefore, the objectives of this study were to determine the effects of
microbial phytase supplementation on the performance of broiler chickens, on the
apparent availability of Ca, P, Cu and Zn and on the mineral contents of bone and
plasma.
MATERIALS AND METHODS
Experimental Design : A total of 180 sexed day-old broiler chicks were housed in
thermostatically controlled Petersime battery brooders. Fifteen birds were assigned to
each of 12 pens (6 pens of each sex). All birds had ad libitum access to water and
experimental diet from day-old to 21 d and they received 24 h light / d. Each of three
dietary treatments was replicated two times per sex. The experimental design was a
completely randomized one with factorial arrangements of treatments. The experimental
diets (Table 1) were as follows: 1) corn-soybean meal diet, no enzyme (control); 2)
corn-soybean (low phosphate), no enzym^e; 3) corn-soybean (low phosphate) plus
Phytase (600 Phytase Units / kg diet). Individual body weights of chickens and group
feed consumption data were recorded on days 7, 14 and 21.
Apparent Availability of Minerals : On the first 3 d of week 2 and 3 of the experiment,
the daily feed consumption and total fecal output were recorded. A representative sample
of excreta and feed from each pen was freeze-dried, ground, and analyzed for mineral
content such as Ca, P, Cu, and Zn. The difference in the mineral content of the feed
consumed and of the feces excreted was used to calculate the apparent availability of
minerals.
Plasma and bone Analysis : On the last day of the experiment, heparinized blood was
obtained by cardiac puncture and plasma Ca, Cu, Zn, and total P were determined.The
birds used for blood sampling were killed immediately afterwards and the left tibia was
removed. Both head and shaft portions were freeze-dried, fat extracted, and then analyzed
for ash minerals such as Ca, Cu, Zn, and P.
RESULTS AND DISCUSSION
Feed Intake, Body Weight and Feed to Gain Ratio : Compared to the normal P diet,
the low-P diet consistently reduced the feed intake as well as the live weight of both
male and female chickens throughout the experiment, reaching significant levels
(P < .05) at 21 d. Phytase supplementation of the low-P diet consistently increased the
body weight of both sexes compared to those fed the low-P diet. The improvement in
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body weight was significant (P < .05) at 21 d, phytase supplementation increasing the
weight in male and female chickens by 13.2 and 5.8 %, respectively. Phytase
supplementation did not affect (P > .05) the efficiency of feed conversion for either
sex. The inability of young broiler chickens to utilize phytic acid has been clearly
demonstrated in this study by a slower growth rate, a low concentration of plasma P
and reduced bone mineralization observed in chickens fed the low-P diet in which
most of the P was provided by com and soybean meal. The body weights achieved by
phytase supplementation were comparable to those obtained on the control diet which
contained a source of inorganic P to satisfy the NRC requirement. The improvements
in growth performance observed in the chickens fed phytase may be due to: a) the
release of minerals from the phytate-mineral complex and b) the utilization of inositol
by animals as suggested by Simons et al.,(1990) or c) increased starch digestibility as
suggested by Knuckles and Betschart (1987) or d) increased availability of protein.
Table 1. The effect of phytase supplementation on relative retention (%) of total
phosphorus, calcium, copper and zinc at different ages in male broiler chickens
fed corn-soybean diets.
Phosphorus
10 d
17 d

Diet

Corn-soy (Control)
48.5b
Corn-soy (low P)
51.3ab
Corn-soy (low P) + phytase 57.6a
SEM
1.51

51.0b
51.0b
63.5a
1.08

Calcium
10 d
17 d

Copper
10 d
17 d

Zinc
10 d
17 d

34.2
36.5
36.7
2.83

3.6
-0.8
-4.9
5.58

16.6ab
14.1b
41.3a
6.02

40.7a
31.7b
43.9a
1.36

8.5a
-24.6c
-5.4b
1.96

8.2ab
-27.6b
34.7a
8.42

a,b,c Means within columns, with no common superscripts differ significantly (P < .05)
Table 2. The effect of phytase supplementation of corn-soybean diets on the tibial
bone content of ash, total phosphorus, calcium, copper and zinc in 21-d old male
broiler chickens.

Diet
Corn-soy (Control)
Corn-soy (low P)
Corn-soy (low P) +
phytase
SEM

Ash (% of fat
free tibia DM)
Head
Shaft

Phosphorus
(%ofash)
Head Shaft

Calcium
(%ofash)
Head
Shaft

34.4a
25.5b
30.9ab

57.3a
51.4b
54.4ab

13.8
13.9
13.5

16.4
15.2
14.8

30.9b
34.2a
32.6ab

36.9
36.8
35.6

12.0b
14.8a
12.3ab

9.1
9.0
8.6

445
618
488

462
487
474

1.34

1.15

0.19

0.47

0.59

2.28

0.56

0.24

39.1

31.9

Copper
( ppm in ash)
Head
Shaft

Zinc
( ppm in ash)
Head Shaft

a,b. Means within columns, within sex classification, with no common superscripts differ significantly (P < .05)

Apparent Availability of Minerals : The low-P diet did not change (P > .05) the
relative retention of P; but reduced (P < .05) the relative retention of Ca, Cu and Zn
(Table 1). Phytase supplementation of this diet increased (P < .05) the relative retention
of P, Ca, Cu and Zn by 12.4, 12.2,19.3 and 62.3 percentage units, respectively, in male
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chickens. As expected, phytase supplementation increased the relative retention of P in
male chickens which agrees with results of previous studies dealing with chickens
(Simons et al., 1990; Broz et al., 1994). This improvement in the relative retention of
Ca was expected because phytase liberates Ca as well as P from the phytate complex.
The highly significant improvement in Zn relative retention may be due to its higher
availability from the phytate-mineral complex. This observation emphasizes the need
to reevaluate the Zn requirement when the broiler diet is supplemented with phytase.
Even though the phytase supplementation significantly increased the relative retention
of Cu compared to the low-P diet without phytase, it failed to reach the level of Cu
relative retention obtained in the normal P diet.
Plasma and bone minerals : The low-P diet reduced (P < .05) plasma P by 19.1%
and increased (P < .05) plasma Ca concentration by 34.1 % but had no effect on plasma
Cu and Zn. Phytase supplementation increased the plasma P by 15.7 % and reduced
(P < .05) plasma Ca by 11.5 %; phytase supplementation had no effect on plasma
Cu and Zn and this agrees with Roberson and Edwards (1994) who found no significant
effect on plasma Zn when a corn-soybean diet supplemented with phytase was fed
to broiler chicks.
The low-P diet significantly reduced (P < .05) the ash content of both the head and the
shaft portion of the tibia bone. However, the reduction in ash content was more significant
(P < .0004) in the head portion compared to the shaft portion (P < .008). It is interesting
to note that the mineral concentrations in the ash of the tibia shaft were relatively
constant and were not affected (P > .05) by either the low-P diet or phytase
supplementation (Table 2). Neither the low-P diet nor phytase supplementation caused
any change (P > .05) in the concentration of P and Ca in the ash of either portion of
tibia. The low-P diet increased (P < .05) Cu concentration in the head portion by 2.7
percentage units whereas adding phytase decreased (P < .05) the Cu concentration by
2.5 percentage units. Phytase supplementation, although not significant, decreased Zn
concentration by 130 ppm. The percentage of tibia ash was significantly improved by
addition of dietary phytase, an observation which agrees with the previous study dealing
with chickens (Broz et al., 1994). The improvement in ash percentage in tibia bone is a
good indication of increased bone mineralization due to the fact that there is an increased
availability of P, Ca, Zn, and Cu from the phytate-mineral complex by the action of
phytase. The shaft portion of the bone represents the more stable state of the bone,
while the head is in a more active state of change and is consequently more susceptible
to variation due to availability of minerals. The concentrations of all minerals measured
were high in the shaft portion compared to the head portion except for Cu which was
more concentrated in the head portion.
Dietary microbial phytase supplementation of a low-P corn-soybean meal diet improved
the growth, the feed consumption, the apparent availability of Ca, P, Cu, and Zn, plasma
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P, and percentage of bone ash. This study shows that microbial phytase not only reduces
the need for inorganic P but also serves to reduce the need for some other minerals in
the diet.
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NUTRITION TO AVOID METABOLIC DISORDERS AND
STRESS CONDITIONS
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NUTRITION AND BONE DISORDERS IN
POULTRY
Colin C. Whitehead
Roslin Institute (Edinburgh), Roslin, Midlothian EH25 9PS, Scotland

Poultry are afflicted with a range of metabolic disorders that cause severe
production and welfare problems. Disorders affecting skeletal systems are
particularly widespread. Tibial dyschondroplasia (TD) is the most widespread
cellular deformity linked with developmental bone growth disorders in broilers.
Feed management procedures and the avoidance of low dietary calcium contents
can decrease the occurrence of TD. However, feeding vitamin D metabolites can
prevent the condition. Metabolites hydroxylated at the 1-position are most
effective, but the small margin between effective and toxic doses of 1,25dihydroxyvitamin D presents difficulties for the practical use of this metabolite.
25-hydroxyvitamin D has also been reported to be effective against TD, though
at much higher dietary concentrations. However, the greater margin of safety
associated with this metabolite suggests it may have a role in practical nutrition.
The main skeletal disorder in layering hens, osteoporosis, has a strong genetic
component, being attributable to the prolonged period over which hens are
continuously reproductive. Nutrition, whilst unable to prevent the problem, can
be helpful in minimising its severity.
INTRODUCTION
There are a number of metabolic disorders that have severe effects on the performance,
health and welfare of poultry. These disorders are not usually attributable to simple
nutrient deficiency, because current nutritional knowledge usually permits the
formulation of diets that are adequate for normal metabolism and production. However,
some disorders can result from nutrient imbalances, and others are more directly
attributable to genetic and environmental factors. Nutrition plays such a large part in
the development and performance of poultry that it is not surprising that nutritionists
are often expected to provide solutions to these metabolic problems. For some disorders
there are effective nutritional remedies, for others nutrition is less effective.
Stress is a common environmental factor leading to metabolic disturbance and impaired
health and performance. Dietary modifications can influence the consequences of
heat stress by altering metabolic heat loads or affecting specific metabolic pathways.
Genetic factors are thought to be important in the development of ascites: larger,
faster growing birds are often affected most severely. Again, diet modification or
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limitation may affect the progression of this disorder. Both of these subjects are
covered in the course of later presentations.
Skeletal disorders are another important type of metabolic problem, and can have
severe effects on all types of poultry. Nutritional factors have been shown to affect
the course of broiler leg weakness and bone fragiUty in layers, and these topics are
covered in this presentation.
LEG WEAKNESS IN BROILERS
Leg bone deformities, frequently categorised under the heading of 'leg weakness',
have been a cause for concern in the broiler industry for very many years. Many
pathologies have been described but, despite much research, problems are still
widespread. Research has been successful in identifying and eliminating some causes,
such as chondrodystrophies caused by simple nutrient deficiencies. However the
types of problem that remain have grown in importance to the point that they are
now seen as major causes of poor welfare for birds, as well as lost production for
producers. There are two main types of leg abnormality currently affecting broilers,
degenerative and developmental disorders.
DEGENERATIVE DISORDERS
A very severe degenerative disorder affecting broilers is femoral head necrosis (FHN),
more correctly known as proximal femoral degeneration. It frequently affects birds
towards the end of the growing period and gives rise to characteristic signs. Birds do
not show any outward signs of leg deformity but are reluctant to walk, and when
they do, they place their wing tips on the ground to support themselves. On post
mortem examination, the cartilaginous epiphyseal plate can be found to separate
easily from the bone metaphysis or, alternatively, the femoral head can have
disintegrated completely. A survey of FHN cases in different parts of the UK has
shown that bacterial infections, mainly with coagulase-positive Staphylococci, are
usually present (Thorp et al., 1993). Immunosuppression, perhaps associated with
challenge from infectious bursal disease may be a contributory factor in the
development of infection, but a role for nutrition in the occurrence or prevention of
FHN has not been established.
DEVELOPMENTAL DISORDERS
These disorders are characterised by angular and rotational deformities of the leg
bones and are seen in both broilers and turkeys. They are typified by hock joint
distortions commonly known as varus or valgus deformity. These distortions of the
long bones and the joints may, in turn, lead to secondary soft tissue pathologies. The
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cause of these bone growth distortions is often not readily apparent. Dyschondroplasia
is the most commonly observed bone abnormality and is usually referred to as tibial
dyschondroplasia (TD) because it most severely affects the proximal tibia, which is
the fastest growing bone in young broilers. TD is seen as a plug of avascular cartilage
underlying the bone growth plate. It arises from a failure of the normal process of
differentiation of chondrocytes in the growth plate which leads to a build up of
prehypertrophic chondrocytes. These are chondrocytes which have not fully matured
and hence do not allow the normal process of bone calcification to occur. The lesions
develop between the ages of 2 and 5 weeks and, because they can regress thereafter,
may no longer be apparent when older birds are examined. There is evidence to show
that TD lesions lead to abnormal angulation of the proximal tibia and are a direct
cause of clinical deformity.
There is usually a strong phenotypic correlation between the growth rate of broilers
and their susceptibility to leg deformities. This suggests that there is a strong genetic
component in the occurrence of lesions and, indeed, breeding companies have been
making strong efforts for many years to try to improve the leg quality of their breeds.
However, nutrition can also have an important effect on the development of lesions
and considerable effort has been put into developing nutritional methods for combating
these problems. The nutritional approaches are of two main types. Firstly, alteration
of growth or feeding profiles of broilers can be used to alter the genetic influence on
the disorders. Secondly, nutrient manipulations affect the development of the specific
lesions of TD.
FEED MANAGEMENT STRATEGIES
Since it is apparent that it is growth rate rather than bodyweight that influences leg
disorders most, there have been many studies on the effects of depressing early
growth rate of birds. Results of these studies have provided ample evidence that
slowing the growth of broilers can depress the incidences of leg abnormalities. The
improvement in leg quality is related to the degree of feed restriction, but economic
considerations dictate that practical methods should improve leg quality at minimum
expense to weight at market age. Early restriction, during the second or third weeks,
is usually most effective in decreasing leg disorders (Lilbum et al., 1989; Robinson
et al., 1992). Insight into the importance of the early growth period for the development
of leg lesions is provided by comparisons of the growth profiles under normal nutrition
of lines selected for high and low incidences of TD. The low TD line, although
heavier at 42 weeks, was substantially lighter between 7 and 28 days. The feed
restriction method of Plavnik and Hurwitz (1985) involving meeting the maintenance
requirements only during the second week has been found subsequently to improve
leg quality, as well as feed efficiency and body leanness as described in the original
study. Experience suggests that, although some compensatory growth occurs, there is
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often a still slight depression in final liveweight of broilers marketed at about 6
weeks.
An alternative approach to feed restriction is to enforce a small degree of restriction
(about 5%) throughout the production period. This is perhaps technically more difficult
to administer, because it requires good knowledge of normal feed intake patterns of
broilers, but it is claimed to result in improvements in leg quality and feed efficiency
without any impairment of final liveweight. However, confirmation from results of
properly controlled experiments is still lacking.
More fundamental feed management strategies can be used for roasters, where the
severe susceptibility to leg disorders of broilers grown to very high weights can be
countered by slowing the growth of birds over a longer part of the starter period.
These strategies can involve both quantitative or qualitative (feeding diets of lower
nutrient density) methods for slowing growth.
Meal feeding is another feed management method that has been found to improve
broiler leg quality. It has been found that fasts of between 4 and 8 hours per day are
effective in decreasing the incidence and severity of TD lesions (Edwards and
Sorensen, 1987). These fasts were administered on days 4, 8, 12 and 16, but another
study has shown that fasting for up to 6 hours on 5 days each week can also be
effective in improving leg quality (Rennie et al., 1995). These results are broadly the
same as those obtained by the use of intermittent lighting and raise the question as to
whether they are brought about by hormonal or behavioural changes. Periods of
fasting could cause fluctuations in circulating concentrations of growth hormone or
other hormones which could have a direct effect on bone developmental processes.
Alternatively, periodic fasting could alter activity patterns which might affect bone
development. However, metabolic evidence giving insight into possible mechanisms
is not available.
NUTRITIONAL FACTORS IN TD
Many nutritional factors have been shown to influence the occurrence or severity of
TD. Changes in the contents of monovalent ions (Na+, K+, C1-), nature of the protein
source, content of amino acids such as cysteine and homocysteine and trace minerals
such as molybdenum and copper and the presence of mycotoxins (especially from
species of Fusarium) have all been shown to affect TD. However manipulation of
these factors has not resulted in effective methods of preventing TD.
More meaningful has been the observation that the dietary calcium-to-phosphorus
ratio can have a major effect on the occurrence of TD (Edwards and Veltmann,
1983). Diets with relatively low calcium and high phosphorus contents have been
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particularly effective in enhancing the occurrence of TD, with incidences of 40 to
50% being regularly obtained with diets containing 0.75% of each element. This
finding has been of great value, because being able to reproduce high incidences has
been of considerable help in the design of subsequent experiments to study the
causes and means of prevention of TD. It has also raised the question as to whether
TD is caused by calcium deficiency and, if so, how TD is related to rickets, the
classical symptom of calcium deficiency. This has also caused experimental problems,
because of difficulties over the differential diagnosis of TD and rickets. These
conditions are sometimes not easy to distinguish visually and histology is needed for
accurate diagnosis.
The most important nutritional findings on TD have been the observations on the
effects of vitamin D3 metabolites. Edwards (1989; 1990) reported that dietary
supplementation with 1,25-dihydroxyvitamin D can reduce the incidence of TD.
More recently, Rennie et al. (1993) have shown, using histological techniques to
accurately diagnose TD, that 1,25-dihydroxyvitamin D can completely prevent TD.
In contrast, increasing dietary vitamin D above normal amounts has had no effect on
the incidence of TD.
There have been several studies on responses to different doses of 1,25dihydroxyvitamin D. In experiments with low dietary calcium-to-phosphorus ratios,
it was found that a dietary supplement of 5 |Lig 1,25-dihydroxyvitamin D/kg was
effective in preventing TD, and that 10 |Lig/kg could be fed without adverse effect on
growth rate. However in a subsequent experiment involving a diet of more normal
calcium content, a supplemental amount of 5 |Lig/kg was found to result in a growth
depression. This finding prompted a study of the interaction between dietary calcium
and 1,25-dihydroxyvitamin D (Rennie et al., 1995). A factorial experiment involving
dietary concentrations of 7.5, 10 and 12.5 g calcium/kg and 0, 2, 3.5 and 5 |Lig 1,25dihydroxyvitamin D/kg confirmed a strong interaction between these dietary factors.
The combinations of the higher dietary concentrations of both factors caused growth
depression. However, with 7.5 g calcium/kg, dietary amounts of up to 5 |Lig 1,25dihydroxyvitamin D did not affect growth adversely. The cause of this interaction
was explained by plasma ionised calcium measurements, which showed that the
depression in growth was associated with hypercalcaemia. One of the biological
roles of 1,25-dihydroxyvitamin D is regulation of calcium absorption via its effect on
calcium binding protein. Thus high dietary amounts of calcium, combined with the
stimulatory effects on calcium absorption of large 1,25-dihydroxyvitamin D
supplements leads to excessive calcium absorption, hypercalceamia and consequent
growth depression.
TD incidence was higher at the lower dietary calcium levels. 1,25-dihydroxyvitamin
D was effective in preventing TD at all dietary calcium concentrations, though there
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was a tendency for more to be needed for complete prevention at the lower dietaiy
calcium concentrations. Over all the dietary calcium concentrations, the highest amount
of 1,25-dihydroxyvitamin D not causing a growth depression was 2 |Lig/kg, whereas
3.5 mg/kg was needed for effective prevention of TD. However, it is likely that the
lower dose would be effective in preventing clinical abnormality, because the severity
of the lesion is generally related to incidence and small TD lesions are less likely to
result in a major deformity of bone growth. Nevertheless, it is apparent that the
safety margin between effective TD prevention and deleterious growth-depressing
doses of 1,25-dihydroxyvitamin D is small, and a means of enhancing the effectiveness
of small doses of 1,25-dihydroxyvitamin D in preventing TD would be desirable.
Studies on a range of other vitamin D metabolites suggest that the most effective
derivatives are those that are 1-hydroxylated. Thus 1-hydroxyvitamin D and 1,24,25trihydroxyvitamin D are also effective in doses up to 5 [xg/kg in preventing TD.
However, it has also been found that 25-hydroxyvitamin D can decrease substantially
the incidence and severity of TD lesions, as shown in Table 2 (Rennie and Whitehead,
1996), though at somewhat higher dose rates (75 to 250 |Lig/kg).
The metabolic role of 25-hydroxyvitamin D in preventing TD is uncertain. The
molecule is a naturally occurring metabolite that binds strongly to chick serum
vitamin D binding protein (Edelstein et al., 1972; 1973). It is also known to bind to
VDR, though with much lower affinity 1,25-dihydroxyvitamin D. However, the
presence of higher physiological concentrations of 25-hydroxyvitamin D may result
in sufficient binding to VDR to activate vitamin D-responsive genes, such as the
gene for transforming growth factor ß which may be involved in the progression of
TD. Alternatively, high physiological concentrations of 25-hydroxyvitamin D may
induce endogenous synthesis of 1-hydroxylated metabolites that have been shown to
be relatively more potent in alleviating TD. If this synthesis occurs, it would have to
be at a systemic level because it has been shown that chick growth plate chondrocytes
metaboUse 25-hydroxyvitamin D to 24,25- but not to 1,25-dihydroxyvitamin D (Berry
et al., 1994).
There is still much developmental work needed to establish the efficacy of the
appropriate nutritional compounds or mixtures for preventing TD and to produce
suitable commercial products. However the increasing amount of information on the
roles and effects of different factors affecting TD suggests that practical nutritional
means of combating TD are likely to become available in time. Of the vitamin D
metabolites, it is probable that 25-hydroxyvitamin D will be more suitable than 1,25dihydroxyvitamin D because of its lower toxicity, but more developmental work
needs to be carried out to determine quantitative effects and interactions involving
this metabolite. Of course it will also be important to establish the overall consequences
for broiler leg health that arise from the prevention of TD. It is hoped that these will
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be significant, though it is unUkely that leg problems will be banished overnight.
There are undoubtedly many factors contributing to the wide range of pathologies
seen in broilers, but a solution to the problem of TD should play an important part in
improving health, welfare and productivity in broilers.
OSTEOPOROSIS IN LAYING HENS
Osteoporosis in caged laying hens was first described, as cage layer fatigue, by
Couch (1955) who reported a condition involving paralysis and death. Subsequent
studies identified severe loss of structural bone as a cause of bone brittleness and the
spinal bone collapse which led to paralysis (Bell and Siller, 1962; Urist and Deutsch,
1960). More recently, confirmation of osteoporosis as the major cause of the bone
loss has been provided and the progressive loss of structural bone throughout the
laying period demonstrated (Whitehead and Wilson, 1992).
Although paralysis and death were the original manifestations of laying hen
osteoporosis, fractures resulting from the increased bone fragility have been seen
increasingly as major welfare and production problems. Gregory and Wilkins (1989)
found that 29% of hens at processing plants had broken bones prior to slaughter and
that this proportion increased to 98%, with on average 6 fractures per carcass, by the
end of processing. Further studies over several European countries indicated that
16% of hens at slaughter houses had fresh breaks and 10% had old fractures which
had subsequently healed (Gregory et al., 1994).
Causes of osteoporosis are not well defined. It has been suggested that the problem is
largely genetic in origin, resulting from the breeding of light weight, energetically
efficient birds that maintain a high rate of lay over a prolonged period (Whitehead
and Wilson, 1992). Husbandry is also undoubtedly important, with inactivity associated
with caging resulting in bones of poorer quality than in birds housed in more extensive
systems (Knowles and Broom, 1990; Fleming et al., 1994). Nutritional deficiencies
of calcium, phosphorus or cholecalciferol have been shown to result in osteomalacia
(Wilson and Duff, 1991), which can in turn lead to increased résorption of cancellous
bone and consequent osteoporosis, but the role of nutrition in preventing osteoporosis
is less clear. End of lay structural bone mass is determined by two factors: peak bone
mass attained during the growing period and rate of bone loss during the laying
period. Nutritional strategies could therefore be aimed at maximising bone growth
during the former and minimising bone loss during the latter periods.
Nutritional policies during rearing should be aimed at ensuring adequate dietary
concentrations of the main nutrients associated with bone formation, namely calcium,
phosphorus and vitamin D. Requirements for these nutrients are established
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experimentally by responses of various characteristics to incremental dietary additions
of the nutrients. Growth rate is often taken as a criterion of requirement, but when
considering rearing pullets, it is probably more advisable to use bone ash as criterion.
This is because the requirement for maximum bone ash may be higher than for
growth, as in the case of vitamin D (Edwards et al., 1994). However, current
commercial practice usually involves feeding considerable more vitamin D (20005000 lU/kg) than the amounts found experimentally to maximise bone ash (-500 lU/
kg). Current recommendations for the other main nutrients, calcium (8-9 g/kg) and
available phosphorus (3-4 g/kg) (NRC, 1994), are compatible with good bone growth.
There is no evidence that transferring birds to high calcium layers diets early during
the growing period has any beneficial effects on bone quality. On the contrary,
feeding excessive amounts of calcium during rearing can be harmful, producing
kidney lesions. There is no evidence to date that bone formation during rearing can
be stimulated above normal rates by other dietary modifications. Likewise, changing
the form of nutrients, such as by feeding calcium in particulate form, has not been
found to enhance bone growth during rearing (Fleming et al., unpublished).
Major changes take place in bone metabolism when pullets reach sexual maturity.
The marked rise in circulating oestrogen results in a stimulation of formation of
medullary bone at the expense of cancellous bone. The continuation of osteoclastic
résorption processes means that, whereas medullary bone is turned over and builds
up during the laying period, cancellous bone declines and this process results in
osteoporosis. In view of the importance of hormonal and cellular factors in controlling
bone development in hens, the role of nutrition in preventing osteoporosis may be
limited. The first objective of nutrition should be aimed at avoidance of deficiency,
which may accelerate bone loss. An important second objective should be to ensure
an adequate nutrient supply during the period of onset of sexual maturity, when
repartitioning of calcium between different bone components occurs and trabecular
bone contents decline. Thus pullets should be transferred to a layers diet of high
calcium content at the time when photostimulation occurs. Waiting until the first egg
has been laid before making this dietary change may accelerate medullary bone
formation at the expense of structural bone. The form of calcium fed over this period
may also be important, with evidence available to suggest that some loss of trabecular
bone can be prevented by providing limestone in particulate form.
There have been relatively few experimental studies reported on the effects of diet
composition during the laying period on structural bone characteristics. The results
from one experiment (Whitehead, 1994) have not identified any nutritional factors
that can slow the loss of structural bone over the laying year. The evidence available
to date thus suggests that nutrition cannot prevent osteoporosis, though some factors
including the feeding of calcium in particulate form may have some beneficial effect.
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However, the main nutritional and management efforts should be devoted to ensuring
that hens do not experience nutrient inadequacy at any stage, since enhanced depletion
of structural bone reserves will result in permanently weakened bones. Thus, the
practise of food withdrawal prior to depopulation is not recommended, as this is
likely to accelerate bone loss just at the time when breakages are most likely to
occur.
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The sensitivity of meat-type chickens to food particle size and hardness is affected
by many interactive factors, behavior being an important one contributing a shortterm response to feed intake and activity. Long-term effects, such as adaptation of
the gastrointestinal tract to the size and hardness of the food particles, may be
additive in increasing appetite and therefore performance. In juvenile meat-type
chickens that eat at near gut capacity, the excessive load on the intestine and atrophy
of the gizzard may be accompanied by reduced immunocompetence, and skeletal
and metabolic disorders leading to ascites and tibial dyschondroplasia.

INTRODUCTION
The second half of this century has seen the worldwide development and expansion of
the poultry meat industry. No longer a satellite of the egg industry, efficient production
of poultry meat has evolved through the development of specific stocks by intense
selection for growth to market weight. This response in rapid juvenile growth has
resulted in chickens that eat at near gut capacity, have poor immunocompetence, and
exhibit a propensity for skeletal and metabolic disorders (Havenstein et al., 1994a,
1994b; Qureshi and Havenstein, 1994). An important nutritional factor, in addition to
the composition of the diet and its caloric value, is the structure of the food, which
induces marked changes in behavioral and metabolic parameters. The sense of taste
and smell in birds is less developed than in mammalian species (Lindenmaier and
Kare, 1959), but this is compensated for by mechanoreceptors located in the beak. The
size and firmness of food particles affect the overall sensory inputs which accompany
feeding behavior (Gottschaldt and Lausmann, 1974). High concentrations of
mechanoreceptors are found mainly in the tips of the upper and lower beaks (Berkhoudt,
1984). Mechanoreceptors have been described in chicken and goose beaks (Roumy
and Leitner, 1973; Leitner et al., 1973). Lee (1980) reported that beak trimming decreases
feed consiimption in chickens and Mclntosh et al. (1962) observed that pullets, whose
beaks are trimmed do not consume grower-size grit. Deaton et al. (1987) reported that
the type of beak trimming appears to be involved in pellet consumption. Portella et al.
(1988) found that the disappearance of large particles from the feed is most pronounced
as birds become older. They concluded that birds select feed material on the basis of
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particle size. Preference for particle size has been shown to vary with age (Nir et al.,
1990) and particle preference may be related to beak dimensions. Nevertheless, the
juvenile meat type chick is able to distinguish small differences in food particle size.
Broiler chicks also perform better with a mash containing coarse rather than fine particles
(Reece et al., 1985), and their propensity to consume more feed containing coarse vs.
fine particles when given the choice is associated with improved performance (Nir et
ai., 1990).
This paper reviews the adaptation of young meat-type chickens to various feed structures.
Emphasis is placed on anatomical, behavioral and metabolic factors, and ascites.
METHODOLOGY AND MASH PARTICLE SIZE
Pellets are obtained by pressing processes, of which there is a great variety. Nowadays,
the most commonly used method consists of treating fine-ground mash with steam,
generally at a temperature of about 90°C, with the contact period between the steam
and mash varying depending on the composition and texture of the latter.
A determination of particle size and its variations appears to be an efficient tool in
quantifying the texture of ground-feed ingredients and mash. The prevalent method in
texture determination is that proposed by the American Society of Agricultural Engineers
(1983). The procedure consists of sieving samples of ground materials for 10 min with
a set of 14 standard sieves and calculating the geometric mean diameter (GMD) and
the geometric standard deviation (GSD). Mash particle size markedly affects
performance in young broilers (Calet, 1965; Douglas et al., 1990; Nir et al., 1990,
1994a, 1994b), and the preference for larger particle size increases as the birds become
older (Portella et al., 1988). Independent of the GMD, the uniformity of the particle
size has a positive effect on performance. In broilers, the best performance was obtained
with diets prepared from a texture with the lowest GSD (Nir et al., 1994a, 1994b). The
GSD of the ground grain increases most markedly in the presence of fine dusty particles.
Fines in the diet cause agglomeration of a pasty material on the beak, increased water
consumption, and wasted feed in the water trough (Elley and Bell, 1948; author's
unpublished results). The texture of the diet is affected primarily by the texture of the
cereal. However other components may considerably affect texture. It seems therefore,
that studies aimed at optimizing dietary texture should take into consideration the
physical traits of the complete diet, as well as those of the ground grains.
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PELLETS
Almost all diets fed to broilers and turkeys are processed in pellet mills. Chicks and
turkeys fed pelleted rations generally gain more weight and exhibit better food
conversion than those fed non-pelleted rations (Hussar and Robblee, 1962; Calet, 1965;
Runnels et al., 1976; Reece et al., 1984, 1985, 1986; Breewer et al., 1989; Potter and
Hüllet, 1991;Niretal. 1994c; Nir et al. 1995). The effects of pelleting cannot be predicted
because they vary according to preparation methods and foodstuff combination. The
reasons for the improved performance obtained by pelleting are not completely
understood. Because there is a high dependence of body-weight gain on food intake,
the improved performance obtained by feeding pellets has been attributed to hyperphagia
(Bolton, 1960). Pelleting alters the density of the diet via the size and hardness of the
food particles. In most studies on the effects of pelleting, the physical attributes of the
diet-volume: weight ratio, particle size, and pellet hardness, are not reported. Moreover,
comparisons between mash and pellets have mostly been carried out between pellets
and finely ground mash from which the pellets were prepared. The need for scientific
accuracy has contributed to perpetuating this practice, since finely ground mash is
more suitable in the production of hard pellets than a mash containing coarse particles.
Reece et al. (1986) and Nir et al. (1990, 1994a, 1994b) have shown that broilers fed
diets made from roller-mill-ground com or sorghum having bigger particle sizes, or a
diet sieved from fines, performed much better than when fed diets ground in a hammer
mill. It is a common belief that grinding the feed ingredients to the same approximate
fineness prevents the birds from selectively consuming ingredients when the diet is fed
in mash form. However, Reece et al., (1986b) reported that grinding com to the same
fineness as the other ingredients in a diet to be pelleted does not result in improved
broiler performance or improved pellet durability. This was confirmed with diets
composed essentially of sorghum (Nir et al., 1995).
QUANTITATIVE EFFECTS OF PELLETING
In an attempt to quantify the effects of "degree" of pelleting, diets were prepared by mixing
together a mash composed mainly of maize or sorghum with soft pellets, or soft pellets
mixed with hard pellets (Nir et al, 1994c). The pelleting degrees were as follows: 0 =
mash; 0.5 = 1:1 mixture of soft pellets and mash; 1 = soft pellets, pelleted once; 1.5 = 1:1
mixture of soft and hard pellets; 2 = hard pellets, pelleted twice. Independent of the grain
source, food intake and body weight gain were related to the degree of pelleting in a
curviUnear manner i.e. a positive effect in performance was noted up to a peak after which
the effect decreased. It was shown that hard pellets (pelleted twice) are not necessarily
associated with improved performance. Alked et al. (1957) have shown that very hard
pellets are left uneaten. Richardson et al. (1960) made purified diets acceptable by producing
pellets, provided they were not too hard.
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Another quantitative effect of pelleting was a reduction in the weights of the gizzard
and its contents, which were inversely related to the degree of pelleting. The reduction
in gizzard size, attributable to pelleting, was accompanied by an increase in the pH of
the gizzard contents.
GRINDING-PELLETING INTERACTIONS
It appears that in broilers, the positive effect of mash coarseness on performance, remains,
even after subsequent granulation by pelleting, the effects of particle size and pelleting
on performance being additive in feed intake, body weight, and feed utiUzation (Nir et
al., 1995). Regular pellets dissolve in the crop shortly after consumption, but the
degradation of integral feed particles (not ground to fines or powder) in the upper
intestine may be slower than the degradation of a fine powder thereby increasing
peristalsis and improving feed utilization. In chicks that consume ad libitum, eating
has been suggested to be synchronized with the rate of feed evacuation from the intestine
via absorption or excretion (Savory, 1979). The additive effect of mash coarseness and
pelleting can be explained by higher feed consumption due to pelleting and by better
nutrient availability, efficiency of utilization, and less feed wastage due to mash
coarseness.
BEHAVIOR AND PARTICLE SELECTION
Jensen et al., (1962) showed that while pelleting only slightly affects the number of
meals, the duration of each meal is reduced three fold in chickens and about nine fold
in turkeys. In another study (Nir et al., 1994c), in which behavior was determined by
recording one of four states: eating, standing, "sitting" or drinking. According to
Mahagna et al. (1994), the percentage of time spent eating was much higher in chicks
fed pellets than in their mash-fed counterparts (28% vs. 10% respectively), and the
percentage of time spent sitting was much higher in chicks fed pellets than in those fed
mash (65% vs. 32% respectively). In a choice experiment (Nir, 1987) conducted with
4-wk-old male broilers housed in individual cages equipped with two feeders, different
textures were compared. When a mash containing hammer-mill-ground grains (MHM)
was compared with a mash containing roller-mill-ground grains (MRM), the preference
of the broiler chickens for the latter was dramatic. When MHM was compared to pellets
produced from MHM (PHM), the broiler chicks consumed only PHM and did not
show any interest in the MHM. The chicks consumed close to the same amounts when
MRM was compared to PHM or to pellets produced from MRM (PRM). When the
same experiment was carried out with egg-type chickens, their response was concluded
to be similar to that of broilers, even though their capacity for choice was lower.
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GASTROINTESTINAL TRACT
In a recent study it was found that when fed a diet in mash form, the weights of the
gizzard and its contents are positively related to the size of the feed particles (the gizzard
weights of the medium and- coarse-mash-fed chicks exceeded that of the fine-mashfed chicks by 26 and 41%, respectively), whereas the pH of its contents was negatively
related (Nir et al., 1994b). The relative weight of the gizzard contents in fine-particlefed chicks was about 20% of that observed in their medium- and coarse-particle-fed
counterparts. In contrast to the higher gizzard weight, weights of all the intestinal
segments and their contents were heavier\in the fine-mash-fed chicks. The higher
intestinal content was accompanied by a decrease in its pH. The differences observed
in the gastrointestinal tract suggest that texture may have an effect on the rate of the
feed's passage through it. Lott (1989) also reported that the passage rate of large particles
through the gizzard of young chicks is slower than that of small particles. In addition
he suggested that the passage rate of large particles may be too slow to support maximal
growth. In contrast to Lott's (1989) statement, in the study of Nir et al. (1994b), the
slower passage of the food was accompanied by higher food intake and growth rate. It
is proposed that when fed a fine mash, or pellets produced from a fine mash, feed flows
through the stomachs to the duodenum and small intestine. This phenomenon is
accompanied by marked atrophy of the gizzard and by mild hypertrophy of the small
intestine, and a lower pH for the intestinal chyme. The latter could be the result of
excessive bacterial fermentation, producing volatile fatty acids. The acidity in the gizzard
may have a preventive effect on the incidence of intestinal disorders since most pathogens
are very sensitive to acidic conditions.
METABOLIZABLE ENERGY
Contrary to popular beUef, metabolizable energy is affected only slightly, if at all, by cold
or even by steam-heat-pelleting of poultry diets (Curda et al., 1963; Hussar and Robblee,
1962; Mclntosh et al, 1962; Blackely et al., 1963; Sibbald, 1976,1977). The main effect
of pelleting on energy utilization is probably a reduction in food energy devoted to
maintenance (net energy - productive energy) and, therefore, improved productive energy.
The reduced energy allotted to maintenance comes from the higher intake and growth and
also from reduced activity (see."Behavior and particle selection" section. Leroy (1961)
reported that when food is supplied in the form of pellets, the heat loss measured by
respiratory exchange is considerably reduced. Reddy et al. (1961) reported that food
consumed as pellets has 30% more productive energy than that consumed as mash. Longterm effects, such as adaptation of the gastrointestinal tract to the size and hardness of the
particles, may also affect the bird's overall response to pelleting.
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ASCITES
Ascites, high altitude disease or heart failure syndrome, refer to the accumulation of
edematous tissue in the abdominal cavity. Hypertrophy of the right ventricle resulting
in heart failure is now generally accepted to be the main cause of ascitic syndrome in
poultry (Scheele, 1993). Experiments of Maxwell et al. (1990, 1992), carried out to
study tissue oxygen deprivation in the development of ascites, revealed increased lactate
dehydrogenase activity and myocardial intracellular concentrations of calcium, and
the staining of hypoxia-damaged hepatocytes. All these syndromes are indices of tissue
oxygen deprivation.
Many dietary factors have been mentioned to contribute to the occurrence of ascites in
broilers. Huchzermeyer (1984) and Julian et al. (1987) reported that salt, furazolidone
and plant toxins, affect blood pressure and lung, heart and liver function and can evoke
ascitic syndromes in broilers. Scheele (1993) suggested that dietary compositions
resulting in low feed conversion ratios (feedrgain), such as high-energy diets, high
protein:energy ratios, and pelleted diets, all of which stimulate feed intake and protein
accretion, would increase the incidence of ascites in vulnerable birds. Some studies in
which mortality from ascites in broilers fed pellets or mash are documented in the
following table.
Due to a high turnover rate in the process of digestion and absorption, the demand for
oxygen in the gluttonous broiler's intestine may increase at the expense of other tissues.
The rapidly growing broiler may be sporadically at the limit of oxygen supply and a
rivalry may form between vital tissues for oxygen demand. An explanation for the
higher incidence of ascites associated with feeding pellets could be a higher need for
oxygen supply to the small intestine, due to a reduced number of meals, a higher intestinal
load associated with a higher rate of feed passage in the intestine, and a higher amount
of chyme in the intestine. The atrophy of gizzard observed in pellet-fed broilers could
also contribute to the higher amount of intestinal chyme associated with pelleted food.
Moreover, the reduced acidity in the gizzard may increase clinical and subclinical
intestinal disorders due to pathogens, which are sensitive to the gizzard's usual acidity.
These conditions may periodically increase intestinal oxygen demand and therefore
lead to ascites in vulnerable birds, mainly at cold temperatures and under stressful
conditions. It seems that feeding mash results in more efficient oxygen partitioning,
since food is consumed evenly and remains for longer periods in the gizzard at a lower
pH, and the intestinal load is lighter than with pelleted food.
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Table 1. Mortality from ascites (%) according to food form (pellets/crumbles/mash)
Pellets

Mash

Source

5.2

3.8

Shlosbergetal. (1991)

24
29

36
31

22
11

Shlosbergetal. (1992)
"

34

20

11

"

Males from 26 to 46 days
of age

Males moved from a
thermoneutral to a cold
environment at the age
of (days)

In a warm environment from
29 to 49 days

Bendheimetal. (1992)
ii

3.4
1.6

0.7
0.2

Males

18

8.7

"

Females

11

3.3

"

Male
Female

1

a

In a cold environment

Under standard management
Expt. 1.

Expt. 2.

Niretal. (1995)

Males

5.3

1.7

Females

2.2

1.8

"
((

Males

7.6

2.0

"

Note : In all comparisons carried out under different conditions mortality from ascites
was much greater when broilers were fed pellets:
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NUTRITIONAL STRATEGIES FOR ALLEVIATING THE
ADVERSE EFFECTS OF HEAT STRESS
D. Balnave

•>
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Camden NSW 2570, Australia

Recently, a number of nutritional strategies have been identifíed which help
alleviate the adverse effects of high ambient temperatures on poultry production.
Some strategies prove useful for both chicken meat and egg production whereas
others are specific for either broiler chickens or laying hens.

INTRODUCTION
High ambient temperature is one of the most important Stressors to which poultry are
exposed. It impacts on the profitabiHty of chicken meat and egg production enterprises
in many regions of the world. Adverse effects of heat stress include increased mortality,
reduced appetite and poor production. The latter includes poor growth and feed
efficiency in broilers and poor egg production, egg weight and egg shell quality in
laying hens. In many instances, such as poor growth, egg weight and egg production,
the adverse effects of heat stress can be related directly to a reduced food consumption
whereas in others, such as egg shell quality, the effect is primarily mediated by the
degree of heat stress per se.
Heat stress is usually regulated by the control of environmental factors such as house
temperature and ventilation. However, sophisticated housing designs cannot always
be accommodated because of economic and other considerations. In these circumstances
alternate strategies, need to be considered. Nutritional manipulation is one such option
and dietary ascorbic acid supplementation, for example, is a strategy that is recognised
as being beneficial for poultry at high temperatures (Peebles and Brake, 1985; Njoku,
1986). However, in recent years a number of other nutritional strategies have been
identified which can help alleviate the effects of heat stress in broiler chickens and
laying hens. It is these strategies which will be reviewed in this paper.
REDUCED APPETITE
Probably the most important factor in defining the production responses of poultry at
high temperatures is food intake. High temperatures induce marked reductions in food
consumption in broiler chickens and laying hens, the effect being accentuated with
increasing temperature. Originally, this led to the assumption that production could be
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maintained if dietary nutrient density was increased to offset the reduction in appetite.
This concept has not proved to be a viable option for broilers although in some instances
high nutrient-density diets have been found to be beneficial for laying hens (de Andrade
et al., 1977; Balnave and Murtisari Abdoellah, 1990). One of the main problems
associated with using high nutrient-density diets is the fact that production declines at
high temperatures. Increasing the dietary protein concentration results in excessive
intakes of amino acids which, in addition, usually are not correctly balanced with respect
to production requirements. This appears to be more of a problem for broilers than for
laying hens.
BROILERS
Hurwitz et al. (1980) predicted that the amino acid requirements per unit of energy of
6-week-old broilers should decline above 27°C and Waldroup (1982) concluded that
there was no evidence to support an increase in amino acid supply for growth above
32°C. More recently, Balnave and Ohva (1990) reported that the methionine requirement
for growth was reduced in broilers kept at a constant temperature of 30°C (0.22 g/MJ
of ME) compared with a constant 21°C (0.29 g/MJ of ME). The requirement in a
diumally fluctuating temperature regimen of 25°-35°C was intermediate (0.26 g/MJ of
ME) confirming the reduced effects of heat stress in a cyclical temperature environment.
Interestingly, the higher methionine requirement of 0.29 g/MJ of ME was needed for
optimum feed efficiency in all three temperature regimes.
These reports question the viability of feeding high nutrient-density diets to broilers at
high temperatures. Protein intake above requirements or the feeding of amino acidimbalanced diets increases protein catabolism and the associated heat production can
markedly increase the heat stress on birds kept at high ambient temperatures. Waldroup
(1982), and others, have recommended a reduction in dietary protein with suitable
supplementation with essential amino acids as a way of reducing the heat increment of
feeding during heat stress. The heat increment can also be reduced by using fat as a
source of energy in lieu of carbohydrate (Njoku and Nwazota, 1989). Although there
is evidence to suggest that the benefits to be derived from the reduced heat increment
of fat may be more noticeable at high, rather than low, temperatures (Lipstein and
Bomstein, 1975) practical benefits are often no better than those obtained at lower
temperatures (Reece and McNaughton, 1982).
Metabolizable energy (ME), the other major component of ration formulations? ialso
requires careful evaluation when consideration is given to defining the diets of poultry
at high temperatures. Although the energy requirement for production will decline
with the lower growth and egg output at high temperatures, the energy requirement for
maintenance will increase with the onset of panting. The relative contributions of
these energy needs will vary with the ambient temperature and the degree of heat stress.
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Accurate definition of energy requirements will, therefore, vary with temperature but,
in general, it appears that broilers have an increased requirement for energy relative to
amino acids at high temperatures. Practical feeding trials involving different dietary
lysine.ME ratios have shown that the optimum lysineiME ratio for growth varies with
temperature and with the dietary ME concentration. Sinurat and Balnave (1985) found
that optimum growth and feed efficiency of broilers fed diets containing either 12.60 or
13.68 MJ of ME/kg at moderate temperatures (18°-26°C) or 12.60 MJ of ME/kg at
high temperatures (25°-35°C) were attained with a lysine:ME ratio of 0.89 g/MJ whereas
these responses were maximised at 25°-35°C by feeding a high energy (13.68 MJ of
ME/kg) diet with a lower lysineiME ratio of 0.79 g/MJ. This gave a 20-25 per cent
reduction in lysine intake relative to optimum performance at 18°-26°C but the growth
of the broilers at 25°-35°C was only reduced by between 6 and 15 per cent.
The improved growth of broilers at high temperatures brought about by increasing the
dietary ME and reducing the lysine :ME ratio was confirmed for growth by Ley den and
Balnave (1987). The results are shown in Table 1, although in this study optimum feed
efficiency was achieved with a lysine:ME ratio of 0.85 g/MJ of ME at all dietary ME
concentrations. Furthermore, when broilers at 25°-35°C were allowed to self-select
from the separate cereal and protein components of a number of diets they chose a
lysine:ME ratio of 0.76g/MJ of ME irrespective of the nature of the complete diets
which had lysine:ME ratios ranging from 0.81 to 0.92 g/MJ of ME. These significantly
lower intakes of lysine did not adversely affect growth or feed efficiency (Sinurat and
Balnave, 1986).
The difficulty of maintaining a correct balance of dietary amino acids has been
highlighted in recent work reported by Brake et al. (1994). This has shown that the
optimum arginine: lysine ratio in broiler diets is dependent on the ambient temperature
to which the birds are exposed. While a ratio of 1.10 appears to be optimal at
thermoneutral temperatures the ratio increases to between 1.27 and 1.37 at temperatures
of 31° constant or 25°-35°C cycling. Furthermore, the use of dietary supplements of
sodium bicarbonate appears to influence the 'effective' argininerlysine ratio of diets
fed to 3-6 week old broilers at high temperatures (Table 2). This response may reflect
a reduced arginine catabolism associated with a reduced induction of arginase in the
kidney (Yun et al., 1991).

187

Table 1. Dietary ME and lysinerME ratios for broilers at 25°-35°C (Leyden and
Balnave, 1987)
ME
(MJ/kg)
11.5

12.5

13.5

14.5

LysinerME
(g/MJ)

Body weight gain
(g)

Feed efficiency
(g:g)

Abdominal fat
(gyligb'wt)

0.75

1077

0.39

18.2

0.85

1264**a

0.43**

16,6

0.95

1256**

0.43**

17.1

0.75

1206

0.39

23.5

0.85

1366**

0.42**

21.4

0.95

1297*

0.44**

21.5

0.75

1421

0.46

29.9

0.85

1444

0.49*

29.4

0.95

1457

0.51**

27.3

0.75

1493

0.51

35.3

0.85

1520

0.53*

30.6*

0.95

1551

0.54**

31.0*

a Significance relative to the diet with the lowest lysine:ME ratio within each dietary ME concentration;
*P<0.05; **P<0.01

Table 2. Responses of 3-6 week old broilers at 31 °C to dietary arginine:lysine
ratio and sodium bicarbonate (NaHC03) supplementation (D. Balnave, J. Brake
and J.J. Dibner, unpublished data)
Arg: Lys

NaHC03

Food intake

Liveweight gain

Feed conversion

(g:g)

(g/kg)

(g)

(g)

(g:g)

1.05

0

2016

971

2.118

1.15

0

2075

980

2.115

1.25

0

2077

988

2.098

1.35

0

2179

1011

2.165

1.05

16

2053

938

2.218

1.15

16

2255

1064

2.121

1.25

16

2214

1044

2.122

1.35

16

2194

1011

2.176
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81

0.155

LSD (P<0.05)

Other studies have identified improved food intake, growth and HveabiUty in heatstressed broilers receiving supplements of sodium bicarbonate in the diet or drinking
water (Branton et al., 1986; Balnave and Oliva, 1991; Gorman and Balnave, 1994).
No advantages from sodium bicarbonate supplementation were observed at moderate
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temperatures. Both Teeter et al. (1985) and Balnave and Gorman (1993) have suggested
that the heat-stressed broiler has a nutritional requirement for bicarbonate. The
advantages of using other electrolytes, as reported by Teeter and Smith (1986), is thought
to be related to the associated increased intake of drinking water acting as a 'heat-sink'
to remove excess heat from the body. The effect, therefore, declines with increasing
water temperature (Beker and Teeter, 1994).
LAYING HENS
Although feeding high-nutrient density diets to laying hens at high temperatures has
normally not proved a successful strategy for improving egg mass output to levels
observed from hens at more moderate temperatures there is evidence to indicate that
increasing the protein intake relative to energy has beneficial effects. This contrasts
with the conclusions regarding protein:energy needs of broilers at high temperatures.
In the 12-week study reported by de Andrade et al. (1977) increases in dietary protein
of 25 per cent and dietary ME of 10 per cent almost completely overcame the adverse
effects of constant 31 °C and cycling 26°-36°C temperature regimes on egg production
compared with hens fed a conventional diet at 21°C. In the more extended study reported
by Balnave and Murtisari Abdoellah (1990) where laying hens at 25°-35°C were fed a
concentrated diet containing increased protein (236 g/kg) and reduced energy (10.78
MJ of ME/kg) egg mass output from 19 to 40 weeks of age was greater than that of
hens kept at 10°-20°C and fed a conventional diet containing 150 g protein and 12.0
MJ of ME/kg. The specifications of the concentrated diet in this latter study were
derived from self-selection feeding trials where hens were fed separate energy-rich
(cereals + fat) and protein-rich feeds balanced for other nutrients.
Self-selection studies with laying hens adjusted to self-selection feeding prior to sexual
maturity and kept at high temperatures (25°-35°C) found that they increased their protein
intake by between 17 and 47 per cent compared with hens fed complete diets of varying
nutrient density (Scott and Balnave, 1988). This resulted in an improved egg mass
output of between 6 and 10 per cent and appeared to be related to the ability of the hen
to gain body weight and not to have to draw on body reserves to maintain egg production.
Irrespective of ambient temperature hens fed by this self-selection technique in a number
of studies chose protein:ME intake ratios which were higher than the ratio in complete,
conventional diets (Scott and Balnave, 1989; Balnave and Murtisari Abdoellah, 1990).
This response results in excessive protein intake, associated with high ME intake, at
cool temperatures without any improvement in egg mass output and the technique is,
therefore, only beneficial at high temperatures.
One other interesting outcome to arise from the self-selection studies at Camden is
illustrated in Figures 1 and 2. The relationships between egg mass output and amino
acid intake differed for hens fed complete diets and hens fed by self-selection. The
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former hens showed an increasing egg mass output with increasing methionine and
total sulphur amino acid intakes whereas hens fed by self-selection showed little
difference in egg mass output with variations in amino acid intakes. Similar responses
were obtained with ME, protein and lysine. Although the experiment was not designed
as such, and the increasing intake of amino acids was associated with increasing food
intake and, therefore, the intake of all other nutrients, the data raise the question as to
whether the intersection of these two lines can be taken as representing the methionine
and total sulphur amino acid requirements of these White Leghorn x Australorp hens
for a daily egg output of 38 g/day.
One other way of improving the performance of laying hens at high temperatures is to
manipulate their food intake during lay by regulating the temperature to which they are
exposed during growth. Kyarisiima and Balnave (1994) found that rearing pullets in a
cycling 10°-20°C temperature regimen improved their daily food intake in a cycling
25°-35°C regimen during lay by 10 g compared with hens kept at 25°-35°C during
growth and lay. This resulted in significant improvements in egg production (81 vs. 75
%) and Qgg weight (54.4 vs. 52.4 g). Njoya (1995) has reported similar responses
when comparing natural temperate and hot dry climates in Cameroon.
Reference was made previously to the fact that the adverse effect of heat stress on egg
shell quality is primarily mediated by temperature per se rather than food intake. This
is assumed to be related to the hyperventilation and associated respiratory alkalosis
which occurs at high temperatures. The loss of carbon dioxide and bicarbonate ions
from the blood is reflected in a reduced availability of bicarbonate in body fluids,
including the fluid surrounding the egg during calcification in the lumen of the shell
gland. However, attempts to improve egg shell quality by supplementing the diet or
drinking water with sodium bicarbonate have given equivocal results (Hughes, 1988).
It is possible that the problem Ues in the fact that on a conventional 16 h daily photoperiod
the bicarbonate is not consumed during the dark period when egg shell calcification
occurs. This has been tested and shown to have some merit in that, compared with
hens at 25°C on a daily 16 h photoperiod, egg weight and shell breaking strength were
improved at 30°C and 35°C by placing the hens on 24 h light and supplementing the
diet with 10 g sodium bicarbonate/kg (Balnave and Muheereza, unpublished
observations). Supplementation of diets with sodium bicarbonate, therefore, appears
to be a useful strategy to use with broilers and laying hens housed at high temperatures.
CONCLUSIONS
The following nutritional strategies offer ways of alleviating the adverse effects of
high ambient temperatures on growing broilers and laying hens.
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Growing Broilers
1.

2.

3.
4.
5.

Dietary amino acid and energy concentrations should reflect requirements as
defined by reduced amino acid requirements for growth and increased energy
requirements for maintenance.
Diets should provide an ideal amino acid balance. Particular emphasis should be
placed on meeting the correct arginine:lysine ratio which has been shown to widen
with increasing ambient temperature.
Dietary supplementation with electrolytes and, especially, sodium bicarbonate.
Dietary supplementation with ascorbic acid.
Use of self-selection feeding.

Laying Hens
1.
2.
3.
4.
5.

Increasing dietary protein (amino acid) concentrations. This depends mainly on
economic evaluation.
Use of self-selection feeding.
Dietary supplementation with sodium bicarbonate.
Dietary supplementation with ascorbic acid.
Rearing pullets at cool temperatures.
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NUTRITION V/S METABOLIC DISORDERS AND
STRESS CONDITIONS
J.S.Ichhponani
Deptt. of Animal Nutrition & Forages, Punjab Agricultural University,
Ludhiana: 141004, Punjab, India

The competition between human and Hvestock population for the existing animal and
plant resources has been of great concern to the poultry nutritionists. Efforts are on to
look forward for the new feed resources and to evaluate them for their inclusion in the
livestock and poultry rations. Apart from useful dietary nutrients, some factors of plant
origin cannot be degraded in the digestive system of monogastric animals and are thus
antinutritional. Besides having specific influences on digestion and absorption they
may inhibit the enzymes working with consequent disturbance of many metabolic
pathways. The incorporation of unconventional feeds containing incriminating factors
in poultry rations may cause stress to the birds thereby affecting their production
adversely. These include the antinutritive components alongwith the moulds and toxins
and need to be identified and removed where-ever possible. Some of these factors are
discussed hereunder.
MYCOTOXINS
Mycotoxins generally retard the carbohydrate, protein, lipid and vitamin metaboHsm
alongwith reduced nucleic acid synthesis and mitochondrial respiration. The cereals (maize,
wheat, oats broken rice, barley), oilseed cakes (groundnut cake, cotton seed cake, sunflower,
soybean, rape seed meal, cocoa cake, etc.), malt sprouts, palm kemel, rice bran, casava,
sweet potato, fish meal may be contaminated with the mycotoxins (Goldflatt, 1969;
Devegowda, 1993). On screening composite as well as individual feed ingredients, extensive
contamination of poultry feeds with mycotoxins (30-70%) was reported by Kathuria ( 1991,
Fig 1). The feeding of contaminated feedstuffs result in anorexia, growth depression,
enteritis, salivation, necrosis of fetlock and extremities, nephritis, osteoarthritis, jaundice,
damage of hver and reduction in egg production. This problem, to some extent, can be
counter acted by supplementing the feeds with live yeasts (Saccharomyces cervisiae) or
probiotics like Lactobacillus spp. (Devegowda, 1993).
ANTI-PROTEINS
Protease inhibitors. Nagra et al. (1986) reported lowering of the metabolizability of dry
matter, organic matter, ether extract as well as percent nitrogen retention at higher
levels of guar meal. The probable reason is either the trypsin inhibitor and/or the residual
gum present in guar meal.
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Feeding of raw soybean results in decreased feed conversion and growth in young
chicks and reduced egg production/weight in laying birds. Feeding of heat treated
soybean resulted in the improvement of both egg size and production. Temperature,
duration of heating, moisture level and particle size govern the destruction of trypsin
inhibitors. On the other hand over heating can damage amino acids and vitamins badly.
Sprouting and fermentation may also reduce their level (Saini, 1989) to below toxicity.
Other factors hke lectins and saponins interact with intestinal wall and result in inefficient
absorption of nutrients.
POLYPHENOLIC COMPOUNDS
Naturally occuring tannins are of two types i.e. hydrolysable tannins (can be digested)
and condensed tannins (not degradable by the digestive enzymes). On hydrolysis with
the enzymes they give sugar residues and pheno-carboxylic acid. The latter compound
can condense to produce polymeric flavoids i.e. the condensed tannins.
Feeding of tannin rich feeds such as sorghum, rape seed cake, karanja cake, sunflower
cake, mango- kemal, salseed meal results in deterioration of both growth and production
by reducing digestibility of protein and energy (Zambade et al. 1979; Devegowda,
1993) for laying bird. Zombadeetal. (1979) when fed salseed meal in semipurified and
pratical diets, found that increase in the level of salseed reduced protein absorbability
and ME values of the rations (Table 1).
Table 1. Effect of salseed meal on protein digestibility and ME content of rations
Type of
diet

Practical

Semipurified

Protein
digestibility
(%)

Ration

0
15
30

80.2
60.2
26.9

12.34
11.45
8.82

7.11
1.26

0
15
30

71.6
47.0
34.0

10.52
9.09
6.71

7.08
3.86

Level of
salseed
meal
(%)

M.E. (MJ/kg)
Salseed
meal

Zombade elal. (1979)
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Kaushal et al. (1971) when fed graded levels of oak kernel to the chicks also observed
the reduction in digestibility and retention in nitrogen, probably due to the interference
of tannins with the trypsin and L-amylase either by binding these or by precepitating
the dietary proteins due to the strong hydrogen bond affinity of the carbonyl oxygen
of the peptide bond.
In poultry, addition of extra methionine, choline, betaine or certain enzymes can help
to some extent to nullify the effects of tannins.
ANTIVITAMIN FACTORS
Another important class of nutrients i.e. vitamins also interact with some organic
compounds called antivitamin factors. Little work on these lines has been reported in
India but our pathological laboratory has been monitoring field cases on chicks from
time to time. Given in Table 2 are the results of vitamin deficiency cases received in
the Diagnostic Clinical Lab of the Department of Veterinary Pathology, PAU Ludhiana
during the last five (1991-95) years. The number of deficiency cases reported under
field conditions were maximum for Vitamin A (80) followed by D^(47), Vitamin 6^(25)
and Vitamin E(ll). Few cases of salt toxicity (6) were also observed.
CRUDE FIBRE
The quality of poultry rations is dependent upon the feed ingredients used to formulate
the compound rations. In India, feed ingredients commonly used to formulate the
compounded poultry rations are of agro-industrial origin. Due to advancement of
technology a variation in the chemical composition of these feed ingredients has been
observed especially with respect to fibre level, which has an energy diluent effect on
the diet. The N digestibility of cakes was found to be inversely related with the fibre
level (Fig.2, Lodhi et al, 1976). The crude fibre is less digesible and tends to reduce
the digestibility and ME values of rations (Sikka, 1993). It has been estimated that a
unit increase in crude fibre decreases 78 and 94 Kcal/kg energy respectively in the
rations of layers and chicks.
AMINO ACIDS
The major part of dietary amino acids is contributed by the protein supplements which
are deficient in one or the other amino acid. Single one of these supplements in the
ration may cause an imbalance of amino acids resulting in poor performance. Thus
while formulating the ration use of blend of various protein concentrates (Sharma et
al. 1993) is advised in order to minimise the stress on the birds arising due to the
imbalance of amino acids. Use of single protein supplement along with the
supplementation of the known limiting amino acid, however, overcome this problem
and make the ration economical (Ichhponani et al., 1983).
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Table 2. Nutritional deficiency and salt toxicity diseases in poultry (1991-95)*
Disease

1991

1992

1993

1994

1995

Total

Rickets
(Ca,P and/or Dp^f)

13

10

10

11

03

47

Vitamin A Def.
(Avitaminosis A)

09

28

14

16

13

80

Vitamdn B, Def.
(Polyneuritis)

03

01

01

01

-

06

Vitamin B^ Def.
(Curled-toe-Paralysis)

07

04

06

05

03

25

Vitamin E Def.
02
(White muscle desease
or Encepholmalacia)

03

05

01

-

11

Vitamin K Def.
(Athromobosis)

-

-

02

-

-

02

Mn def. (Slipped
tendon or perosis)

-

03

-

-

-

03

Salt toxicity

-

01

-

02

03

06

34

50

38

36

22

180

Total

* Courtesy: Dr. Balwant Singh, Prof. Vet. Pathology (PAU)- Personal Communication
Dec, 1995.
ENVIRONMENT
Besides the nutritional stresses due to dietary incriminating factors the birds face a
typical type of stress due to the changing climatic conditions. In northern part of India
summers are very hot (42°C to 46°C) while winters are very cold (5°C to PC). These
conditions have a direct influence on the performance of the birds but the birds tend
to overcome this environmental stress (to some extent) by regulating the feed intake.
Experiments in our own laboratory indicated that the feed consumption during summer
months is 20 percent less as compared to the winter season. This reduction in feed
consumption changes the dietary levels of protein and energy (Table 3). Nutrient density
of summer ration thus should be kept high. Therefore, before formulating the rations
it is imparative to look for the environmental conditions of the region.
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Table 3. Protein and energy requirements of different categories of chickens during
summer and winter
Protein (%)
Type of chicken

Winter

Summer

Energy (Kcal/kg)
Winter

Summer

(Egg. type chicken)
22.00

24.0

2900-3000

2900-3000

Pullets
(9-20 weeks)

15.0

18.5

2900-3000

2900-3000

Layers (20 weeks)
onward

15.0

18.5

2900-3000

2900-3000

3200

2900

Starter (0-8 weeks)

(Meat type birds)
Broiler
(0-6 weeks)

24.0

24.0

Broilers (7-8 weeks)
finisher

20.0

22.0
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NUTRITION TO AVOID METABOLIC DISORDERS AND
STRESS CONDITIONS
H.C. Saxena
Agri-Tech Associates, 303, MPJ Chambers, Wakdewadi, Pune - 411 003,
India

Having pretty well taken care of the infectious diseases, we now turn our attention
to serious problem in the industry worldwide relating to metabolic disorders and
stress related conditions. Conditions such as ascites, skeletal disorders, aflatoxicosis,
poor digestibility due to inhibitors and presence of B-glucans and pentosans, all
cause considerable losses to the Industry. In most cases the target organs are liver,
pancreas, kidneys, lungs and heart. Effective quality control of all raw materials
being used in manufacture of feeds are a must to prevent these metabolic disorders
and addition of certain enzymes to feeds containing barley or wheat, can improve
the growth and feed efficiencies in broilers. Fortunately for us, simple heat
treatment destroys trypsin inhibitor in soybean meal and thus provides one of the
best source of protein for the chickens. Similarly, use of B-glucans and xylañase
can take care of metabolic problems caused by use of barley and wheat in poultry
rations. Combination of genetic and some managemental methods will have to be
used to control ascites which is causing concern specially for the fast growing
broiler chickens.
INTRODUCTION
The poultry industry has now matured and developed into one of the most dynamic
areas of agriculture. The commercial success of poultry production has resulted from
the contributions of Nutrition, Genetics, Management and Health Care. Early expansion
of commercial poultry production was undoubtedly restricted by health care management
of large numbers of closely confined birds. Challenge from bacteria, mycoplasma,
viruses and parasites placed a limit on production potential, and high mortality was
often noticed at the farms. Over the period we have developed extensive health
management systems and with aid of effective vaccines, antibiotics and coccidiostats,
it is now unusual to see major problems from these infectious agents.
Today our most serious problem in the industry worldwide relate to non-infectious
diseases most commonly referred to as metabolic disorders and stress conditions.
Conditions such as ascites, sudden death syndrome, skeletal disorders in broilers now
account for something like 30% of the mortaUty. In many parts of the world, poultry is
confronted with feed containing mycotoxins that are metabolites of molds or fungi
growing in field crops or within stored grain. Mycotoxins can be very harmful to birds.
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even at low concentration, exerting their effect by derangement of normal metabolic
functions in various major organs within the body.
Major part of ingredients in the diet of poultry come from cereals and leguminous
seeds. The nutritional value of these ingredients depends, besides their chemical
composition, on the extent to which the nutrients are digested, absorbed and utilized.
Various factors may interfere with these processes. A major class of factors are the so
called anti-nutritional factors (ANFs) which can cause metabolic disorders resulting in
poor growth, lower egg production and lower efficiency of feed utilization.
There are factors which affect digestion and utilization of protein (trypsin inhibitors).
There are factors which have a negative affect on digestion and utilization of
carbohydrates (amylase inhibitors) and then there are factors which have negative affect
on utilization of minerals (glucosinolates, phytic acid, oxalic acid and gossypol).
Metabolic disorders cause immense stress to the birds resulting in production losses. It
is, therefore, of great importance to select feed ingredients that do not cause such
disorders and consequently the stress which results due to ingestion of such ingredients.
There are some unavoidable causes of stress like vaccination, transportation, debeaking,
ambient temperature or extreme weather conditions. However, all efforts must be made
to minimize stress to obtain optimum production whether it is meat or eggs. Stress due
to feed is of course avoidable, provided quality of ingredients is maintained at all times.
We shall discuss a few nutritional factors that cause metabolic disorders and stress and
how to prevent such disorders and stress conditions.
AFLATOXINS
Aflatoxins are a group of heterocyclic metabolites produced by storage fungi of the
genus Aspergillus particularly A.flavus and A parasiticus. Even though 18 different
aflatoxins have been identified only aflatoxins Bl, B2, Gl and G2 have been detected
as natural contaminants of feeds and feedingstuffs.
Aflatoxins were first identified as the causative agent of Turkey X disease, a toxicosis
that killed over 100,000 turkey poults in England in 1960. Since their isolation and
identification, aflatoxins have been a major concern as human hepatocarcinogens and
as substance with potential deleterious affects on livestock health and productivity.
The target organ for the toxic action of aflatoxins is the liver. Poultry species vary in
their susceptibility to aflatoxins with ducklings being the most sensitive and adult
chickens the most resistant. The adverse effects of aflatoxins on broiler performance
are both dose and time dependent. In broilers, toxic levels of aflatoxin cause decreased
body weight and feed intakes, poor skin pigmentation, depletion of lymphoid organs
such as thymus and bursa of Fabricius and macroscopic and histologie lesions in the
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liver. Reduced egg production and egg weight, increased liver fat and alterations in
some serum biochemical parameters are the most prominent manifestations of
aflatoxicosis in layers.
Purified toxic extracts from groundnut meal emitted a bright blue flourescence under
ultraviolet light. This was an important finding for the subsequent development of
analytical thin layer chromatography.
In stored grains, the most important factors influencing growth of Aspergillus sp. and
aflatoxin production are relative humidity around and in the substrate and storage
temperature. Equilibrium relative humidity of 80-85%, equilibrium moisture
concentration of 17% and temperatures of 24-35° C are the optimal conditions for
aflatoxin production.
Mold growth generally does not occur in grains dried below 12% moisture. Com and
groundnut meal appear to be two most affected feedstuffs causing aflatoxicosis.
There is no safe level of mycotoxins in poultry feeds. The best way is to reduce the
levels of the toxin to absolute minimum for optimum performance of poultry.
Hydrated sodium calcium aluminosilicate (HSCAS) has been used to reduce the levels
of bioavailable aflatoxins by selective chemisorption. It has been shown to remove
aflatoxin from aqueous suspension and to signiñcantly reduce the uptake and distribution
of aflatoxin in biological systems. Addition of HSCAS to diet of broiler chicks has
resulted in significant reduction in growth depression normally associated with
aflatoxicosis.
Mycotoxins in feed ingredients are difficult to economically remove or destroy. One
method for detoxification of one class of mycotoxins - aflatoxins - is ammoniation of
ingredients. Ammoniation was found to be effective in destroying aflatoxin in peanut
meal and cotton seed meal and in com. Dietary adsorbants in the diet at a level of 0.5%
are effective in reducing the effects of aflatoxins on the growth of chickens.
The best way to prevent aflatoxin problem is to keep the moisture level of ingredients
low enough to inhibit fungal growth.
TRYPSIN INHIBITOR
Leguminous seeds contain an anti-nutritional factor which causes reduced digestibility
and lower feed conversion ratios. The most common and well documented antinutritional factor (ANF) is Trypsin Inhibitor found in soybeans. Ingestion of the antitryptic substance induces enlargement of the pancreas.
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The pancreas in birds fed properly toasted soybean meal diet usually are less than
0.5% of their body weight. In chicks fed raw soybean meal diet, the pancreas weight,
in proportion to body weight, was about twice the normal weight. The pancreas is the
only organ thus affected; in that organ only the acinar cells were altered - the islets cells
appeared to be normal.
The trypsin inhibitor is inactivated by heat treatment; properly toasted soybean meal
when used along with appropriate energy sources supplemented with amino acid - DL
methionine, vitamins and minerals including trace minerals, gives excellent results.
However, heat treatment must be carefully controlled because over heating can result
in deterioration of protein quality.
The adult birds are able to withstand the anti-nutritional factors present in raw soybean
meal when compared to the young birds. In fact, several authors have obtained data
which concludes that performance of laying hens fed raw soybean meal, as the sole
source of protein, was not impaired. In general, many researchers have recommended
use of properly heated soybean meal even for laying hen diets to obtain best results.
In commercial practice urease activity of soybean meal is-determined, which is an
indication of its nutritional quality. It is based on the assumption with the urease enzyme
in raw soybean meal is denatured at approximately the same rate as the trypsin inhibitor
and because it is easier to determine the urease activity than trypsin inhibitor, the urease
assays have generally been used by the feed industry in monitoring soybean quality.
Urease activity between 0.05 pH to 0.20 pH units is considered most desirable for
good quality of soybean meal. A urease index of greater than a 0.5 pH will likely cause
poor growth and reduced nutrient digestibility. Urease activity of less than 0.05 pH
normally indicates heat damage to the protein and causes metabolic disorders which do
not permit optimal performance. Damage is more serious when dietary lysine
concentrations are marginal. It is therefore necessary that heat treatment to soybean
meal is controlled carefully to keep the urease activity within a very narrow range for
obtaining best results. Over heating of soybean meal tends to inactivate or destroy the
essential amino acids lysine, besides cystine, methionine and others.
B-GLUCANS
It is well established that the B - glucans in barley have an anti-nutritive activity in
broiler diets. The anti-nutritive effects of these soluble non-starch polysaccharides are
manifested by a growth depression accompanied by sticky dropping. Rye and triticale
also contain glucans and other non-starch poly-saccharides. Beta glucans consist of a
series of glucose links with mixed 1,3 and 1,4 linkages. Poultry lack the B-glucanase
enzyme required for hydrolysis of this compound. As a result the viscosity of the digesta
increases and assimilation of nutrients in general is reduced. This may affect the rate
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of passage of the digesta, the rate of mixing with bile, pancreatic and intestinal secretions
with the digesta and the rate of absorption of nutrients. Consequently, the use of
barley in poultry diets may result in poor growth and feed conversion and sticky and
wet droppings, compared to the use of corn as a grain source. Furthermore, poultry
have a limited amount of intestinal microrganisms that could provide enzymes for the
degradation of B-glucans.
Barley has a low content of ME value for poultry as compared to other grains. The
apparent ME value for barley (11.5% CP) is 2750 kcal/kg while the respective values
for com and wheat are 3370 and 3250 kcal/kg. The low ME value is partially attributed
to the high content of B-glucans.
The nutritional value of barley for poultry will be affected by the level of B-glucans in
barley. The level of B-glucans vary between 2-8% and the level depends upon the
cultivar, growing conditions, geographic origin, stage of ripeness at harvest and storage
conditions.
A number of investigators have demonstrated improved utilization of poultry diets
containing barley by the addition of microbial enzymes. These enzymes e.g. cellulase,
B-glucanase digest the B-glucans resulting in decreased viscosity of the digesta and
improved nutrient utilization.
It has also been shown improved utilization of barley by water treatment, which permits
hydrolysis of the B-glucans by the endogenous beta glucanase. However, heat treatment
of barley, will denature the endogenous enzymes thereby preventing them from
hydroly/dng the beta-glucans.
Recent studies have shown that wheat pentosans can also impair digestion in broilers,
probably by acting in the same manner as the B-glucans in barley. We now have
several combinations of enzymes which are used in broiler rations containing barley
and wheat which give excellent results. Xylanase supplementation is now widely
practised in broiler rations.
ASCITES - THE WATER BELLY SYNDROME
Another metabohc disorder which seems to have made headUnes recently is the condition
known as Ascites or simply the "Water Belly Syndrome" in broilers. Ascites is a
metabolic disorder characterized chiefly by accumulation of fluid in the abdominal
cavity. Several factors have been described as either causative or contributory including
toxic agents such as ammonia (environmental stresses) due to poor ventilation, low
oxygen at high altitudes, nutritional and physical factors. The fundamental underlying
cause of ascites is the genetics, as the condition is only seen in rapidly growing broilers.
The broiler chicken has a high demand for oxygen necessary to fuel metabohc processes.
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When such demand is increased by very fast growth rate or cold environmental
conditions, then the lungs must oxygenate increased quantity of blood. In order to
meet the demand for metabolism, the bird attempts to pump more blood through the
lungs and it places extra stress on the right ventricle of the heart. Under normal
conditions, the right ventricle is relatively small but in the situation of Ascites this
ventricle becomes grossly dilated and its size becomes almost double. This weakened
ventricle creates back pressure to the various suppHed systems, as consequence of which
is leakage of plasma from the liver. Ascites is essentially effectively caused by hypoxia.
Post mortem lesions show presence of fluid in the abdomen, marked venticular
hypertrophy, atrial hypertrophy, pulmonary congestion and oedema.
Ascites can be prevented by reducing growth rate and so reducing oxygen demand,
although this is not always economical. Under commercial conditions, mortality due
to ascites can be minimized by providing quality air flow across the bird and preventing
night time cold stress. Several suggestions have been made for prevention of ascites.
It can be prevented totally through feed restriction or through the use of very low
nutrient density rations. Other suggestions are :
1)
2)
3)
4)
5)
6)

Use of low energy feed, throughout life cycle of broilers e.g. Starter - 2850 kcal
ME/Kg., Grower - 2950 kca^Kg. and Finisher - 3100 kcal ME/Kg.
Use mash rather than pelleted feed.
Consider skip-a-day feeding from 7 to 20 days of age.
Consider limit-time feeding such that birds have access to feed for 8 to 10 hours
a day. Extra care is needed in water management so as to prevent wet litter.
Minimize toxin contamination of feed
Limit sodium level to 0.19% of the diet.

Eradication of ascites can only be achieved through genetic selection, which is a slow
process and not without the possible risk of losing commercially important parameters,
like growth rate.
It is generally agreed that ascites is not an infectious disease and currently appears to
be primarily a problem affecting broilers. In countries where its incidence is high,
economic losses are extensive, especially because ascites mortality is heaviest beginning
from the fourth week of age and increasing through week six.
Another metabolic disorder which at times seems to have much in common with ascites
is Sudden Death Syndrome (SDS). Sudden death syndrome is often referred to as
"flip-overs". Most pathologists do not see any relationship between SDS and ascities,
however, the syndromes are similar in that they both affect the cardiovascular system.
In both conditions cardiac failure generally assumes the cause of death.
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CONCLUSION
Considerable research has gone into understanding of metaboHc disorders and stress
conditions caused by various feed ingredients. Nutritionists are doing their best to use
only these ingredients that cause least metabolic disorders so as to promote maximum
growth in broilers, maximum egg production in layers and breeders with excellent feed
efficiencies under field conditions. Considerable efforts for quahty control of ingredients
will have to be exercised so we can reach this goal.
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THE EFFECTS OF DIETARY CHROMIUM (Cr) IN
BROILER CHICKS UNDER HEAT STRESS
K. T. NamS H. Y. Lee^, C. W. Kang^ and I. J. Yoo^
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^Animal Resources Research Centre, Kon-kuk University, Mojin-Dong,
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'^Korca Food Research Institute, San 46-1, Baekhyun-dong Bundangku, Songnam-si, Kyonggi-do, Korea

An experiment was conducted to determine the effect of dietary inorganic
(CrCl3.6H20) and organic Cr (Cr-Picolinate) on the performance of broilar
chicks under heat stress. Sixty three week old birds were randomly divided into
5 groups with a sex ratio of 2 male : 1 female. The birds in cages were raised
in an environmentally controlled room maintained at 35 ''C and 40% relative
humidity under continuous lighting. They were fed one of 5 diets; contol, two
inorganig Cr(10, 20ppm) and two organic Cr(5, lOppm) supplemented, for 4
weeks. The treatments except lOppm organic Cr increased feed intakes, growth
retes and thus decreased feed conversion retes compared to those of the control
group. The relatively poor results of the lOppm organic Cr appered to be due
to toxicity of Fe in the organic Cr premix. Cr contents of liver, pancreas and
spleen were increased signifícanthy as Cr was supplemented (p<0.05) The results
suggest that Cr supplementation into broiler feeds be an effective method to
decrease heat stress.

INTRODUCTION
The adverse consequences of high ambient temperature distress on bird performance
as measured by growth and, feed conversion rate and mortahty are well documented.
Heat distress reduces bone weight and strenth and increases the incidence of leg
problems in broilers (Ernst et al, 1984). Such effects are likely the results of impaired
mineral metabolism. Studies with humans or mice have indicated that various Stressors
increased urinery excretion of Cr (Borel et al, 1984 ; Anderson et al, 1988). Moreover,
Cr supplementation protected animals from the stress-induced losses of several trace
elements (Schrauzer et al, 1986). However, evidence for the benefits of supplemental
Cr with domestic animals, including poultry, is extremely limited. This study was
conducted to investigate the effect of dietary inorganic and organic Cr on the
performance of broiler under heat stress.
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MATERIALS AND METHODS
A total of one hundred-five day old broiler chicks ( Abor-Acres) were fed the
commercial (control) diet for 3wk, thereafter 60 birds were selected and randomly
divided into five groups with the sex ratio of 2 male : 1 female. Nutrient composition
of control diet was CP 19.0%, EE 3.0%, CF 6.0%, Ca 0.7%, P 0.6%, ME 3, 200kcal/
kg. The birds were reared in an environmentally controlled room maintained at 35±2
°C and 40±2% relative humidity under continous lighting. Groups were assigned to
one of 5 feeding treatments ; control, two inorganic Cr (10, 20ppm), two organic Cr
supplemented diets (5, lOppm). Feed and water were provided ad libitum for the
experimental period. During the feeding trial, feed intake, body weight gain and feed
conversion rate were calculated weekly. At the end of the 4wk, the broilers were
sacrified and their breast, thigh muscles, liver, kidney, pancreas, spleen were sampled
for determination of the Cr content using ICP/MS. The data of experiment were
analysed by ANOVA procedure of SAS software (1985). Means were compared by
Duncan's multiple range test (Duncan, 1955).
RESULTS AND DISCUSSION
Table 1 shows the averege feed intake, body weight gain and feed conversion rate
during the 4wk of experimental period under heat stress. Feed intake and body
wieght gain were improved significantly with the Cr supplementation except organic
Cr lOppm supplemented group compared to the control group. Feed conversion rate
was decreased in inorganic Cr supplemented groups compared to organic Cr and
control group. The imposition of heat stress generally reduced feed intake and body
weight gain, however it was ameUorated by the Cr supplementation. This investigation
indicate that Cr addition to diets of broiler reduces heat stress. In Seerley's study(1993),
it was found that Cr supplementation increased the amount of meat, raised productivity,
reduced stress and maintained immunocompetence.
Table 1. Effects of Cr supplement on feed intake, body weight gain and feed conversion rates
in broiler chicks
Item

Control

CrCl3, ÓHpCppm)
10
20

Cr-Picolinate(ppm)
5
10

Feed intake
56.53^
64.44^
64.38^
64.89^
(g^i^d/day)
±3.35
±1.55
±3.46
±1.30
B.wt gain
14.84^
26.20^
23.26^^'
20.92''
(g^ird/day)
±4.64
±1.36
±6.61
±5.16
*F. C. R
3.81^"
2.46'^
2.11'
3.10"
a-c Mean ±SE values within a row with different superscripts are significantly different (
* Feed conversion rate = feed intake/body weight gain
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44.50'^
±4.38
10.71^
±3.18
4.15'»
P<0.05).

The results of tibia thickness and length in broiler chicks are given in Table 2. The
dietary Cr significantly increased tibia thickness and except organic lOppm
supplemented group compared with the control (P<0.05). In the organic lOppm Cr
group, the low performance and tibia growth were due to Fe overintake. Organic
Cr(Cr-picolinate) has 0.04% Cr and 5% Fe, organic Cr lOppm contain Fe 1250ppm.
The change of tibia length is in accord with the change of
weight gain. So, this fact supported that tibia length could become the index of
growth.
Table 2. Effects of Cr supplement on tibia thickness and length in broiler chicks.
Weeks

Control

CrCl3.6H20(ppm)
10
20

Cr-Picolinate(ppm)
5
10

ur nis : mm
Thickness
0
4
Length
0
4

8.22
±0.03
9.91^±0.06

8.20
±0.04
10.63^
±0.08

7.89
±0.04
10.29^"
±0.04

8.31
±0.07
10.36^"
±0.09

8.14
±0.05
9.26^^
±0.07

67.53
±0.21
87.78"
±0.46

65.14
±0.21
95.80^
±0.43

68.73
±0.65
96.29^
±0.30

67.11
±0.24
90.89"
±0.46

66.55
±0.29
85.67"
±0.82

a-c : Mean ±SE within a row with no common superscripts differ significantly (P<0.05).

The Cr content of the tissues for the 4 wk feeding period are shown in Table 3. The
Cr content of the tissues increased significantly as dietary Cr level increased (P<0.05)
but the Cr contents of leg and breast did not increase. This investigation showed that
organic Cr was easy to be accumulated in broilers compared with inorganic Cr. This
also might be due to differences in absorption of inorganic Cr is 3% but the absorption
rates between the two forms as raported by Anderson and Kozlovsky (1985) that the
absorption of inorganic Cr is 3% but the absorption of natural Cr compound like
brewing yeast is 10-25%.
The results indicated that the supplementation of Cr into broiler diet was effective
method to decrease heat stress.
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Table 3. Effects of Cr supplementon tissue in broiler chicks.
Tissues

Control

CrCl3 .6nfi(ppm)
10
20

Cr-Picolinate(ppm)
5
10

Units : mm
Liver
Kidney
Pancrease
Spleen
Breast
Leg

154.7^
±9.7
216.6^
±14.7
194.7^
±14.2
404.6^
±20.4
373.4
±11.8
200.9*^
±14.5

256.7^
±14.3
454.2"
±17.8
292.8^
±26.4
740.7"
±34.9
335.6
±19.8
256.7"'^
±12.0

189.9^'
±11.6
227.4^±21.9
198.5^
±17.6
762.6"
±28.1
322.9
±16.1
208.6'^
±11.8

374.6"
±14.6
429.8"
±26.4
358.5"
±22.0
616.5*^
±22.2
359.3
±15.9
209.3'^
±24.2

202.7^±15.7
324.5^
±13.0
288.P
±16.4
439.6^
±22.4
367.7
±7.8
302.8"
±21.0

a-d : Mean ± SE within a row with no common superscripts differ significantly(P<0.05).
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POSSIBILITIES OF NON-QUANTITATIVE FEED
INTAKE REGULATION IN BROILER BREEDER
REARING
G. De Groóte
Government Research Station for Small Stock Husbandry, Burg.
Van Gansberghelaan, 92-Merelbeke 9820, Belgium

The paper reviews the literature on nutrient intake regulation in the rearing period
of broiler breeder pullets by modifying the composition of the diet. There is a
growing concern about the welfare of broiler breeders submitted to the severe
quantitative feed restriction in the universally used typical commercial rearing
programs. Qualitative, self-restricting feeding methods save labour or investment
costs and minimise probably stress, although the latter has not been proven yet.
Actually no qualitative, autonomous feed restriction methods which are useful for
practical application, have been developed yet. Even those which are effective in
monitoring body weight and sexual maturity, show undesirable, negative effects
on either mortality, egg production or flock uniformity. The results of two recent,
collaborative studies from our laboratory have demonstrated that 4% Ca-propionic
acid and high levels of ZnO (3500-4500 mg/kg) inhibited voluntary feed intake
insufficiently to rigidly monitor pullet growth according to the breeder target
curve, while reproductive performance was also impaired. Proper jojoba meal
supplementation (3-4 %) of the rearing diet was successful in monitoring body
weight similar to the breeder target curve, but there was no improvement in flock
uniformity. However and unexpectedly no subsequent egg production in both
experiments was noted, because of a strong inhibition of oviduct development at
normal ovarial function. Studies are carried out to identify the unknown
components(s) in jojoba meals, which were proven to resist heat treatment and
probably disturb oestrogen function.

INTRODUCTION
The strong negative relationship between body weight of broiler breeders and their
ability to reproduce remains the major problem. Appetite and weight still increase by
genetic selection in commercial broilers and this results in a correlated increase in
adult body weight and a lower reproductive fitness.
The average body weight of broiler pullets after 20 weeks of full-fed rearing, can reach
3.7-3.8 kg. It is well established that, if broiler breeders are given the opportunity to
consume so much feed as they want, the number of hatched chicks will be very low.
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To obtain optimal reproduction results, the breeder hen at 20 weeks of age must have
a comparable body weight as their offspring at 6 weeks of age, i.e., approximately 2.12.2 kg. So, there is an absolute necessity of regulating feed intake, in particular energy,
during the rearing period and even during the laying period in order to limit body
weight gain, to delay sexual maturity and to optimise hatching eggjproduction, fertility
and hatchability (Leclecrcq, 1986; Van Wambeke, 1981 ; Van Wambeke, 1989 ; Yu et
al, 1992 a,b,c, and Robinson, 1993).
Over the years both quantitative and qualitative restriction have been studied. Hitherto
quantitative regulation offers the greatest degree of control and is the most widely used
by producers. With mechanical weight-scale, attached to automatic feeders, it is relatively
easy to realise accurate feed allocation under commercial conditions. Skip-a-day program
or as an alternative to every-day feed restriction can be applied. Adequate feeder space
is especially important with every-day feeding, since not only the main body weight
target is important, but also flock uniformity is one of the most critical factors in broiler
breeder management.
Regulation of nutrient intake by non-quantitative methods
Limitation of the continuously increasing growth rate forces to start nutrient restriction
of young breeders in the rearing period at earlier ages and/or to be of increasing severity
at older ages.
From the viewpoint of the animal welfare skip-a-day feed restriction methods are
questioned and several country legislations already forbid fasting longer then 24 hours.
Nowadays there is growing concern about the welfare of broiler breeders, submitted
to the severe physical feed restriction in typical commercial rearing programs. It was
reported (Hocking and Maxwell, 1992) that such feed restriction resulted in increased
heterophyl : lymphocyte ratios and proportion of basophils, higher plasma corticosterone
concentrations and Stereotypie behaviour, all parameters indicative of stress.
Revised feeding methods to minimise stress in broiler breeders should therefore be
investigated. In several studies it has been tried by modifying the composition of the
diet to develop feeds, resulting in autonomous self-restriction by the birds when fed
ad libitum. It may be assumed that by reduced aggressive competition for feed, stress
among breeder pullets will be alleviated and flock uniformity in body weight improved.
These so-called qualitative nutrient restriction methods which were investigated in the
past can be divided in three basic categories : (1) low energy-high fibre diets, diets
deficient in protein/amino acids (lysine, tryptophan etc.) or in mineral content (NaCl),
(2) diets with excess levels of added nutrients (glycine, short-and medium chain fatty
acids) and of additives (monensin) known to depress feed intake (3) diets with added
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central acting, anorectic, appetite suppressing drugs (e.g. phenylpropanolamine). For
reviews see Lee et al. (1971), Van Wambeke (1977, 1981, 1989).
Low energy-high fiber diets were unsuccessful in depressing energy intake sufficiently
to control body weight, because reduction in dietary energy content is offset by higher
feed intake. Low protein/low lysine diets were effective to control body weight and to
delay sexual maturity, but mortaUty was high and egg production lower. Low protein/
low tryptophan diets failed to control body weight, while egg production also was
reduced. Deficient salt diets were capable to monitor mean body weight to the target
quite accurately, but flock uniformity at 20 weeks was very low.
In most instances quahtative feed restriction programs based on diets deficient in amino
acids or minerals have failed, since all birds in a flock do not have identical requirements.
So, mean flock weight can often be manipulated, but uniformity is usually disastrous
(instead of being improved) and also mortality is higher. Dietary manipulation using
high levels of appetite depressing substances and drugs, were unsuccessful, because
the birds developed tolerance to the treatment after some weeks. The exception is
monensin, but here flock uniformity was very poor at 21 weeks, although it had till 300
mg/kg no negative effect on egg production. Shell quality, however, was impaired.
From the above mentioned, it can be concluded that at this moment no qualitative self
restricting feed method has been developed, which is useful for practical application,
since even those which are effective in monitoring body weight and sexual maturity,
show at least one undesirable side effect.
Recent experiments
Further collaborative studies were carried out in our Institute (Decuypere et al., 1994)
to investigate the value of dietary ZnO and propionic acid supplementation, together
with the use of jojoba meal (Simmondsia chinensis) as methods for autonomous feed
restriction under ad lib. feeding conditions.
Experiments on induced moulting and egg production pause (Decuypere and Verheyen,
1986), have already shown that high dietary Zn supplementation suppresses appetite
and reduces feed intake to low levels in a dose related way. Jojoba meal (JO), a by
product of the oil extraction contains 25-30% protein, but its toxic or anti - nutritional
compounds, including polyphenols, trypsin inhibitors and phytic acid, make it unsuitable
for livestock feeding. JO supplementation (0 - 12%) produces a dose - dependent
decrease of feed intake and comparative growth reduction, provoked (1) by an inhibition
of appetite, linked to the simmondsin content of JO and probably by liberation of the
satiating hormone cholecystokinin and (2) by the influence of the anti - nutritional
components affecting digestibility (Amouts et al., 1993). The appropriate dose needed
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to obtain recommended target weights was 4% JO (4.85% simmondsin + -2' - ferulate)
from USA - origin, as determined in a preliminary trial (4-7 wk).
The results of experiment 1 are summarised in figure 1 and tables 1 and 2. In agreement
with the observations of Pinchasov et al. (1993), 4% Ca - propionic acid inhibited
voluntary feed intake insufficiently to control pullet growth according to the Ross target
curve, so that from week 8 onwards quantitative restriction had to be imposed.
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Figure 1. Effect of qualitative feed restriction on the cumulative feed intake (A)
and on the body weight (B) of broiler breeder pullets
With the ZnO - treatments the dose - related inhibitory effect on voluntary feed intake
and body weight gain was apparent till 14 weeks of age, however, insufficiently to
control body weight even at the highest dose. Because this lack of rigid control and
the appearance of severe leg problems, especially with the Zn-4500-dose, all Zntreatments were stopped and replaced by quantitative restriction with the control diet
after 14 weeks. A significant reduction in toe ash % was observed (4.7 and 4.1 % for
the Zn doses 4000 and 4500 mg/kg respectively vs. 7.03 % for the restricted control),
indicating impaired calcification of the skeleton.
The feed intake pattern and the growth curve obtained with the jojoba meal treatment
were quite similar to that of the quantitatively restricted control and of the target Ross
growth curve up to 16 weeks of age. From 16-20 weeks feed intake and body weight
increased compared to the control treatment and the target curve, probably related to
the lower dose of 2.5% JO. The change in the growth curve at 6 weeks could be caused
by the replacement of American JO for Israeli JO, concomitant with a higher anti nutritional effect of the unheated Israeli JO. Mortality (11.6 %) was higher compared
218

to the exceptionally low figure for the control females. Mortality and culling in the JO
males (2-20wk) was very high (66%) due to leg problems, but the remaining cocks
produced sperm. Variation of body weight was 11.0% for the JO females compared
to 13.9% for the control group.
Table 1. The effect of qualitative dietary manipulations on ad lib feed intake and
body weight of broiler breeders compared to quantitative feed restriction during
the rearing period ( 2-20W)
Average daily feed
iintake (g/b)

- Control
(quant, restr.)
- Zn, mg/kg ^^'
3500
4000
4500
- Ca-prop. acid
(4%)
- Jojoba meal ^^^
(4- 2.5 %)

Body weight
(20 wk) (kg)

Mortality
+ culling (%)

F

%

M

F(i)

%

M

F

M

67

(100)

80

2.034

(100)

2.845

1.1

14.7

94
91
85
76

(140)
(135)
(127)
(113)

85

84

2.171
2.094
2.016
2.108

(107) 2.718
—
(103)
—
(99)
(104) 2.683

4.6
2.2
15.7
4.1

20.6

—
—

85

(127)

103

2.348

(115)

3.296

11.6

66

—
—
16.3

^'* e.V. at 13 weeks, respectively 12.6%, 14.2%, 17.6% 17.9%, 11.3% and 13.5%.
<-^ 3-5 weeks : respectively 2500, 3000 and 3500 mg Zn/kg.
^^^ 3-6 weeks : USA - origin - 130C - 4.8% simmondsin act. -4% inclusion.
6-12 weeks : Israel - origin - 60C - 5.48% simmondsin act. -3% inclusion.
12-20 weeks : Israel - origin - 60C - 5.48% simmondsin act.- 2.5% inclusion.
Reproductive performance (table 2) showed significantly lower hen housed egg
production for the Zn - and propionic acid treatments compared to the control, while
also fertility and hatchability were impaired by the Zn-treatment. Unexpectedly the JO
pullets did not produce eggs at the age of sexual maturity and later on.
Autopsy revealed that the development of the ovary was normal (Vermaut, 1995) but
the oviduct was abnormally small (15 cm L, 0.5 cm D vs 50 cm L, 15 cm D for the
control). It was postulated that JO contains a factor which prevents the normal
development of the oviduct and which may be destroyed by higher temperatures in the
expeller process. This hypothesis was tested in a second experiment, in which cold
(50°C) expelled Israeh JO was compared to heated (2 h - 150°C) Israeli and U.S, JO.
The results are summarised in figure 2 and in table 3.
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Table 2. The effect of qualitative dietary manipulations and quantitative feed
restriction during the rearing period on reproductive performance of broiler
breeders (24-64 w)

- Control
(quant, restr.)
- Zn, mg/kg
3500
4000
4500
- Ca-prop. acid
(4%)
- Jojoba meal
(4-2.5 %)

Mortality

Lay

(%)

(%)

Egg s/h.h

Feed/egg Fertility
mass
42 wk

Total

Hatch.

62.4 b

169d

160 d

4.18 a

5.8
28.3
8.4
9.6

52.8
54.3
59.6
58.7

143
129
159
156

135
121
151
147

4.89
4.76
4.33
4.43

—

—

11

a
a
b
b

—

b
a
c
c

—

b
a
c
c

—

b
b
a
a

(%)

Hatcha
bility
42 wk (%)

99 a

92.2 a

99.5 a
96.8 a
96.1 a
98 a

89 a
79.9 b
88.4 a
90.5 a

—

—

a,b,c,d : means followed by different letters are significantly different (P:0.05).

Jojob* lsr.(unh«ated)
Jojoba l«r.(hMt«d)
Jojoba USA (hMtad)
Raslrlctad (Quant)

Figure 2. Cumulated feed intake (A) and body weight (B) of broiler breeder pullets
qualitatively restricted with differently treated jojoba meals
Compared to the ad lib. feed group, the JO supplementation at 4 % reduced voluntary
feed intake from 17.5-32.5 % Which was less then the 41% for the quantitatively
restricted restricted control and apparently related to the simmondsin content.
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Table 3. The effect of differently heated jojoba meals on ad lib, feed intake and
body weight of broiler breeder pullets, compared to quantitative feed restriction
and ad libitum feeding during the rearing period (2-20 w)

- Ad lib, feed
intake
- Jojoba meals (4%)
* Israel ^'^
(cold expelled <50C
* Israel ^2)
(2 h - 150 C
* U.S.A. ^'^
(2 h - 150 C)
- Control
(quant, restr.) F
M

Daily mean
feed intake
(g/b)
(%)

Mean

%

C.V., %

120

(169)

3.775

(188)

7.1

0

88

(124)

2.320

(116)

18.7

3

99

(139)

2.522

(126)

12.2

6

81

(114)

2.403

(120)

15.7

6

71
76

(100)
—

2.005
2.950

(100)
—

10
—

0
—

Body weight (20 wk)
(kg)

Mortality +
culling
%

(1), (2), (3) : simmondsin contents resp. 6, 5.8 and 7.4 %.
Growth curves were similar to those of the restricted control and the Ross target till
12 weeks, but afterwards body weights became somewhat higher. However, after 4
weeks of quantitative restriction (20 - 24wk) body weights were close to the target
weight of the breeder (Ross) 2.7 - 2.8 kg. Flock uniformity at 20 weeks however was
lower (C.V. = 12-18%) compared to the control (C.V = 10%). The results of experiment
2 confirm those of the first one, proving that proper jojoba meal supplementation into
the rearing diet of the broiler breeder pullets inhibits voluntary feed intake to a level,
which enables to monitor body weight close to the target breeder growth curve.
Unfortunately as in the first experiment the the development of the oviduct of the JOtreated pullets was again less then 50 % of the restricted control and no egg production
was noted although ovarian function was normal. Thus the unknown factor in JO,
preventing normal oviduct function resisted the heat treatment (2h -150°C). Further
studies are carried out to identify the anti reproductive component in Jojoba meals and
to test the hypothesis that such a component may block up the oestrogen receptors and
may inhibit in this way normal oestrogen function.
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ENERGY SYSTEMS FOR POULTRY : RECENT
DEVELOPMENTS
David J. Farrell
Queensland Poultry Research and Development Centre, Alexandra Hills,
Qld and The Department of Agriculture, The University of Queensland,
St Lucia, Qld, Australia

There is no doubt that the metabohsable energy system is still relevant and because
of its simplicity and large bank of information will continue to be used by industry.
Because of the complexity of the EE system and the need for detailed information
on both the feed ingredients and strain of bird, it is unlikely that the system will be
widely adopted in the near future. It will most likely be used as part of a
sophisticated growth model which is now at an advanced stage of development
(Emmans, 1995; Emmans, Fisher and Gous, personal communication, 995).
INTRODUCTION
Ever since Davidson et al (1957) and Hill and Anderson (1958) published results
showing that the apparent metabolisable energy (AME) of feeding stuffs was less variable
than the productive energy (Fraps, 1944) of the same feeds there has been focus on
AME as the preferred energy system for poultry. Attention has centred on new and
quick methods of measuring AME (Sibbald, 1976; Farrell, 1978; du Preez, et al 1986)
or with some modification (McNab and Blair, 1988). The true metabolisable energy
system (TME) of Sibbald (1986) attracted much attention mainly because of its simplicity
and the underlying suggestion that only the TME method could deliver 'true' values as
opposed to 'apparent' ME values. There has been much discussion (Hartel, 1986;
Farrell et a/., 1991 ) about the TME method and the validity of values that were generated
particularly when comparisons were made using other methods to determine AME of
the same diets (Farrell et al, 1991). Sibbald (1982) comprehensively reviewed the
topic of bioavailable energy in poultry feedingstuffs but the important concept of energy
requirements of poultry and the utilisation of AME were not dealt with in detail.
Productive energy was defined by Fraps (1942) '... as the energy stored up as fat and
protein by the chicken from that portion of the ration eaten which exceeds the quantity
used for all maintenance purposes'. The two assumptions underpinning Fraps' system
were, first that plane of nutrition did not affect productive energy values, and second
that maintenance energy requirement was constant over a range of body weights when
expressed per unit of body weight. Both these assumptions are probably incorrect.
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Nehring and Haenlein (1973) described a system for fattening based on regression
equations which predicted the net energy of a feedingstuff for the different classes of
livestock from the digestible chemical components. This approach is particularly
difficult for poultry because faeces and urine are voided together as excreta and are not
easily separated. However the system did recognise that the metabohsable (or digestible)
energy of a feedingstuff does not have the same availability coefficient but varies
according to its content of protein, fat, starch and fibre. The system proposed by Nehring
and Haenlein (1973) was never considered seriously by the poultry industry in most
countries as a viable energy system.
De Groóte (1974) proposed a method of calculating the net energy by adjusting the
AME of ingredients on the basis of their crude protein, crude fat and starch plus sugar
content using conversion factors of 0.60, 0.90 and 0.75 respectively. Although this
was a step forward, the main benefit of De Groote's system was the very high utilisation
of the AME of fat. This is often referred to as the 'extra caloric effect' of fat. De
Groote's system did not recognise the negative influence of dietary fibre on the utihsation
of AME, and the approach was somewhat simplistic.
Although several years have elapsed since Emmans (1984) first discussed Effective
Energy (EE) as a system and the theory behind the system (Emmans and Fisher, 1986),
it is only recently that Emmans (1994) has published complete details of the system
and its application to the different domestic hvestock species. The EE system is divided
into the effective energy content of a feedingstuff and the effective energy requirement
of livestock.
The basic concept of the system is that an animal expends a constant amount of energy
(or heat) to accomplish various biochemical transactions associated with the processing
of its food on the one hand and the transformation of the end products following digestion
of that food into maintenance and growth (protein deposition and fat accretion) on the
other. Many of the processes can be considered to be 'work'.
Naturally, the EE system is more complex and takes a much deeper understanding of
energy metabolism than the old AME system. The latter system is relatively simple
since it considers only how much of food energy is excreted as faecal matter, urine and
lost as fermentation gases. It does not consider what happens to the remaining energy
(in quantitative terms) that is available to the animal.
As stated, the EE system applies equally well to ruminant and non ruminant livestock.
Since the latter does not produce significant amounts of methane (CH4), this component
will not be considered for poultry. For broiler chickens, growth comprises only of
protein and fat, and although some carbohydrate (glycogen) accumulates, this is of
little significance. Moreover, effective energy considers protein not in terms of amino
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acids, and fat (or lipid) not in terms of fatty acids, but only in terms of their heat of
combustion (energy). A further difficulty lies in the concept that the heat increment of
growth depends on the proportion of lean and fat in the gain as well as the components
in the feed that will achieve that gain. Furthermore the maintenance requirement of
animals varies and factors that cause this variation must be taken into account in the EE
system. Thus a single value for heat increment cannot be assigned to growth or to
maintenance and this largely distinguishes this system from other similar systems that
have been put forward.
The EE system recognises that AME is still the starting point in defining the energy of
a feedstuff. It recognises that it is only the organic matter (dry matter - ash component)
that yields energy. The system also recognises that the AME of a feedingstuff which
contains protein should be adjusted to provide energy only and is measured at
maintenance. The classical AMEC value is therefore corrected to zero protein (nitrogen)
retention (NR) by using the equation:
AME^ (kJ/g) = AME^ - a (6.25 NR)

(1)

On the basis that the energy content of nitrogen (N) in urine is 35.2 kJ/gN, the constant
for protein 'a' becomes 5.63 kJ. Thus the end point of the current AME system for
poultry is the starting point for the EE system. Here the AME is partitioned into the
heat of combustion (energy content) of fat and protein retained in growth and the heat
produced as a result of fuelling the necessary biochemical processes that 'drive' the
system and maintain the animal.
Much of Emmans' paper dissects the individual components that contribute to the
energy requirement of an animal. These are, heat production and the heat increment of
feeding, the fasting animal as a starting point for measuring maintenance, maintenance
itself and the requirement for growth and fattening. As a consequence Emmans
developed a unified theoretical concept for all domestic animals.
It is outside the scope of this paper to examine in detail the theory behind the EE
system. Instead the purpose is to describe only the equations used to determine both
energy requirements and the energy content of a feedingstuff for broiler growth. The
EE system requires a knowledge of the broiler genotype in relation to rate of lean
deposition and a detailed knowledge of the critical components of feedstuffs.
EFFECTIVE ENERGY CONTENT OF A FEEDSTUFF OR DIET (EEF)
The components : Effective energy (kJ/g) = AME^^ - W^FOM - 0.16 W^ DCP + 12 Z DCL (2)
As explained, AME^ (kJ/g) is the starting point of the system. The three other
components are, faecal organic matter (FOM) or undigested feed organic matter (g/g).
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digestible crude protein (DCP, g/g), and digestible crude fat (DCL, gig). All are less
than 1.0.
The constants W^,d' W u and 12 Z were derived by-' Emmans from measurements made in
careful and detailed suitable research work of which only very little was available for
poultry.
Faecal Organic Matter (FOM)
W^ = 3.8 kJ and this is the energy required to process 1 g of excreta organic matter and
is probably the least difficult to understand. This represents only the components of a
feed that yield energy. It includes several energy needs associated with the digestion of
feed. It follows that the higher the digestibility of a feed, the smaller the amount of
excreta voided and hence the lower will be the cost of processing one kg ofthat feed. In
order to determine FOM it is necessary to undertake not only a dry matter digestibility
but also to ash both feed and excreta.
Although Emmans (1994) defines FOM as faecal organic matter, it is more correctly
excreta organic matter. The actual W^ value that he obtained from analysis of poultry
data was 3.27 kJ/kg but this had sufficient variation to be not significantly different
from 3.8 found for ruminants.
Digestible Crude Protein (DCP)
The assumption here is that all of the protein digested is used for energy purposes only
and that all of the nitrogen (N) is therefore excreted in urine. This is clearly not the
case for growing chickens. Thus Wu (29.2 kJ/g) is the heat increment (work) of excreting
1 g N and the factor 0.16 converts the constant to 4.7 kJ/g protein.
It should be remembered that AMEn is also corrected to zero N retention. Adjustment
will be made later to N excretion for protein retention when calculating effective energy
requirements. It is also seen here that there is need to distinguish between N voided in
faeces and that in urine.
Digestible Crude Fat (DCL)
In this equation, DCL does not incur a heat increment but there is a positive value
added to AME^ on the basis of how much of the digested fat in the diet is deposited
directly as body lipid. The work required to deposit lipid is much less if it comes from
dietary fat rather than from protein or carbohydrate. The coefficients are 4.4 and 16.4
kJ/g respectively, a difference of 12 kJ. The information needed is the proportion of
feed fat that is deposited directly into tissue (Z). This lies between 0 and 1 and will
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depend on the amount in the feed, its digestibiUty and the rate of fat deposition in the
broiler chicken. Under normal circumstances the coefficient (Z) is about one third.
Hence the heat increment is 0.33 x 12 = 4 kJ. Clearly the higher the coefficient for Z
the greater will be the effective energy of the diet. Thus 12 Z DCL is an adjustment
factor. In this example it is assumed that the broiler chicken derives 33% of its tissue
fat gain directly from dietary fat but in practice this is not constant and will depend on
stage of growth and the fat content of the diet.
Effective Energy Requirements (EERQ)
The effective energy requirements of an animal and the effective energy content of a
feed ingredient or diet are intimately related. There are three components, the
requirement for maintenance (MH), the retention of tissue energy in the form of protein
(PR) and fat or lipid (LR) and work (heat increment) associated with these retentions:
EERQ (kJ/d) = MH + PR (h^ - a) + (W^ - 0.16 W^) + LR (h, + W,)

(3)

Maintenance Heat (MH)
Emmans (1994) spent some time defining maintenance heat and its calculation.
Maintenance heat was calculated from detailed experiments but unpublished by
Hakasson (see Emmans, 1994 for references) in Sweden in which chickens were
slaughtered at different body weights. Regression equations were constructed from
which the coefficients for PR and LR were determined. These agreed well with
coefficients determined by Emmans for other domestic animals. The intercept value
(MH) was the remainder of the heat produced after PR and LR had been accounted for
and this ranged from 1.53 to 1.55 MJ/kg body protein for the various regression equations
Thus the maintenance requirement requires a precise knowledge of the feather-free
protein content of the chicken at any given time and the protein content of the mature
bird of the same genotype when no further lean tissue is deposited. Since body protein
(BP) is about 0.20 of body weight (Emmans, 1994), this means that a mature broiler
chicken (6.0 kgW) will produce MH of 6.0 x 0.20 x 1.53 = 1.84 MJ/d. Since maintenance
energy requirement is more closely related to bodyweight scaled to 0.73, MH (MJ/d) is
calculated as:
1.53BP^o.73y

^^^

where u is the proportion of BP of the broiler chicken at any weight relative to the
mature body protein (BP^) of that genotype. In orde/ to calculate EERQ carcass
composition of birds at different ages is needed and paiticularly at mature body size.
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Protein Retention (PR)
This component is the work of depositing protein or its heat increment and has two
parts:
PR = (hp-a) + (Wp-0.16W^)
(5)
where h is the heat of combustion of protein tissue (23.8 kJ/g) from which is subtracted
the energy content of urinary protein (a = 5.63 kJ/g). Wp is the energy required to
deposit 1 g of tissue protein (36.5 kJ/g) and W^, as already noted, is the energy required
(29.2 kJ) to excrete 1 g of urinary N. The term Wp calculated from a regression equation
based on Hakasson's data, is reduced by subtracting the work associated with cataboHsm
of all of the urinary N and balances the correction made previously to DCP (equation
2). Emmans (1994) uses this correction 'to avoid double counting'. In an earlier report
Emmans and Fisher (1986) stated that 'the simplest procedure is to subtract from both
the diet and the protein retained the urinary energy that would have resulted if all of the
dietary protein was catabolized'. The term 0.16 which is frequently seen in these
calculations is merely the conversion of N to protein which contains 16% N and is 4.7
kJ/g urinary protein. These terms can be multiplied out such that the total cost of 1 g of
tissue protein gain, which includes both the work needed and the product energy content,
is 50 kJ/g. This means that the cost of depositing 1 g of protein is 26.2 kJ or 2.4 kJ more
than the energy content of the tissue. The effective energetic efficiency of the process
is 0.48 but in terms of AME it is 0.40 (Emmans, 1994).
Fat Retention (LR)
There has already been an adjustment made to the effective energy of a diet or ingredient
for the proportion of lipid (Z) that is transformed into tissue lipid. This is normally
about 0.3. Thus Wj = 16.4 kJ/g and constant. Adding this to the heat of combustion of
tissue lipid (39.6 kJ/g) the LR value is 56 kJ/g. Thus the effective energetic efficiency
of lipid deposition is therefore 0.71.
EERQ (kJ/d) = MH + 50 PR + 56 LR.

(6)

DISCUSSION
The EE system as proposed by Emmans and Fisher (1986) and Emmans (1994) is a
positive step towards the more accurate prediction of bird performance and feed
composition than the current AME system. Emmans (1995) has given reasons for this.
As already stated it does require detailed knowledge of the feed and of the different
genotypes, and this is only to be expected.
The system assumes that bird activity is a constant component of maintenance and that
the birds are in a thermoneutral environment. Neither of these assumptions is accurate
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and both are discussed by Emmans. Emmans (1995) stated that in a cold environment
AME is the relevant measure of energy supply presumably because heat increment
can be used to maintain body temperature constant and under these circumstances
AME is a net energy system.
In the calculation of maintenance requirement, the use of the scaling factor of 0.75 for
mature body protein (equation 4) may be questioned. This factor was derived from
interspecies comparisons of mature animals and may not relate to an intraspecies
comparison of growing broiler chickens. However the relationship can be tested from
serial slaughter analysis.
The contribution of feather growth to protein deposition is of importance both from the
effective energy and amino acid requirement point of view. Hancock et al (1995)
found that, for male and female broilers at maturity, feather weight was 5% and 6% of
body weight respectively. Although the protein content of feathers was constant (875
g/kg dry matter), their water content declined as birds aged. The six strains examined
did not differ significantly in feather weight at any age.
One of the major difficulties when working with poultry is the determination of digestible
dietary components. Strictly speaking these are 'metabolisable' components. The
adjustments to dry matter and fat are only minor since urine contains little of either.
However the use of excreta to determine nitrogenous compounds does not differentiate
between those in dry matter and those in urine. The determination of effective energy
of a feedstuff is laborious and although for compounded diets is about 10% less than
AMEn, it often appears to be similar to AMEc for a well balanced formulated diet.
The extension of the effective energy system to laying hens has not yet been attempted
but was discussed by Emmans and Fisher (1986). Theoretically this should be a simple
task because the composition of the egg is relatively constant but the energy needed
(heat increment) to deposit 1 g of egg protein and 1 g of egg lipid may be different from
that of broiler tissue. However there are values given in the literature which could be
used as first approximations.
One of the difficulties is the transformation of a sophisticated multi-factorial system to
a user-friendly practical system which can be accessed by industry. Nutritionists in the
poultry feed industry are seeking systems which have immediate application and
generally want only single values for a particular function. In the effective energy
system, these are not readily available and it is necessary to model the production
system which allows adjustment to these single values (Gous, 1995). Adjustments are
made largely for the different genotypes which not only vary in growth rate but in
carcass composition. In the case of laying hens, these will depend also on egg output,
bodyweight of bird and possibly on carcass composition at a given age.
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Calculation of the effective energy of an ingredient or diet requires information on
chemiccil composition and the apparent digestibility of some components. These data
are difficult to obtain. In practice values are calculated from tables such as those
assembled by the Spelderholt Centre for Poultry Research and Extension (Anonymous,
1986). Examples are provided in Table 1 of the components of three feedstuffs.
Table 1. Information required to calculate effective energy (EEF) of a feedstuff
from chemical composition (g/kg), digestibility coefficients of key components and
the apparent metabolisable energy value (AME^)
Composition g/kg

Wheat bran
Soybean meal
Wheat

AMEn
(MJ/kg)

EEF
(MJ/kg)

Protein

Fat

7.80

5.51

170

50

605

12.10
14.75

8.79
13.55

525
130

65
25

315
800

Apparent digestibility, %

NFE* Ash

Protein

Fat

NFE DMf

60

73

60

42

49

60
15

87
81

70
68

36
88

67
83

* Nitrogen free extract, t Dry matter

Since there is a dry matter digestibiUty value needed but not always given in tables, this
may be calculated from the mean weighted value for protein, fat and NFE digestibihties.
For wheat bran the digestibility of dry matter is 0.49 and the faecal organic matter is
480 g/kg. Using the appropriate coefficients in Table 1, the effective energy is 5.51
MJ/kg DM. Values for wheat and soybean meal are also given.
It is clear that the 'work' associated with faecal excretion is such that feedstuffs high in
fibre are heavily penalised. For bran the cost was 1.8 MJ/kg. For soybean meal the
high protein incurred a penalty of 2.1 MJ/kg but this is offset to some extent in EERQ
(equation 3). Wheat, high in starch and low in protein and crude fibre, has an effective
energy value only 1.2 MJ less (8%) than the AME^ value.
There is some degree of uncertainty about the calculation of effective energy from
tables (see Table 1), since there is no published information in which the calculated
value is compared with that determined for a variety of feedingstuffs. Once this has
been done, the next step would be to use the values for the feedingstuffs to compute a
diet and to use this in a broiler feeding experiment. Although this would be a timeconsuming exercise, it needs to be done to evaluate and validate the use of tables.
Furthermore tables used to calculate AME^ and effective energy are normally based on
data determined using adult cockerels. It is well known that values obtained are often
lower than when broiler chickens are used in the assay (Johnson, 1987).
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Furthermore the digestibihty coefficients for protein were not measured directly but
from the measurement of uric acid N in excreta. Uric acid is not the only source of N
in poultry urine.
An example of the effective energy requirements of broiler chickens using the equations
given earlier is shown in Table 2.
Table 2. Calculation of the effective energy requirements (kj/day) of a broiler
chicken at two different liveweights
Weight
(kg)
0.80
2.0

Body protion
(g/kg)
0.16
0.15

Retention (g/d)
Protein
Fat
9.1
13.3

3.4
7.8

Maintenance
(kJ)

Protein
(kJ)

Fat
(kJ)

Total
(kJ)

195
456

455
665

190
477

840
1558

In this example, the mature body weight of the genotype is set at 6.0 kg with an estimated
body protein of 0.17 giving a protein mass of 1.02 kg. Maintenance requirement per
day calculated using equation 4 is
1.55 MJ X ^-^^^ = 0.195 MJ for the 800 g chicken and 0.456 MJ for the 2.0 kg bird
1.02
For protein and fat the coefficients in equation 6 were used. The two important points
here are, first the calculation for protein requirement does not include that in feathers,
and secondly protein and fat accretion are required on a daily basis as well as growth
rate and the protein content of the mature bird. A prediction model for the genotype
must be constructed in order to calculate accurately total effective energy needs to a
given target weight and energy needs at any particular weight.
It is important to again emphasise the outcome of the complicated 'double accounting'
approach which gives a cost for protein retention of 50 kJ/g protein. This would be
>60 kJ using the AME^ system.
The recent paper by Hancock et al (1995) illustrates the detailed information that is
required for the effective energy system in order that a broiler growth model can
accurately predict bird performance. Using the Gompertz growth function based on
three parameters, initial weight, mature weight and rate of maturing, Hancock et al
(1995) showed that the strains of male birds were growing fastest at about 42 days of
age and females about two days earlier. These are the usual slaughter ages now used in
commercial practice.
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REDUCTION OF NITROGEN AND OTHER
NUTRIENTS EXCRETION AND WAYS OF THE
IMPROVEMENT OF NUTRIENTS UTILIZATION IN
POULTRY IN INTENSIVE AND EXTENSIVE
PRODUCTION
Dorota Jamroz
Department of Animal Nutrition and Feed Management, Agricultural
University, ul. Norwida 25/27,50-375 Wrocaw, Poland

Depending on the species, age and type of poultry production, the birds excrete
daily about 1.2 to over 6 g of nitrogen per head what in terms of 365 days resulted
from 0.44 up to 2.30 kg N/head. Reduction of nitrogen excretion to the environment
can be obtained by the precisely balanced quantity of crude protein in relation to
the norms of requirements, decreasing the protein level in the diets, adjusting the
quantity of protein and amino acids to the energy level in the feed as well as by
supplementation the poultry diets with the pure amino acids to the optimal level
which can be approximated to the "ideal protein". Use of feed supplements, such
as feed antimicrobials, enzymatic preparations, particularly ß-glucanase, celuUase,
pentosanase and phytase, signifícantly decrease the excretion of nutrients in
excrements, regulate the intestinal microorganisms population and increase feed
utilization. The excretion and environment loading with unutilized nutrients in
intensive and extensive poultry production should be analysed.
INTRODUCTION
Improvement of poultry production performance can be achieved by increasing of the
body weight gain of fattened birds and shortening growth period, as well as by increasing
of the egg number per hen. These traits required further advancement of feeding systems
and feed quality. Poultry is usually fed with mixtures containing higher level of protein
than other farm animals. In consequence of intensive poultry production, there is
considerable increased loading of the environment with unutilized protein and other
nutrients. Reducing the nitrogen and phosphorus excretion becomes one of the
fundamental problems of animal nutrition.
High concentration of birds in intensive housing systems, exceeding the allowable
number of animals per 1 ha, intensify the environmental pollution. European community
nitrate directive (1993) set a maximum nitrogen loading into environment at 170 kg of
organic N/ha. The strong restrictions of the livestock number within certain designated
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zones according to the capacity of the land available for manure spreading can be the
main way of decreasing the N-emission into the ground water and soil.
Reduction of unutilized nitrogen excretion by poultry can be obtained through: choice
of proper feed compounds for mixtures for different poultry species and age, especially
considering the cmde protein and fibre content, reducing the protein level, improvement
of dietary protein quality, precise balance of amino acids quantities to the metabolisable
energy levels, supplementation of the mixtures with antimicrobial substances (feed
antibiotics), and by the use of exogenous enzyme preparations. Hydrothermal preparation
of some compounds also change the dietary protein digestibility and amino acids
availability. Restricted feeding systems for broiler and rearing pullets, applying the
phasal feeding in laying hens nutrition are also methods of effective nutrients utilization.
DAILY N-INTAKE AND EXCRETION IN POULTRY
Laying hens on average body weight at 1,6 kg can produce about 115-160 g of
excrements per day, which contain about 60-70 % of moisture. On the average 2,4-3,2
g of N-intake, the nitrogen-excretion amount to 1,4-2,0 g per hen/day, what in terms of
one yearmeans about 511-730 g perhen/year (Priesmann et al.,1991;Jamroz et al.,1994).
In young broilers the daily N-intake is higher (3,8-4,3 g) and excretion varied in range
of 2,0 - 2,4 g; in ducks the N-intake amount to 6,2-7,4 g and excretion 4,4-5,2 g, in
young geese these values are 8,5-9,7 and 5,3-6,2 g, respectively (Tab. 1). The main
metabolites of protein degradation in birds are the uric acid (share of 40-70 % of Nexcretion), N-NH3 (4-20 %), urea (4-12 %) and proteins (1-4 %). At mean 25 % of
nitrogen is excreted in faeces and about 56-88 % in urine (Priesmann et al., 1991).
Table 1. The average nitrogen and phosphorus utilization in different species of
poultry at the age of 6-8 weeks (Jamroz et al.,1995c)

Broilers

Ducks

Geese

N-intake (g/day/head)
N-retention (g/kg°'^^)
N-utilization (%)

4,17
1,45
46,01

6,97
1,43
31,97

9,15
1,64
37,00

P-intake (mg/day/head)
P-retention (mg/kg^^^)
P-utihzation (%)

774,1
254,8
43,5

1297,0
296,3
35,6

1697,3
331,05
40,4

Parameters
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The gaseous nitrogen compounds are also excreted into the environment. The ammonia
salts and nitrogen from uric acid are mineralized quickly and in higher degree than Nsubstances from faeces (Archer, 1993). The dietary fibre complex, structural
polysaccharides (arabinoxylans, ß-glucans, cellulose) - as the feed or mixture
compounds, significantly decrease the protein utilization and increase the N-excretion.
The birds lose the nitrogen also in the feathers.
Reducing of the nitrogen excretion through lowering the dietary crude protein
level
The numerous studies (Askbrant,1990; Kirchgessner and Kreuzer, 1990; Niess,1993;
Summers, 1993 and other authors) performed with the use of balance method showed
that emission of unutilized nitrogen depends on protein level increase in diets or Nintake.
Lowered level (less than 13 %) of crude protein for layers decrease the performances
and N-retention (Jamroz et al., 1994,1995b). The N-excretion can be reduced significantly
from 1,99 to 1,34 g/hen/day, by decreasing the protein level in mixtures from 19-17 %
to less than 13 % (Tab. 2). Nitrogen utilization depends on age of birds, its species and
type of production. Investigations of Schutte et al.,(1992), Steinruck and Kirchgessner
(1993), Jamroz et al.(1995a,b) and others also pointed out that the
Table 2. Faecal N-excretion and N-utilization by hens fed with different crude
protein level in mixtures (Summers, 1993)
Crude protein
(%)

N-intake
(g/hen/day)

N-excretion
(g/hen/day)

N-excretion/egg mass
mg/g

relative

19

3,73^

1,99^

45,8

100

17

3,4œ

1,90^

40,2

88

15

3,0P

1,87^

41,2

90

13

2,84^

1,34^»^

26,2

57

11

2,23^^

1,10^^^

22,9

9

1,68^^

0.57'^

21,2

■

50

46
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N-excretion is a direct function of N-intake. For example, the change of the chicken
body weight by 100 g changed the excretion by an amount of 40-50 mg per head/day.
THE BALANCE OF AMINO ACIDS IN THE DIETS
According to Schutte et al. (1992) lowering of the crude protein level in mixtures for
laying hens from 16,5 to 14 % usually requires compensation of amino acids deficit by
these pure synthetic amino acids - mainly methionine and lysine. This can lead to the
reduction of N-excretion by approximately 25 %. Generally, in poultry only about 40
% of intaken nitrogen can be used for meat and egg production.
The balance of amino acids in the diets has to considerd in terms of the requirement for
maintenance, meat or egg production and feather formulation as well. Some studies
carried out on hens showed that dietary protein level deeply lowered to 13-12 % causes
that amino acids other than methionine and lysine becomes limiting i.e. threonine,
tryptophan, valine, isoleucine (Deschepper et al., 1995). In the low-protein poultry diets
there occur the deficit of the essential but also some non-essential amino acids.
Estimation of the optimal level and relation between some essential amino acids in the
broilers and laying hens diets (Huyghebaert et al.,1994; Jais et al.,1995; Kirchgessner
et al., 1995) leads to the determination of the ideal model of amino acid -lysine (100 %)
- ratio in dietary protein (Tab. 3). The "broken-line" models can be also used for
estimation of the optimal N-intake and N-excretion ratio; it can be successful possibility
of minimization the N-emission into the environment.
In the chain of N-utilization the digestibility and availability of amino acids from feed
and feedstuffs becomes the important problem. The higher apparent digestibility of
amino acids was determined in broilers fed with protein-rich mixtures (24 % of crude
protein; Tab. 4). Similar results were obtained for laying hens (Jamroz et al., 1994).
Reduced protein level from 17 to 12,5 % decreased the apparent digestibility of amino
acids from 84 to 78 %.
In opinion of Huyghebaert et al.(1994) lowered protein level in broiler feed from 24 to
20,5 % changed the amino acid digestibility in range from + 3,3 % to -12 %-units (Tab.
5). Theoretically calculated difference between these groups was 1,2 %.
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Table 3. Amíno acid pattern in hen egg and recommendations for rations
(Kirchgessner et aL,1995)
Amino acids

Lysine
Ajginine
Isoleucine
Leucine
Methionine
Phenyloalanine
Threonine
Tryptophan
Valine

Hen's egg
(Kirchgessner, 1981)

100
98
68
119
49
80
68
24
86

Recommendations

NRC
1984

Jeroch
1992

NRC
1994

Kirchgessner* 1995

100
107
79
50

100
101
94
43

100
82
72
49

71
21
-

68
23
-

62
20
-

100
82
76
94
44
58
74
16
64

* on the basis of N-balance criterion in carcass, egg and feather
Table 4. Average apparent amino acids digestibility in Starbro broiler chickens
(Jamroz et al.,1995a)
Kind of experimental factors
Amino acids
Crude protein in mixtures (%)
Arg
His
He
Leu
Lys
Met
Phe
Thr
Val
Tyr
Cys
Ala
Asp
Glu
Gly
Pro
Ser

a,b=P<0,05

24,2
93,4
87,0^
82,5^
89,6
91,2
90,8
93,8^
84,4
87,1
87,5
86,3
84,2
87,7^
83,9
77,6
94,3^
88,3

22,8
93,7
85,3^
81,2^«
88,6
91,8
88,0
93,9^^
82,5
87,0
83,7
82,5
82,4
85,6^
83,2
77,3
92,6^
87,1

21,2
91,8
84,5^»^
79,P
90,2
90,6
90,4
94,6^
82,5
86,5
86,1
86,1
82,9
86,2^^
85,3
78,0
93,7^«
87,4

Control
92,6
84,8
80,1
89,0
90,8^
89,0
93,6^
81,9^
85,9^
84,6
83,4^
82,œ
85,7^
82,9^
76,3^
93,1
86,7^

Avilamycin
93,4
86,4
81,8
90,0
91,8"
90,5
94,8"
84,4«
87,8"
86,2
86,5"
84,3"
87,8«
85,3«
78,9"
93,9
88,5"

A,B=P<0,01
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Table 5. True digestibility of amino acids depending on crude protein level in
broiler feed (Huyghebaert et al.,1994)
Protein level in mixtures (%)
Amino acids
Met
Metys
Lys
Arg
Thr
Val
His
Leu
He

24,2

20,5

91
81
89
91
86
84
91
92
85

94
82
89
94
86
90
80
92
91

ADDITION OF ANTIBACTERIAL SUBSTANCES TO THE MIXTURES FOR
POULTRY
The feed antibiotics can improve efficaciously the total N-retention (in grams of N) in
hens by an average of about 11 % and decrease relative N-excretion to N-intake by
about 4 % (Virginiamycin supplementation) or 11 % and 8 % (Avoparcin
supplementation), respectively as compared to the negative control group
(Table 6 and 7).
Table 6. Nitrogen balance in laying hens fed with different dietary protein level
and Avoparcin supplement in mixtures (Jamroz et al.,1995b)
Crude protein in mixtures (%)

Avoparcin
Control +10ppm

14,5

16,1

N-intake (g\hen\day)
N-excretion in
excrements (g/hen/day)
N-retention (g/hen/day)
N-utilization (N-retention
in % of N-intaken)

x

3,04^

3,24^

3,64«

3,26

3,36

x
x

1,46^
1,58

1,58^^
1,66

1,85^
1,79

1,67
\59

1,39
1,77

x

52,0

51,2

49,2

48,8

52,7

N-egg mass (g/hen/day)
N-egg mass/N-intake

x
x

0,88
29,2

0,86
26,6

0,90
24,8

0,91
28,2

0,85
25,5

%

48,0

48,8

50,8

51,2

47,3

N-excretion/N-intake
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In broilers fed with mixtures supplemented with i.e. Avilamycin there was increase of
N-utilization by 7,8 %, absolutely N-excretion was reduced by 4 % and relative Nintake by 6 % (Tab. 8) in comparison to unsupplemented control group. Other feed
additives applied in intensive poultry nutrition (Rosen, 1995) also can increase the feed
utilization and thereby reduce the nutrients excretion and environmental pollution.
Table 7. Nitrogen balance in laying hens fed with different dietary protein level
and Virginiamycin supplement in mixtures (Jamroz et al.,1995b)
Crude protein in mixtures (%)
13,4

14,5

16,1

Virginiamycin
Control -1-20 ppm

N-intake (g/hen/day)
N-excretion in
excrements (g/hen/day)
N-retention (g/hen/day)
N-utilization (N-retention
in % of N-intaken)

X

3,39^

3,56^

4,0«

3,6œ

3,7P

X
X

2,40
0,99

2,55
1,01

2,68
1,32

2,55
1,05

2,54
1,17

X

29

28,0

33,1

28,8

31,4

N-egg mass (g/hen/day)
N-egg mass/N-intake

X
X

0,94
28,2

1,02
28,9

1,01
25,1

1,01
28,5

0,98
26,3

%

70,8

72,0

66,9

71,2

68,6

N-excretion/N-intake

Table 8. Average body weight and nitrogen balance in Starbro broiler chickens
(Jamroz et al.,1995a)
Crude protein in mixtures

Body weight on 21,
day of life (g)

Control Avilamycin

24,2

22,8

21,2

x

542

599

571

570

571

x
x
x
x

93,9
3,63^
1,95^
1,68

85,9
3,14^
1,76^»^
1,37

96,5
3,28^^
1,64^^
1,63

90,7
3,30^
1,82
1,48

93,5
3,39^
1,75^
1,64

x

46,2

43,6

49,8

44,8

48,3

Nitrogen balance
(22-28 days)
Feed intake (g/head/day)
N-intake (g/head/day)
N-excretion (g/head/day)
N-retention (g/head/day)
N-utilization (N-retention
in % of N-intake)

a,b=P<0,05
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EXOGENOUS ENZYME PREPARATIONS IN POULTRY NUTRITION
Exogenous enzyme preparations added to poultry mixtures significantly influence the
structural and non-starch polysaccharides digestibility, increase the absorption of
nutrients and the metabolizable energy value of poultry mixtures by 6-10 % (Campbell
and Bedford,1992; Wiseman,1992; Annison and Choct,1993; Annison,1995;
Huyghebaert and DeGroote,1995). Proteases present in the enzyme mixtures - enzyme
can improve the digestibility of dietary protein and by the same token decrease the Nemission through faeces. Generally the activity of enzyme preparations can increase
the feed utilization by 4-6 % or even more.
HYDROTHERMAL PREPARATION OF FEEDSTUFFS AS THE WAY OF
REDUCTION OF NUTRIENTS EXCRETION
Preparation of grains rich in non-starch polysaccharides leads to improve the nutrients
digestibility and reduces antinutritive substances activity. Sources of carbohydrates
also significantly influence the amino acids excretion. Potatoe starch-pectin complex
increases the excretion of most amino acids compared to the cellulose-rich diets for
hens. The geese digest poorly the N-free extract substances from raw potatoes. However,
the hydrothermal preparation and physico-chemical changes of potato-starch structure
in the potato flakes increase their digestibility to 88-90 % (Jamroz and Bieliski,1975
a,b; Jamroz et al., 1983).
THE ROLE OF MINERALS IN RELATION TO ENVIRONMENTAL POLLUTION
Most of minerals supplied in feed exceed poultry requirement. Excessive minerals will
be excreted. Amount of excreted substances will depend on macro- and microelements
concentration, their availability from feedstuffs and absorption in intestinal tract (Van
der Klis and Versteegh,1991; Van der Klis, 1992).
In poultry feedstuffs phosphorus is frequently present as a phytate component. This
complex is resistant to endogenous enzyme degradation. The activity of natural phytase
in wheat and wheat by-products can increase the phosphorus availability. The phytate
complexes in feedstuffs are not uniform and in consequence of this the phosphorus
availability and also of Zn, Ca, Mg depend on phytic acid complex (Wiseman, 1992).
The hydrolysis of phytate in intestine is poor, therefore the supplementation of mixtures
with microbial phytase preparation increases the coefficients of apparent phosphorus
digestibility and is accompanied with the reduction of phosphorus excretion.
The content of phosphorus in dry matter of hen excrements amount to 2,2-2,5 % (Van
der Klis, 1992). In investigation of Jamroz et al.(1982) the relatively high amount of Fe
(800-920 mg), Zn (500-800 mg), Mn (300-445 mg), Cu (13-15 mg) as well as of Pb,
Cd, Hg and As was found (Tab. 9). Those excrement-minerals can flow out and
accumulate in the soil, inhibit the plants growth and become toxic for other animals.
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Table 9. Contents of protein, macro- and microelements in dry waste of laying
hens (Jamroz et al.,1982)
Item

Units

Content

Crude protein
Ca
P
K
Na
Mg
Fe
Mn
Zn
Cu
Pb
Cd
Hg

%
g/kg
g/kg
g/kg
g/kg
g/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

27,0 - 29,6
47,2 - 56,2
10,6-11,0
12,5 - 20,0
3,8 - 4,3
1,9-4,4
800 - 920
300 - 445
500 - 800
13-15
1,85 - 3,30
1,51-3,92
0,022 - 0,074

As

mg/kg

0,040 - 0,042

The precise calculation of total-P content in poultry mixtures and reduction of P level
from 0,6 to 0,5 % can decrease of the P-excretion by 19-22 % (Herstad,1992). Addition
of microbial phytase significantly increases the phytate degradation and P-absorption
at the range of 22-52 % (Van der KHs and Versteegh,1991 ; Tab. 10). Better P-utilization
remains in relation to calcium level in feed and that why the niveau of the phytase
doses must be correlated with Ca level in mixture (Schoner et al., 1993).
Table 10. P-absorption and phytate degradation in laying hens (Van der Klis and
Versteegh,1991)
Phosphorus
g/kg

+ Phytase
Flü/kg

P-absorption
%

Phytase degradation
%

3,5
3,5
3,5

250
500

22,5^
49,7^
51,8^

21,7^
59,0^
71,7^^

a,b,c=P<0,05
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Excessive addition of different premixes, mineral-vitamin preparations over
poultry requirement cause their poor utilization and increase their emission
drastically.
The microbial status of the feed, mechanical losses of nutrients (spilling of the feed by
the animals, losses in transport) are also factors influencing the feed utilization and
loading of undigested substances into environment.
EXTENSIVE KEEPING AND NUTRITION SYSTEMS AND THEIR
INFLUENCE ON NUTRIENTS EXCRETION
The extensive maintenance systems are associated with smaller concentration of animals,
reduced excrements quantity and local environment loading. However, the longer
production period, usually poor performances, greater heat and energy losses by
maintenance in extensive conditions, higher feed consumption are the
causes of economical losses which are hardly ever compensated by the ecological
benefits.
The differences between intensive and extensive feeding can be visualised from the
results of the experiment performed by Jamroz et al. (1983) on young geese
(Tab. 11). The greatest N-excretion was obtained in geese fed with concentrates (2,42 g
N-excreted/head/day) or roots+concentrates (1,97 g). Geese fed with fresh grass or
grass+barley diets excreted only 1,33 g/head/day. Excretion of crude fibre unlike Nexcretion was very high (25-30 g/head) for geese fed with grass or roots. In experiment
of Pakulska et al.(1982) the N-excretion by geese fed with different diets varied between
3,97-4,35 g per day and 2,5-2,9 g of this amount was the quickly degradated N-derivate
substances present in urine. In case of geese and also ducks the extensive maintenance
and feeding system can have both economical and ecological justification.
The performances of extensive broiler production in some countries, for example in
Switzerland, are not scientifically explained up-to now. Polish experiences of extensive,
farmyard hen-keeping show numerous acute problems. These problems require precise
investigations and solutions related mainly to the biological value and hygiene of final
products.
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Table 11. Comparison of nitrogen excretion by young geese fed with different ways
of feeding (Jamroz et al., 1983)
Kind of feeding
intensive
with
concentrates

fresh grass**
or fresh
grass + barley

roots +
concentrates

502

740

748

Dry matter content in excrements %

14,43

10,30

11,43

Crude protein content in DM of
excrements %

20,86

10,90

14,42

Crude fibre content in DM of
excrements %

13,68

39,68

29,52

Excretion of crude protein
(g/head/24 h)

15,11

8,31

12,33

Excretion of N (g/head/24h)

2,42

1,33

1,97

Excretion of crude fibre
(g/head/24 h)

9,90

30,24

25,23

Mass of excrements
(g/head/24 h)

* Diets balanced on the nutrients requirement level
** Fresh grass forage - average crude protein content = 2,86 %
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FEEDING BROILER BREEDERS IN HUMID TROPICS
D.Narahari
Madras Veterinary College, Tamil Nadu Veterinary and Animal Sciences
University, Madras - 600 007, India

Among various restricted feeding programmes followed in broiler breeders,
restricting the daily feed intake to about 75% of ad libitum during 4 to 24 weeks of
age, appearred to be an ideal method for tropics compared to skip-a-day and
other restricted feeding programmes. Moreover, this restricted quantum of feed
shall be fed to the birds, before 6 a.m., to minimise the incidence of heat stroke.
Water should not be restricted during hot weather. Low energy feed having about
2500 Kcal, ME/kg, 18% good quaUty protein and 3.5% calcium is adquate for
breeder hens in tropics. This feed should be given to hens early in the moring in
one lot, at a moderate restriction level of 90% equivalent to 140-180g of feed/hen/
day; depending on the rate of egg production. Additional calcium supplementation
in the form of shell grit in the afternoon is essential to ensure better shell quality.
Pellets are preferred over mash. Caged breeders need 5-10% lesser feed, than
those reared on deep litter. A broiler breeder hen in humid tropics requires about
28g of good quaUty protein, 400 Kcal ME, 1 g lysine, 500 mg methionine, 6g,
calcium and 800 mg non-phytate phosphorous per day for optimal egg production.
Separate feeding of male breeders with about 140g of feed/cock/day containing
12% crude protein, 1% calcium 2500 Kcal ME and 40 mg Vit.E/Kg, will
significantly improve the semen volume and quality and thereby the fertility.

INTRODUCTION
The egg production, fertility and hatchability in broiler breeders reduces significantly
in hot and humid climates, causing serious economic loss to the farmers. This
production loss can be minimized by following specialised feeding strategies,
imporved managemental practices as well as by optimizing the microclimatic factors.
The nutritional factors that will optimize the production in broiler breeders may be
classified as nutritient requirements of broiler breeder hens and cocks in tropics and
feeding systems.
NUTRIENT REQUIREMENTS
Some of the essential critical nutrient requirement of breeder hens in tropics as per the
recommendations of the Bureau of Indian Standards (BIS, 1992) and the National
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Research Council (NRC,1994) recommendations of nutrients for meat-type breeders
are summerised in Table 1, for comparison.
Table 1. Nutrient requirements of breeders as per BIS (1992) and NRC (1994) specifícations
Nutrient

BIS specifications for
Breeders/Kg diet

NRC Specifications/Meattype bird/day
Hen

Cock

180

19.5

12

2600

400-450

350-400

Lysine (g)

6.5

0.77

0.48

Methionine (g)

3.0

0.45

0.34

Methionine+Cystine (g)

5.5

0.70

0.49

Calcium (g)

30

4.00

0.20

Non-Phytate
Phosphorous (g)

5

0.35

0.11

Crude Protein(g)
ME (Kcal/Kg)

Due to lower feed intake and low energy requirement in hot climate, BIS (1992)
recommended lesser energy and higher protein diet for broiler breeders in tropical
India, compared to high energy and low protein diet recommended by NRC (1994).
Bomstein et al (1979) and Bomstein and Lev (1982) suggested 0.57g metbionine,
0.83g T.S.A.A. and 0.76g lysine per hen/day. They also suggested that a daily protein
intake of 15.6 to 16.5g/hen/day, if the protein in the feed is an ideal amino acid mixture.
Pearson and Herron (1981) observed that protein levels of above 27g/hen/day had an
adverse effect on hatchability. But the observations made by the author in several broiler
breeder farms in India during the past two decades revealed that a daily protein intake
exceeding 27g/hen/day, did not exert any negative effect on hatchability. Infact, a broiler
breeder hen in tropics during peak laying period requires as high as 30g of protein per
day.
Bomstein and Lev (1982) recorded the best performance, when hens were provided
with a daily energy allowance of 440 Kcal/bird/day. Soares et al. (1988) concluded that
a broiler breeder hen kept at a mean temperature of 24.9*^C requires 915 mg of lysine
daily.
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NUTRIENT REQUIREMENTS OF MALE BROILER BREEDERS
Brown and Mc Cartney (1986) calculated the daily nutrient requirements of a meattype rooster as 12g crude protein, 475 mg lysine, 340 mg methionine, 490 mg TSAA,
200 mg Ca, 110 mg non-phytate phosphorous and 400-450 Kcal ME on deep litter and
346 Kcal ME in cages.
Leeson and Summers (1991) recommended 12% crude protein, 2700 Kcal ME/kg diet,
0.9% calcium and 20 I.U. of Vitamin E for broiler breeder males.
The work carried out in this department by Selvan and Narahari (1991) revealed that
for optimal semen volume, sperm quality and fertility in broiler breeders in humid
tropics, the roosters must be fed with a diet containing 12% protein, 1-3% calcium and
40 mg of vit. E/kg (Table-2)
Table 2. Effect of dietary protein, calcium and Vitamin E levels in broiler breeder male diets on
their performance
Dietry Level
% Protein

Trait
12
Semen Volume (ml)
% Sperm motility
Sperm Concentration
(XlO/mm)

0.42
85.3
3.20

18
0.36
82.8
2.78

% Calcium
1

3

0.38

0.39

84.4
2.98

83.8
3.00

Vit.E (mgylig)
10
0.38
83.8
2.96

40
0.39
84.4
3.02

88.9

85.5

86.8

87.6

87.0

87.4

3.1

4.6

4.1

3.6

3.8

3.8

M.B.R.T. (Minutes)

20.0

22.0

20.5

21.5

20.9

21.1

% Fertility

87.6

82.0

84.1

85.6

81.9

87.8

%Hatchability

88.2

85.9

86.7

87.4

85.2

99.9

% Live Spermatozoa
% Abnormal Spermatozoa

Selvan and Narahari (1991)
N.R.C. (1994) recommended different nutrient levels (Table-1) for cocks for optimal
semen quality and its fertilising ability.
EFFECT OF ENVIRONMENTAL TEMPERATURE AND RELATIVE
HUMIDITY ON NUTRIENT REQUIREMENTS
Shukla et al. (1988) concluded that in tropical cUmate, breeders do well with 16%
dietary protein and 2400-2500 Kcal ME/kg diet, with low incidence of FLHS, compared
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to high energy feeds.Uzu (1988) stated that at ambient temperature above 33^C, separate
feeding of shell grit had significantly improved the energy consumption, calcium intake,
egg mass and shell quality.
Leeson and Summers (1991) reported that a daily fed broiler breeder pullet produced
10 Kcal of heat/hour, compared to 11 Kcal of heat for skip-a-day fed pullet on feed day.
Rostagno and Sakomura (1992) observed that the daily feed, ME and TME intake of
broiler breeder hens decreased linearly, as the ambient temperature increased. However,
the egg production, egg weight and feed efficiency were not affected.
RESTRICTED FEEDING OF BROILER BREEDERS IN HOT CLIMATE
Among various restricted feeding methods for broiler breeding stock, restricting the
daily feed intake to about 75% of ad libitum during 4 to 24 weeks of age and offering
140-180g of feed/bird/day during laying period, depending on the rate of egg production,
appeared to be the ideal method for topics when compared to skip-a-day and other
restricted feeding programmes.
Daily restriction of total quantity of feed is preferred over other methods in tropics,
because the daily ration is consumed in the early morning and gets digested before
noon, thus minimising the metabolic activity and the heat increment during hot hours;
which in turn will minimize the incidence of heat stroke during hot weather.
Narahari (1970) recommended 70-80% of ad libitum feeding from 5 to 25 weeks of
age for replacement pullets, for optimal laying house performance in hot climate.
In order to achieve optimal performance during subsequent laying period in broiler
breeders in tropics, Ramappa and Devegowda (1986) recommended either 30%
restriction of control feed (16.6% CP and 2800 Kcal ME/kg) or 15% restriction of low
protein, low energy feed (15% CP and 2500 Kcal ME/kg) during growing period.
WATER RESTRICTION TO BROILER BREEDERS IN TROPICS
In tropical climate, water restriction is not advisable, especially during summer, when
the ambient temperature exceeds BO'^C, because this may lead to dehydration and heat
stroke.
TRANSITION PERIOD FEEDING
According to general belief, (Anon, 1980), the feed restriction during transition period
should be mild. Switch over to daily feeding schedule, if skip-a-day programme is
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followed. The feeder system should be activated 15 minutes before lighting is provided,
to ensure even distribution of feed in the feed pans and to prevent over crowding. Cave
(1984) suggested a high protein pre-lay diet from 134 to 181 days of age, to improve
early egg production.
SEX SEPARATE FEEDING OF BROILER BREEDERS
Since the nutrient requirements of roosters differ from that of hens, sex separate feeding
was proposed by Mc Daniel (1986), by using different types of feeders for males and
females; which are accessible to the other sex.
Brown and Mc Cartney (1986) observed that separate feeding of males, controls their
body weight and improves fertility. Pandey and Sharma (1993) observed 5%
improvement in fertility, by sex separate feeding.
SEPARATE FEEDING OF SHELL GRIT FOR BROILER BREEDERS IN
TROPICS
Since meat-type hens are usually given their daily ration in the early morning and egg
shell formation mostly takes place during nights. Van Wambeke and De Groóte (1986)
opined that a portion of calcium should be suppHed in the afternoon as shell grit in
order to improve the shell quality.
However, Brake (1988) observed that feeding the entire quantity of dietary calcium in
the afternoon, may significantly reduce the hatchability, due to thicker egg shells.

CAGE VERSUS FLOOR REARING OF BROILER BREEDERS IN TROPICS
Due to lesser physical activity in cages. Brown and Mc Cartney (1986) recommended
346 Kcal ME in cages and 400-450 Kcal/bird/day in deep litter system of rearing.
For optimal Qgg production in caged broiler breeders from 27 to 58 weeks of age, Glatz
(1988) suggested 148g of feed/hen/day, compared to full feeding and 95% ad libitum
feeding.
Hazan and Yalcin (1988) concluded that for optimal performance, caged broiler breeders
can be fed 90% of the feed recommended for deep litter reared birds; with a feed intake
of 152 g/hen/day; having 16.78% CP and 2748 Kcal ME/Kg.
For caged broiler breeders, Pankov and Dogadayeva (1988) recommended a diet
containing 16% CP and 2700 Kcal ME/kg feed; fed at a level of 140g/hen/day till 42
weeks of age and 135g thereafter.
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EFFECT OF FORM OF FEED ON THE PERFORMANCE OF BROILER
BREEDERS IN TROPICS
For broiler breeders in hot climate crumble or pellet form of feed is recommended
(Anon, 1985) rather than mash; because the temperature attained during pelleting would
kill most of the harmful micro-organisms.
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THE EFFECT OF AN INDUCED MOULT ON
EGGSHELL QUALITY IN THREE STRAINS OF
LAYING HENS
I.R. Roberts and A. Leary
Department of Physiology, University of New England, Armidale,
NSW 2351, Australia

Eggshell quality was monitored before, during and after an induced moult in three
strains of laying hen: two Australian strains, the Hy-Line tint and SIRO-CB, and
an imported strain, the Isa Brown layer. Prior to the induced moult, the Isa Brown
hens laid the largest eggs with the highest specific gravity, the heaviest and thickest
shells, and the greatest shell weight to egg weight ratios (% shell). Percentage
production tended to be highest in the Hy-Line tinted birds and the eggs of the
SIRO-CB birds had shells with the greatest breaking strength. The induced moult
caused all three strains of birds to go out of production for periods of 16-19 days.
Percentage production and egg weight were reduced in all strains for the eggs
produced as the birds were going out of production. Eggshell quality was also
lower with lower specific gravity, shell weight, shell thickness, percentage shell
and shell breaking strength. Following the moult, percentage production returned
to pre-moult levels in the Hy-Line birds and was increased in the Isa Brown and
SIRO-CB birds although percentage production had dechned 2 months later. Egg
weight returned to pre-moult levels in the Isa birds but was increased for the HyLine and SIRO-CB birds. Following the moult, egg specific gravity, shell weight,
shell thickness and percentage shell were either the same as they had been prior
to the moult, or had improved, in all strains. Eggshell breaking strength was
significantly improved in all strains, a reflection of changes in eggshell
ultrastructure. An induced moult can improve some aspects of eggshell quality.
However, this advantage needs to be assessed in relation to the cost of having the
birds out of full production for 1-2 months.
INTRODUCTION
The management practice of "forced" or "induced" moulting has been shown to improve
eggshell quality and egg production in an ageing flock (Wakehng, 1977; Karunajeewa
et al, 1989). Moult may be induced by a number of methods including feed restriction
in the form of low-nutritional or low-calcium diets, and high dietary zinc (Daniel and
Balnave, 1980; Abu-Serewa and Karunajeewa, 1985; Brake, 1993). The post-moult
increase in tgg production has been attributed to a decrease in the production of shellless eggs (Roland and Bushong, 1978; Roland and Brake, 1982). A reduction in the
incidence of shell defects such as pimpHng (Roland and Bushong, 1979; Hess and
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Briton, 1988) and improved egg shell colour (Karunajeewa et al., 1989) also have been
reported as the result of an induced moult. The mechanisms by which an induced moult
improves eggshell quality are not completely understood. However, it appears that best
results are achieved if there is a complete cessation of lay for 4-8 weeks, a loss of
approximately 50% of primary feathers and a 27-31% loss of body weight (Baker et
al, 1983; Brake, 1993). Recently, research has been conducted in Australia using a
range of layer strains and different numbers of rest periods varying from none to three
(Robinson et al, 1995). These studies have found that the effects of induced pauses
vary between strains and depending on the number of cycles throughout the lay period.
In the present study, eggshell quality was examined in three strains of layers prior to
an induced moult, during the moult (as birds were going out of production), and at
intervals after the birds resumed production. The data obtained provided a comparison
among the three strains of the effect of moult on egg production and egg shell quality.
MATERIALS AND METHODS
Twenty birds of each of three strains, Isa Brown, Hy-Line Tinted bird and SIRO-CB
were housed in individual cages in a layer shed at the University of New England's
"Laureldale" farm. Moult was induced according to the Australian Code of Practice
for welfare of domestic fowl and resulted in a reduction in egg production within 48
hours. All birds had gone out of lay within 8 days and did not resume production until
2-3 weeks later. Birds were monitored to assess the effect of the moult on eggshell
quality. All eggs laid by the birds were collected for one week prior to the induction
of moult (Period 1), for the 8 days as the birds were going out of production (Period
2), for the first two weeks after birds came back into production (Period 3), and then
after a further one month (Period 4) and two months (Period 5) had elapsed. Egg
production, egg weight, gross egg shell defects, egg shell pigmentation (by reflectivity),
egg specific gravity (by Archimedes Principle), tgg length and breadth (by Vernier
caliper), eggshell breaking strength (by quasi-static compression), shell weight and
shell thickness (using a dial comparator gauge). Shape index (breadth/length) and
percentage shell (shell weight/egg weight) were calculated. These data were analysed
by two factor ANO VA. Fisher's (Protected) Least Significance Difference test was
used to determine differences between means. Significance was assumed at P<0.05.
For studies of egg shell ultrastructure, a small piece of eggshell was removed from the
equatorial region of each shell and the inner shell membrane removed manually. The
outer shell membrane was removed by the process of plasma ashing, using a BioRad
RF Plasma Barrel Reactor PT7150, after the method of Reid (1983). Each piece of
shell was then mounted, inner surface uppermost, onto an aluminium stub and coated
with gold/palladium using a sputter coating unit. The samples of shell were viewed
under a JEOL JSM35 Scanning Electron Microscope at an accelerating voltage of 15KV
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and a working distance of 15 mm. The mammillary region of each eggshell was examined
for ultrastructural characteristics as described by Solomon (1991). The incidence of
each ultrastructural feature was scored. Scores were analysed by Chi-Square tests and
total structural scores by Kruskal Wallis. Significance was assumed at P<0.05.
RESULTS
The results of the experiment are summarised in Table 1. Prior to the induced moult,
the Isa Brown hens laid the largest eggs with the highest specific gravity, the heaviest
and thickest shells, and the greatest shell weight to egg weight ratios (% shell). However,
the percentage production tended to be highest in the Hy-Line tinted birds and the eggs
of the SIRO-CB birds produced the shells with the greatest mean breaking strength.
The shape index was lowest in the Hy-Line tinted birds, indicating that the eggs from
this strain were narrower in relation to their length. As would be expected, the percentage
reflectivity was consistently highest for the white eggshells of the Hy-Line tint birds
and lowest for the dark brown shells of the Isa Brown birds, with the shells of the
SIRO-CB birds intermediate.
The induced moult caused all three strains of birds to cease production over a period
of 8 days and remain out of production for periods of from 16 to 19 days. Percentage
production and egg weight were reduced in all strains for the eggs produced as the
birds were going out of production (Period 2 of the experiment). Eggshell quality was
also lower during Period 2 with lower specific gravity, shell weight, shell thickness,
percentage shell and shell breaking strength. Percentage reflectivity of the brown eggs
laid by the Isa Brown and SIRO-CB birds increased during this phase, indicating that
these birds were producing eggshells which were lighter in colour.
Following the moult, percentage production returned to pre-moult levels in the HyLine birds and was increased in the Isa Brown and SIRO-CB birds. However, percentage
production had declined by Period 5 (2 months after the birds had resumed production).
Egg weight returned to pre-moult levels in the isa birds but was increased for the HyLine and SIRO-CB birds. Following the moult, egg specific gravity, shell weight, shell
thickness and percentage shell were either the same as they had been prior to the moult,
or had improved, for all three strains. The greatest improvements in eggshell quality,
as the result of the induced moult, were seen in the two Australian strains.
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Table 1. Effect of induced moult on egg and eggshell quality in three strains of laying hen.
Values given are Mean ± SEM.
Period

Strain
1
Egg
Weight
g

Shell
Weight
g

Shell
Thickness
jjm

Reflectivity

%

Breaking
Strength
Newtons

Specific
Gravity

Shape
Index

Isa
HyLine
SIROCB
Isa
HyLine
SIROCB
Isa
HyLine
SIROCB
Isa
HyLine
SIROCB
Isa
HyLine
SIROCB
Isa
HyLine
SIROCB
Isa

%

White

% Shell

SIROCB
Isa

Percent
Production

HyLine
SIROCB
isa
HyL ine
SIROCB
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67.4
±0.4
61.7
±0.5
62.7
±0.4
6.18
±0.05
5.38
±0.04
5.41
±0.05
391.9
±2.8
360.9
±2.6
356.4
±2.7
65.4
±0.4
79.0
±0.2
72.5
±0.2 '
24.3
±0.7
23.9
±0.7
24.9
±0.6
1.084
±0.001
1.081
±0.001
1.080
± 0.001
75.1
±0.2
73.9
±0.3
75.7
±0.3
9.21
±0.06
8.69
± 0.07
8.63
±0.07
82.5
±7.6
92.5
±5.7
80.0
±4.8

2

3

4

5

65.7
±0.5
60.8
±0.6
59.7
±1.0
5.19
±0.11
4.55
±0.11
4.66
± 0.09
341.7
±5.8
313.2
±5.8
318.6
±5.2
67.9
±0.5
78.9
±0.3
73.9
±0.3
22.3
± LI
21.7
±1.3
22.0
±1.0
1.076
±0.001
1.072
±0.001
1.072
±0.001
74.3
±0.3
73.5
±0.3
75.5
±0.4
7.92
±0.16
7.47
±0.15
7.75
±0.13
41.9
± 10.2
42.8
±11.3
44.2
±9.4

68.5
±0.3
65.1
±0.3
63.6
±0.3
6.23
±0.04
5.72
±0.03
5.69
±0.04
389.4
±2.0
362.2
±1 .9
364.5
±1.6
65.6
±0.3
79.0
±0.1
72.3
±0.2
26.4
±0.5
25.3
±0.5
28.2
±0.4
1.084
±0.001
1.082
± 0.000
1.084
±0.000
76.2
±0.2
74.Ö
±0.2
75.3
±0.2
9.09
±0.05
8.83
± 0.04
8.92
±0.04
86.1
±2.4
91.8
±2.9
85.0
±4.8

67.3
±0.4
63.8
±0.4
63.4
±0.4
6.10
± 0.0739
5.70
±0.05
5.58
±0.06
390.4
±3.9
369.0
±2.5
360.6
±2.5
65.9
±0.4
78.3
±0.2
72.1
±0.2
26.3
±0.8
26.8
±0.8
28.8
±0.7
1.082
±0.001
1.082
±0.001
1.081
±0.001
75.0
±0.3
74.1
±0.2
76.0
±0.3
9.07
±0.10
8.94
±0.06
8.79
±0.06
82.9
± 1.5
86.4
±4.9
77.1
±1.8

67.6
±0.8
64.4
±0.7
64.3
±0.6
6.13
±0.09
5.57
±0.08
5.47
±0.10
386.0
±4.2
359.2
±3.6
353.9
±4.7
64.9
±0.6
78.5
± 0.3x
71.8
±0.4
26.7
±1.0
26.3
±0.9
27.0
±1.1
1.083
± 0.002
1.083
±0.001
1.082
± 0.002
74.6
±0.4
74.0
±0.4
75.0
±0.4
9.07
±0.12
8.66
±0.09
8.51
±0.13
75.0
±8.7
73.3
±4.4
78.3
± 1.7

Strain

Period
Period

Strain*

<.0001

<.0001

.0207

<.0001

<.0001

.0462

<.0001

<.0001

NS

<.0001

<.0001

.0041

.0347

<.0001

NS

.0007

<.0001

NS

<.0001

.0149

<.0001

<.0001

<.0001

.0090

NS

<.0001

NS

Eggshell breaking strength was significantly and markedly improved in all strains. The
shape index for the shells firom the Isa Brown birds increased immediately after the
birds resumed production but was at pre-moult levels during Periods 4 and 5. The
incidence of some superficial shell defects (pimpled, wrinkled, speckled eggshells)
was higher following the moult in all strains.
Egg shell ultrastructure of the egg shells produced following the induced moult showed
a higher incidence of ultrastructural features which are associated with good quality
egg shells and a lower incidence of unfavourable ultrastructural features.
DISCUSSION
The hens of the imported Isa Brown strain laid the biggest eggs with the heaviest and
thickest shells and the greatest shell weight to tgg weight ratios (% shell). Egg specific
gravity was also greatest in this strain. The shells of the Isa Brown strain had the darkest
colour (the lowest % reflectivity). However, the shell breaking strength of the Isa Brown
birds was intermediate between the other two strains, with the SIRO-CB birds having
the strongest shells. Imported strains such as the Isa Brown layer were introduced into
Australia predominantly for the darker colour and greater strength of their eggshells.
All three strains laid smaller eggs with poorer shell quality as they were going out of
production at the start of the induced moult.
Percentage production immediately following the moult was similar to pre-moult levels.
However, over the subsequent two months, egg production declined in all strains. The
improvements in egg production reported by other researchers (Karunajeewa et ai,
1989) were not observed in this study. Egg weight increased following the moult in the
Hy-Line and SIRO-CB birds but was not significantly different for the Isa strain. A
similar trend existed for egg specific gravity.
The greatest initial improvement in shell weight, shell thickness and shell weight to
egg weight ratio (% shell), as the result of the moult, was for the Hy-Line and SIROCB birds. Tfiese measures of eggshell quality were not improved in the Isa Brown
hens, following the induced moult. However, all strains showed significant marked
improvement in eggshell breaking strength, following the moult. The improved egg
shell ultrastructure would contribute to the higher egg shell breaking strength of the
shells produced following the induced moult.
In contrast with previously reported findings (Karunajeewa et ai, 1989), shell colour
was not significantly changed by the process of moulting, although the brown-shelled
strains produced eggs of lighter shell colour as the birds were going out of production.
Previous studies had found that the incidence of some shell defects such as pimpling
decreased following an induced moult (Roland and Bushong, 1979; Hess and Briton,
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1988). However, in the present study, the incidence of shell defects was higher in all
strains, following the induced moult.
An induced moult can improve some aspects of eggshell quality (egg specific gravity,
shell weight, shell thickness, % shell, shell breaking strength). In the present study, the
greatest improvements were seen in the two Australian strains. The improvements in
eggshell breaking strength was most likely due to a combination of increased amounts
of shell present, and an improvement in the quality of construction of the shells (eggshell
ultrastructure). However, egg production was not improved by moulting and the moult
did not lead to a reduction in egg weight. Any advantages obtained from induced
moulting need to be assessed in relation to the cost of having the birds out of full
production for 1-2 months. Overall economic advantage will be influenced by egg
prices, the demand for different grades of eggs, pullet costs and feed costs.
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SHELL QUALITY OF LAYING HENS
Douglas Emygdio De Faria^ Otto Mack Junqueira^,
Nilva Kazue Sakomura^, Aureo Evangelista Santana^
Otto Mack Junqueíra

^Department of Animal Science - FZEA-USP - Cx. Postal 23
(13630-000) - Pirassununga, SP - Brazil.
^Department of Animal Nutrition and Pasture - FCAVJ-UNESP
(14870-000) - Jaboticabal, SP - Brazil.

One experiment was conducted using 120 Lohmann hens with 70 weeks of age,for
a total period of 8 weeks, divided in 4 periods of 2 weeks. The purpose was to
evaluate two feed systems and oyster shell supplementation on performance and
egg shell quahty. The experiment was completely random in a factorial design 2x2
with two feed systems (ad libitum and diurnal restriction from 7 to 18 h) and two
oyster shell supplementation ( 0 and 6.5 g/hen/day). The lighting program was
continuous and the oyster shell was 94.6% retained in a sieve 2.38 mm. The basal
diet was formulated to contain 17% crude protein, 2900 kcal of metabolizable
energy per kilogram of diet, 4.3% calcium and 0.63% total phosphorus. The results,
in the total experimental period, showed that during feed restriction the hens
reduced feed intake in about 13% (P < 0.01). All the others parameters did not
show difference and interaction factors was not observed. Although the obtained
values for performance and egg shell quality were considered in the standard
patterns, the used treatments did not influence the parameters, mainly egg shell
quality.
INTRODUCTION
Many studies have been conducted on egg shell quality mainly in the hens more than
50 weeks old and in hot climate.
Roland and Harms (1973) observed better values for egg specific gravity and plasma
calcium from hens receiving Umestone or oyster shell size than fine limestone. Harms
(1982) commented that calcium source in a pullet or hen size has better biological
dispersing ability than fine size. However, the utiUzation of larger size should not
produce eggs with better shell quality when compared to fine size limestone. Roland
(1986) concluded that most of the researchers did not show difference among the high
quality limestones and oysters to promote better Qgg shell quality. For old laying hens
or with egg shell problems the recommendation was 1 g or more of calcium beyond
3.75 g/hen/day, limestone or oyster shell, both in large size depending of the severity
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and type of problem. Cason and Britton (1986) evaluated the effects of feed restriction
for short period of time on egg shell quality and observed that the egg shell quality
depend of the feed intake and amount of feed. Rao et al. (1992) concluded that the
minimum size of required limestone to improve the gizzard retention was about 1 mm.
Grizzle et al. (1992) noted improved tgg specific gravity using 2/3 large oyster in
comparison with fine oyster or limestone and also the introduction of intermittent Hghting
program (6-20 h, 23-1 h).
The purpose of this study was to evaluate two feed program and dietary calcium
supplemental from oyster shell on performance and egg shell quality of old hens.
MATERIALS AND METHODS
One experiment was conducted at FCAVJ-UNESP - Jaboticabal, SP - Brazil, using 120
Lohmann LSL laying hens 70 weeks old and body weight from 1650 to 1950 g,
destributed in 20 experimental plots with 6 hens each. The duration of the experiment
was 8 weeks (4 periods of 2 weeks). The experiment was completely randomized in a
factorial arrangement 2x2 (ad libitum and diurnal feed restriction from 7 to 18 h, and
two oyster shell supplementation of 0 and 6.5 g/hen/day). The laying hens received a
continuous lighting program of 24 h. The utilized oyster shell was retained 94.6% in
the sieve of 2.38 mm diameter.
The experimental diet was formulated to achieve the nutritional requirement per hen/
day and according the daily feed intake of 105 g/hen/day with 17% crude protein, 2900
kcal ME/kg, 4.3% calcium, 0.63% total phosphonus and 0.18% sodium. Mainly the
calcium source in the diet was fine limestone. The following parameters were evaluated:
feed intake (g/hen/day), percentage of egg production, egg weight (g), feed conversion
(kg/kg), Qgg mass (g/hen/day), shell percentage, shell thickness (mm) and egg specific
gravity (g/mlH20). The data were analysed by ESTAT program 2.0 and means were
compared by Tukey test.
RESULTS AND DISCUSSION
The results of overall experimental period are showed in Table 1. Significant reduction
in feed intake was observed when diurnal feed restriction was applied, this feed intake
was 87.6% of the ad libitum. Cason and Britton (1986) observed a reduction of 30% in
feed intake when the hens were submitted to feed restriction from 12 to 20 h. The data
showed no difference for other analysed parameters and also no interactions among
studied factors. However, overall performance and egg shell quality remained in normal
pattern. The results, mainly egg shell quality were according to those found by Harms
(1982) and Roland (1986).
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Table 1. Laying hen performance and egg shell quality from overall experimental
period.
Parameters

Feed restriction
+
-

Oyster shell
+

v.c.
(%)

Feed intake (g)
Egg production (%)
Egg weight (g)
Feed conversion (kg/kg)
Egg mass (g)
Shell percentage
Shell thickness (nun)
Egg specific gravity

110.7 a
72.39
69.19
2.23
50.08
8.94
0.35
1.081

96.9 b
66.96
68.26
2.10
45.71
8.97
0.35
1.082

104.27
67.87
69.34
2.24
47.06
8.91
0.35
1.081

103.35
71.47
68.11
2.08
48.73
9.00
0.35
1.082

6.83
10.38
3.77
9.26
12.00
3.24
2.79
0.20

Means in the row following by the same letters and in each factor are not different by
Tukey test (P > 0.05).
CONCLUSIONS
Under the condition that this experiment was conducted it is possible to conclude that
both diurnal feed restriction and oyster shell supplementation did not result in better
egg shell quality in terms of shell percentage, shell thickness and specific gravity.
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INFLUENCE OF DIFFERENT FEEDING REGIMENS ON
BROILER PERFORMANCE
F.R. Sheriff, and N.P. Singh
Department of Poultry Science, Madras Veterinary College, Tamil Nadu
Veterinary And Animal Science University, Madras - 600 007 India

Three hundred and sixty Commercial strain broiler Chicks were utilised for finding
out the effect of different switching over ages from broiler starter mash to finisher
mash and the effect of adlibitum feeding in relation to meal feeding. The meal
feeding consisted of feeding thrice daily with 3 h on and 5 h off starting from
morning 6.00 am. In adlibitum and meal feeding groups switching over to finisher
mash was either at the end of three or four or five or six weeks of age. Switching
over to finisher mash in the adlibitum group at four or six weeks of age resulted in
significantly higher body weights at eight weeks of age. In the meal fed group
switching over to finisher mash at the end of third week of age resulted in
significantly higher body weight at eight weeks of age. In meal fed group as the
switching over age to finisher mash was delayed the feed consumption was reduced
in descending order. The meal fed birds had numerically better feed efficiency.
The highest net profit per bird was recorded in adlibitum fed group with switching
over age at fourth week of age followed by sixth week of age when seventh week is
taken as marketting age. The highest net profit was recorded in meal fed group
with switching over to finisher mash at third week of age when eighth week is
taken as marketting age.
INTRODUCTION
In practice the age of switching over to finisher mash is not constant fi-om farm to farm
in different parts of Tamil Nadu as well as in different states of India. This is due to the
genetic improvement of broilers which attains marketing age at six to seven weeks of
age as on date. As per the recommendation of ISI (1992) the broiler starter mash is to
be fed from 0 to 42 days and with finisher mash from 43 to 56 days of age. In adlibitum
feeding the farm owner has to ensure the presence of feed uniformly throughout the
day in the feeders with stirring of feed in the feeder at regular intervals to attract the
birds to take adequate quantity of feed. This process is undoubtedly excessive labour
intensive. Due to excessive labour involved in adlibitum feeding the farmers are
practising meal feeding to their broilers as the feed is provided at specified timings
only by dividing daily requirements without adequate knowledge on meal feeding
regimen. In order to find out the ideal age of switching over from broiler starter to
broiler finisher mash and the influence of meal feeding in the rearing of commercial
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broiler chicken this study was undertaken during beginning of February to end of March
1994 at Poultry Research Station, Nandanam, Madras - 600 035.
MATERIAL AND METHOD
The trial was a 2x4 factorial design of eight treatments in order to asses the influence of
adlibitum, meal feeding and four switching over ages from starter to ñnisher mash at
three, four, five and six weeks of age of broiler. Day old ' Vencob' broiler strain were
reared in deep litter pens and brooded uniformly on adlibitum feeding from day one to
seven days of age with broiler starter mash for all the treatment groups. On eighth day
the treatment groups were divided randomly with three replicates in each. Experimental
broiler starter and finisher mash were prepared as per ISI (1992) and fed.
The meal feeding consisted of three feeding daily at 8 h interval staarting from morning
6 am with 3 h on and 5 h off feed. On completion of each feeding the feeders were
removed manually and again placed on specified timings after the scheduled off hours
is completed from eighth day to 56th day of age. For the adlibitum group the feed was
provided to all the birds throughout the experiment peeriod. Water was provided for all
the birds uniformly throughout the period.
During the experimental period the birds were weighed ndividually at weekly intervals
to one g. accuracy. Daily feed consumption and mortality were recorded. Based on the
data collected the weekly feed efficiency was worked out. On completion of eight
weeks of age three males and three females from each treatment group were randomly
picked up slaughtered and data on live weight, ready-to-cook yield and giblet percentage
were recorded. Net profit per bird at seventh week of age and eighth week of age were
worked out based on the actual expenditure and sale price prevailing at the
experimentation period. The data were subjected to statistical analysis as per Snedecor
and Cochran (1967).
RESULTS AND DISCUSSION
The mean body weights of treatment groups from 0 to 8 weeks of age are presented in
Table 1. The mean body weight at 0 day or first week of age did not reveal any significant
difference. The treatment group with adlibitum feeding with switching over to finisher
mash at fourth week of age had significantly highest body weight at the end of four
weeks of age (T^) and the lowest body weight was with group fed on meal diet with
switching over at sixth week of age (T^). Similar trend on body weight was noticed at
the end of sixth week of age followed by adlibutum feeding group with switching over
age at sixth week (T^). This report is in accordance with the report of Prasad et al
(1973) who reported that 23% dietary protein is required for broiler growth rate. At the
end of eight week of age, group which was on adlibitum feeding and switching over to
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finisher diet at sixth week of age (T^) had highest body weight followed by meal feeding
with switching over at fourth week of age (T3) and meal feeding with switching over at
third week of age (T^). This result is in partial agreement with the report of Gehle et al
(1974) who observed that feeding high protein diet upto 35 days of age resulted in
lower body weights in broilers.
Table 1. Influence of Body Weight at Different ages and Switching over periods
Treatment

Body wieght
Hatch
weight

1st week

2nd week

4th week

6th week

8th week

Tl (Adlib)
BSM-0-21days
BFM-22-56days

37.00
±0.46

132.89
± 1.26

316.27^^'*
±4.65

893.70^
± 10,80

1393.00''
±21.62

1742.50^
±21.49

T2 (Meal)
BSM-0-21
BFM-22-56
T3 (Adlib)
BSM-0-28
BFM-29-56
T4 (Meal)
BSM-0-28
BFM-29-56
T5 (Adlib)
BSM-0-35
BFM-36-56
T6 (Meal)
BSM-0-35
BFM-36-56
T7 (Adlib*)
BSM-0-42
BFM-43-56
T8 (Meal)
BSM-0-42
BFM-43-56

36.50
±0.50

133.64
±1.04

301.73^
±3.11

908.07^
± 13.02

1381.70'
± 28.83

1887.95'^
± 39.70

36.85
± 0.45

134.47
±1.52

329.1 P
±4.57

927.78^
±11.63

1477.61«
± 25.64

1911.32^
±39.30

36.98
±0.40
37.49
±0.39

134.49
±0.79
134.82
±1.14

314.04
; "',85

888.53^
±9.38
888.64^
±7.54

1329.69^'
± 24.84

1824.38"
± 27.57

1405.91'
± 22.57

1801.93'^
± 33.35

37.49
± 0.39

135.24
± 1.89

318.62-'
± 3.0 /

870.0/
±9.80

1352.23'^
± 24.00

1821.48"
±33.57

36.97
±0.34

134.58
±1.82

322.11^
±5.02

905.24''
±12.18

1465.09^
± 24.75

1919.61'
±32.54

37.50
± 0.43

134.42
±2.00

311.78^
±4.01

848.33^
± 10.23

1375.69'^
± 19.41

1775.51"
±24.72

groups

330.22^
±j..j7

*Served as control asper ISI 1992 recomendation
BSM - Broiler Starter Mash - days
BFM - Broiler Finisher Mash - days
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Table 2. Cumulative Feed Consumption and feed efficiency at different ages
Treatment
groups

4th week of age
Feed
Feed
Consumed (g) efficiency

6th week of age
Feed
Feed
consumed
efficiency

8th week of age
Feed
Feed
consumed
efficiency

(Adlib)
T, 0-21-BSM
22-56-BFM

1396^
±6.02

1.63
±0.01

2615*^
± 13.61

1.93
± 0.009

3962«^
±5.51

2.32
±0.02

(Meal)
T^ 0-21-BSM
22-56 BFM

1282^
±5.29

1.47
± 0.006

2514^

±6.51

1.87
± 0.009

3934^*
±6.51

2.12
±0.03

(Adlib)
T^ 0-28-BSM
29-56-BFM

1408^
± 10.44

1.58
± 0.003

2635*
± 10.41

1.83
± 0.006

4180*
±7.55

2.23
± 0.003

(Meal)
T^ 0-28-BSM
29-56-BFM

1281*^
±6.66

1.50
± 0.006

2447*^
±5.57

1.89
± 0.006

39 lœ
±6.03

2.19
± 0.003

(Adlib)
T^ 0-35-BSM
36-56-BFM

1396'*
±6.51

1.64
± 0.006

2554^*
±4.04

1.87
± 0.003

3976«
±2.08

2.25
± 0.003

(Meal)
T^ 0-35-BSM
36-56-BFM

1258^'
±3.51

1.51
± 0.006

2392^
±4.36

1.82
± 0.003

388P
±7.81

2.18
± 0.006

1366^^^

±2.31

1.57
± 0.009

2584«
±3.06

1.81
± 0.003

4285^
±8.66

2.28
± 0.006

1268""
±2.65

1.56
± 0.003

2449''
± 15.89

1.83
± 0.003

3834^
±6.11

2.21
± 0.006

(Adlib)
T^ 0-42-BSM
43-56-BFM
(Meal)
T^ 0-42-BSM
43-56-BSM

Values bearing common superscript do not differ significantly from each other (P<0.05)

The meal fed groups had significantly lower feed consumption over their adlibitum
group at different switching over ages. The group which was on adlibitum feeding with
switching over at sixth week of age had significantly highest feed consumption (T^).
Meal fed groups had better feed efficiency than adlibitum fed groups. As the switching
over age was advanced in meal fed group the feed efficiency was lowered and such a
trend was not noticed in the adlibitum group. Numerically the best feed efficiency was
noticed in meal fed with switching over to finisher mash at third week of age (TJ.
However Ogunji and Brewer (1982) reported that restricted feeding of broilers did not
show any significant difference in feed efficiency.
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Table 3. Expenditure and Profit per bird at the age of seven weeks (Rupees)
Tl
(Adlib)
BSM 0-21
BFM 22-56

T2
(Meal)
BSM 0-21
BFM 22-56

T3
(Adlib)
BSM 0-28
BFM 29-56

T4
(Meal)
BSM 0-28
BFM 29-56

T5
(Adlib)
BSM 0-35
BFM 36-56

T6
(Meal)
BSM 0-35
BFM 36-56

T7
(Adlib)
BSM 0-42
BFM 43-56

T8
(Meal)
BSM 0-42
BFM 43-56

Expenditure
Cost of day old chicks
at Rs.9/30

418.50

418.50

418,50

418.50

418.50

418.50

418.50

418.50

Feed Cost * (Rs.)

723.60

703.80

757.80

700.65

725.40

699.30

780.75

712.80

Vaccination, Medication,
Labours, Electricity and
other misc. expenditures

225.00

225.00

225.00

225.00

225.00

' 225.00

225.00

225.00

1367.10

1347.30

1401.30

1344.15

1368.90

1342.80

1424.25

1356.30

30.38

29.94

31.14

29.87

30.42

29.84

31.65

30.14

1920.00

1977.00

2151.00

1983.90

2013.60

1988.10

2102.70

1949.10

Income by sale of each
broiler at Rs.30/- per kg

42.67

43.93

47.80

44.09

44.75

44.18

46.73

43.31

Net profit per bird (Rs.)

12.29

13.99

16.66

14.22

14.33

14.34

15.08

13.17

Expenditure and receipt

Total (Rs.)
Net expenditure per bird (Rs.)
Receipts
Income by sale of bird at
Rs.30/- per kg live weight

* Feed cost was worked out with the prevailing cost of ingredients at the time of experimentation. Cost is inclusive of milling and mixing of ingredients.
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Table 4. Expenditure and Profit per Bird at the age of eight weeks (Rupees)
0^

Tl
(Adlib)
BSM 0-21
BFM 22-56

T2
(Meal)
BSM 0-21
BFM 22-56

T3
(Adlib)
BSM 0-28
BFM 29-56

T4
(Meal)
BSM 0-28
BFM 29-56

T5
(Adlib)
BSM 0-35
BFM 36-56

T6
(Meal)
BSM 0-35
BFM 36-56

T7
(Adlib)
BSM 042
BFM 43-56

T8
(Meal)
BSM 0-42
BFM 43-56

Cost of day old chicks
at Rs.9.30

418.50

418.50

418.50

418.50

418.50

418.50

418.50

418.50

Feed cost * (Rs.)

870.30

863.10

926.10

865.80

890.55

867.60

967.05

867.15

Vaccination, Medication,
Labour, Electricity and
other misc. expenses (Rs.)

270.00

270.00

270.00

270.00

270.00

270.00

270.00

270.00

1558.80

1551.60

1614.60

1554.30

1579.05

1556.10

1655.55

1555.65

34.64

34.48

35.88

34.54

35.09

34.58

36.79

34.57

2143.20

2322.20

2350.80

2244.00

2216.40

2240.40

2361.00

2184.00

Income by sale of each
broiler at Rs.30/- per kg.

47.63

51.61

52.24

49.87

49.25

49.79

52.47

48.53

Net profit per bird (Rs.)

12.99

17.13

16.36

15.33

14.16

15.21

15.68

13.96

Expenditure and Receipt

Expenditure

Total (Rs.)
Net expenditure
per bird (Rs)

Receipt
Income by sale of birds at
Rs. 30/- per kg. live weight

* Feed cost was worked out with the prevailing cost of ingredients at the time of experimentation. Cost is inclusive of milling and mixing of ingredients

The mortality percentage in different groups was negligible during the experimental
period and are also not due to treatment effect. Ready-to-cook yield and giblet-yield
did not reveal any significant difference between the treatments.
At the end of seven weeks of age the highest profit per bird was obtained in the adlibutum
fed group with switching over to finisher diet at fourth week of age (T3) followed
switching over at sixth week end (T^) (Table 3). At the end of 8 weeks of age the
highest profit per bird was recorded in meal fed group (T^) followed by adlibutum
feeding with switching over at fourth week of age (T3) (Table 4).
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EFFICIENT USE OF A HIGH OIL CORN IN POULTRY
FEEDS
N.Rand, Y.Nov and D.Cier
I.
i^'

""^^

Israeli Central Feedmills Association, Miloubar, M.P. Ashrat, 25201,
Israel

A new strain (G-777) of High Oil Corn (HOC) consists of an enlarged germ and
thus contains higher oil and protein (table 1). This variant also contains more
energy and essential amino acids including SAA and lysine.
Growth experiments in broilers and turkeys comparing G-777 and US corn # 2
indicated that HOC improved the performance. Additional broiler feeding
experiments with G-777 showed that the amino acids from HOC were efficiently
utilised. Carcass fatty acid profile in market broilers had higher level of
monounsaturated fatty acids.
Recent poultry trials have demonstrated optimal nutrient availability of G-777
with an additional 6.5% metabolizable energy compared with rations consisting
of US corn # 2. Formulations vdth G-777 in broiler and turkey feeds in regions
such as Middle East, North America, Far East and Africa have resulted in the
reduction of feed costs. Rations formulated with G-777 with its higher essential
nutrient content used less soybean meal, added oil and synthetic amino acids. The
added value of HOC per ton grain reach $ 18 to $ 35 depending upon regional raw
material prices.
NUTRIENT COMPOSITION
A high oil and protein containing com strain (G-777) has been developed. This yellow
dent com contains greater lipid content, as well as enhanced protein and essential amino
acids such as lysine and SAA than the standard U.S. com # 2. Proximate analysis of
this product is shown in Table 1.
The G-777 (86.5% DM) contained 19% more protein content and 80% higher lipid
level.
The complete amino acid composition is shown in Table 2.
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Table 1. Protein, some AA, fat, and energy levels of G-777 vs U.S.Corn # 2
Parameter (%)
Moisture
Protein (Nx6.25)
Lysine
Met + Cys (SAA)
Fat (E.E)
01eic(%ofFat)
Linoilec(% of Ft)
ME/Kcal/KG

Galilee 777

U.S.Corn # 2

% Increase

13.5
8.90
0.29
0.46
6.30
36.20
45.50
3500*

13.5
7.50
0.26
0.36
3.50
25.40
57.00
3300

—
19.0
11.5
28.0
80.0
42.5
-20.2
6.0

Table 2. Amino Acid composition in Galilee 777 and US Corn # 2 (Percent of feed)
Amino Acid
Arginine
Lysine
Methionine
Cysteine
Theronine
Leucine
Tryptophan
Tyrosine
Isoleucine
Valine
Histidine
Phenylanine
Aspartic Acid
Serine
Glutamic Acid
Glycine
Alanine

Galilee 777

US Com 2

0.54
0.29
0.23
0.23
Ö.33
1.04
0.09
0.26
0.35
0.42
0.26
0.46
0.66
0.42
1.85
0.41
0.65

0.38
0.26
0.18
0.18
0.29
1.00
0.06
0.30
0.29
0.40
0.23
0.38
0.46
0.23
1.27
0.33
0.51

% increase in G-777 US
142
111
128
128
114
104
150
87
121
105
113
121
143
183
146
124
127

The amino acid analysis showed that the content of almost all amino acids were increased
in G-777. The usual limiting amino acids in poultry production are lysine, which was
increased by 11% and methionine and cysteine were increased each by 28% . This
allows for more flexible diet formulation because amino acids which are often limiting
are found in higher quantities.
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The fatty acid contents in the oil of G-777 and US Com 2 is compared in Table 3.
Table 3. Fatty Acid Profile in G-777 Vs US Corn #2
Fatty Acid
Palmitic C 16:0
StearicC18:0
01eicC18:l
Linoleic C 18:2
Linolenic C 18:3

Galilee 777

US Com #2

14.2* (8.9)**
3.0* (1.8)
36.2* (22.8)
45.0* (28.3)
0.4* (0.3)

14.6* (5.1)**
1.9* (0.6)**
25.4* (8.9)**
57.0* (20.0) **
1.1* (0.4) **

** Figures in paranthesis represent fatty acid content as gm/kg.
*

Represent fatty acids as percent of total fatty acid.

The fatty acid profile indicates oleic acid increased while the low saturated fatty acid
content was maintained in G-777; monounsaturates plus polyunsaturates are unchanged.
Fatty acid content in g/kg is shown in Table 4. In terms of g/kg linoleic and oleic supply
is almost doubled compared to US com # 2.
Com is a major ingredient in poultry ration providing energy. Modification of this
product in such a way as to influence the metabolizeable energy content provides the
poultry industry with a nutrient den^ product of increased economic value (Adams et
al. 1994). In addition enhancing the lipid content within the com grain fumishes the
finished feed with high quality amino acids. Therefore G-777's concentrated nutrients
allow for easier more flexible and economical feed formulations.
FEEDING TRIALS
A preliminary broiler feeding trial (trial A) assuming an ME of 3450 kcal/kg for G-777
and US com # 2 as 3300 ME kcal/kg was carried out from 28-48 d with 8 pens of 10
male birds/treatment. Broilers in trial A fed the diet with Galilee 777 were significantly
heavier by 120 g compared to those fed US com # 2. Feed conversion was 97.3% of
birds fed US com # 2 at 48 d (Table 4).
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Table 4. Effects of Galilee 777 and U.S.corn # 2 on body weight and feed conversion
(Trial A)
Age (days)

BW (kg)
G-777 (%)

FC (kg/kg)

U.S.C#2 (%)

G-777 (%)

U.S.C#2 (%)

28

1.06

1.07

1.70

1.70

34

1.37A

1.31B

1.92

1.95

42

1.90A

1.81B

2.09

2.12

48

2.36A

2.24B

2.24A

2.30B

Birds receiving G-777 exhibited an increased percentage of monounsaturated fatty acids
and decrease in polyunsaturated fatty acids (Table 5). It might be anticipated that the
carcasses of birds receiving G-777 would have a longer post processing shelf life due
to the lower amounts of polyunsaturated fatty acids (Kotrola et al. 1995)
Table 5. Fatty acid composition (%) in broiler carcass (Trial A)
Treatment

Fatty Acid

Galilee 777

US Corn # 2

Myristic

(14:0)

0.70

0.80

Palmitic

(16:0)

23.30

21.90

Palmitoleic

(16:1)

5.20

6.00

Stearic

(18:0)

6.10

4.60

Oleic

(18:1)

42.20

37.60

Linoleic

(18:2)

20.10

26.60

Arachidic

(20:0)

1.60

2.50

The results of trial A indicate the effective utilization of Galilee G-777 by broilers and
also suggest that the ME of Galilee 777 is greater than the value of 3450 kcal/kg that
was used in this experiment.
TME determinations were then carried out in order to estabhsh accurate values of G777 and US com # 2 in adult roosters by both Drs.N.Dale and C.Parsons. TME, values
were 4183 and 4164 ME kcal/kg (G-777) and 3956 and 3926 kcal/kg (US com # 2 ) in
the two experiments respectively (Table 6).
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Table 6. Protein (%) and True Metabolizable Energy (TME) of control and High
Oil Corn (DM)
Corn

Protein (%)

TMEn (kcal/kg DM)

Control,

9.28

3926

Control^

8.65

3956

HOC,

10.17

4164

HOC^

9.93

4183

An additional trial was then conducted with 9 pens of 55 commercial male broilers per
treatment and fed rations with G-777 and US com # 2 from hatch to 42 days (trial B)
(Table 7). The ME of G-777 used was 3530 kcal/kg based upon TME deteminations.
Table 7. Effects of Galilee 777 and U.S.corn # 2 on body weight (kg) and feed
conversion (Trial B)
Age (days)

BW (kg)

PC (kg/kg)

G-777(%)

U.S.C#2(%)

G-777(%)

U.S.C#2 (%)

21

0.718

0.719

1.298

1.298

42

2.456

2.464

1.888

1.882

In both trials A and B diets formulated with either G-777 or US com # 2 were isocaloric
and isonitrogenous providing identical levels of SAA and lysine. The ration containing
G-777 with its higher nutrient content used less soybean meal,fat and methionine which
were replaced with G-777.
On the basis of both growth studies and TME determinations, it is concluded that the
com cultivar G-777 has enhanced nutritive value for poultry. These studies suggest
that the appropriate energy value to assign to this variety is approximately 6.5% higher
than that used for normal yellow com.
Another feeding trial was conducted in order to evaluate the performance of high oil
com in turkey diets. Diets were fed from 7-13 weeks and were formulated to be
isocaloric, isonitrogenous and iso limiting amino acids. The diet contained 10% wheat
and the remaining grains were either G-777 or US com #2. Body weight and feed
conversion performance are shown at 13 weeks. At both times there was no difference
between treatments (Figure 1). These results indicate the energy and nutrients in high
oil com are available to the turkey and that the ME determined for broilers is appropriate.
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Turkey 13 w performance

HOC

Control

"Figure 1. Body weight and feed conversion of turkeys fed with G-777 or US com # 2
from 7-13 weeks.

40 d performance

HOC

FM

AA

10%

Figure 2. Body weight and feed conversion of broilers fed diets with G-777 or US com
# 2 with differing hmiting amino acid content.
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A growth experiment was carried out to confirm the availabihty of the higher amino
acid content of high oil com. The experimental treatments were designed with lysine
and SAA as limiting amino acids. Two treatments contained AA supplements and one
treatment was formulated with 110% of the AA requirement (Table 8). Each treatment
has 4 replicates of 120 chicks and diets were fed from hatch to 40 d. The growth and
feed conversion were not significantly different in any treatment during the feeding
period, indicating that the AA in the high oil com were available. (Figure 2).
Table 8. Calculated Analysis of experimental diets
Experimental Diets
Lys Def.

SAA Def.

110% LYS

110% SAA

0-21 Davs
Cmde Protein %

21.5

21.5

21.5

23.0

ME KcaLlcg

3100

3100

3100

3100

1.1

1.13

1.09

1.21

Methionine %

0.50

0.49

0.47

0.55

Met. + Cys.%

0.89

0.90

0.91

1.00

Lysine %

21-40 Days
Cmde Protein %

20.0

20.0

20.0

21.8

ME Kcal/kg

3200

3200

3200

3200

0.9

1.01

1.01

1.1

Methionine %

0.38

0.38

0.37

0.43

Met. + Cys.%

0.72

0.72

0.73

0.81

Lysine %

Formulating Feed With G-777
Having established the nutritional value of high oil com we can now formulate practical
diets and obtain an estimate of its economical value. The NRC (1994) has been used as
the basis for broiler grower diets.
Formulating rations according to US October 1995 prices when either US com # 2 or
high oil com were used and assuming identical prices for these grains, less soybean
meal, oil and methionine were used when high oil com was present. At the same time
this reduced feed costs by $ 15.00. Thus the added value of the high oil com per ton
was $ 22.00 more than US com #2 ton (Table 9).
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Table 9. Broiler grower feeding cost typical U.S. feed (Oct.1995 prices)
Ingredients (%)
US Com #2
Galilee 777
SBM 48%
DCP
Limestone
Salt
Fat, poultry
Alimet
Vit and Coccidiostat
Poultry byproduct meal
Cost, US $
G-777 Added Value, US $

Galilee 777

67.54
23.86
0.58
1.20
0.50
0.50
0.02
0.80
5.00
238.51
22.15

Cost ($)

US Com # 2
62.02
—
26.48
0.60
1.06
0.38
3.61
0.05
0.80
. 5.00
253.47

152
152
255
328
20
50
451
2900
3900
325

Formulating a typical Israeli broiler diet using a broader range of raw material and
different prices. Use of high oil com reduced feed cost by $11 with an added value of $
23 (Table 10).
Table 10. Broiler feeding cost typical Israeli Feeds (Oct 1995 prices)
Ingredients (%)

Galilee 777

US Com # 2
Galilee 777
Milo
SBM 48%
Sunflower meal
DCP
Limestone
Salt
Oil
Alimet
Vit and Coccidiostat
Poultry byproduct meal
Cost, US $
G-777 Added Value, US $

45.00
21.43
20.16
5.00
0.79
0.67
0.43
2.76
0.049
0.70
3.00
211.85
23.44
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—

US Com # 2
45.00
—
18.52
23.60
2.62
0.87
0.67
0.43
4.50
0.076
0.70
3.00
222.40

Cost ($)
162
162
163
266
150
330
18
90
500
2800
3900
380

CONCLUSIONS
Galilee 777 is high in protein and essential amino acids besides being high in energy
which has neen successfully used in feeding trial with broilers and turkeys. This high
oil com has a TME value of 4130 kcal/kg DM as determined in adult roosters. Use of
high oil com replacing US com # 2 resulted in a reduction of feed costs. Thus high oil
com has a market value of $ 20-$30 (October 1995) above US com # 2 depending on
requirements and on regional raw material prices.
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PROBLEMS RELATED TO PEST CONTROL AND
STORAGE OF FEEDSTUFFS
V. Raghavan
Group Technical Manager, Federal Flour Mills Berhad
Selangor Darul Ehsan, Malaysia

In most feedmills the common problem is physical damage and quality
deterioration of non-processed raw ingredients used in processing of feed. These
could be minimised by action from various agricultural, technical and extension
services to produce better quality raw materials by introducing improved
harvesting, drying, storage and handling procedures. Various chemical changes
occur when commodities are stored for a long time resulting in progressive
deterioration. Some control over the situation is essential and must be given special
consideration during initial planning. Storage structures at mills should be designed
to prevent violent fluctuations of temperature and humidity, be easy to maintain,
easy to clean, and be suitable for the efficient application of pest control measures.
Dry mixing in particular will not eliminate insects and pests will be widely
distributetd and results in cross infestation of clean produce of farms. The situation
can be dangerous if imported raw materials of partially procesièed commodities
are responsible for the introduction of new pests. Treatment of animal feed
commodities with pesticides may result in hazardous residues or reach levels which
are not acceptable to some importing countries. Efficiency of pest control depends
on initial damage, moisture content, processing method used, packaging etc.
INTRODUCTION
Damage to feedstuffs is often caused by storage pests and poor handling techniques. In
the humid tropics inadequate drying and high moisture content is an acute problem.
Traditional drying methods are too slow and many permit serious insect damage,
especially in cereal grains like maize, sorghum, wheat, barley before drying is
completed.
Oilseed cakes and cereal brans are particularly susceptible to attack by insects during
storage. Transport systems and farms within a country may become infested by insects
from these commodities and as such, these need to be fumigated before shipment and
refumigated by importers.
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FEEDSTUFFS
Feedstuffs commonly used by the feed industry can be classified as follows :
Cereal grains

Maize, Wheat, Barley, Sorghum,
Millet, Rye.

Animal proteins

Fish meal. Meat and bone meal,
Blood meal, Feather meal

Vegetable proteins

Soybean meal, Rapeseed meal.
Linseed meal. Groundnut meal,
Cotton seed meal

Oil cakes

Groundnut cake, Sesamum cake.
Mustard cake. Copra cake

Byproducts from
flour milling industry

Wheat bran. Wheat pollard.
Wheat germ

Byproducts from
rice milling industry

Rice bran (O.E), Rice bran
Broken rice

Mineral sources

DCP/MCP/MDCP/TCP
Limestone, Oyster shells

Byproducts from the
brewery

Brewers yeast

Source of xanthophyll

Comgluten meal. Leaf meal,
Alfa alfa pellets. Grass meal

Sources from the
edible oil industry

Palm kernel cake. Palm kernel sludge
Palm oil

Sources from the
sugar cane industry

Molasses

INFESTATION PROBLEM
It has been estimated that approximately two milHon tons of grains are consumed by
rodents alone in India - a similar estimate has been recorded for insects.
The principal direct effects of insect attack are loss in weight, and the changes resulting
from spontaneous heating due to insect activity which may result in mould attack and
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sprouting. Loss of nutritive value and palatability may also occur. Indirect financial
loss may result if the presence of insects and damage causes the commodity to be
placed in a lower grade or be rejected entirely - especially when official grading systems
are practiced.
Infested grain may yield less flour, have low nutritive value and also lead to rejection.
Buyers may also impose penalties from suppliers. The pest problem could be classified
as follows :
a)

Pests of major importance : They regularly cause significant losses of commodity
or require applied control measures to prevent losses, e.g Wheat - Sitophilus oryzae
and Sitotroza cereallela.

b)

Pests of moderate importance : Those^at occasionally cause losses or need
control measures, e.g Barley - Trogoderma granirium

c)

Pests of minor importance : Those that rarely cause loss or need control but are
often associated with a commodity, e.g Sorghum - S.oryzae

d)

Rare or absent pests : Those that are rarely found or absent from a commodity, e.g
Paddy - S.Cereallea

FACTORS AFFECTING STORAGE OF FEEDSTUFFS
The primary objective in the storage of feedstuff s and grain products is to control the
conditions of the storage wherever practicable, so that the original quality of the products
is maintained or the deteriorative changes are minimized.
The most important of the factors influencing the rate of deterioration of feedstuffs in
storage are :
1) Moisture - (climatic aspects)

2) Temperature

3)

4) Condition

Oxygen supply

5) Engineering aspects (storage structures)

6) Bulk storage

7) Physical barriers

8) Rodents

9)

Microorganisms

10) Birds

11) Humans
1)

Moisture : Deterioration in stored grain may occur as a result of excessive moisture,
even though the grain placed in storage is within what is normally considered a
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safe moisture limit. If the moisture content is maintained at a sufficiently low
level, feedstuffs, grains can be stored with little deterioration.
The maximum moisture content at which grain can be stored safely depends on
the kind of grain, the locality in which it is stored, the methods of conditioning and
the length of storage period.
2)

Temparature : Temperature is an important factor in the storage of grain even
when it is dry, as most chemical reactions increase with increasing temperature.

3)

Oxygen supply : Aerobic respiration of grains and or microorganisms infesting
the grain involves consumption of oxygen and liberation of carbon dioxide and
the process tends to be limited by oxygen supply. In a closed storage space
containing grain, the concentration of carbon dioxide increases, the concentration
of oxygen diminishes and the rate of respiration tends to decrease. An ample supply
of oxygen on the other hand supports respiration and if the rate of respiration is
high enough the heat produced in the process will exceed the heat lost and
spontaneous heating will occur. These facts should be considered carefully in any
plan to aerate stored grain.

4)

Condition : It is commonly observed that grain containing a high percentage of
damaged kernels or showing other evidences of unsoundness is much more likely
to heat in storage than in sound grain of the same moisture content.

5)

Storage structures : Storage structures of feedstuffs range anything from heaps
of grain on the ground to elaborate silos. However crude or elaborate certain basic
principles have to be followed. The store should : a) Keep the grain in b) Keep
water out (Rain and soil moisture) c) Keep pests out d) Facilitate the control of
pests that gain entry, e) Facilitate the loading and unloading at the store, f) Be
conveniently sited in relation to the available transport facilities.
Storage structures should be constructed to reduce climatic fluctuations to a level
significantly less than ambient conditions so as to reduce the hazard of condensation
and the rate at which insects and molds develop. Concrete structures are most
suitable in this respect. The design of such structures should be simple and raw
materials and finished products at feedmills should be segregated in separate nonconnected storage and must be separated from the processing machinery.

6)
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Bulk storage : This is the most efficient and economic method of pest control.
Pest control using cool ambient aeration system in bulk storage is feasible. CooHng
using low volumes of ambient air during the winter months will prevent pests

from breeding in wheat and barley avoiding the need for insecticides. Hermetic
storage of bulk material avoids the need for use of strong insecticides.
7)

Physical barriers : Polythene sheets or cotton sheets may be left on stacks of dry
produce in bags to prevent reinfestation physically by insects following fumigation.
Condensation problems are most likely if polythene sheets are used in stores
permitting violent temperature fluctuations. Certain packaging materials are also
effective in preventing penetration of insects.

8)

Rodents : Although rodents (rats and mice) consume sizeable quantities of grain,
they are probably more important in feed plant operations from the standpoint of
contamination of ingredients and ñnished products and the damage they do to
plant facilities and product containers. Rodent contamination is particularly
important because of the potential for disease transmission in urine and excrement.

9)

Microorganisms : Molds can produce mycotoxins which if incorporated into feeds,
can have adverse effects on animals - i.e reduced weight gains, poor high FCR,
wet droppings or even death. Molds can be controlled by proper drying but the
mycotoxins once produced are difficult to detoxify.
Animal feeds can be an important link to the Salmonella cycle, which are
responsible for food-borne infections in both animals and humans. Some ingredients
used in animals feeds (bone meal, feather meal) are more prone to be sources of
Salmonella than grains of grain products.

10) Birds : Like rodents, birds are capable of consuming quantities of grains and feed
products. Pigeons and sparrows create the most problems. They tend to roost and
nest on the plant structures where they ñnd it convenient to feed on spillage in
receiving and shipping areas. Bird droppings create an undiserable appearance on
plant exteriors and product containers and can potentially serve as sources of human
and animal diseases.
11) Humans : We, as humans do not like to be referred as pests; however our actions
or reactions create sanitation problems more serious than those created by insects,
rodents, microorganisms and or birds.
The scant respect that some employees shows to sanitation in the feed plant may
result of many factors, such as lack of supervision, lack of management support or
other reasons. Management has the responsibility to see that good sanitation is
maintained.
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CONTROL OF PESTS
( 1 ) Wharehouse management : Good store management requires staff discipline and
the manager should insist that his staff pay proper attention to all the following
points.
a.

Storage must be free of debris, old bags, and unwanted machinery. A high
standard of cleanliness should be maintained by regular brushing of floors,
walls, drains.

b.

All sweepings and spillage after loading, unloading should be removed and
destroyed.

c.

All commodities should be inspected before intake for excessive moisture
content and for insect infestation.
i)

If moisture content is high, arrange for drying.

ii)

If infested, reject or arrange fumigation before loading into
storage. Do not store infested commodities with non-infested
commodities.

d.

Always arrange bagged commodities in stacks for case of inspection and so
that no rearrangement is necessary if fumigation is required.

e.

Label all stacks showing
i) Commodity ii) Quantity iii) Date received into storage
v) Any control measures carried out

2)
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iv) Origin

f.

All commodities should be inspected regularly for insect infestation, moisture
accumulation or any other cause of deterioration. To be done at least once in
a week.

g.

Long term of storage should be avoided wherever possible and old bags of
any commodity should not be allowed to remain in the premises.

h.

Spillage from handling operations should be swept up and removed
immediately.

i.

At least one member of the warehouse staff should be given the task of storeage
hygiene as his prime responsibility.

Control methods : Pest control methods rely on altering the environment of the
pests in such a way as to discourage or prevent their development. Some of the
methods that could be employed are:

a) Aeration

b) Thermal disinfestation

c) Physical methods

d) Biological control

e) Chemical control

f) Non chemical methods.

Thermal disinfestation : The use of heat to kill all insects in a commodity is called
thermal disinfestation. With grain storage insects it has the advantage that if high
temperature is used the process can be effective within minutes. Disinfestation of cereals
by heating has been limited in application not by economic factors but because the
temperature for insect control may cause damage to the commodity as well.
Thermal disinfestation has major advantages in that it is a residue free treatment with
rapid effect. Some species are more resistant than others and humidity also influences
the lethal effects of a particular temperature. Heating is used effectively in hot climates
on a small scale by spreading grain out in the sun.
Self extinguishing temperature : When grains are stored at relatively low moisture
and high temperature noticeable infestation develops after a month's storage. The insect
population rapidly builds up and heat produced by the insects raises the temperature.
This has an unusual result and the insects make their environment uninhabitable.
Non-chemical means of control : The use of chemical control methods when dealing
with infestations of feedstuffs are limited in view of :
i.

the objection to chemical residues, and the development of increasingly sensitive
means of analysis.

ii.

the development of resistance to particular pesticides by insects.

Due to above reasons, the use of non-chemical methods are becoming more popular.
The methods that are commonly used now are :Turning and disturbance : Turning of infested grain was recommended as it was
thought to be a means of dissipating heat from the grain thereby slowing down the
process of infestation. This is not an effective way of controlling infestation as turning
of the grain spreads the insects to the unifested portions of the bulk.
Impact : Impact can kill insects very effectively and this method is commonly used in
flour mills. A stream of finished flour is passed through a machine called Entoleter
containing numerous steel strikers arranged on the periphery. Strikers hit every part of
the flour and any insects present are killed instantly.
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Inert dusts : They are made from silica gels, various clays, activated carbon
and other silicates. They act by absorbing the waxy layer over the insects cuticle
thus causing the insect to lose control of its water loss. The insect dies of
desiccation.
Cold : Low ambient temperatures are used to control insects in stored grain. The grains
must be cooled to low temperature (12°C) and the pests will be prevented from breeding.
Changes in moisture content : If grain is dried to a low moisture content (8%) it
becomes immune to insect attack. Drying the grain reduces its weight hence its value is
decreased if it is sold on a weight basis.
Biological control : This is a method or reducing or eliminating damage done by pest
by means of a biological agent, traditionally a parasite. In a broader sense this method
includes the manipulation of other biotic characteristics of the pests such as their
reproductive processess, behaviour, quality of food etc.
Parasites / Predators : Parasite is an organism which benefits by feeding upon
or securing shelter, from its host. A predator is an organism which feed on one or more
hosts but seldom obtains shelter from its host. Using a parasite/predator as a biological
means of controlling pests should have :i)
ii)
iii)
iv)
v)

general adaption to the environment and host.
high searching capacity.
high rate of increase.
mobility adequate for dispersal.
responding to changes in the abundance of the host.

Parasites of importance which can attack stored grain pests are the Pteromalids Anisopteromalus calandrae and the Braconids which can attack three species of
Sitophilus in stored maize.
Predators of importance are the beetles [families - Carabidae, Staphylunidae] are
obligatory predators of grain pests and the Tribolium species are cannibaUstic.
PHYSICAL METHODS
Storage of feedstuffs at relatively low temperatures will prevent the development of
and subsequent damage by microflora. The microflora components are principally
various species of Saprophytic fungi, always present in feedstuffs and their growth and
consequent damage commences when the suitable ambient conditions of humidity and
temperatures are available.
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Methods of control of storage of microflora may be classified as (i) Physical method
(ii) Chemical method
(i) Physical method involves : a) Drying of grain b) Cooling of grain c) Airtight (oxygen
deficient) storage
a) Drying of grain and lowering the humidity of its environment will prevent or arrest
the growth of microflora when the relative humidity falls below 70-75% or the moisture
content falls below 13 - 14%
b) Cooling of grain. Low temperatures suppress the development of microflora in stored
feedstuffs, as most of the storage fungi are mesophyllic. Although they cannot be
destroyed and the composition in grain hardly changes even at very low temperatures
the suppression of the development of microflora and consequent damage to the feedstuff
is rather significant.
c) Airtight storage. Most components of grain microflora are saprophytic fungi which
are aerobic microorganisms, requiring oxygen for respiration. Consequently mold growth
can be depressed by depriving them of oxygen.
Chemical methods are of less practical value than the physical ones. They involve
usage of chemicals active in inhibiting or arresting the grain microflora. They include
fungistats. The main purpose of chemical control is to inhibit microbial activity and to
prolong the grain stability. Chemical method used involve: a) Solid and liquid
preservatives and b) Gases, having fungistatic or fungicidal effect.
The use of grain preservatives is conmieralized today and many formulations are based
on propionic acid or sorbic acid etc. They are non-toxic and are efficient in
prolonging the storability of moist grains from weeks to months. They can only inhibit
mold growth and it should not be persumed as a major method for preventing
microfloral damage.
AERATION
Aeration is a method of controlling the microclimate in the mass of stored grains in
order to preserve the original condition of the grains by providing unfavourable
environment for pests and microorganisms to grow. It can be defined as the movement
of selected ambient or suitably conditioned air through a grain mass to improve its
storability.
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There are five basic purposes of aeration
1.

Equalize temperature of stored grains

2.

Create low and uniform temperature in the grain mass

3.

Prevent heating of damp grains

4.

Alter gas composition in grain

Equalize grain temperature. The main objective of equalising grain temperature is to
prevent moisture migration. Warm or hot air rises and has greater moisture carrying
capacity than cool air. If a mass of grain has hot spots caused by insects or
microorganisms natural convection will occur in the grain mass thus slowly causing
the migration of moisture from the warm spots to the cooler grain mass.
Create low and uniform temperature. Cooling the grain to temperatures below to those
favourable for microorganisms and insects to grow is another important purpose of
aeration. This objective is more practical and achievable only in regions with temperate
climatic conditions characterized by low temperatures and low humidities over long
period of time.
Prevent heating in damp grains. In large grain drying installations the use of aeration
with high airflow rates to dissipate heat in damp grain is common. Excessive heating
leads to dry matter lossess, mold growth and visible heat damage which usually results
in reduction of grain quality.
Alter gas composition in grain. When pest infestation occurs in silos the introduction
of a fumigant through an aeration system is more convenient and practical than other
methods such as moving grain or introducing fumigant tablets into the grain. Extreme
care must be taken when introducing gases to prevent poisionous gases which may
escape from the system. Operation of the fan must be stopped when the gas starts to
discharge.

RODENTS AND THEIR CONTROL
The general methods of trapping rodents involve :
1.
2.
4.
5.
6.
7.
8.
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General hygiene in and around premises.
Proofing of premises against rodent entry. 3.Trapping.
Poisoning rodents.
Treatment with anticoagulants.
Follow up treatments.
Rodent tracking dusts.
Fumigation.

9. Repellents.
10. Keeping record.
General Hygeine. A high standard of hygiene must be maintained in and around premises
to reduce the cover for rodents and discourage their activity.
Proofing of premises. Points of access by rodents to buildings must be blocked and the
finding of an effective way of doing this requires some knowledge of the habits of the
rodents. Effective proofing against entry is absolutely essential in areas where population
pressures are great. Without satisfactory proofing other control measures are useless.
Trapping. This vis practicised in Ught infestations and are likely to catch rats if placed
against walls. For rats it is best to bait traps with oatmeals, breadcrumbs, maize, etc.
Traps must be serviced if the best effect is to be achieved.
Poisioning. Rats and mice will quite readily take any staple cereals where they are
accHmatised. Amount of food eaten by rats depends on its calorific value. Therefore
rats will eat a lot of bulk bait rather than dry bait. When dry baits are used it is advisable
to add an oil to help the poison particles adhere to the base. Mineral oils are preferred
as vegetable oils tend to go rancid. Acute poisons are used at high strength and a rat or
mouse has to eat a few mouthfuls to get killed. Rats have the habit of rejection and have
a pre-bait i.e an unpoisoned bait has to be laid for a few days before the designated
poisoned bait. Some of the acute poisons commonly used are :
a)

Zinc phosphide- at 2.5% - 5% in sugar meal/wheat.

b)

Arsenious oxide - used at 10% in soaked wheat or damp oatmeal,

d)

Alpha_napthyl - used at 2%

Anticoagulants, are used at high strength to kill rats at one go. However against rats
and mice they are always used at a concentration at which most of them are killed only
if they feed from the bait for a number of days. Anticoagulants commonly used are :
hydroxy coumarin group

:

Warfarin; Fumarin; Tomarin; Racumin

Indandione group
: Diphacinane; Pivalyl.
When using anticoagulants following precautions should be taken so as not to prevent
any hazard to the general public, livestock etc.
1.
2.
3.
4.

Prevent access to the baits by children and animals.
Do not place where human or animal foodstuffs or water will be contaminated.
Bum or bury the dead rats or mice.
Store in tightly closed container in a safe place.
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Follow up treatment. It is seldom possible to get a complete kill in one treatment. In
order to achieve success, it is advisable to do a post-bait treatment say a fortnight after
the conclusion of the first treatment and see the results achieved. Post-baiting should
be carried out by laying a plain bait at all points of pre-bait placed prior to the treatment.
Do not use the same plain bait as that used during pre-baiting. If post-bait is taken by
the rats, a follow up treatment should be undertaken with the same base but a different
poison.
Rodent tracking dusts. The use of this depends on the fact of rodents picking it up on
their feet and licking them. They do not always give good results but are
sometimes useful when combined with poison baits. Rodential dusts which
can be used are combination of warfarin and racumin, containing 1% active
ingredient, and 0.75% active ingredient respectively. They should be used with extreme
caution.
Fumigation of premises and bagged stacks. This method is practiced when places of
storage of feedstuffs, ships or stacks of goods are infested with rats and mice, they can
be safely fumigated. Three fumigants are commonly used : a) Methyl bromide
b) Hydrogen cynanide c) Chloropicrin. These toxins must be used with great care and
that skilled operators must be employed to carry out any work involving use of these
chemicals.
Repellents. A great deal of study has been done to find rodent repellent sustances.
Although many are commercially available very little use if any has been made of them
in the practice of cereal grain storage, handling or processing. If effective and economical
repellents were to become available it would be of immense value.
Keeping records. It is important to keep accurate records of baiting treatments; so that
it is
1. easy to find out bait points during a treatment,
2. to account for all poison baits during and after each treatment,
3. to keep track of previous treatments and new methods and results and
4. best sites for permanent barrier baits can be choosen.
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CONSIDERATIONS IN USING COMMON ASIAN
PROTEIN MEALS
Robert A. Swick
American Soybean Association, Singapore

INTRODUCTION
The global feed industry is now entering a phase of dynamic change. Raw material
costs are rising from increased demand and shortages caused by poor weather, low
stockpiles and depletion of fisheries. China, a former exporter of com and soy has now
become an importer. Freight costs to many developing countries are now lower thanks
to new construction of efficient grain terminal facilities that are able to handle larger
vessels with rapid off-loading. Meals and grains that were once considered nontraditional and too high priced for certain markets are now becoming competitive.
Under these circumstances, the measurement of quality and assignment of correct
nutrient values is becoming even more crucial for feed companies. Quality determination
of the major processed protein sources including soybean, canola, rapeseed, cottonseed,
animal meals and other minor production meals is especially important. With these
meals, nutrient content and bioavialability is affected by both biological variation and
processing variation. The purpose of this paper is to provide an overview of some of
the important protein meals for swine and poultry and give suggestions for quality
management.
SOYBEAN MEAL
More soybean meal is produced each year than all other protein meals combined. Most
countries with feed industries have soybean crushing facilities but the size and
sophistication of operations differ widely making the final product variable between

Hundreds of thousands of tonnes of meal are bought and sold every year using only
specifications for protein, fat, moisture, fiber and possibly urease activity. Unfortunately,
these only give a rough indication of quality, amino acid content and nutrient availability.
"Crude" protein is actually only a measure of nitrogen with results expressed as protein
assuming that all protein contains 16% nitrogen. To make things worse, some contracts
combine protein and fat using the term "Profat". With this specification, one doesn't
even
know
how
much
crude
protein
is
in
the
meal
( Table 1 ).
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Under these tenuous situations, purchasing agents and nutritionists may want to consider
adding one or more of the additional specifications to soybean meal as outlined in
Table 1. These are designed to give more information on quality of processing, feeding
value and nutrient content. All commercial soybean meal undergoes a toasting process
to deactivate anti-nutritional factors that would otherwise reduce nutrient availability
to the animal. Table 2 shows the various anti-nutritional factors present in poorly
processed soybean meal and other protein meals. Protease inhibitors, antigenic proteins,
lectins and lipoxygenase are all destroyed or reduced to tolerable levels during the
toasting process. If active, protease inhibitors bind to the digestive enzymes - trypsin
and chymotrypsin, rendering them inactive. Antigenic proteins including conglycinin
increase scouring in very young animals such as piglets. Residual anti-nutritional factors
reduce growth and feed efficiency.
Over toasting is also detrimental. Valuable protein is denatured making it less soluble
and digestible. The high level of lysine contained in soy protein is extremely sensitive
to over-toasting. Thus soybean meal must be processed within a narrow range of time
and temperature to ensure high quality. Essential amino acids in properly processed
soybean meal will be over 90% digestible. Variation in total amino acid content and
other nutrients in soybean meal is typically lower than that observed in fishmeal as
shown in Table 4.
The energy level of soybean meal depends on residual oil, fiber content and ash levels.
MetaboHzable energy levels for poultry have been estimated to be 120 to 250 kcal/kg
higher for dehuUed Hi-Pro meal versus meal containing hulls. Digestible energy for
swine has been estimated to be some 140 to 600 kcal/kg higher in dehuUed versus
undehuUed meal.
Properly processed soybean meal is an excellent ingredient that can be used as the sole
protein supplement for virtually any class of animal with no restrictions except perhaps
in piglet pre-starter feed (20 to 25% maximum) or shrimp feed (15 to 20%).

RAPESEED AND CANOLA MEAL
Rapeseed and canola meals rank second to soybean meal in terms of total world
production. The rapeseed meal produced in China, India and certain parts of Europe
have high levels of glucosinolates, erucic acid and other anti nutritional factors. The
new varieties developed in Canada in the middle of the 1970s have much lower levels
of glucosinolates (<30 micromoles per gram) and erucic acid (<2%). These nutritionally
superior 'double zero' varieties are commercially known as canola. Canola is becoming
widely accepted and is also grown in the USA, Europe and AustraUa.
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Cañóla meal is more yellow in color than the darker brown color of rapeseed meal.
The yellow varieties are derived from Brassica campestris while darker types are derived
from B. napus. Although the glucosinolate content is lower in canola than rapeseed
meal it is still detectable and should be monitored. The Canola Council of Canada has
published a value of 11 umol glucosinolate per gram as a standard for canola meal.
This is lower than the actual survey results of Kieth and Bell (1991) of 21 umol/gram
with a range of 7 to 30. Pubhshed values for Brassica napus and Brassica campestris
are 72 and 53 umol/gram respectively. Samples of Indian rapeseed meal examined by
No vus International in 1991 had values ranging from 99 to 144 umol of glucosinolate
per gram of meal.
The level of canola or rapeseed meal allowed in feed should be determined by total
dietary glucosinolate level which is a function of that present in the meal. The noeffect level is between 1 to 5 umol per g of finished feed depending on species and age
of animal. Glucosinolates cause leg problems and produce hemorrhagic Uvers in poultry.
Glucosinolates are associated with a reduction in growth rate of all species and
palatability problems in swine. An inclusion higher than 5% rapeseed or canola in
layer feed will result in a fishy taint or off flavor in the yolk of eggs in brown layers or
flesh of broilers. The choline ester, sinapine, contained in rapeseed promotes
accumulation of malodorous trimethylamine in the yolk and tissues. The use of canola
meal instead of rapeseed meal reduces considerably the problems described above except
those related to sinapine.
Rapeseed meal quality is influenced by cultivar as well as the oil extraction process.
The optimum temperature for conditioning ranges from 100 to 105 degrees Celsius for
a duration of 15-20 minutes. The conditioning process destroys the enzyme myrosinase
which converts glucosinolates to the goitrogenic and "hot" tasting compounds:
oxazolidone-2-thione and isothiocyanate. Too low a temperature can activate the
myrosinase enzyme system and result in greater formation of hydrolyzed goitrogenic
compounds. More often, excessively high processing temperatures, are encountered
that result in reduced amino acid digestibility.
Canola and rapeseed meal have slightly lower protein than soybean meal. Energy is
much lower than soybean meal and attributed to high fiber and the presence of pentosan
non-starch polysaccharides. Rapeseed and canola have higher calcium and phosphorus
content than soybean meal, although about 65% of the phosphorus is in the phytate
form and not available. Both meals contain high levels of sulfur (around 1.1% versus
0.4% in soybean meal) that may cause leg abnormalities in poultry (Summers, 1989).
Therefore, sulfur level in feed and water should be monitored when using canola and/
or rapeseed meal. Total sulfate and sulfur intake expressed as elemental sulfur in the
feed should be kept below 0.4%.
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Cañóla and rapeseed meal have a reasonably well balanced amino acid profile but are
deficient in lysine. In general, amino acid digestibility is lower than soybean meal
especially for poultry. Therefore, when using rapeseed meal in swine and poultry feeds,
it is crucial to pay particular attention to the balance as well as the digestibility of
amino acids in the final formulation.
The Canola Council of Canada recommends the maximum inclusion rates as follows:
Poultry starter/grower 20%, poultry layer/breeder 10%, swine starter 8%, swine
grower/breeder 12% and swine finisher 18%.
COTTONSEED MEAL
Cottonseed meal ranks third among world oilseed production. When compared to
soybean meal, cottonseed meal has a sUghtly lower protein of about 41% but a much
higher fiber content of 11 to 13%. The energy content is influenced by processing
method and residual oil content. Cottonseed meal is deficient in, and has low digestibility
of, lysine, methionine, threonine and tryptophan for swine and poultry. The use of
cottonseed meal therefore requires higher than normal supplementation with L lysine
and D,L methionine.
Gossypol is a recognized toxic component of cottonseed meal limiting its use in
monogastric animals. Free gossypol causes damage to the myocardium and liver
resulting in cardiac edema, dyspnea, weakness and anorexia. Dietary gossypol also
causes olive-green yolks to occur in stored eggs as a result of a chemical reaction
between the gossypol and iron in the egg. Addition of iron salts in the feed can help
alleviate the harmful effects of gossypol. Cottonseed also contains the cyclopropenoid
fatty acids, malvalic and sterculic acid. These cause pink discoloration of egg albumin
when fed to layers and are also known to alter liver metabolism and possibly increase
aflatoxin damage.
The glandless cotton varieties devoid of gossypol are much better suited for feeding of
swine and poultry. However only limited quantities are available. Traditional cottonseed
meal is normally limited to 2% in poultry feed, 6% in swine feed and should be avoided
in duck formulations if aflatoxin is a concern.
SUNFLOWER MEAL
The nutrient composition of sunflower meal varies according to the quality of the seed
and methods used for oil extraction. Expeller sunflower meal has a higher energy level
than solvent extracted meal because of higher residual oil content. Quality also depends
on dehuUing. Dehulled sunflower meal has a protein content in excess of 40% and a
crude fiber of 13% or less. Partial dehulling produces meals of 30 to 35% protein
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whereas whole sunflower meal has about 25% crude protein. The crude fiber of partially
dehuUed or non dehuUed sunflower meal exceeds 20% and thus is a major limiting
factor for use in poultry and swine feed. The high variability in quality of sunflower
meal due to hulls content is the most important limiting factor with the use of this
ingredient. Processing temperature is also important. Low temperature processing is
desirable to prevent denaturation of lysine and other valuable amino acids.
Sunflower meal contains high levels of chlorogenic acid a tannin like compound that
inhibits activity of digestive enzymes including trypsin, chymotrypsin, amylase and
Upase (Checke and ShuU, 1985). Because chlorogenic acid is uncondensed and nonhydrolyzable, its content of 1% or more in addition to 3-3.5% total phenolic compounds
in sunflower meal are not reported in tannin assays. Additional supplementation with
methionine, lysine and choline are required to counteract the effect of chlorogenic
acid.
Unlike soybean meal, sunflower meal is high in methionine but low in lysine and
threonine. Therefore these two ingredients, when used together, improve the amino
acid balance of the feed. If the sunflower meal inclusion rate is high, further
supplementation with lysine will still be necessary. Sunflower meal generally has
lower amino acid digestibility than soybean meal. This should be taken into
consideration when sunflower meal is used to partially replace either soybean meal or
fishmeal.
Sunflower meal is not recommended for use in swine creep or starter diets because of
its high fiber and low energy content. In swine grower and finisher feed, up to two
thirds of soybean meal may be substituted with good quahty sunflower meal provided
synthetic L lysine is supplemented. However, when partially dehuUed sunflower meals
is used, feed efficiency will be reduced significantly, reflecting the additional fiber and
lower energy in the sunflower meal. In broiler diets, it is recommended that only high
quality dehuUed sunflower meal be used.
PEANUT MEAL
Peanut meal is a readily available protein source by-product from the extraction of
peanut oil which is a popular human food in many parts of the world. China and India
are major producers.
The nutrient composition of the meal varies greatly according to the oil extraction
method used. The quantity of hulls present directly affects fiber and therefore energy
content of the meal. Solvent extracted peanut meals generally have less than 1.5% fat.
The fat content of expeller peanut meal is variable depending on the efficiency of oil
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extraction. With prolonged storage under the warm and humid conditions in the tropics,
residual oil is a negative feature as it is easily oxidized. The meal quality is then
greatly reduced due to poor palatability, toxicity and decreased energy value.
Peanut meal has a poor amino acid profile that is deficient in methionine, lysine and
tryptophan relative to soybean meal. Moreover, the poorly balanced amino acids have
very low digestibility. It is therefore necessary to supplement the feed with additional
crystalline amino acids when peanut meal is used.
Like most legume seeds, peanuts contain trypsin inhibitors and other protease inhibitors.
Proper processing is required to destroy these anti-nutritional factors. The other
undesirable constituent often associated with peanut meal is aflatoxin produced by the
fungus Aspergillus flavus that infests peanuts before, during and after harvest.
Ducklings, turkey poults and broiler chicks are most sensitive to aflatoxin. This
mycotoxin causes hemorrhages in the liver, kidneys and breast muscle and reduced
immune competence. Aflatoxin B1 levels as low as 250 ppb are known to exert these
effects. Generally, peanut meal is not recommended in young poultry diets for fear of
contamination with mycotoxins. Use of levels up to 6% in broilers and 9% in layers
should give good results with high quality meal. As a safety precaution however, an
upper limit of 4% is recommended for poultry. ( Table-2 ).
FISH MEAL
Approximately one-third of the annual world fish catch is used to produce fishmeal for
animal feeding. Major producers are USA, Peru, Chile and Denmark. Most fishmeal
is produced by cooking the fish, pressing to remove much of the oil and water and then
drying the presscake. Concentrates of the removed liquid are sometimes added back to
the meal. Many other variations also exist. In some factories the pressing stage may
be omitted altogether if there is little oil to be recovered as in the case of whitefish.
Locally produced fishmeal may consist of fish dried in the sun on the beach. Cannery
waste may consist of heads, tails and offal of different types of fish such as tuna.
Differences in processing, raw materials, cooking methods, drying, grinding and storage
have dramatic impact on the quality and nutritive composition of fishmeal.
Most fishmeal is a brown powder containing high levels of protein, fat and minerals.
Protein may vary from 50 to 72% and fat from 2 to 12 % or more in non-extracted fish.
Salt content may vary from 1.3 to 4%. Fishmeal usually contains higher levels of
lysine and sulfur amino acids compared to soybean meal but variation among samples
is large (Table 3). The fatty acid composition of fishmeal varies depending on the
variety of fish used. Sardine meal contains the highest levels of omega-3 fatty acids
followed by whitefish and anchovy meal. The unsaturated oils in fishmeal are highly
susceptible to oxidation that creates toxic free radicals and lowers energy content.
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Oxidation may also cause heating during storage that reduces amino acid digestibiUty
and sometimes causes spontaneous combustion to occur. ( Table-3 ).
Fishmeal is also prone to contamination with biogenic amines. Substances such as
gizzerosine and histamine are formed during heat processing of fish that have been
allowed to spoil or putrefy. These substances increase stomach acid secretion and have
been documented to cause gizzard erosion and other lesions in poultry (Okazaki et al.,
1983).
Good quality fishmeal is an exceptionally good source of well balanced protein and the
price is usually reñective of this. Fishmeal is highly palatable to swine and poultry and
is generally used in starter diets when amino acid requirements are highest. Fishmeal
should be avoided in diets in the period before slaughter to avoid fishy taint in the meat
caused by amines that are abundant in fishmeal. More than 1-2% fishmeal in layer
diets may result in a fishy taint in eggs.
Depending on quality and composition, fishmeal should be limited to between 2 and
10% of the diet for growing broilers and swine. This Umitation is necessary to prevent
over supplementation with minerals.
MEAT MEAL
Meat meal is obtained from the rendering and drying of waste products from abattoirs
and meat processors. Meat meals should be considered highly variable in protein, fat,
calcium, phosphorus and sodium. Meat meals are now usually sold with some estimate
of protein, fat and bone content. High quality meat meals are an excellent source of
amino acids including methionine. Meat meals are, however, prone to being overcooked
which reduces availability of amino acids. They may also contain biogenic amines if
spoilage is allowed to occur before processing. Rancidity is another problem as residual
fat is highly susceptible to oxidation because of a high surface area of the meal particles.
QUALITY CONTROL RECOMMENDATIONS
A brief description of some recommended quality control procedures are given along
with the rationale for their use. Please consult the references and laboratory manuals
for detailed analytical procedures.
Proximate analysis
The complete proximate analysis including the assay for ash in addition to protein, fat,
fiber and moisture is recommended. The ash assay is inexpensive and gives a indication
of adulteration with sand, contamination with soil or over addition of flow conditioners
such as calcium carbonate. Further testing for acid insoluble ash will determine how
much of the ash is in the form of silica. More than 1-2% acid insoluble ash would
suggest adulteration with soil or sand in most protein meals.
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Amino acids
An amino acid profile should be performed on all protein meals on an occasional basis.
Results will ensure correct formulations and reduce the probability of deficient or excess
essential amino acids. Many of the supplemental amino acid suppliers will conduct
occasional assays as a service to their customers.
Protein Solubility
Protein solubility in 0.2% potassium hydroxide solution (KOH) is useful to determine
the degree of overheating of soybean meal and sunflower meal (Zhang and Parsons,
1991). A concentration of 0.5% KOH has been found more effective for canola and
rapeseed meal (Anderson-Hafermann et al., 1993). There has been a great deal of
recent interest in this procedure because results are significantly correlated to growth
rate in chickens (Parsons et al., 1991, 1992; Whittle and Araba, 1992; Dale and Araba,
1991). This procedure is highly recommended for all soybean, canola, rapeseed and
sunflower meal shipments into the feedmill. Figures 1, 2 and 3 show the realtionship
between protein solubility and growth rate of chicks fed soybean meal, canola and
sunflower meal. (Fig. 1,2 & 3).
Texture and screen analysis
The uniformity and particle size of the various protein meals is important for proper
mixability as lumps of ingredients do not mix well with other ingredients. Grinding if
necessary can add US $1.00 to $1.50 to the price of a tonne of meal and must be
considered as a real cost. A screen analysis is easily performed with a sieve, pan and
shaker assembly purchased from a laboratory equipment supplier.
Colour and Odor
The color of a meal and uniformity of particle colours indicate the degree of processing
and potential blending of over-heated and under-heated meals together. Protein meal
colour will obviously vary depending on origin. Meals should not have a burned,
musty or ammonia smell that would indicate overcooking, spoilage or possible
adulteration. These simple but valuable observations cost little to perform and should
be routine in each incoming load.
Bulk density
This very inexpensive procedure can be performed by weighing the amount of meal
that fills a 1000 cc or other sized container. Results can give indication of adulteration
with sand (higher than normal density) or filler such as feather meal, soyhuUs, pollard
etc (lower than normal density). Because it is cheap and easy and gives useful data,
this procedure is recommended for all incoming shipments.
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Adulterants
"Unnatural" sources of nitrogen such as ammonia or urea may be sometimes added to
protein meals by unscrupulous traders to boost crude proteia assay. As little as 1.9 kg
of anhydrous ammonia or 3.6 kg of urea per tonne is enough to increase crude protein
by 1 percentage point. Ammonia can be easily measured by washing a sample of
soybean meal with water, filtering, and then measuring the ammonia with Nessler
reagent. Urea is determined in a similar fashion only with the addition of urease enzyme
which catalyzes the reaction of urea to ammonia.
Urease test for soybean meal
Determining the activity of the urease enzyme present in soybean meal will indirectly
indicate whether trypsin inhibitor is present as both of these proteins are denatured and
deactivated during heating. The method for urease involves conversion of urea to
ammonia with measurement of the rise in pH of the solution. Although this test is
routinely done and often used in contract specifications, the results do not correlate
well with bird performance especially in commercial soybean samples. The urease test
is only good for detecting undercooked meal. Meals with no urease activity may still
have quite acceptable nutritive value.
Glucosinolates in Rapeseed and Canola
As all cultivars of rapeseed including canola contain some level of glucosinolate, a
routine test for this substance is recommended. The procedure must be carried out in a
qualified laboratory using a gas Chromatograph or high performance liquid
Chromatograph. Another approach is to measure glucose released using the enzyme
glucose oxidase.
Biogenic amines in físh and meat meals
The assay for biogenic amines such as gizzerosine is an extremely expensive, difficult and
time consuming laboratory procedure. Therefore, the following bioassay is recommended:
Suspected fishmeal or meat meal should be fed to one week old healthy test chicks at a
level of 50% of the feed for two weeks. Similar control chicks should be fed a normal
diet for the same period. At least 20 birds in each group should then be examined for
crop, gizzard and proventriculus lesions.
Gossypol
The gossypol test should be carried out in a quahfied laboratory. Gossypol in free and
bound form is capable of reacting with 3-amino-l-propandiol in a dimethyl-formamide
solution to form diaminopropanol complex. This material can then react with
aniUne to form dianilinogossypol. This compound is colored and will absorb light at
440 nm. A spectrophotomer is used with appropriated standards to determine
concentration.
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BROILER FEEDING STUDY EVALUATION OF VARIOUS SOYBEAN MEALS
The results of a broiler feeding study and battery of laboratory tests conducted by Kang
et al., (1993) indicated large and significant differences in soybean meal quality from
commercial suppliers. Samples of soybean meal from USA, China, Korea and India
were subjected to proximate analysis, urease test, TME evaluation, the KOH protein
solubility test and pepsin digestibility tests. Diets were then formulated from each of
the meals at an inclusion level of 30% on an isonitrogenous and isocaloric basis and
fed to day old Lohmann broiler chicks for 3 weeks. ( Table-4 ).
The results shown in Table 4 indicate significantly different values for weight gain and
feed conversion between the best and worst samples of soybean meal. The US Hi-Pro
meal supported the best weight gain, and was significantly greater than meals from
China and India. Feed efficiency was best in the group fed the US Hi-Pro meal compared
to the Indian meals. There was a significant positive correlation between protein
solubility in 0.2% KOH and gain (R^ =.75) confirming the usefulness of the KOH
protein solubihty test as a quality control assay procedure. The urease test (R^=.57)
and pepsin digestibility assay (R^=0) on the other hand were not significantly correlated
with bird performance.
Feed costs per kg liveweight gain were calculated using current Asian ingredient costs
for the US Hi-Pro and Indian treatments. Results in Table 5 indicate US Hi-Pro meal to
be more economical to feed than the Indian meals even when priced at US $312/MT
versus Indian meal at US $280/MT These results clearly show that all soybean meals
are not created equal and that determination of quality can save money in animal
production ( Table-5 ).
SUMMARY
Increasing prices and worldwide demand for protein sources underscores the need for
vigilance in quality assessment. It is no longer sufficient to base the value of a protein
meal on results of protein, fat, fiber and moisture assays only. A broader evaluation
criteria and quality managment program is necessary.
Appropriate nutrient values
should be based on amino acid assays, protein solubility indices and deviations from
"normal" physical measurements such as bulk density, odor and color. Amino acid
digestibility and metabolizable energy determinations are also highly recommended.
Determinations of anti nutritional factors including gossypol for cottonseed meal, and
glucosinolates for rapeseed and canola should be performed if the source, history and
quality of these meals is unknown. These problems will likely be of less significance
in the future with further advances in plant breeding, oilseed processing improvements
and the use of supplementary feed enzymes.
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Figure 1. Soybean meal solubility
in KOH and gain
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Figure 2. Canoia meal solubility
in KOH and gain
Body wt gain, g

120
115
110
105
100
95
90
85

■

R2=0.85

^^10* 0*

■
40*

30

30*

• Autoclaving
time, min

1

1

1

1

35

40

45

50

55

Percent solubility in 0.5% KOH
from: Anderson-Hafermann eia/., 1993

Figure 3. Sunflower meal solubility
in KOH and gain
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Table 1. Quality Specifícatíons for Soybean Meal
Protein, minimum

40-52% (depends on source and presence of hulls)

Fat, minimum

0.5%

Fiber, maximum

3.3-7.0% (depends on presence of hulls)

Moisture, maximum

12.0%

Anticaking agent, maximum

0.5%

Ash

less than 7.5%

Acid insoluble ash (silica)

less than 1 %

Protein solubility in 0.2% KOH

73-85%

Urease activity

.02-.30 pH unit rise

Bulk density

57-64 g/lOOcc

Screen analysis

95% thru #10 mesh
40 - 50% thru #20 mesh
6% max thru #80 mesh

Texture

homogenous, free flowing,
no lumps or cakes, not dusty

Color

Uniform particle colors of Hght tan to light brown

Odor

fresh, not musty, not sour,
not like ammonia, not burned
bland

Taste
Contaminants
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free of urea
free of ammonia

Table 2. Anti-nutritional Factors and Suggested Use Restrictions for Protein Meals in Poultry
and Swine Diets.
Ingredients

Suggested maximum Anti-nutritional factors and use comments
limitation (%)

Soybean meal

Protease inhibitors, antigens, oligosaccharides, phytin,
lipoxygenase, lectins, saponins. Limit to 20% in creep
piglet feeds unless supplemented with protease enzyme.
2-4

Erucic acid, glucosinolates, sinapine, tannins, pectins,
oligosaccharides. Use level depends on glucosinolate
level. Swine are more sensitive than poultry.

9-12

Glucosinolates, sinapine, pectins, oligosaccharides.
Inclusion level depends on glucosinolate level and sulfur
content of feed.

Cottonseed meal

2-6

Gossypol, cyclopropenoid fatty acids, tannins. May result
in egg discoloration. Use depends on gossypol level and
fat content.

Com gluten meal

10

Possible mycotoxin contamination. Self limiting by price,
lysine level and desired pigmentation. Possible mycotoxin
contamination. Feces may turn yellow.

10-15

Chlorogenic acid, fiber. Energy limiting. Broilers are
more sensitive than young pigs.

Animal meals

2-10

High variability in nutrient content, high minerals. May
be oxidized and contain biogenic amines.

Peanut meal

5-10

Mycotoxins, tannins, oUgosaccharides, protease inhibitors,
lectins. May be contaminated with mold, mycotoxins or
rancid fat.

Copra meal

5-15

Fiber, mannans. Growing/finishing swine are more
tolerant than broilers. Deficient in lysine and threonine.

Palm Kernel meal

1-10

Fiber and sharp shells, galactomannans. Interferes with
pellet quality, unpalatable. Poor amino acid digestibility.

Sesame meal

5-10

Phytate and oxalate. May cause soft fat in swine carcasses.
Protein may be heat damaged. Unpalatable.

2-5

Linatine, mucilage. Unpalatable. Linseed may be easily
oxidized.

4-20

Quinolizidine alkaloids, pectins, oUgosaccharides, high
manganese, saponin. Use level depends on alkaloid
content and hulls content. Swine tolerant more tolerant
than broilers.
Protease inhibitors, tannins, lipoxygenase, lectins. Feed
must contain adequate methionine and available lysine.
Swine more tolerant than poultry.

Rapeseed meal

Canola

Sunflower meal

Linseed and Linola meal
Lupin meal

Peas

10-20
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Table 3. Variation in Nutrient Levels of Soybean Meal, Fish Meal, Rapeseed Meal and Canola Meal.

%

Protein

Mois

Fat

Fiber

Ash

Lys

Arg

Met

Cys

Trp

Thr

M w/hulls
(22 samples)

Avg
CV

44.0
2.1

11.7
6.4

2.5
73.5

5.2
10.7

6.0
11.3

2.64
10.9

3.28
4.4

.60
10.1

.67
11.0

.61
6.9

1.66
10.3

CVSBM dehulled
(15 samples)

Avg
CV

48.4
2.1

11.0
14.4

1.3
28.6

2.9
15.9

6.7
7.9

3.20
5.1

3.70
4.2

.70
3.5

.73
3.6

.69
4.6

1.96
4.7

Fishmeal
(37 samples)

Avg
CV

60.2
2.7

8.8
21.4

8.9
29.4

.8
88.7.

20.2
13.4

4.04
17.9

3.67
9.5

1.61
18.0

.81
51.6

.59
21.1

2.41
9.7

Rapeseed meal, China
(5 samples)

Avg
CV

37.4
3.7

10.1
5.0

2.3
31.9

10.7
20.1

9.1
25.9

1.69
14.0

2.09
7.2

.73
8.2

1.01
5.9

.44
4.5

1.48
4.1

Rapeseed meal, India
(7 samples)

Avg
CV

38.0
1.3

9.1
6.6

0.72
18.1

8.4
7.4

8.1
3.7

1.99
4.0

2.53
3.2

.69
1.4

1.05
2.9

1.05
1.9

1.5
2.0

Canola
(28 samples)

Avg
CV

36.3
3.1

9.4
17.6

10.7
5.8

6.7
3.5

2.14
3.2

2.31
3.4

.75
4.1

.94
6.2

.48
9.7

1.56
2.6

Ingredients

Assays conducted by Novus International

3.7
26.9

Table 4. Effect of Soybean Meal Source on 3 Wk Broiler Performance
Treatment

Gain, g

FCR

US Hi-Pro

713a

1.45a

US

69 ab

1.49ab

China

690 b

1.46a

Korea

702ab

1.46a

India "A"

675b

1.52b

India "B"

672b

1.59c

Diets were isonitrogenous, isocaloric with each containing 30% soybean meal Kang et al., 1993

Table 5. Ingredient Prices and Feed Cost per Kg Live Bird
Ingredients

US$/MT

Com

204

Com gluten ml

300

SBM US Hi-Pro

312

SBM Indian

280

Fat

450

Treatment

US$/Kg live bird

US Hi-Pro

.3926

Indian "A"

.4151

Indian "B"

.4289
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TRENDS IN POULTRY NUTRITION
Pran Vohra and F.H. Kratzer
Department of Avian Sciences, University of California, Davis, CA 95616,
USA

Chickens, domesticated in Asia, were kept in small numbers by the families in
their backyards. They were sheltered during the night and allowed to fend for
themselves during the daytime. They were kept mostly for their different plumages,
crowing, and for cockfighting. Their use for human food was rare and especially
reserved to honor some important guests, or for some festivity. Eventually the
demand for eggs and meat from poultry increased beyond their capacity of
production by backyard flocks. Genetists developed hybrids to meet this
commercial demand. Our modern hybrid poultry suffer loss of production, and
heavy mortality under the conditions of backyard operations. They have to be
accommodated in environment (light, temperature and ventilation) controlled
houses in cages or on litter-floor. Modern poultry production is not a hobby, but a
large scale business enterprise. Small scale poultry farms are either disappearing
or merging into larger units as contract producers of specially integrated
multinational enterprises.
ECONOMICS OF FLOCK SIZE
About 14% of the yearly farm income of nearly 5 million farmers was derived from
poultry in the late 1940's in the U.S.A. Over 50% of eggs and chickens came from
farms with less than 200 birds (Jull, 1951). The producer got baby chicks and feed on
credit. Eggs and birds were purchased by processors who sold them to retailers. If any
money was left after paying the hatchery man, and feed supplier, that was producer's
share. The economics changed and a family had difficulty to support itself on 10,000
layers and needed 50,000 in 1954 in California. This needed a large amount capital and
few people had it. A large number of producers with limited credit went out of business.
Hatcheries, feed mills and stores, egg grading stations, and slaughtering facilities were
available within easy access of many small towns. Many merchants made their living
by selling feed ingredients and mixed feeds from small quantities to bulk in sacks. The
status of nutrition of American Poultry was described by Sunde (1974) in American
Poultry History (1823-1970). Most agricultural universities had extension agents helping
in transferring latest technologies from research engineers, embryologists, geneticists,
physiologists, veterinarians, nutritionists, and scientists from other disciplines to the
poultry producers. The universities did such a good job of training that poultry science
departments have disappeared from most of the agricultural universités. Much of the
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research is done by multinational enterprises, and they do not have to share their results
with competitors.
The earlier selections of breeds were done mostly by fanciers on the basis of appearence,
feathering, body weights, and production. Later, the principles of genetics developed
by plant breeders were freely applied to poultry. Geneticists continuously carry on
selection and hybridization of their breeding stocks for either meat or for egg production
for any given market. The breeders release the breeding parents to their clients. However,
they guard the release of great grand parents only to their franchise breeders. The breeders
undertake special biosecurity and prophylactic measures for disease prevention. Some
of the criterea for good breeds are tolerance to the environment, high liveability, persistent
high production, high efficiency for feed utilization, and low cannibalism.
COST OF FEEDING POULTRY
Neglecting the capital investment, the daily cost of feeding poultry is about 60% to
70% of the day-to-day operation. Any reduction in feed cost without any loss in
production gives more profit to the poultry producer. All kinds of locally available feed
ingredients were tested for maximum production. Long before we even had an idea of
vitamins, Varro (116-27 B.C.) suggested, that chicks ought to be driven into the sunshine
and the dung heaps to wallow, for by doing so they grew stronger both in sunmier and
whenever the weather is mild (Lind, 1963). This was stated before the era of vitamins
but now we know vitamin D was produced by the action of sunshine on cholecalciferol
in the skin. Chicken and cow manure are good sources of vitamin B^^ ^^^ other nutrients.
Poultry producers have considered the food value of various ingredients. Aldoverandi
(1522-1605) is cited by Lind (1963) that "among the best foods to be given them
(chickens) are crushed barley and vetch with chick-peas, millet, and panic grass, but
these last two when the low price of grain allows. When it is more dear, the small chaff
from wheat may conveniently be given. The hen will lay large eggs for you if you mix
Laconian earthenpot with bran and wine and offer to them."

PROXIMATE ANALYSIS
Before comparisons could be made between various feed ingredients, a yard stick was
needed to measure various nutrients. A system developed at the Weende Experiment
Station in Germany in 1860's was adapted with many additional determinations as
more analytical methods became available. It measured moisture, crude fiber, crude
protein (flesh-forming), lipids (fat forming), and ash (bone forming) content of any
feedstuff. The unaccountable fraction (N.F.E.) was a measure of available cabohydrates.
Currently, feed composition tables list percent dry matter, crude protein, amino acids,
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calcium, phosphorus, some trace elements, some vitamins, linoleic acid, and
metabolizable energy content of an ingredient.

METABOLIZABLE ENERGY OF FOODS
Fraps et al (1940) pioneered the studies of metabolizable energy (ME) of feedstuffs,
but switched over to productive energy (PE) as a better measure of net energy. Titus
(1955) and Hill (1957) popularized the use of ME. The earlier methods involved
measurement of gross energy of total feed intake and of total excreta associated with
that feed. As actual determination took much time and space, regression equations
using proximate analysis for calculations were developed. Fraps (1940) used digestible
protein, digestible ether extract, and nitrogen-free extract (NFE). Titus
developed percent multipliers for different groups of ingredients (Titus and Fritz, 1971).
This method was not universally accepted because of unexplained differences among
feedstuffs.
Hill and Anderson (1958) suggested using chromic oxide as an inert indicator instead
of total excreta collection and a correction for nitrogen (N) retention to determine
nitrogen corrected apparent metabolizable energy (AME^). The idea of
nitrogen correction was questioned as well as the use of inert indicators as
reviewed in NRC (1994). So attempts continue to improve the methods for ME
determination.
Sibbald (1976) developed the concept of true metabolizable energy (TME), an estimate
of ME corrected for metabolic fecal and endogenous urinary nitrogen. He developed a
rapid method taking about 4 days for the determination. Adult roosters are starved for
48 hours and then force-fed 40 gram of the test ingredient. The total excreta is collected
over next 48 hours. The data for excreta from starved birds over 48 hours gave values
for correction of metabolic fecal and endogenous urinary nitrogen, although the
correction was not always constant. The method became popular because of the short
time needed for determination.
Farrell (1978, 1991) trained birds to eat their daily feed in one hour. Instead of using
the test ingredient alone, he substituted a part of the diet with the test ingredient. A
controversy developed about the usefulness of AME^ and TME^ between various
scientists (Farrell, et al, 1991). The NRC (1994) lists both AME^ and TME^. The
determined AME values depend on the age of the bird and composition of the diet.
Actually,
TME is related to AME as follows: TME n = .009 + 0.948 AME n .
-"
European Economic Community has gone back to the following regression expression
for calculating ME:
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ME/Mj/kg) = 0.3431 (%fat) + 0.1551 (% crude protein) + 0.1301 (% total sugars as
sucrose + 0.1669 (% starch)
Who knows the future trend?
COMPUTERS IN POULTRY ÜSÍDUSTRY
The potential of production of birds is continuously being improved by breeders using
the methodology originally developed by plant geneticists. The modem desk-top or
lap-top computers have enabled conducting least-cost feed formulations using the
following information: (1) the nutrient composition of available feed ingredients, (2)
target values for nutrient requirements, and (3) current price of ingredients. Generally,
metabolizable energy is the fixed target value. High speed microelectronic computers
help in all kinds of accounting, calculations for selection of production traits, a
comparison of nutritional value of an ingredient as compared to its actual price. Before
computers, it took weeks to calculate least cost formulas. Computers are useful not
only for feed formulations but also in controlling mixing operations, maintaining
inventory, accounting, making management and many decisions. Even a desk-top
computer can carry out more operations in microseconds at a far less cost than humans.
Computer results, however, are only as good as the data fed into them.
DIETS
Many locally available ingredients were used in diets. Sunde (1974) lists some of these
ingredients: bone meal, linseed meal, tankage, wheat bran, wheat middlings (by 1910),
alfalfa meal, com gluten meal and feed, dried butter milk, brewers yeast, meat meal,
fish meal, ground limestone, sprouted grain (by 1920), cod liver oil, dried skim milk
(by 1930), dried whey, manganese sulfate, milo (sorghum), soybean oil meal (by 1940),
activated animal sterols, dicalcium phosphate, riboflavin supplements (by 1950),
cottonseed meal, sal meal, antibiotic feed supplements, arsenic compounds, distillers
solubles, fish solubles, feather meal, inedible animal fats, methionine and hydroxy
analogue, vitamin B,2 supplements, (by 1960), vitamin premixes, trace element premixes,
lysine (by 1970), and later selenium, silicon, antimicrobials, antioxidants, enzymes,
parabiotics, and unidentified growth factors.
By 1950's, the Agricutural Research Scientists in the North-Eastem States used the
term high energy diets for those containing 68% com and these were superior to those
containing wheat or oats for broilers, and the era of high energy diets dawned. Oils and
fats were incorporated in these diets.
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CORN BECOMES CHOICE CEREAL
Until 1970's, the major world-wide sources for cereals and some protein were barley,
buckwheat, com (maize), hominy feed, oats, rice polish and bran, rye, sorghum, wheat
and its by-products, cassava and potatoes. Currently, hybrid com is the choice cereal
for poultry diets because of its high yield and good feeding success. The trends in
cereal production are shown in Table 1.
Table 1. Trends in world production of cereals (in 1,000 metric tons)
Cereal

1979-1981

1994

Barley

153,790

160,810

Coarse grain

741,846

887,917

Com (maize)

420,468

569,557

Millets

25,465

25,982

Oats

40,958

33,735

Rice

393,749

527,982

Rye

23,930

22,588

Sorghums

65,525

60,950

437,543

539,701

Wheat

SOYBEAN MEAL AS THE PREDOMINANT PLANT PROTEIN SOURCE
Poultry feeds used to contain mostly cereals and a number of protein-rich plant materials
such as coconut meal, com gluten meal, cottonseed meal, groundnut cake (peanut meal),
linseed meal, rapeseed meal (mustard oil cake), soybean meal, yeast and fermentation
by-products. When the amino acid requirements and their sources were studied, it was
recognized that cereals, the main source of energy, contain proteins deficient in lysine.
Effective protein supplements, therefore, must provide an excess of lysine to correct
this deficiency.
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Table 2. Trends in oil seed production ( X 1000 metric tons).
Oil source

1979-1951

1994

863

1,174

79

90

Cottonseed

42,728

53,265

Palmoil

80,725

43,793

Rapeseed

11,292

29,958

Safflower

2,524

2,477

Sesame

11,292

29,958

Soybeans

86,073

136,725

Sunflower

14,413

22,212

Castor (ricin)
Copra

Animal products are usually good sources of lysine. Soybean protein was unusual in
being a plant protein which supplies an excess of lysine. Even soybean meal has severe
nutritional problems when it is not heated adequately for processing. Fortunately, the
method of removal of oil from soybean usually generated enough heat for adequate
treatment. Because of its lysine content, soybean meal became very valuable in poultry
diets, especially when animal protein sources were in short supply. Only when other
sources of lysine are available such as blood meal, other animal products and synthetic
lysine, it is possible to use other plant protein supplements such as cottonseed meal,
safflower meal, sunflower seed meal, com gluten meal and peanut meal. Cottonseed
meal has special problems associated with its feeding, such as the presence of gossypol,
malvelic acid and sterculic acid which affect egg quality. Aflatoxin can be problem
with several feedstuffs such as peanut meal, cottonseed meal and maize. The trends in
oilseed production are shown in Table 2.
In addition to its high lysine content the soybean is a favored feedstuff because it can
be raised with good yields in many parts of the world and has the advantage of also
supplying a desirable edible oil.
ISOLATED SOYBEAN PROTEIN
Isolated soybean protein was prepared for potential use as glue but the project failed as
it did not have the desired adhesive properties. Nutritionists were approached to find
some economic vaue of this product. Poultry nutritionists found it useful in preparing
experimental semi-purified diets, and wanted the manufacture to continue. Tliere was
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variation in different products, and the source of isolated soybean protein influenced
some of the results of feeding experiments (Vohra and Kratzer, 1967). In the end, most
companies stopped production.
COMMERCIALLY AVAILABLE AMINO ACIDS
Synthetic amino acids were usually available in the racemic DL-form, and the birds
usually utilize L-forms (DL-methionine is an exception). Some D-forms can be toxic
or poorly utilized. We need reasonably priced L-isomers for study of nutrient
requirements of poultry. L-Lysine, L-tryptophan and DL-methionine and some others
are now available for supplementation. As more synthetic amino acids become available,
the idea of protein as percent of diet may be modified and we may start calculating
amino acid requirements for a particular phase of production.

NUTRIENT REQUIREMENTS OF POULTRY
NRG (1994) has the latest compilation on the Nutrient Requirements of Poultry. The
genetic makeup of the birds is continuously undergoing change. Much information
was developed on requirements using birds which were quite different from those of
today. This type of study is important but not academically challenging to attract attention
for graduate study. Financial support for this work has not been available, also.
VITAMINS AND VITAMIN PREMIXES
Even after the discovery of vitamin B^^ in 1948, search continued for some factors
which may have vitamin-like properties. These were called unidentified growth factors.
None has been isolated so far and the interest is waning. Commercial premixes which
contain an excess of vitamins and minerals which are likely to be limiting in diets of
practical feedtuffs are now readily available. Their use greatly simplifies the formulation
and mixing of feeds. The synthesis of some vitamins may be influenced by the presence
of certain feedstuffs in the diet.
ENZYME SUPPLEMENTATIONS
Cereals and legumes contain about two-thirds of their phosphorus in form of phytate
which is unavailable and interferes with utilization of many trace elements. Feed
formulators use a value of about 33% of phytic phosphate as available. About 66% is
added in form of inorganic phosphate. The excess of phosphorus in the excreta pollutes
the water resources. The addition of an enzyme like phytase increases availability of
phytate phosphorus in the diet, and the need for additional inorganic phosphorus, thereby,
reducing water pollution with phosphorus.
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Other enzymes capable of hydrolyzing plant hemicellulose improve cereal utilization
and decrease sticky feces. This is a developing area which may allow better utilization
of feed resources.
THE FUTURE
The commercial poultry industry depends largely upon maize and soybean meal as
feed ingredients. However, many by-products from human food production are available
for use in poultry feeds. These materials include animal and fish by-products, rice
sorghum and wheat milling products, maize by-products from the manufacture of
fructose, and residues from edible oil production. These materials will cpntinue to be
important constituents of poultry feeds as they are available in certain localities. In a
sense, the poultry industry provides a valuable service as a scavanger in utilizing the
waste from other food industries and in converting them to valuable products for human
use. The excreta is also a valuable poultry product for use as plant nutrients.
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PREDICTION OF PROTEIN QUALITY OF SOME
NOVEL PROTEINS BY IN VITRO METHODS
RVRao^ and T.SJohrF
'World's Poultry Science Association (India Branch), "Janaki"
189 Bhandarkar Institute Road, Pune 411004, India
^Central Avian Research Institute, Izatnagar, 243192 U.P.,India

Protein quality of animal and vegetable proteins was determined in terms of
GPV or NPU in WL chicks and also by selected in vitro methods like DBC,
ALV,PQI,RNV etc. Correlations between in vivo and in vitro methods were
calculated and based on significant correlations, linear or multiple regression
equations were constructed to predict the protein quality of animal and vegetable
proteins, each as a group. The efficiency of the significant regression equations
for prediction of protein quality was statistically determined. Comparison of the
values so obtained showed that multiple regression equations gave more reliable
estimates of GPV or NPU for both the groups as evaluated by comparable SDs
and SEE between determined and predicted values of the two groups of proteins.

INTRODUCTION
During the last two or three decades, a large number of unconventional vegetable
and animal feed stuffs have been introduced into poultry ration formulations. The
extent of inclusions of such newer feeding stuffs is comparatively limited as they
have been found to contains variable quantities of either deleterious agents or frank
toxins, which have been identified and quantified. Fortunately, the literature available
on these would help us either to counteract the harmful effects of these compounds
to render them innocuous and increased utilization of the feed stuffs.
However, their improved utilization will be ensured when their nutritive quality is
also available which unfortunately is not. As most of such feedstuffs are proteinaceous,
a measurement of protein quality is essential to evaluate the degree of responses
consequent to their inclusion in poultry diets.
Conventional methods of protein quality evaluation, particularly for poultry such as
Net Protein Value (NPV), Net Protein UtiUzation (NPU), Gross Protein Value(GPV)
are time consuming, costly and do not yield to routine applications. Alternate in vitro
methods such as the Protein QuaHty Index (PQI) of Almquist et al.(1935), DyeBinding Capacity of Proteins (DBC) of Bunyan and Price (1960), Nitrogen Solubihty
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tests (NS) in 6N HCl or 0,02 N NaoH or 0.5M NaCl, as proposed by Lund and
Sandstrom (1943), Available Lysine Value (ALV) as proposed by Carpenter and
EUinger (1955a) and Bruno and Carpenter (1957) or the Relative Nutritive Value
(RNV) as proposed by Ford (1960) are some of the more inmportant parameters
which have yielded results that are closely and significantly correlated with the in
Vivo results by the conventional methods.
These in vitro methods are of immense value if it is estabUshed that the results
obtained using them have any relevence in relation to the biological (in vivo) methods.
This paper describes the experiments conducted on a few selected newer feeding
stuffs comparing the protein quality obtained by the two systems of determination.
MATERIALS AND METHODS
Representative samples of eleven vegetable protein feeding-stuffs and six animal proteins
were analysed for crude protein content (AOAC,1970), Orange G Binding Capacity
(Franket-Conrat and Cooper, 1944) as modified by Bunyan (1959) and Bunyan and
Price(1960); Protein Quahty Index (Ahnquist et al., 1935); Nitrogen Solubihty Tests in
acid, alkali or saline (Lund and Sandstorm, 1943); Relative Nutritive Value
(Ford,1960),and Available Lysine Value (ALV;Carpenter and Ellinger, 1955a).
The same samples were also analysed for their protein quality in terms of Net Protein
UtiHzation (NPU) as proposed by Bender and Miller (1953a) in White Leghorn
chicks. NPU was calculated by the formula :
Bf - Bk + Ik
NPU =

X 100 Where
If
Bf and If donóte carcass N and N intake of birds fed the test diet respectively and Bk
and Ik are the carcass N and N-intakes of birds fed the protein-free diet.
Gross Protein Value (GPV) on the same samples was also determined by the method
descirbed by Anwar (1960) on WL chicks and was calculated by the formula
Gt-Gc
GPV =
xlOO where
Gs -Gc
Gt = gain (gm)/gm test protein consumed
Gc = gain (gm)/gm control protein consumed and
Gs = gain (gm)/gm standard (casin) protein consumed
The protein quality indicated by the above in vivo methods was compared with NPU
or GPV of the same feedstuff s by in vitro methods. The results were utilized 1) to
establish correlations between in vivo and in vitro methods and to develop linear
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regression equations to facilitate prediction of protein quality; 2) to construct multiple
regression equations on the basis of multiple regression analysis linking in vitro and
in vivo methods; and 3) to calculate predicted values for GPV or NPU and to
compare them with determined values. Linear correlation coefficients were calculated
for all possible combinations of in vitro and in vivo tests for all individual feed
ingredients as well as for the animal proteins and vegetable proteins seperately each
grouped together. Linear regression coefficient (b), intercept (a), and regression
equations were also calculated. The values of correlation coefficients (r) are determined
based on the above.
RESULTS AND DISCUSSION
I. Linear regressions and correlations between in vitro and in vivo tests for
evaluation of protein quality
Taking all the animal proteins as a group it was found that RNV of tris or papain
digests and NS (acid) are highly significantly correlated with GPV. The regression
equations and correlation co-efficients calculated for the above were :
GPV = 58.71 + 0.085 RNV (Tris) (r = 0.72; P < 0.05)
GPV = 58.40 + 0.112 RNV (Papain) (r = 0.72; P < 0.05)
GPV = 59.15 + 0.102 NS (acid) (r = 0.69; P < 0.05)
NPU on the otherhand , was not significantly correlated with any of the in vitro tests
for the animal proteins as a group. Regressions and correlations were calculated for
individual animal protein feeds. For instance, in fish meal samples significant
correlations between RNV (Tris) and NPU(r=0.897**) and highly significant
correlations (r=0.919**) between RNV (papain) and GPV (r=0.919**) were observed.
It was further noticied that RNV (Tris) was highly significantly correlated with GPV
in meat meals while both GPV and NPU were highly significantly correlated with
RNV (Tris). RNV in general appeared to be more closely correlated with either one
or the other in vivo tests highlighting the fact that this microbiological test is reasonably
satisfactory in arriving at a valid estimate of the in vivo protein quality.
Considering all the vegetable proteins as a group, high correlation coefficients between
DBG, ALV or RNV (Papain/Tris) were observed either with GPV or NPU. The
linear regression equations and the respective correlation coefficients utilizing the
different in vitro tests are given hereunder :
GPV
GPV
NPU
NPU

=
=
=
=

22.02 + 10.63 ALV (r = + 0.726)
4.89 +1.18 RNV (Tris) (r = + 0.793)
0.355 + 13.15 ALV (r = + 0.638)
12.23 + 1.22 RNV (Tris) (r = + 0.842)
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The validity of the regression equations linking GPV and NPU with the results of
some the in vitro tests was established by calculating the significance of 'r' between
individual in vivo tests and the corresponding in vitro values. Based upon these data,
the GPV or NPU of maize gluten meal and maize oil cake could the predicated by
suitable regression equations. RNV (papain) is another satisfactory method for making
predictions of NPU or GPV of individual vegetable proteins.
Efficiency of linear regression equations in predicting the proteain quality in
terms of NPU or GPV
The efficiency of the results of the in vitro tests for construction of valid regression
equations was tested by calculating the Standard Deviations (SDs) and Standard
Error of Estimates (SEE) of the dertermined (in vivo) and predicted (in vitro) GPV
or NPU values. The SEE was calculated from deviation analysis (d^) which was
determined by the equation
E d^= (1-r^) y^ and the square root of the quantity Z dVn-2 is the Standard Error of
Estimate, giving the measure of the quantum of variation from the regression line.
Based on the above criteria it was observed that linear regression equations based on
NS (acid), RNV (tris) and RNV (papain) were less effective in predicting GPV of
animal proteinic feeds when considered as a group since their SDs were comparatively lower than these of in vivo GPVs and their SEEs were higher. Similarly in
vegetable proteins as a group, regression equations based on RNV (tris) were fairly
effective in predicting the GPV and NPU vlues as evidenced by comparable SDs of
the determined and estimated values.

Animal proteins
(as a group)

Vegetable proteins
(as a group)

Determined
GPV
63.25
SD
14.45
SEE
NPU
Determined
GPV
48.26
SD
10.52
SEE
NPU
32.73
SD
11.55
SEE
^nß
—

NS(acid) RNV (tris) RNV(papain)
63.17
62.71
63.15
3.04
1.41
1.25
14.16
14.27
14.18
No Satisfactory Prediction
ALV
RNV (tris)
49.29
47.78*
15.04
13.05
9.14
8.92
32.11*
34.83
18.89
13.50
ij.yu
13.90
Ö.43
8.45

* Linear equation based on chemical test fairly effictive in predicting GPV/NPU
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II. Multiple regressions and correlation coefficients of in vivo and in vitro tests
for protein quality evaluation
The linear regression equations were established in the foregoing account, based
upon any single significant correlation between an in vivo and in vitro test. However
in many instances, it-was observed that although the correlation coefficient was high
and significant, the predicted values of GPV or NPU by the linear regression equation
were too different to be true as indicated by very high or too low SDs or too wide
SEEs. Since more than one in vitro test were found to correlate significantly with
one or the other in vivo tests, it was felt that a better estimate of the predicted value
could be obtained when two such correlating in vitro tests were employed together
for developing the prediction equations. For this purpose multiple regression analysis
was performed on the results of promising in vitro and in vivo tests. Total correlations,
partial correlations and multiple and partial correlation coefficients were calculated
to carry out multiple regression analysis. The equation of the type
y = a + b^Xj + b^x^

was fitted to the data where y = dependent vairable (GPV or NPU); x^ and x^ were
independent variables (promising in vitro tests) and a = constant given by the equation
a = y - b^Xj - b^x^ wherein
b, represents the partial regression of y on x^ in vitro test and b2,the partial regression
coefficient of y (in vivo test) on x^ in vitro test. Multiple regression analysis was
applied on animal proteins as a group, as also on vegetable proteins and suitable
regression equations were developed.
1. Animal proteins as a group
The multiple regression equation developed for animal proteins as a group was
GPV = 20.26 + 0.43 NS (acid) + 0.54 RNV (Tris)
Total or simple correlations calculated for independent variables in the above equation
indicated that NS (acid) contributed only for 47.6% of the value of the GPV while
RNV (tris) contribution was 60.9%. NS (acid) and RNV (tris) together accounted for
76.7 % . The multiple regression analysis of GPV (y), NS(acid) (x,) and RNV (tris)
(x^) indicated that regressions due to x^ and x^ were statistically significant. The
analysis of variance for multiple regression was as follows :
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ANOVA for multiple regression of independent variables x^ and x^ on GPV
(See : prediction equation for GPV on NS (acid) and RNV (tris)
SV

Regression due to
Deviation from simple
regression
Additional regression
due to
Deviation from multiple
regression

df

MS
(x^ considered
first)

MS
(x^ considered
first)

1

994.9*

1272.6*

9

121.6

90.8

1

645.1*

366.1*

8

56.3

56.3

*significant (P< 0.05)
X, = NS (acid), x^ = RNV (tris)
X, or x^ independent variable as indicated under the values of MS.
2. Vegetable proteins as a group
Considering all vegetable proteins under study as a group , multiple regression
equation for prediction of GPV or NPU was constructed based on significant
correlations with ALV or RNV (tris) as given hereunder:
GPV = 22.09 + 4.28 ALV + 0.42 RNV (tris)
NPU = 2.26 + 2.66 ALV + 0.651 RNV (tris)
In the above equations regression due to ALV (x^) and RNV (tris) (x^) with their
respective additional regressions were highly significant (P<0.05) and very closely
related to GPV (y) or NPU (y). In the equation for GPV, ALV s contribution singly
was 66.6%, and for RNV (tris) was 56.7% but they joinly accounted for 70.0% of
the variability in predicted GPV Similar calculations showed that x^(ALV) accounted
for 44.2 %; x^ (RNV tris) for 63.9% and together they contributed towards 70.04%
of NPU.
III. Efficiency of multiple regression equation in predicting the proteins quality
in terms of GPV and NPU
The efficiency of the multiple regression equations in predicting the GPV or NPU
of vegetable proteins as a group was determined by analysis for SD and SEE as in
the case of animal proteins. Comparisons of the values obtained are shown hereunder.

334

Determined
value
Animal Protein
(as a group.)

GPV
SD
SEE

Independent
variable
63.25
14.25

NPU
Vegetable protein
(as a group)

62.89**
x/NS,acid)
x^ (RNV,Tris)

Predicted
value by MRE
12.06
7.10

No Satisfactory Prediction

GPV
SD
SEE

48.26
10.52

x,(ALV)
x^ (RNV, Tris)

48.32**
8.86
5.32

NPU
SD
SEE

32.73
11.55

X, (ALV)
x^ (RNV, Tris)

33.25**
10.40
7.11

Perusal of the efficiency of prediction equations for animal proteins showed that
while GPV was well correlated with NS (acid) to give significantly accurate
predictions, NPU was not. However, fairly accurate predictions are possible when
individual animal proteins are taken into consideration. For example it was found in
this investigation (not discussed here) that the GPV as well as NPU was predictable
with good accuracy where either linear or multiple regression equations were
constructed utilizing significant regressions of Xj and x^over y, the dependent variable.
IV. Comparison of linear and multiple regression equations for predicting GPV
or NPU.
The validity of the multiple regressions vis- a - vis linear equations indicated that the
later were less efficient than the former in view of the lower SDs when compared
with the SD of determined GPV and also from the higher SEEs. The criteria for
comparison were SD and SEE of determined versus estimated values for protein
quality. The linear regression equations have had in general, higher SD and SEE in
comparison to the multiple equations thus increasing the validity of the predicted
values.
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SUBSTITUTION OF MAIZE BY PEELED AND
UNPEELED CASSAVA ROOT MEAL IN POULTRY
DIETS
H. Hellal, R. Messikommer and C. Wenk
Institute of Animal Sciences, Nutrition Biology Group, Federal
Institute of Technology, CH-8092, Zurich, Switzerland

Two experiments were conducted to study the effect of substitution of maize by
peeled or unpeeled cassava root meal (CRM), harvested after 10 months, in the
diets for broiler chickens. Peeled cassava allowed a better performance than
unpeeled cassava. The amounts of hydrogen cyanide and high fibre of the diets
did not impair metabolizability of feed energy and nitrogen utilization.
INTRODUCTION
In the past few years cassava (Manihot esculenta Crantz) also know as manioc or tapioka
has gained more importance in many countries as a cheap substitute for traditional
cereals. While in Europe cassava is considered as a useful energy source for animal
feeding, in many countries in Africa, Asia and South America, expensive cereals are
still used since cassava provides a low feeding value due to its toxine and high fibre
content. However, in the tropics there is a high variation in quality of cassava root
meal. The reasons for these variations are principally the harvesting time and the
processing method. There is evidence that peeling and harvesting time of cassava
changed its contents of hydrogen cyanide (Gómez and Valdvieso 1984), protein, sugar
and fibre (Wheatley and Chuzel 1993). Therefore, in the present study, the effects of
peeled or unpeeled cassava (harvested after 10 months) as a substitute for maize on
broiler performance were examined.
MATERIAL AND METHODS
Two experiments each with 84 male broiler chickens were conducted to test the effect
of substituting maize with increasing levels of peeled and unpeeled cassava root meal
(harvested after 10 months) on broiler performance. Broilers were assigned to 12 groups
of 7 birds each, housed in metaboHc cages and fed 4 diets in tripHcate over 42 days.
In the first experiment, the four dietary treatments included a basal ration and test
rations replacing 15, 30 and 45% of maize with peeled CRM. Feed and water were
given ad libitum. The second experiment with unpeeled CRM was arranged in the
same way as in the first experiment. Feed consumption and weight of the animals were
recorded once a week while water consumption was recorded daily. Excreta were
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collected during days 21 to 24 and 35 to 38 of age to study the utilization of energy
and nitrogen. A slaughter analysis of three chickens per group was performed at the
end of the fattening period. Growth, metabolic and slaughter data were analysed by
one way analysis of variance and the means were compared by LSD range test according
to procedures of the Statgraphics Plus for Windows Software 1994.
RESULTS AND DISCUSSION
Compared to peeled CRM, unpeeled CRM was found to be high in fibre, ash, protein
and hydrogen cyanide content, but lower in starch and hemicellulose. Organic matter
content of the diets decreased gradually with increasing levels of both CRM in the diet
due to its high ash content. Gross energy values of cassava diets were also gradually
reduced, while dietary crude protein and fat contents decreased with increasing level
of CRM. In both trials (Table 1), CRM did not show a significant (p > 0.05) effect
on feed intake, daily weight gain or feed conversion efficiency as compared to maize.
The results of the first experiment support the findings of other experiments
(Samarasinghe and Wenk, 1991 ; Stevenson and Jackson, 1993) examining the utiUzation
of cassava in broiler feeding. The birds fed peeled CRM reached a higher final body
weight than those in the control group. This slightly improved growth rate was attributed
to the increased feed intake (5% - 9%). In the second experiment, the depression in
growth rate might be attributed to the high amount of hydrogen cyanide, fibre content
and consequently reduction in feed consumption. The metabolizability of dietary energy
and nitrogen utilizqiion were increased when peeled CRM was incorporated (p < 0.05),
probably due to the lower nutritional density of the CRM containing diets. However,
the incorporation of unpeeled CRM did not affect the energy metabolizability and
nitrogen utilization. With regard to the slaughter study, no abnormalities were seen in
any treatment group. However, there is a significant (p < 0.05) decrease in carcass
weight with increasing amount of unpeeled CRM in the diets. In the groups where
CRM was given, it was observed that during the experiments the birds consumed
more water and the excreta became wet (p < 0.05).
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Table 1. Performance of broilers ,IS affected by the level of peeled or unpeeled cassava root meal in the diet
Parameter
0%

Experiment 1
Period
15%
30%

Dietary treatment
45%
0%

Experiment 2
Unpeeled
15%
30%

45%

Initial body
Weight (g)

166,9
±4.0

162,2
±4.9

166,5
±2.0

164,6
±5.1

157,2
±4.9

158,5
±7.1

157,5
±2.9

163,1
±1.8

Final body
Weight (g)

2273
±147

2371
±150

2391
±130

2368
±74

2349
±119

2264
±100

2291
±222

2108
±92

Daily weight
gain (g)

60,2
±4.1

63,1
±4.2

63,6
±4.0

63,0
±2.2

65,2
±3.5

60,1
±3.1

60,9
±6.3

55,6
±2.7

Daily feed
ntake (g)

102,3
±5.4

112,3
±8.3

109,9
±4.7

108,0
±2.9

107,8
±5.6

102,0
±4.2

101,2
±5.0

99,5
±4.5

Feed conversior1 1,70
efficency (g/g) ±0.03

1,78
±0.03

1,73
±0.05

1,72
±0.04

1,65
±0.06

1,70
±0.10

1,67
±0.12

1,79
±1.8

N Utilization (g/g)0.560'' 0.590""
during day 21-24± 0.035 ±0.017

0.637"'
± 0.021

0.623'
±0.031

0,635
± 0.027

0,652
0,647
±0.012 ±0.031

0,644
±0.006

during day 35-380,503
±0.067

0,527
±0.021

0,5977
±0.064

0,597
± 0.050

0,590
±0.030

0,629
0,673
±0.063 ±0.018

0,564
±0.145

Energy metabolizability (g/g)
during day 21-240.757"
± 0.006

0.777"
± 0.006

0.803'
± 0.006

0.800«»

± 0.000

0,780
±0.010

0,787
0,780
±0.012 ± 0.010

0,773
±0.012

during day 35-380.747"
±0.006

0.760"
±0.010

0.797'
±0.006

0.800'
±0.000

0,763
±0.006

0,780
0,780
±0.010 ±0.006

0,780
± 0.006

Daily water
consumption
(ml/g intake)

1,94
±0.17

2,01
±0.10

2,07
±0.14

2,25
±0.05

1.83"
±0.03

2.02"
±0.13

2.07"
±0.09

2.18"
±0.04

Dry matter in
excreta (g/kg)

300"
±5.1

253""
±5.3

235"
±3.9

201'
±2.5

303"
±2.2

297"
±1.5

290"
±3.3

242"
±2.3

Carcass
weight (g)

1556
±157

1606
±137

1637
±137

1608
±125

1676"
±139

1540"
±132

1499"
±111

1433"
±112

Means within rows with different superscripts are s gnifîcantly different (p < 0.05)
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BY-PRODUCT
INGREDIENTS FOR POULTRY
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By-product ingredients routinely in poultry feeds vary widely in quality and
nutrient composition. In order to optimize the efficiency of poultry production,
the appropriate energy value for ingredients must be defined and incorporated
into the process of feed formulation. Because of ingredient variation, it is
preferable to work with prediction equations rather than average values for the
metabolizable energy of feed ingedients. Prediction equations for metabolizable
energy based on proximate composition have beed developed for wheat milling
by-products and poultry offal meal.
INTRODUCTION
The contribution of the poultry to modem society is to recycle and concentrate
proteins for human consumption. In order to accomplish this successfully, an
appropriate amount of metabolizable exergy must be provided to the chicken. As
either too much or too little energy leads to less than optimal perforance, it is
essential for the nutritionist to have an accurate knowledge of the energy value of
each feed ingredient incorporated into poultry rations. Many tables have been prepared
which list energy values for common feed ingredients (Scott et al., 1982; NRC,
1994; Dale 1995).
By-products have long constituted a major portion of poultry feeds . However, such
ingredients frequently vary widely in nutritive value. In order for the nutritionist to
make proper use of these ingradients in formulation, adjustments should be made in
the energy value of specific lots of feed ingradients on the basis of observed changes
in proximate composition.
By-products of wheat milling have long been employed in poultry and livestock
feeds. However, these by-products can change dramatically in composition between
mills. In many areas, feathers, viscera, blood, mortality, and other by-products of
poultry production are rendered jointly to produce a single high protein feed
supplement. This material is termed poultry offal meal. As might be expected from
the extreme variation which can occur in the relative proportion of inputs, the nutritive
quality and metabolizable energy of this ingredient can vary markedly. Studies were
undertaken to develop a means of estimating the metabolizable energy of these
ingredients on the basis of proximate composition.
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MATERIALS AND METHODS
Fifteen samples of wheat milling by-products were evaluated for proximate
composition (AOAC, 1984) and true metabolizable energy (Sibbald, 1986; Dale and
Fuller, 1984). Tvventy-two samples of poultry offal meal from a large number of
companies in the western hemisphere were also evaluated for proximate composition
and true metabolizable energy. On the basis of these data, equations were developed
to estimate metabolizable energy (SAS, 1991).
RESULTS AND DISCUSSION
Wheat by-products
Wide differences were noted in % crude fiber, protein, fat, ash, and neutral detergent
fiber (NDF) (Table 1). The following prediction equation were developed based on
crude fiber and neutral detergent fiber.
TME^ (kcal/kg) = 3157-116 (% crude fiber) R^ = 0.67, 87% DM
TME|| (kcal/kg) = 3497 - 39 (% NDF) R^ = 0.77, 87% DM
While both equations are of use, it is evident that neutral detergent fiber is a better
prediction of metabolizable energy thab is crude fiber.
Table 1. Summary of proximate composition and TME^ of ingredients
Nutrient Composition

(%)

C.Protein

Fat

Ash

C. Fiber

NDF

TME^ (kcal/kg)

A. Wheat - milling By-products
Low
12.4
High
23.8
Average
15.3
(87% dry matter)

2.1
6.9
3.3

1.5
7.5
4.1

0.9
13.2
6.4

6.8
41.2
27.5

1663
3178
2422

18.3
39.4
32.2

2.8
14.5
7.2

B. Poultry Offel meal
Low
High
Average
(92% dry matter)
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47.1
67.6
52.0

3626
5247
4629

Poultry Offal Meal
A summary of values for poultry offal meal is included in Table 1. Fat content varied
from 18.3 to 39.4 % and ash from 2.8 to 14.5 %. They very high ash values reflcted
the addition of hatchery waste to processing plant offel. On the basis of these data,
the following prediction equation was developed, assuming 92% dry matter :
TME„ (kcaLOcg) = 2904 + 65.1 (%fat) - 54.1(%ash) R^= 0.80
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BACTERIAL AND VIRAL DISEASES
M. Stewart McNulty
Department of Agriculture, Veterinary Sciences, Division, Stoney Road,
Belfast, Northern, Ireland BT4 3SD

Recent history indicates that new viral diseases of domestic poultry will continue
to emerge in the future. It is anticipated that previously undiscovered, probably
poorly cultivable and/or non-cytopathic viruses, will be isolated. Precise definition
of new diseases will be a key step in understanding their pathogenesis, identifying
their etiology, and ultimately devising control strategies.

Although this session is concerned with both bacterial and viral diseases of poultry, as
I have never worked on bacterial diseases I will confine my remarks to viral diseases.
However, some of the comments will also relate to bacterial diseases.
Of the farmed domestic animal species, poultry are unique in terms of the number of
new infectious diseases and syndromes which they have experienced over the last
20 years or so. These include egg drop syndrome, runting stunting syndrome, turkey
rhinotracheitis/swoUen head syndrome, hydropericardium syndrome, Newcastle disease
caused by the pigeon variant of avian paramyxovirus type 1, big liver and spleen disease
(reviewed by McNulty, 1993), Muscovy duck parvovirosis (Foumier and Gaudry, 1994),
and spiking mortality syndrome in broiler chickens (Brown et al., 1991) and turkey
poults (J.S. Guy and H.J. Barnes, personal communication). Some of these syndromes
are known to be caused by viruses; in other cases the etiology is unknown, but is
probably viral.
Thus, recent history indicates that new diseases/syndromes will probably appear in
domestic poultry in the future. The nature of the intensive poultry industry, in which
large numbers of susceptible birds are kept in close proximity, coupled with the global
trade in hatching eggs, birds, poultrymeat, vaccines etc, provide favourable
circumstances for the spread of infectious diseases. It is imperative in the future that
new diseases are recognised quickly and controlled effectively.
The recent discovery of a previously unrecognised family of animal viruses, the
Circoviridae, represented by chicken anaemia virus, psittacine beak and feather disease
virus and porcine circovirus, coupled with the identification of avian members of virus
genera previously recognised only in mammalian species, eg pneumovirus, rotavirus,
astrovirus, cahcivirus and polyomavirus (reviewed by McNulty, 1993), makes it probable
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that other 'new' avian pathogens will be discovered in the future. It is also probable
that most of these are present in domestic poultry today. It is worth noting that avian
morbilliviruses, toroviruses, pestiviruses and lentiviruses have not yet been identified.
It is also probable that previously unknown viruses will be introduced into domestic
poultry from other avian species. There is at least one recent example of this. The
virus which causes Qgg drop syndrome in domestic fowl is an adenovirus which probably
originated from ducks (McFerran, 1979).
Mutations of known viruses are also likely to lead to problems in the future. This has
recently occurred with the emergence of very virulent strains of Marek's disease virus
and infectious bursal disease virus, which have been able to break through immunity
induced by currently available vaccines.
Until comparatively recently, avian virologists were concerned almost exclusively with
viruses which were not difficult to isolate in cell cultures or chick embryos, and which
were cytopathic or embryo-lethal. In most cases, it was relatively easy to show that
such viruses were important primary pathogens. Birds exposed experimentally to these
viruses via natural routes developed a disease similar to that seen in the field. This led
to the development of an armoury of effective viral vaccines which, in turn, was a
major factor in enabling the development worldwide of intensive poultry production.
However, many of the recently discovered avian viruses are either non-cultivable, noncytopathic or difficult to grow in the commonly available avian cell culture systems,
and are not embryo-lethal in a reproducible fashion. Furthermore, it is not always a
straightforward matter to reproduce disease experimentally with these viruses, but this
does not mean that they are harmless. For example, chicken anaemia virus, which
causes clinical disease in young chicks in the field, following vertical transmission
from parent flocks experiencing a primary infection, must be inoculated parenterally,
at high doses, into neonatal chicks devoid of maternal antibodies in order to induce
experimental disease (reviewed by McNulty, 1991). Thus, failure to induce disease
experimentally may mean that inappropriate procedures have been used or that necessary
co-factors, which may include other viruses and bacteria or mycoplasmas, are absent.
The difficulties experienced in growing most of the newly recognised viruses in
conventional laboratory systems highlight the inadequacy of virus isolation as a
diagnostic method. Despite this, it remains the most commonly used method to detect
viruses in clinical samples. While negative results should not be taken at face value, it
is also important to state that isolation of a virus from a diseased organ does not
necessarily mean that the virus has caused the disease. There are many instances recorded
in the literature of adeno viruses and reo viruses being associated with a variety of clinical
conditions; in most cases these isolations simply reflect the ubiquity of subclinical
infections with these viruses. Furthermore, as reoviruses and adenoviruses are relatively
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easy to isolate in cell cultures, their presence will hinder the detection of slower growing
and/or non-cytopathic viruses in the same samples.
The limitations of virus isolation have prompted the development of methods to detect
viral antigens and nucleic acids. In this laboratory, we prefer detection of viral antigens
by immunofluorescence or immunoperoxidase staining to detection of nucleic acids by
polymerase chain reaction (PCR) amplification. PCR is very sensitive, but problems
can arise from cross-contamination. Furthermore, immunofluorescence is simpler,
cheaper and much quicker than PCR. It does, however, require the availability of
specific antisera of sufficiently high titre. With chicken viruses, these are relatively
simple to prepare using specific pathogen-free (SPF) chickens. In our experience a
priming inoculation of live virus, administered by a natural route of infection, followed
by an intramuscular booster of virus and adjuvant several weeks later, normally produces
antisera of high enough titre for direct immunofluorescent staining. Absorption of the
antisera with tissue homogenates (McNulty and Allan, 1984) is usually required to
eliminate non-specific staining.
The same procedures can be used to investigate new diseases. Antisera can be prepared in
SPF chickens by inoculating them with field material, and used to stain cryostat sections
from field cases and experimentally infected birds. If positive staining is obtained, it can
be investigated further by using antisera of known specificity to see if it is due to the
presence of known agents, and/or by thin section electron microscopy. This approach
enabled us to detect an enterovirus-hke virus in the epithehal cells of the small intestines
of 1-6 day old broilers with runting stunting syndrome (McNulty et al., 1984).
When new diseases or syndromes appear, it is essential that they are adequately defined,
particularly in terms of their gross and microscopic pathology. There is a natural tendency
to name new syndromes after the main clinical and pathological features, eg runting
stunting syndrome (RSS), hydropericardium syndrome, big liver and spleen disease
etc. However, these names are not very precise and unless the pathology is properly
described, there will be confusion as to whether the same disease is occurring in different
locations. This is well illustrated in the case of RSS in chickens. This disease occurred
almost worldwide, but the only consistently appearing signs were poor growth and
retarded feathering. Depending on the location, a variety of inconsistently appearing
signs and lesions were also described (reviewed by McNulty and McFerran, 1993).
Thus it was not clear whether RSS was a single syndrome, with the variable signs and
lesions due to local secondary pathogens and circumstances, or a combination of different
and unrelated syndromes. This led to uncertainty regarding the nature of the disease.
Obviously, uncertainty about the definition of a disease will complicate interpretation
of both its pathogenesis and of attempts to reproduce it experimentally. This is turn
will make it more difficult to define its etiology, with consequent effects on the
development and implementation of control strategies.
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Despite the importance of defining new diseases properly, it tends to be a low priority
task. When new diseases/syndromes appear, 'quick fix' solutions are usually given
priority, and it is only when it is widely appreciated that these have failed that a more
logical approach is taken.
Elucidation of the epidemiology of a disease is a pre-requisite to developing a control
strategy. Unless the clinical signs and/or pathology are pathognomonic, this will involve
the development of diagnostic reagents. Development of a serological test to detect
antibodies to the etiological agent will yield information about the prevalence of
infection, the length of time that the agent has been present in a particular location, the
existence of subclinical infections, the timing of primary infections etc. It may also be
necessary to determine whether the etiological agent varies in virulence, and whether
such variations can be associated with markers which can be detected in the laboratory,
ie differences in reactivity with monoclonal antibodies or with detectable genomic
differences; this may result in the discovery of apathogenic or low pathogenic isolates
which could be used as live vaccines.
In the intensive poultry industries worldwide, virus diseases have been controlled by
vaccines. In general, these have been reasonably effective and have controlled diseases
which have a major impact on birds' welfare. However, it has to be queried whether
mass vaccination procedures will be acceptable to consumers in the future, particularly
if it is beUeved that mass vaccination exerts a selective pressure favouring the emergence
of antigenic or pathotypic variants of particular viruses. It is possible that selective
breeding for disease resistance may offer a more acceptable and sustainable alternative
in the future, although much work is required to determine whether this might be feasible.
In conclusion, control of infectious diseases in domestic poultry presents a continuing
challenge. It is anticipated that previously unknown pathogens will be discovered and
that new diseases will continue to emerge. A logical approach, involving both traditional
skills and disciplines and new molecular technologies, offers the best way of meeting
this challenge.

REFERENCES
BROWN, T.P., BRUNET, P.Y., ODOR, E.M., MURPHY, D.W. and MALLINSON,
E.T. (1993) Microscopic lesions of naturally occurring and mental 'spiking
mortality' in young broiler chickens. Avian Diseases 35: 481-486
FOURNIER, D. and GAUDRY, D. (1994) Recent discoveries on waterfowl pathology:
a new parvovirus of Muscovy ducks in France - field vaccination trials. In: New
and Evolving Virus Diseases of Poultry (Eds McNulty, M.S. and McFerran, J.B.),
Brussels, European Commission, pp. 183-194

352

McFERRAN,J.B.(1979) Egg drop syndrome, 1976 (EDS '76). Veterinary Quarterly
1: 176-180
McNULTY, M.S. (1991) Chicken anaemia agent: a review. Avian Pathology 20:
187-203.
McNULTY, M.S. (1993) Recurrent and emerging diseases. Proceedings of the Xth
International Congress of the World Veterinary Poultry Association, Sydney,
pp. 3-17
McNULTY, M.S. and ALLAN, G.M. (1984) Applications of immunofluorescence
in veterinary viral diagnosis. In: Recent Advances in Virus Diagnosis (Eds. McNulty,
M.S. and McFerran, J.B.), The Hague, Martinus Nijhoff Publishers, pp. 15-26
McNULTY, M.S., ALLAN, G.M., CONNOR, T.J., McFERRAN, J.B. and
McCRACKEN, R.M. (1984) An entero-like virus associated with the runting
syndrome in broiler chickens. Avian Pathology 13: 429-439
McNULTY, M.S. and McFERRAN, J.B. (1993) The runting stunting syndrome general assessment. In: Virus Infections of Birds (Eds. McFerran, J.B. and McNulty,
M.S.), Amsterdam, Elsevier, pp. 519-529

353

POTENTIALLY EMERGING VIRAL DISEASES OF
POULTRY IN ASIA-PACIFIC REGION AND THEIR
CONTROL
R.N. Sreenivasa Gowda
Department of Veterinary Pathology, Veterinary College, U. A.S.
Bangalore 560 024, India

Knowledge about poultry diseases world over is essential to understand the
epidemiology, pathogenesis and their prevention. The speed of travel, importation
of poultry and poultry products all have made easy the spread of infectious diseases
in these Asia-Pacific countries. Documentation of various diseases, understanding
the new diseases by proving Koch's postulates, viral isolations and working out of
their molecular biology is essential. The laboratories have to be equipped with
modern facilities to identify any critical emergencies of the problem. Since
subclinical infections and several immunosuppressive conditions are complicating
the poultry disease problems it is essential to evaluate individual viral conditions
separately to formulate preventive procedure.
INTRODUCTION
Asia-Pacific region is closely linked geographically in more than one way, except few
countries like Japan, Philippines and Australia that are spread apart by the sea. The
Asia-Pacific comprised of China, Korea, Taiwan, Thailand, Malaysia, Indonesia and
the Indian continent with South Asian countries grouped as SAARC region (South
Asian Association Regional Cooperation) consisting of India, Pakistan, Nepal, Bhutan,
Bangladesh, SriLanka,Singapore and Maldives. In most of the Asian countries the system
of backyard farming is changing tremendously in these years. Evolution of high yielding
breeds, advancement in management, nutrition and disease control measures have all
made poultry a large viable complex of agribusiness. This has made some of the Asian
countries to export poultry meat and eggs to even developed countries in the region.
The broad diversity of the poultry farming from a village or backyard farming in the
rural areas to intensive commercial poultry complexes with modem management has
made spread of diseases in the region , a common accurance.
The commercialization has brought a wild growth of both broilers and layers in multi
age groups. Uncontrolled amount of poultry and its products, multiplication of species
like quails, pheasants, guinea fowls and ducks have all complicated the disease situations.
Barring few developing countries in the region, SAARC countries, China, Taiwan, Thailand,
Malaysia and Indonesia are showing the same pattern of poultry disease problems. The
changing structure and management of poultry farming has allowed the pathogens to
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modify themselves and appear as new pathogens causing newer disease problems.
Describing all the disease producing pathogens is beyond the scope of this article and
hence only viral pathogens that are causing disease problems have been discussed.
The emergence of some of the viral diseases are possibly due to mutation or
recombination of existing endemic pathogens and cross infection of pathogens,
originating from other avian species (McNulty, 1993).
The poultry viral diseases could be classified into following categories.
I.

Reemergence of old diseases.

II.

Variation of recognized diseases

III. Syndrome resulting with interaction of more than one pathogen and
IV. New diseases
I

REEMERGENCE OF OLD DISEASES

Although some of the viral diseases are well under control with proper vaccination
programmes, there is still existence of a disease in renewed form.
New Castle Disease (ND) / Ranikhet Disease (RD)
New Castle Disease since its first report in 1926 (Doyl, 1927) poses a major threat to
poultry industry in the form of respiratory and nervous form disease, production drops
and heavy mortality ranging from 60 to 100 per cent depending on the type of virus in
endemic areas especially India, Malaysia, Nepal, Pakistan, Indonesia, Philippines,
Singapore, Thailand Bangladesh, Sri Lanka, and Vietnam.
In Asia a major concern has been the control of ND under village conditions, where
chicken are wide spread and very difficult to catch for vaccination and there is problem
of maintenance of cold chain because of inadequate storage facilities. In Malaysia this
problem has been tackled with a vaccine derived from Australian V4 strain of ND virus
selected for extreme heat stability (Hussein, 1987).
The growth of intensive system of poultry production has created a new set of ecological
factors in spread of the New-castle disease. This could possibly be due to field variation
of pathogenic viruses and residual pathogenicity of vaccine viruses (Closus, 1988).
This is well supported by isolation of RD/ND viruses from intestinal contents by Popsil
et al(1991) and Venugopalan(1994) in day old chicks. More than 60 per cent of intestinal
contents revealed higher HA titre than other tissues such as spleen, brain, thymus,
bursa and bone marrow indicating tropism of the isolates to the intestine. Some RD/
ND strains grow only in the digestive tract and the virus can be isolated from the gut
when circulating antibodies are present (McFerran and Nelson, 1971). A virulent ND/
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RD strain grows mainly in the alimentary tract (McFerran and McCrakan, 1985). These
findings support the evidence of natural spread through faecal oral route of transmission
of NDV as suggested by Beard and Konsen (1981) and Alexander et al. (1985).
ITie pigeon variant paramyxovirus type-1 (PMV-I) resembling neurotropic form of
Newcastle disease has been experienced in some of the Asia Pacific region and in India
also (Sreenivasa Gowda and Eswaran, 1992). Simultaneously there were also outbreaks
of ND disease in some of the poultry flocks. This could be possible that the diseased
pigeon can gain access directly to domestic poultry or feed mills or feed stores to
spread the infection.
Avian Influenza (AI)
In the month of April - May 1995, there were reports of occurrence of Avian influenza
in areas of China and Pakistan (Nime and Hussain.,1995), Certain highly pathogenic
AI viruses are capable of causing severe outbreaks in poultry flocks. This disease has
been recorded in Australia in 1976 with estimated cost of Australian $ 2,00,000 and a
more extensive out break during 1985 costed A$ 20,86,282 (Alexander, 1987)
AI causes a fulminating respiratory syndrome with high mortality rates varying from
75 to 100 per cent. All ages and breeds appear to be susceptible to the infection. The
disease in layers is characterized by respiratory rales, oedema of the face, comb and
wattles, diarrhoea and production drops. The severe disease can be accompanied by the
presence of hemorrhages on the serosal surfaces of the viscera, proventriculus, comb
and the shanks. Yolk peritonitis is frequently seen in active layers.
Despite rare occurrence of highly pathogenic influenza viruses, most countries with a
developed poultry industry have reported the more frequent occurrence of influenza
viruses of low virulence. Infections with such viruses may result in severe disease due
to the exacerbative presence of other viruses and environmental stress (Alexander,
1987). Surveillance studies have shown that migratory waterfowl throughout the world
are commonly infected with avian influenza viruses (Hinshaw et al., 1980).
The countries where commercial duck rearing exists, birds may get infected from
migratory water fowl routes. China and Pakistan outbreaks could be due to migratory
birds from other neighboring countries. Alexander (1987) also described the possibility
of feral birds occasionally spreading infection to domestic chicken. The control measure
involves mainly slaughter policy of infected flocks and trade embargo besides production
of vaccines using local isolates.
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Fowl Pox (FP)
It is one of the oldest viral diseases causing excessive morbidity with low mortality.
Due to immunosuppressive problems in the poultry, the severity of this disease seems
to be increased in causing wart like lesion on featherless portions of head, around
nostrils and eyes. Occasionally diphtheritic membrane in the buccal cavity is also seen,
presently there is an increase in the incidence of trachéal pox characterized by yellow
necrotic material or caseated plugs in the larynx, causing respiratory distress simulating
RD, ILT or Mycoplasmal infection (Sreenivasa Gowda 1992). A proper biosecurity
and vaccination programme help in control of the diseases
II

VARIATIONS OF RECOGNIZED DISEASES

In this group the three most important viral diseases that are causing disease problems
in the poultry industry are IBD, IB and MD.
Infectious Bursal Disease (IBD)
The profile of IBD in Asia-Pacific region is due to emergence of so called highly
virulent IBD virus strains, which have been responsible for causing out breaks with
higher mortality. The mortaUty in these out breaks ranged between 30 to 85 per cent in
the age group of 5 to 16 weeks in layers and 18 to 30 per cent at 5 to 6 weeks in broiler
flocks. The virulent IBD strains belong to pathotype variants of classical serotype-I
strains (Chettle, 1994, personal communication). The IBD has jeoparadised the whole
Asian Poultry industry during 1993-94. The disease has been reported in India, Nepal,
Malaysia, Pakistan, Philippines, Bangladesh and other SAARC countries also. The
control of IBD in Asia was based on producing high and uniform levels of maternal
antibodies in young chicks by using live, attenuated vaccine as a primer and inactivated
killed vaccine as booster. In young chicks mild live attenuated vaccines were used to
produce active immunity. In spite of vaccinations against IBD there were out breaks of
IBD in older age groups. To overcome these, more virulent live intermediate vaccines
have been used to vaccinate young birds. Intermediate vaccines can overcome maternal
antibody more readily than attenuated vaccines and may be more closely antigenically
related to highly virulent IBD virus strains (Van den Berg and Meulemans, 1991).
Presently vaccines more potent than intermediate and less than hotter' strain are also
being used to combat the infection but these vaccines could be more dangerous resulting
in emergence of antigen variants like USA strains.
Infectious Bronchitis (IB)
IB is an emerging respiratory disease of poultry in Asia- Pacific region. IB is endemic
and has produced antigenic or pathotypic variants, probably as a result of genetic
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recombination (McNulty, 1993). Use of live vims is an immunologieal time bonib and
may often cause clinical disease.
Infectious bronchitis viral variants (IB VV) beside causing respiratory signs have found
to cause nephrosis in broiler flocks whose vaccination against IB is not often practiced.
There is also endemic infection of urolithiasis both in broilers, commercial layers and
breeder flocks. The affected show necrotic lesions in kidneys accompanied by fibrosis,
presence of uric acid deposits and tubular degeneration.
An IBV variant can cause production problems in laying flocks characterized by drop
in production, weak shelled eggs and fluid yolk. The IB complicates with ND and
mycoplasmal infections in poultry flocks causing respiratory disease complex (RDC).
Marek's Disease (MD)
The spread of Marek's disease during 1970s was followed with expansion of poultry
industry in Asian countries with importation of breeding stock. There was mortality to
the extent of 30 to 50 per cent in some layer flocks. Use of HVT vaccine solved the
problem almost instantly although some incidental outbreaks were known to occur.
MD has reemerged as a problem in many Asia-Pacific countries in recent years, due to
the emergence of so called very virulent Marek's disease (VVMD) virus capable of
breaking through immunity induced by turkey herpes virus vaccines (Witter, 1983).
Some new isolates of VVMDV have been made by Australian workers (Mzerbes
Gatannock et al.l994) characterized by the following conditions :
1.

Causing early mortality in the age group of 5 to 8 weeks in immunosuppresed and
coccidia attacked birds.

2.

Sudden increase in mortality up to 30 % per week that occur after stressful
husbandry.

3.

Mortality due to MD throughout the life at the rate of 2 to 3 % per week with a
cumulative mortality from 10 to 25 per cent in broiler breeding flocks and

4.

Cessation of egg production, anorexia, lameness, paresis or paralysis of limbs
with or without visceral organ involvement.

Based on cell culture and PCR profile the isolate is a highly virulent serotypel MDV.
Similar experiences have been noticed in India, Malaysia, Papua New Guinea, Indonesia
and Singapore. In such an instance, combination of two MD virus vaccines gave better
protection against MD viral challenge described as protective synergistic by Witter and
Lee (1984).
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Currently best results are reported to be achieved using low passage CV1988/Rispen
vaccine either alone or together with HVT (Witter, 1993). He further concluded that
improved vaccines only can protect the virulent MD virus with reduction of viral pressure
in the premises with better managemental practices and biosecurity.
III SYNDROME RESULTING WITH INTERACTION OF MORE THAN ONE
PATHOGEN / ENVIRONMENT
Swollen Head Syndrome (SHS)
SHS was first described in South Africa in 4 to 6 week old broiler birds which was
characterized by swelling around eyes, ïeddening of conjunctiva, nasal sneeze, oedema
of the inter mandibular area and wattles with a mortality percentage of 1 to 20 per cent.
Turkey rhinotracheitis (TRT) virus has been isolated from affected birds (Burys et al.,
1989). The SHS is wide spread in several developing countries including India and
other neighboring countries of Asia-Pacific region. The viruses isolated from all these
cases included IBV, ND primarily and Alcaligenes faecalis, Hemophilus gallinarum
and E.coli bacteria secondarily. The increased poultry density and ammonia seemed to
be predisposing factors in an immunosuppresed bird.
Blue Wing Disease
This condition is characterized by extensive cellulitis, oedema and accumulation of
serosanguineous exúdate with gangrene of muscle and skin of wings and other parts of
the body also. Japanese workers described a condition called as anaemia dermatitis
syndrome caused by chicken anaemia agent. In several countries the disease is very
problematic and the isolations made in this situation are bacterial agents, either
Clostridium perfringens or Clostridium chovei along with Staphylococcal organisms.
The condition called as wingrot or gangrenous dermatitis syndrome(GDS) is associated
with immunosuppression by viral pathogens or by mycotoxins.
Infectious Enteropathies
An infectious enteropathy is caused by virus or bacteria or both. Among the viruses
Avian Nephritis Virus(ANV), Entero-like viral particles (ELPS), Avian reo-virus and
Calci viruses are known to cause primary enteropathies followed by bacterial and
coccidial secondary infections.
IV NEW DISEASES
These diseases were previously unknown and have emerged as important problems
recently.
360

Hydropericardium Syndrome (HPS)
A new disease, called as Angara disease/ hydropericardium syndrome has been described
by Pakistani scientists in 1988. It was a devastating disease of Pakistani broiler industry.
The disease occurs typically in 3 to 6 weeks old birds and causes upto 70 % mortality.
The affected birds showed accumulation of clear or straw coloured fluid in the pericardial
sac with enlarged mottled liver. The histological lesions comprised of myocarditis,
hepatocytes with basophilic intra nuclear inclusions and distorted kidney tubules (Anjum
etal,.1989).
Similar disease outbreak has erupted in Northern India especially in Jammu and Kashmir
and the condition has spread to parts of Punjab and Delhi. The condition has been
called as Leechi disease because the heart looks like leechi fruit. The disease has been
spread from neighboring country Pakistan (Sreenivasa Gowda 1994). The transmission
experiments with bacteria free filtrate prepared from liver homogenate reproduced the
condition in susceptible chicks. The condition appears to be synergistic with avian
adenovirus (Afzal et al., 1991 and Sreenivasa Gowda, 1994).
A formalized vaccine prepared from live homogenate of affected birds has given
encouraging results in the field conditions where the disease is endemic (Afzal and
Ahamed, 1990 and Sreenivasa Gowda, 1994). The characterization of the agent and
ultra structure are under progress in India.
Inclusion Body Hepatitis (IBH)
Inclusion body hepatitis(IBH) anaemia syndrome was first described by Helmboldt
and Frazier (1963) in USA. Since then the condition has been recognized in several
poultry growing areas of Asia- Pacific region. The condition has been described in
India, Australia, Japan, China and other countries of the region. It is caused by
Adenovirus in which twelve serotypes have known to exist (McFerran and Conner,
1977; Cowen and Naqui 1982). A number of Adenovirus have been isolated from both
healthy and diseased flocks and has resulted in differing opinions regarding them as
pathogens (McFerran and Conner, 1977 and Winterfield,1984). Several field and
experimental studies have emphasized a predisposing role for IBD(Rosenberger et
al., 1975, Fadly et al., 1976). In India, the IBH appeared as seasonal, especially after
monsoons followed by cold season. The mycotoxin stress seems to be another
predisposing factor besides IBD. In the outbreak of IBH in Australia and Newzealand
there was evidence of concurrent infection of IBD (Rece et al., 1986, Christenson and
Saifuddin,1989). Serotype 8 was the commonly recorded isolate of this region (Rece et
al.,1986, Grey et al.,1988). A current finding (Emy et al.,1991) of substantial genomic
difference between virulent and avirulent or mildly virulent adenovirus of chicken
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Supports the concept of primary pathogenicity. There are strains which caused only
IBH even in the absence of IBD in Newzealand.
Big Liver Spleen Disease (BLS)
BLS was first recognized in Australia in the year 1980. It is commonly seen in layer
and broiler breeders, and also occurred in brown egg producing commercial layers.
The disease is characterized by slow depression with low mortality (1% per week) and
drop in ogg production. The necropsy of disease affected ones show enlarged liver and
spleen. It has caused severe losses in Australia (Handlinger and Williams, 1988,
Williams, et al., 1993). The disease is transmissible and the cause is thought to be a
virus (Handliger and Williams 1988, Clarke et al., 1990). Employing tests like agar gel
immunodiffusion (AGID) by homogenized Hver or spleen tissue could be used as antigen
(Handlinger and Williams, 1988). Antibody detecting ELISA has been recently
developed (Pynae et al., 1991). Despite intensive investigations etiology of BLS remains
unknown. Serological testing in other countries should be undertaken to find out the
problem.
Chicken Anaemia Virus (CAV)
Japanese investigators (Yuasa et al., 1979) described a new viral disease characterized
by aplastic anaemia, generalized atrophy of hemopoietic lymphoid tissue, subcutaneous
and intramuscular hemorrhages in young chicks. The affected chicks exhibit anorexia,
lethargy, droopiness and pale coloured body with 100 % anaemia. Hence the agent that
causes this condition is known as chicken anaemia agent (CAA). Currently it has spread
world wide in chickens (McNulty, 1993). The descriptive review by McNulty (1991b)
on the disease suggested that the virus possesses a 20-30nm unenveloped icosahedral
capsid, composed of one polypeptide and containing a single stranded circular DNA
approximately 2.3 KD. All isolates of CAV characterised so far belong to one pathotype
and one serotype. The virus is of complex nature with vertical transmission to progeny
chicks which appear normal in hatching but develop a disease called blue wing disease
or anaemia dermatitis syndrome around 2 weeks of age. The virus is known to cause
thymic atrophy resulting in immunosuppression and increased susceptibility to other
bacterial infections causing a complex problem. Mortalities vary from 5 to 15 per cent.
Following primary infection in breeder flocks diseased chicks are produced for 3 to 6
weeks suggesting the time of multiplication of virus in breeders and development of
antibodies in the serum which appear to prevent further egg transmission (McNutly,
1994).
Maternally derived antibodies protect young chicks against clinical effects of a severe
experimental challenge with CAV (Otaki et al., 1992). The virus replicates in extra
sinusoidal heamocytoblasts and reticular cells of bone marrow, cells of thymic cortex,
spleen and lymphoid aggregates throughout the body (Smyth et al., 1993).
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The effects of this disease in broilers were described by McNulty et al. (1991). According
to them the virus depletes the lymphoid system, depresses the cell mediated immune
response, exposing the birds to secondary complications and thus causing impaired
economic performance of broilers.
The control of this disease is by vaccinating the breeding flocks with a live non attenuated
field virus vaccine as practiced in Sri Lanka.
Infectious Stunting Syndrome (ISS)
A disease syndrome of broiler chicken characterised by stunted growth (Runting and
stunting syndrome,RSS), increased feed conversion (malabsorption syndrome) and poor
feathering (helicopter chick disease) was initially reported in Netherlands (Kouwenhoven
et al., 1993). The syndrome has been described as femoral head necrosis and infectious
proventriculitis. There is variability in clinical signs and pathological lesions. The
affected flocks show a growth depression to the extent of 25% to their pen mates
(McNulty and McFeiTan 1993).
The most important lesions are proventriculitis, smaller gizzards and distention of
intestines with poorly digested feed. The histopathological changes included pancreatic
vacuolations, cystic dilation of crypts of Lieberkhun and necrosis of crypt epithelial
cells (Kouwenhoven et al., 1983). Joshi and Sreenivasa Gowda (1992) have worked in
India for the first time in detail on the nature of the disease, its incidence, transmission
studies and ultrastructure. The epidemiological and transmission studies using intestinal
homogenates indicated that the disease could be reproducible with growth retardation
in susceptible chicken.
The ultra structural studies of enterocytes revealed Entero-like viral particles. Seven
groups of avian entero viruses as defined by cross immunofluorescence were described
by McNulty et al.,(1990), indicating considerable antigenic diversity among these
viruses. The disease being seasonal and breed related it is difflcult to control the problem.
However improvement in brooding temperatures in cold season with quality nutrition,
strict biosecurity and disinfection of the farms help in control of this problem.
Egg Drop Syndrome 76 (EDS 76)
A peculiar production drop was described by Dutch workers in 1976 (Van Eck et al.,
1976). The syndrome is characterised by otherwise healthy birds producing thin shelled
or shell less eggs often failure to attain peak or peaking birds show undulant drop of 15
to 20 per cent production. Haemagglutinating adeno viruses were isolated in northern
Ireland by McFerran et al. in 1977. The virus has been isolated in Australia (Firth et
al.,1981), India (Mohanthy et al.,1984) and Japan (Yamaguchi et al., 1981).
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A classical disease depends on reactivation of latent virus around peak production,
thus establishing a strong association between the age of the flock and the onset of
clinical signs. Because of its vertical transmission there is apparent breed association.
Spread appears relatively quick because of breakdown of number of carriers at once.
The endemic EDS spreads often by contaminated trays, transport workers and materials,
from classical outbreaks, where as sporadic EDS spread from wild fauna especially
water fowl frequenting the surroundings of poultry farms. In naturally occurring out
breaks of EDS the consistent gross findings were only inactive ovaries and atrophied
oviducts. The diagnosis of the disease is based on proper evaluation of production
charts and sero monitoring for antibodies. In endemic areas, the disease can be controlled
by use of an inactivated vaccine at the age of 14 to 16 weeks along with proper sanitation
and biosecurity.
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INTRODUCTION
Avian infectious bronchitis (IB) is a highly contagious respiratory disease of chickens
caused by a coronavims, infectious bronchitis virus (IBV). Although IBV is primarily
a respiratory tract pathogen, it is also a common cause of reduced egg production and
egg quality in laying hens, and certain strains of IBV cause kidney lesions with significant
mortality (King and Cavanagh, 1991). Together, these conditions cause serious
economic losses to the poultry industry around the world. This paper will focus on the
current diagnostic technology available for IB and outline both the conventional
approaches, and the latest developments, in this field.
SERODIAGNOSIS
One of the basic difficulties in the diagnosis of IBV infection stems from the existence
of many serotypes of the virus in the field (Gelb, 1989; King and Cavanagh, 1991;
Cavanagh, 1993). In addition to the recognized serotypes, new serotypes and antigenic
variants of IBV emerge from time to time through point mutations and genetic
recombination (Cavanagh et al., 1992; Cavanagh, 1993; Jia et al., 1995). This has
practical significance in the control of IB, because immunity following vaccination
with one serotype often is not protective against infections with unrelated serotypes
(Gelb, 1989; King and Cavanagh, 1991).
Serodiagnosis of IBV infection in the field is commonly accomplished by the use of
enzyme-linked immunosorbent assay (ELISA) (Marquardt et al., 1981),
hemagglutination inhibition (HI) test (King and Hopkins, 1983; 1984) or virus
neutralization (VN) test (Cowen and Hitchner, 1975; Gelb, 1989). For serodiagnosis,
antibody levels in the sera collected during acute and convalescent phases of infection
are compared. A positive diagnosis of IB is made when an ascending antibody response
is demonstrated in recovered chickens. Both the conventional ELISA and HI test detect
antibodies common to all IBV serotypes, and thus the assays are not useful in making
a serotype-specific diagnosis. Nevertheless, these assays serve a useful purpose of
establishing that IBV is the cause of a disease, thus enabling poultry health specialists
to further investigate the virus serotype. ELISA in particular has been commonly used
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for serodiagnosis because it is convenient and commercial ELISA kits are readily
available.
Karaca and Naqi (1993) described a monoclonal antibody (Mab) blocking ELISA (bELISA) which offers both the convenience of the conventional ELISA and the serotypespecificity of the VN test. Using sera from experimentally inoculated chickens, the
authors found excellent correlation between the results of b-ELISA and the VN test.
Unfortunately, the assay has not been evaluated in the assessment of field infections.
Therefore its practical value in the diagnosis of naturally occurring infections remains
unknown.
The VN test has been used to detect serotype-specific antibodies in the sera of affected
chickens (Cowen and Hitchner, 1975; Gelb, 1989). However, since many commercial
flocks experience sequential infection with different IBV serotypes, their sera tend to
carry cross-reacting antibodies (Gelb and Killan, 1987). Therefore, it is believed that
sera from young chickens are generally more serotype-specific in the VN test, whereas
those from breeders and laying hens are more cross-reactive (King and Hopkins, 1983).
ISOLATION AND IDENTIFICATION OF IBV
This is generally a more dependable method of estabUshing serotype-specific diagnosis
of IBV than serology. IBV isolation from infected tissues is generally made in
embryonating chicken eggs; however, trachéal organ cultures and cell culture monolayers
have also been used for this purpose (King and Cavanagh, 1991). After an IBV is
isolated, identification of its serotype may be accomplished with the aid of the VN test
using chicken sera of known IBV serotype specificity (Cowen and Hitchner, 1975;
Gelb, 1989; King and Cavanagh, 1991). Although the VN test has been used extensively
in the past for IBV serotyping, it has many limitations, one of which is the lack of
availability of specific antisera. As a result, few laboratories perform the test, and
hence it is not available to the poultry industry for the routine serotyping of field isolates.
Use of Mabs
A number of reports have addressed the development and application of IBV Mabs.
Mockett et al. (1984) reported production of two Mabs to the S1 protein of IBV strain
Mass 41 which neutralized the virus at a dilution of 1:40,000 and 1:9500, respectively.
Koch et al. (1986) showed that Mabs to N and M proteins (determined by
immunoblotting) could be quite broadly reactive, whereas those specific to S2 displayed
less cross-reactivity. Niesters et al. (1987) raised thirteen Mabs to five independent
epitopes on the SI protein of Mass 41 strain. Of those Mabs only one had strain
specificity. The strain-specific Mab also had high VN (1:360,000) and HI (1:2560)
titers. The fact that strongly neutralizing antibodies bind to intact SI but not to SI
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polypeptides indicated that the VN epitope on the SI glycoprotein were conformationdependent (Lenstra et al., 1989). However, epitopes on S2 fraction were found to be
conformation independent (Koch et al., 1986; Karaca ej al-, 1992).
Naqi (1990) used an IBV group-reactive Mab to detect Mass 41 proteins in infected
chorioallantoic membranes (CAM), and in the respiratory tissues of infected 5-weekold chickens. Using an indirect immunoperoxidase (IIP) system, the author could
demonstrate IBV antigens within 15 hours post-inoculation in the CAM and within 96
hours in the respiratory tissues. Dutch investigators produced Mabs to local IBV
isolates and developed ä Mab-based sandwich ELISA as a rapid method to analyze the
virus (Kant et al., 1992; Koch et al-, 1991). Karaca et aL (1992) produced serotypespecific Mabs to three North American serotypes, Arkansas, Connecticut and
Massachusetts. Naqi et al- (1993) used those Mabs to develop an antigen-capture
ELISA. Twenty-two Australian IBV isolates were analyzed using polyclonal sera and
Mabs to each of the three structural proteins, and by cross-protection assays (Ignjatovic
et al., 1991). By VN test, the isolates were grouped into 15 serotypes, whereas by
Mabs the isolates were divided into five antigenic groups. The latter groups correlated
better with m vivo cross-protection data, than the groups defined by polyclonal
antibodies.
Polymerase Chain Reaction (PCR) and Restriction Fragment Length
Polymorphism (RFLP) analysis
These procedures for the typing of IBV isolates were first reported by Linet al. (1991a,b).
They are carried out in three steps: 1) amplification of IBV RNA in infected material
by reverse transcriptase (RT)-PCR which converts the viral RNA into workable quantities
of complementary DNA (cDNA), 2) cleavage of cDNA using a panel of specific
restriction endonucleases, and 3) separation and comparison of restriction fragments in
gels. Lin et al., ( 1991 a,b) used primers which flanked a 400-base region of the S2 gene
of IBV. Using RT-PCR and RFLP they compared a group of 12 IB V isolates of different
serotypes to another group of four isolates which were obtained from chickens with
nephritis. They found that the nephrotropic IBV isolates produced a pattern distinct
from the pattern seen with the 12 non-nephrotropic isolates. Kwonet al. (1993) applied
the RT-PCR and RFLP techniques to differentiate between serotypes of several North
American IBV strains . In this study they amplified a sequence of 1720 bases which
contained the S1 gene. When 26 serologically characterized ñeld isolates were analyzed
by this procedure, the groups to which the isolates were assigned agreed with those
obtained by serotyping. Gelb et al. (personal communication) have also applied RTPCR to IBV typing; however, unlike the use of generic IBV primers in the previous
studies, they used SI gene primers which were specific to serotypes Mass, Ark, Conn,
JMK, or Delaware 92-072 strain, respectively .
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There can be little doubt that Mab- and PCR-based methods will become more common
in the future. Since Mabs can be used in conjunction with standard "sérologie" techniques
such as ELISA, IIP, immunofluorescence, etc., they will be readily adaptable by most
of the diagnostic laboratories. For this to happen, more Mabs must be produced and
made commercially available. The PCR-based methods, in association with sequencing,
have worked quite nicely and offer a great deal of promise (Cavanagh, 1993). However,
at least in the immediate future, their use will remain limited to those few laboratories
which are equipped to perform these techniques. Considering the nature of IBV, a
cautionary note must be inserted. This virus has the ability to continuously undergo
genetic change. By this process new antigenic and pathogenic variants will continue to
arise. Therefore, the challenge to develop new reagents and techniques to keep up with
this ever-changing virus could be a never ending process.
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INCLUSION BODY HEPATITIS/HYDROPERICARDIUM
SYNDROME (LEECHI HEART DISEASE) IN INDIA - AN
OVERVIEW
B. D.Survashe, S. V.Pandit, G. R.Ghalsasi and S.
Mallikarjun
Poultry Diagnostic and Research Centre,Loni Kalbhor 412 201 Pune,
India

Incidence of Inclusion Body Hepatitis(IBH)/Hydropericardium Syndrome(HS)
with high mortality was recorded in India for the first time during the year 1993
in districts of Jammu - Kashmir and Punjab. Its presence was also detected in
Madhya Pradesh, Orissa and Maharashtra very recently. The disease was
recorded in Pakistan in 1987 and in Iraq in 1991 prior to its appearance in India.
Eventhough occurrence of IBH with low mortality was recorded in early eighties
in India and in other parts of the world, association of HS with very high mortality
was not recorded until its incidence in Pakistan in 1987 as Angara Disease. The
symptoms, gross and histopathological lesions of the disease are described in
details along with the epidemiology and its multifactorial etiology, which includes
involvement of Adenovirus similar to type I and IV, whose virulence is augmented
by immunosuppression caused by IBD virus or by feed toxicity (clostridial toxin,
aflatoxin etc.). Possible role of sub-clinical M.D. infection, use of IBD Hot Vaccines
and that of heitherto unidentified co-virus is also indicated in etiology.
Experimental Autogenous Inactivated oil based vaccine against IBH was prepared
and tested at Poultry Diagnostic and Research Centre, (Pune) of Venkateshwara
Hatchery Group.
HISTORICAL BACKGROUND AND WORLD SCENARIO
Incidence of Inclusion Body Hepatitis (IBH) was recorded in India in early eighties
(Panisup and Mohanti et al, 1982) caused by Adeno Virus as a reactivation of dormant
virus infection after severe immunosuppression by classical Infectious Bursal Disease
(IBD) infection. Prevalence of IBH was recorded in broiler birds in Uttar Pradesh.
(Shrivastava, 1990) and six outbreaks of IBH were studied by Kharole et al (1991)
in Haryana State. Khehra et al, (1994) demonstrated aviadenovirus in liver samples
from outbreaks of IBH in broilers from Punjab and confirmed the disease incidence.
Harmeet Singh et al, (1994) studied effect of mycotoxicosis in feed on enhancing the
pathological condition caused by IBH virus in Punjab. Balchandran (1993) recorded
incidence of IBH in layer flock in Tamilnadu with very low mortality and involvement
of only liver. This is probably the first incidence of IBH record in layers.
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It is interesting to note that IBH incidences recorded in India upto 1992, only
involvement of liver and kidney was prominently described and heart lesions were
not recorded. The mortality percentage was also low (0.8 to 30%) in these outbreaks.
During August 1987, peculiar disease condition with involvement of both heart and
liver was reported from Angara Goth, Karachi (Pakistan) by Jaffery (1988) and Hasan
(1989) and was described as Angara Disease. This disease syndrome was characterised
by typical hydropericardium and hepatitis with basophilic intranuclear inclusions in
hepatocytes and resulting in heavy mortality of broiler birds ranging from 60 to 70%.
This disease syndrome was not reported from elsewhere in the world before.
Subsequently Abdul Aziz et al, (1991) reported occurrence of this syndrome from
Iraq. The syndrome has been reproduced in broilers by inoculation of liver homogenate
from affected birds (Khawaja et al, 1989, Muneer et al, 1989 and Afzal et al, 1991).
After detection of an adenovirus in the liver homogenate (Khawaja et al, 1988, Cheema
et al, 1989), some workers (Hasan, 1989) suggested that the disease was Inclusion
Body Hepatitis (IBH) caused by Tipton strain. However, different serotypes of
adenovirus have been isolated from Hydropericardium Syndrome (HPS) affected birds
in Pakistan (Saaghy, 1989). Cowen (1992)suggested that IBH/HPS has multiple
aetiology, including IBD virus, Avian Adenovirus and probably Chicken Anaemia
Agent. There is a new evidence which suggests that avian adenoviruses are only primary
pathogens and with increased virulence exhibit features of IBH - Anaemia syndrome
in North and South America, resulting in high mortality. Azab et al, (1992) recorded
similar disease in Egypt.
During the year 1993, peculiar disease similar to Angara Disease was observed in
Jammu-Kashmir and Punjab area adjoing Pakistan border. Venkateshwara Hatcheries
Limited (VHL) scientists from Poultry Diagnostic and Research Centre (PDRC), Loni
and Ventri Biologicals, Pune, visited the affected areas of Jalandhar, Pathankot,
Amritsar and Ludhiana districts in August 1994 and investigated the disease syndrome.
Shriniwas Gowda (1994) reported the condition from North India after investigation
during August 1994. Local farmers described this disease as "Leechi Heart Disease"
due to the peculiar appearance of heart similar to deshelled leechi fruit.
ETIOLOGY AND EPIDEMIOLOGY
Detailed investigations and experiments with laboratory reproduction of the disease
condition at PDRC revealed that this disease syndrome is caused by multifactorial
aetiology. Aflatoxin containing feed (0.01%), facilitated easy reproduction of the
disease in experimental SPF chicks (3 week old), after injecting, 10% suspension of
liver, bursa, spleen, kidneys and hydropericardial fluid from affected birds. However,
the disease of mild nature and with low mortality could also be reproduced in SPF
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chicks which were not treated with aflatoxin indicating the original etiological agent(s)
in the infective material was fairly virulent. The Agar Gel Precipitation Test (AGPT)
on original and laboratory reproduced affected tissues reaveled presence of IBH and
IBD viruses.
It can be concluded from experiments conducted so far that IBH virus which seems
to be more virulent, than usual dormont Adeno-viruses, is a primary causative agent
for this syndrome. The viral virulence is agumented after immuno-suppression caused
by IBD virus exposure and/or feed toxicity due to aflatoxin or some other mycotoxins
or clostridial and other bacterial toxins.
It is possible that some unidentified viral agent is also present as co- infection in this
disease. The IBH virus isolate from this syndrome alone, is not able to reproduce the
disease in laboratory, after two or more passages in chick embryos.
After initial occurrence of IBH in North, the disease was reported from Madhya
Pradesh, Orissa and Maharahshtra very recently (Study Group on Poultry Diseases
IBD/IBH/Avian Influenza appointed by Technology Mission on Dairy Development
- March 1996 - unpublished report). Breeder farms are found to be free from this
desease condition so far, probably due to adequate biosecurity measures and good
management practices undertaken by them.
SYMPTOMS
The disease starts generally between 15 to 18 days of age in broiler chicks and continues
for a variable period from 10 to 20 days. Eventhough no specific symptoms are noted,
chicks may exhibit ruffled feathers, drooping of wings, severe anemia or icterus, ñnally
resulting into death. The mortaUty varies from 10 to 60%, occasionally upto 80%.
POST MORTEM LESIONS
During necropsy, hydropericardium is very prominent lesion. The pericardial sac
contains straw coloured fluid and the heart gives typical appearance of "Deshelled
Leechi" fruit, hence the name" Leechi Heart Disease". The liver-leisons are present
in all carcasses which are characterised by defuse hepatitis with mottled appearence
on the surface and with typical haemorrhagic patches. The kidneys are nephrotic with
cooked meat appearance. Spleen shows mottling with enlargement or atrophy. The
bursae show hypertrophy containing slight mucous but atrophy of bursa is also reported.
Thymus shows haemorrhages in few cases. The breast and thigh muscles show streaks
of haemorrhages similar to IBD infection, while only congestion of the muscles was
observed in some cases. Bone-marrow is pink but yellowish bone-marrow with adipose
deposition is also recorded by others.

377

HISTOPATHOLOGICAL CHANGES
Zenker's degenaration of heart muscles with eosinophihc and vacuolated cytoplasm
with interstitial oedema are prominent. The heamorrhages and endothelial proliferation
of blood vessels in heart muscles are also prominent. The liver parenchyma shows
severe degenrative changes with basophilic intra-nuclear inclusions. But some others
reported occurance of acidophilic inclusions in liver cells. In Glyson's capsules, there
is infiltration of inñammatory cells especially of mononuclear type. The kidney sections
revealed nephrosis i.e there are severe degenarative and necrotic changes in epitheial
lining of kidney tubules with hyaline casts in their lumen and there are haemorrhages
in interstitial tissue of kidney parenchyma. Occasionally lymphocytic infiltrations are
observed in interstitial tissue of kidney parenchyma. Degenarative and necrotic charges
are evident in germinal centres of spleen. Moderate depletion of lymphocyties in thymus
lobules with haemorrhages are observed. Bursal plicae show oedematous changes in
inter follicular tissue and moderate depletion of lymphocytes in the follicles.
Occasionally haemorrhages are also observed. Cystic changes in follicles are noticed
in late cases.
DISEASE INCIDENCE
Mortality from 10 to 60% and rarely upto 80% is observed in affected broiler flocks.
Eventhough incidence of the disease is mainly in broiler flocks, it is also seen rarely
in layer flocks. Disease occurs in age group of 3 to 6 weeks. Earliest affection age
is 15 days to 18 days but mortality lingers for 3 to 6 weeks.
Venkateshwara Hatcheries Group has recorded the number of incidences at their
satellite laboratories since 1992-93. This includes pure IBH infections recorded during
1992-93 to 1993-94 and subsequent HPS during 1994-95.

PREVENTIVE AND CONTROL MEASURES
The disease having multi-factorial etiology, it is necessary to prevent immunosuppressive predisposing factors such as :
A)

Aflatoxicosis can be prevented by avoiding feed containing aflatoxin or by change
of Ground Nut cake infested with aflatoxin and replacement with Soya cake.

B)

Avoiding use of contaminated offal meals, blood meals, fish meals etc., to avoid
development of bacterial toxins.Very bad quality fishmeal and improperly
sterilized meat meal can trigger Leechy Heart Disease.

C)

Checking of immuno-suppressive viral disease agents such as IBD, Reo, and
Marek's disease viruses. IBD virus immuno-suppression which occurs at earlier
age, during 1st week itself,brings about precipitation of IBH infection. Hence,
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if IBD immunisation with mild Lukert type vims vaccine is carried out in one
day to three day old chicks by s/c route, it will help in halting subclinical IBD
infection.
We have observed that at hatcheries when 1/2 dose of Marek's Disease (MD) vaccine
is given in day old chicks along with IBD Lukert type vaccine s/c, MD/IBD immunosuppression as a probable cause of precipitation of IB H is eliminated to maximum
extent.
Practicing Biosecurity measures and proper heat stress management including supply
of ample clean water through-out the day, use of Vit C, A, D3 & E in proper proportions
will also be useful in immuno-modulation and prevention of Leechi Heart Disease.
AUTOGENOUS INACTIVATED VACCINES AND VACCINATION TRIALS
No commercial vaccines are available for the Hydropericardium Syndrome. PDRC,
through extensive R&D efforts successfully conducted laboratory reproduction of
this disease syndrome and evolved methodology for experimental vaccine production.
The inactivated autogenous experimental vaccine produced using SPF chicks is found
to be immunogenic and has given very good results during laboratory and few field
trials under strict veterinary supervision.
As per the experimental results at PDRC and field trials, inactivated autogenous vaccine
when given at day one to day three, gives very good protection to the broiler birds
through-out their growing period. Further work is in progress.
Very recently the experimental inactivated oil adjuvanted autogenous vaccine prepared
at PDRC, was used on one broiler parent flock under strict veterinary supervision.
Seromonitoring during prior and post vaccination period was carried out in these
parents using AGPT. Maternal antibody transfer in progeny chicks was also studied
by AGPT. It was revealed that use of two doses of this inactivated oil adjuvant vaccine
at the interval of one month produced AGPT detectable immune response after 21
days post vaccination. Maternal antibody was demonstrated in progeny chicks. These
chicks when placed in farms with history of IBH/HPS infection in previous cycles
were found résistent to field virus attack during their 6 weeks of growing period before
marketing.
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FUTHER REVIEW OF THE EPIDEMIOLOGY OF
SALMONELLA GALLINARUM IN ZAMBIA 1986-94
R.N. Sharma % H.M. Munang'andu^ and P. Muyoyeta^
'School of Veterinary Medicine, University of Zambia, Lusaka, Zambia.
^Central Veterinary Research Institute, Lusaka, Zambia.

The occurrence of Salmonella serovars in poultry in the Republic of Zambia during
1985-94 is reported. Five hundred twenty nine Salmonella cultures consisting of
five serotypes were found. Salmonella gallinarum formed 93.38% of the isolates.
S. kaufmanii is reported for the first time from poultry from Zambia.
INTRODUCTION
Till 1991 information on avian Salmonellosis in Zambia was limited to a few isolated
reports (Gasper and Hrabeta 1977, Falade et al. 1989). We (Sharma et al. 1991) in our
ten years study reported isolation of 806 Salmonella cultures from poultry specimen.
S. gallinarum was isolated from 96.89% specimens. Cultures included 14 serotypes;
out of these nine serotypes namely S. dublin, S. infantis, S. Oranienburg, S. heidelherg,
S. worthington, S. rubislaw, S. weltverden, S. kisarawe and S. bonn were isolated for
the first time in Zambia. Monitoring of fowl typhoid was continued and we report here
the results for the period 1986-94 and review the factors responsible for the maintenance
of fowl typhoid and certain other Salmonella serovars in poultry.
MATERIALS AND METHODS
A total of 19,825 chickens brought for the routine diagnosis to the institute and
sepecimens collected during the routine investigations of fowl typhoid outbreaks formed
the basis of this survey. Specimens were selected from the birds showing gross lesions
of fowl typhoid or varying degree of enteritis. Spleen, liver, heart, ceca, and gonads
were cultured by conventional methods for Salmonella isolations. Isolates were identified
by standard bacteriological techniques, (Edwards and Ewing 1972).
RESULTS AND DISCUSSION
Salmonella serovars isolated are shown in Table 1. Out of 19,825 specimen isolations
were obtained from 529 (2.66%) birds, a much lower incidence than prevalent during
1976-85 (Sharma et al. 1991). However, S. gallinarum formed 93.38% of the isolates,
almost at the same level as observed during 1976-85.
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Table 1. Salmonella isolations from poultry in Zambia 1986-94
Salmonella Serotype
S. gallinarum

Chicken

Duck

Turkey

Guinea fowl

491

2

1

-

Peacock

Wildbird

Total
(Percent)

-

494
(93.38)
1
(0.18)
17
(32)
9
(1.68)
8
(1.5)

S. kaufmanii

1

S. pullomm

17

-

S. typhimurium

9

-

-

-

Salmonella
(rough not typed)

-

2

2

2

1

1

518
97.92

4
0.75

2
0.56

3
0.37

1
0.18

1
0.18

Total
Percent

-

529

After our first record of heavy infection of fowl typhoid in breeding birds in Zambia
(Anon 1977-78), the control measures for the fowl typhoid taken by the department
of Veterinary and Tsetse Control Services, contributed for the low record of fowl typhoid
cases upto 1989. Breeding flocks and hatcheries remained clean of fowl typhoid. The
isolation of S. gallinarum was found at a low level (ten isolates on an average) during
1986 through 1989 but gradually rose in 1991 to 60 cases, in 1992 to 142 cases and
in 1993 to 129 cases, which contributed to large number of isolations during the present
study. Liberal import of large number of day old broiler and layer chicks, chickens at
point of lay, poultry feed and table eggs from neighbouring countries started in 198990. The imports might have been contaminated. The statement gets support from the
positive diagnosis of fowl typhoid in imported chickens. Complete ban on import of
poultry since 1994, coupled with control measures for the disease in breeding flocks,
has resulted in a downward trend in outbreak of fowl typhoid in the country. The isolation
of other serotypes were occasional without disease losses, but being serotypes of
paratyphoid group, they are important for hatchery industry. It is interesting to note
that control measures applied for fowl typhoid also helped in the reduction of paratyphoid
infections, as was evident from two surveys. The results of our two surveys clearly
indicate that monitoring for Salmonella in poultry is essential in Zambia.
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EPIDEMIOLOGICAL OCCURRENCE OF
SALMONELLA IN A BROILER INTEGRATED
COMPANY
E.N. Silva and S.L. Bosquiroli
University of Campinas - Caixa Postal 6121 - 13081-000 Campinas, SP
- Brazil

An epidemiological survey on the occurrence of Salmonella serotypes was
conducted in a broiler integrated company. 454 samples were taken: Litter from
broiler breeders and broiler houses by drag swab; yolk sac from pipped embryos
of broiler; feed from broiler breeder and broiler and, some of their ingredients
as feed meal (meat, feathers and viscera); water from scald tank, pre-chiller and
broiler carcasses at the processing plant. Tetrathionate (TT) broth was used as
enrichment media incubated at 43^C and plated after 24h, 48h of incubation and
using the delayed procedure. Salmonella serotypes were isolated from all segments.
Serotypes isolated from the carcasses were, also, found in the feed and/or feed
meals, pipped embryos and in the litter. Some serotypes isolated from the other
material were not present in the carcasses. Feed meals were the most contaminated
material by Salmonella, S. havana was the most prevalent serotype. Only the S.
typhimuirum was isolated from pipped embryos. The delayed procedures gave
better result ior Salmonella isolation than plating TT at 24h and 48h of incubation.
The Salmonella control in a broiler integrated company must take in count the
multiple sources of contamination. Day-old chicks and feed contamination seems
to be the main important sources oí Salmonella contamination for broiler carcasses.
INTRODUCTION
Salmonella is an important food poisoning agent that can be transmitted by contaminated
poultry carcasses (Notermans et. al, 1992; Jones et al, 1991b; Oosterom and Notermans,
1992). It is possible do reduce carcass contamination by salmonella at the processing
plant, but not eradicate it. The waters from scald tank and chiller can disseminate
salmonella among broiler carcasses (Humphrey, 1981 ; Mcbride et al, 1980; Shackelford,
1988; Lillard, 1990) and, the serotypes found can be originated from different sources
during the broiler production. Day-old chicks and feed are the main source of salmonella
for broiler production (Barrow,1992; Hacking, 1977; Berchieri et al, 1984; Gabis, 1991 ;
Oosterom and Notermans, 1992). Embryos from pipped eggs and used litter samples
are a good source and an indicator of flock infection by salmonella (Snoeyenbos, 1971 ;
Jones et al, 1991; Mallinson and Snoeyenbos, 1989b; Nagaraja et al, 1991), but only
a few serotypes, as S. enteritidis, S. typhimurium and S. berta, can be tgg transmitted
(Nielsen, 1992).
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There is a great variety of methods for salmonella isolation with different results from
them. The delayed enrichment method incubated at 42-43^C has given better results
than incubation at 37°C and plate at 24-48h of incubation (D'aoust, 1981; Ewing, 1986;
Perales and Audicana, 1989; Calderón and Furlanetto, 1991).
This survey was conducted in a broiler integrated company to evaluate the occurrence
of Salmonella serotypes in several segments of the broiler production and, also, to
compare de level of salmonella isolation using Tetrathionate (TT) broth as enrichment
media incubated at 43*^C and plated after 24h, 48h of incubation and using the delayed
procedure.
MATERIALS AND METHODS
Samples were taken in a weekly interval for 10 consecutive weeks from the following
materials: «74 samples of litter from broiler breeders (38) and broiler houses (36) by
drag swab; 93 pool samples of yolk sac from pipped embryos of broiler; 57 feed samples
from broiler breeder (16) and broiler (41) and, some of their ingredients as feed meal:
meat (40), feathers (33) and viscera (26); samples from water scald-tank (19), prechiller (15) and broiler carcasses (97) at the processing plant.
Buffered Peptone Water (1%) was used as pre-enrichment broth, incubated for 18-24h
at 37^C. Tetrathionate (TT) broth as enrichment media was incubated at 43*^0 and
plated after 24 and 48h of incubation and, the delayed procedure as described by Wattman
et al, 1991. The selective agar plates used were the Brilliant Green Novobiocina
(Mallinson, 1990) and, the Hektoen Enteric (Ewing, 1986). Biochemical and serotyping
were done as usual (Ewing, 1986).
RESULTS AND DISCUSSIONS
The serotypes isolated from all material are presented on Table 1. Salmonella serotypes
were isolated from all segments, but water from scald tank due to water temperature
during scald (58-62^C). Serotypes isolated from the carcasses (21.6% of positive
samples) were, also, found in the breeder feed (25.0%), broiler feed (7.3%) and/or feed
meals: meat (55.0%), feathers (48.5%) and viscera (46.2%); pipped embryos (4.3%)
and in the breeder litter (5.3%) and broiler litter (2.8%). Those levels of salmonella
contamination are comparable with in the literature. Bhatia et al (1979) found salmonella
in 6.6% of hatchery waste samples. Jones et al (1991a) isolaiGÚ salmonella from 35.0%
of mash feed and 6.3% after pelleting. Berchieri Jr. et al (1992), found an average of
10.0% of contaminated feed for salmonella in a survey from four processors. Some
serotypes isolated from the other materials were not present in the carcasses. The level
of carcass contamination by salmonella is extremely variable from author to author:
14.2% of positive for Morris and Wells (1970), 11.6% for Campbell et al (1983), 21.4%
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for Jones et al (1991a), 91.0% for Rengel and Mendoza (1984), 32.5% for Infante et
al (1992), 55.0% for Bernardo and Machado (1989), 65.0% for Bailey et al (1991) and
96.2% for Mcbride et al (1980). Feed meals were the most contaminated material by
Salmonella. Feed meals are, always, higher contaminated. 39.0% of meat meal, 63.0%
of feathers and viscera were positive for salmonella in a survey done by Berchieri Jr
et al (1984). Jones et al (1991a) and Gabis (1991) found 60.0% and 50.0% meat and
bone meal positive for salmonella, respectivelly. S. Havana was the most prevalent
serotype. Only the S. typhimuirum serotype was isolated from pipped embryos. S.
typhimurium is the most common setotype isolated from broiler operations (Humbert
et al,1992).
Table 1. Salmonella serotypes isolated from all materials of a broiler integrated company
Salmonella

havana
senftenberg
schwarzengrund
montevideo
typhimurium
rissen
tennessee
cerro
mbandaka
Ohio
pomona
adelaide
minnesota
cerro atípica
agona
14,5,12:-:anatum
alachua
sp rough strain
orion
I 1,3,19;-:I l,3,15,19:y:meleagridis
livingstone
TOTAL

Meat
meal

Feather
meal

17
29

34
6

Vscera Broiler
meal carcas
43
10

Pipped
embryo

Chiller

Broiler
breeder

Broiler
litter

3'

Broiler
breed

Broiler
feed

Total

4
2

2
3
20

123
50
40
39
36
30
25
25
23
20
19
13
13
12
10
10
8
6
5
5
4
2
1
1

20
15
3
28
4
19
19
19

3

11
2

14

7

11

10
2
2
3
2

15

2
1
16

2

1
2

9
12

1
12
1
7

6

3
7

5
1

1
1

2

1

1

1
1
4

5
4
1
4
2

1
1
181

87

80

55

15

31

5

1

36

29

520

The delayed procedure for TT incubation gave 81.3% (74/91) positive samples for
salmonella isolation and, plating at 24h and 48h gave 45.1 % and 62.6% positive samples,
respectively, comparable with the results from Waltman et al (1991).
The Salmonella control in a broiler integrated company must take in count the multiple
sources of contamination. Day-old chicks and feed contamination seem to be the main
important sources of Salmonella contamination for broiler carcasses.
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EPIDEMIOLOGY WITH PARTICULAR REFERENCE
TO POULTRY INFECTIOUS DISEASES AND
SUBOPTIMAL PRODUCTION
RT.W. Jordan
University of Liverpool Veterniary Field Station, Leahurst, Neston,
Wirral, Cheshire, UK. L 64 7TE

Epidemiology may be defined as a study of all the factors associated with the cause
and spread of infection and disease within a population. The epidemiology of infection,
disease and suboptimal production involves anA understanding of the association of
4 main factors; they are 1) the casual agent or agents, 2) the host, 3) transmission of
the causal agent and 4) influencing factors which influence one or more of the first
three factors. The causal agents may include viruses, bacteria, mycoplasmas,
chlamydia, rickettsia, fungi and parasites. Their properties of importance are :antigenic variation, variation in virulence, variation in immnunogenicity, infectivity
(numbers necessary to establish infection in the host ), tropism, survival within and
outside the host, and resistance/susceptibility to antimicrobials and disinfectants. The
properties of the host of significance are:- genetic constitution (species, breed or
strain), age, gender, immune status and stress such as associated with point of lay or
social stress.
Transmission of the causal agent my be direct, from bird to bird, or indirect. Direct
spread includes transmission through the egg to the chicks with the transmission
occuring in the ovum, the oviduct or through the shell with the egg in the cloaca, or
through contamination of the shell after lay. Direct spread occurs venereally and may
also occur under conditions in which stock are kept in very close contact. Indirect
spread occurs via fomites (non living agents) which themselves become contaminated
by host birds or animals or other fomites. They may be moved about by living agents
which include personnel, birds, animals and insects and by wind, water or vehicles
etc. Living agents may also spread infection by mechanical means by direct or
indirect infection from the host. Vectors ale also important in the transmission of
some diseases of poultry. The main sources of infection, for all methods of spread,
for domestic poultry are poultry in the period of incubation and sick and carrier
birds.
Influencing factors, ( which may be predisposing or ameliorating towards disease
or suboptimal production) include pathogens additional to the primary or essential
causual agents, diet - influencing the pH of the gut and deficiency, environmental
factors such as excess ammonia, dust, hot or cold temperatures, direct sunlight,
humidity, the concentration of stock on litter or in cages, trauma and chemical
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injuries. To illustrate the significance of some of these factors in the epidemiology of
disease, they are considered below for a few common but important viral and bacterial
diseases of poultry. The diseases are - Newcastle disease, infectious bronchitis,
infectious bursal disease, turkey rhinotracheitis, fowl cholera (Pasteurella multocida)
and mycoplasmosis (Mycoplasma gallisepticum)
THE CASUAL AGENT
Antigenic variants
Newcastle disease is caused by a paramyxovirus (PMV 1) of which there are several
antigenic forms as shown by the use of monoclonal antibodies. This has proved
useful in identifying the strains relative to outbreaks. There are also a variety of
antigenic variants of infectious bronchitis virus, probably the result of recombination
or mutation and the serotype in a district varies with time. Because of this it is
important that the vaccines used will adequately protect against the strains involved.
Infectious bursal disease virus (IBDV) is a bimavirus and exists as two main serotypes;
serotype 1 and serotype 2. Althogh both may be isolated from chickens and turkeys
and type 1 from ducks, only serotype 1, would seem to be associated with disease. It
causes the disease in chickens. A number of variants of the serotype 1 classical virus
have been shown to occur in the USA. Turkey rhinotracheitis (TRT) virues from
some countries have been shown by monoclonal antibody to have antigenic differences
and molecular studies on amino acid sequences of the attachment (G) protein gene
confirm that there are two distinct subtypes. It may be that vaccines provide greater
protection against homologous strains but this has yet to be shown. By precitation
and other tests a number of subtypes of Pasteurella multocida have been shown in
the field although cross reactions occur with this method of monitering. Variation in
serotypes appear from time to time under field conditions and effective protection
requires vaccination against homolgous strains. Different antigenic types of M.
gallisepticum occur and the haemagglutination test, which is type specific, may give
a false negative reaction unless a type specific antiserum is used.
Variation in virulence
Newcastle disease virus shows considerable variation in virulence as assessed by mortaUty
following embryo or chick inoculation and strains have been classified into three main
groups in this respect, lentogenic, mesogenic and velogenic. For infectious bronchitis
vims variation in virulence has also been demonstrated by the inoculation of susceptible
young chicks with the strain of virus under test together with virulent E.coli. Virulence
is measured by mortality and severity of lesions involving the air sacs, heart and liver.
Difference in virulence has also been shown for the nephritic strains of LBV; the more
virulent strains being more rapid in onset and more widespread in distribution. With the
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American strains of IBDV variation in antigenicity was associated with increase in
virulence as assessed by mortality whereas with the European strains increase in virulence
with high mortality occurs with little if any variation in antigenicity from the classical
strain. Variation in virulence in TRT virus has not yet been demonstrated and perhaps a
mixed infection such has been developed for IBV is necessary to demonstrate variation
in virulence. With P. multicida variation in virulence also occurs from mild apathogenic
organisms to highly virulent strains which cause acute general septicaemia with high
mortality. This has been demonstrated by swabbing the palatine cleft of susceptible
chicks with the organism. Experimentally, variation in virulence of strains of
M.gallispticum has been demonstrated by infection of young chicks or poults but under
field conditions disease is most influenced by mixed infection of MG together with
NDV, IBV or pathogenic strains of E.coli or other pathogens.
Tropism
There is variation in tropism with strains of NDV in that some strains mainly affect
the respiratory system, some the digestive tract and others the nervous system. Tropism
taken together with virulence has permitted the classification of the viruses as 1)
viscerotropic velogenic with severe disease and haemorrhagic lesions in the intestinal
tract, 2) Neurotropic velogenic with severe disease including nervous and respiratory
signs and high mortality, 3) mesogenic virus causing respiratory signs and together,
occasionally, with nervous signs, 4) lentogenic respiratory virus which causes mild
respiratory signs, 5) asymptomatic enteric infection. The clinical and necropsy features
are an aid in diagnosis. Variation in tropism also occurs among strains of IBV and
although the respiratory tract is most commonly affected some strains show proclivity
for the kidneys and some the intestine. The reproductive tract is affected in laying
birds and abnormal development of the oviduct may be caused by some virus strains
infecting very young chicks. The 793/B strain besides causing reduction in egg
production and respiratory signs, can be associated with myopathy of the pectoral
muscles, especially the deep pectorals. Variation in tropism does not seem to be a
feature of IBDV. TRTV infection of turkeys is primarilly associated with upper
respiratory disease but in older birds there may be a fall in egg production with very
mild or no clinical signs. TRTV affecting chickens causes respiratory signs, torticollis
and swelling of the head in a small proportion of affected birds. Rmultocida may
cause general septicaemia or cause localised lesions in the wattles, the middle ear or
the joints but these may not be a reflection of tropism but the sequential result of a
general infection. Wattle lesions may also be a result of the route of entry of the
organism through skin lesions. M. gallisepticum is invariably associated with disease
of the respiratory tract. In the chicken and the older turkey this is mainly associated
with mixed infections but in the turkey poult the organism may be the only pathogen
involved in upper respiratory disease with swelling of the infraorabital sinuses. MG
can cause nervous signs, such as ataxia, and is occasionally associated with arthritis.
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Survival within or outside the body of the host
NDV would appear to survive in carrier chickens for many months. Survival in
carcasses, excretions or faeces at cool ambient temperature may last for several
weeks and in carcass, if frozen, for several years. Although relatively robust outside
the host, the organism is susceptible to a number of disinfectants including formalin,
chloramine and alkalies. Infectious bronchitis may persist in individual birds in a
flock for many months and also may cycle from bird to bird. Relatively little study
has been made of the survival of the virus outside the body of the host under farm
conditions but it would seem to be no more than a few months. Carriers do not exist
in birds recovering from IBDV but the virus is very robust and can survive outside
the body of the host for at least 6 months under farm conditions. Carriers have not
been shown to exist for TRTV and survival outside the body of the host is probably
similar to NDV. Infected domestic stock may become carriers of Pasteurella multocida
and other species of birds and mammals such as cats and rats may be carriers. The
organism is relatively fragile outside the body of the host and is very susceptible to
drying and to most common disinfectants. It is susceptible to a number of drugs most
of which seem to have a bacteriostatic effect. MG infection will also result in carriers
but survival of the organism outside the body of the host is probably no more than
one or two weeks under average farm conditions.
THE HOST
Species and breed or strain
Newcastle disease virus has been islated from all domestic poultry, game birds, cage
birds and wild birds including migratory waterfowl. Thus, in the avian field there are a
very large number of potential sources of infection. Among domestic poultry, the chicken
is the most frequently affected and pigeons may be infected, sometimes with high
mortality. Water birds seem least susceptible to disease. Experimentally, with mild
strains of virus, different breeds of chicken have shown different degrees of susceptibility.
There is evidence that snakes and lizzards can become infected and may be sources of
infection to poultry. IBV would appear to naturally affect the chicken and the pheasant.
Infectious bursal disease occurs only in chickens but there is evidence that some breeds
like the Leghorn are more susceptible than others. Chickens, turkeys, guinea fowl and
pheasants have been found to be susceptible to experimental infection with the virus of
TRT while ducks, geese and pigeons appear to be refractory. In fowl cholera (Rmultocida)
all species of birds are susceptible but among domestic stock the turkey is more suscpetible
than the fowl. Domestic cats and rats are infected with this organism and can be
potential sources of infection. MG affects chickens, turkeys and game birds and has
been isolated from ducks, geese, and several species of free flying birds. The tukeys is
the most susceptible species.
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Age
For all the organisms considered above, the younger birds is generally most severely
affected except for fowl cholera which seems to be more frequent and more severe in
mature birds. In IB, abnormal development of the oviduct only occurs in chicks
infected in the first few days of life and disease of the kidney is usually limited to
birds under 10 weeks of age. In infectious bursal disease young birds with a developing
bursa of Fabricius are most commonly and severely affected but the disease has been
recorded in point of lay pullets with very high mortality. However at maturity the
bursa has involuted and this would seem to be the reason why clinical disease does
not develop after this age.
Immune Status
The protective immune status of the bird, to a causal agent, will influence the response
to infection. Adequate maternal antibody and active immunity to the pathogen resulting
from natural infection or vacination, may prevent or reduce the adverse affects of
infection and limit excretion of the organism.
Stress
By social stress is meant the excessive stress shown by chickens which are kept
intensively in very large numbers and close proximity to each other so that a social
peck order is not developed. Thus it is less likely to be seen in birds kept in small
numbers in cages. Social stress which is related to social conflict has been shown to
modify the responses to certain infectious diseases. Birds which show a high response
to social stress show an increased resistance to virulent strains of E.coli and to
certain other bacteria but decreased to certain viruses and mycoplasmas and vice
versa. Social stress induces an increase in ACTH the production of which is also
genetically determined. Another form of stress is associated with the female bird at
point of lay. It is a period when certan pathogens may become active.
TRANSMISSION OF THE AGENT
It is probable that all the above pathogens are spread directly under conditions of
close proximity of poultry in intensive management but only MG is transmitted via
the tgg and can be transmitted venereally. Indirect transmission of the above pathogens
occurs through the movement of the infected host (domestic stock or others) and this
might happen through countries, districts or farms. Indirect spread also occurs by
means of mechanical carriers which can be any living animal, insect, or bird which
happens to mechanically carry the agent. Very important carriers in this respect are
personnel. Spread may also occur indirectly through fomites such as equipment.
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Utensils, egg trays, food, water, dust, carcases, vehicles and litter. Direct and indirect
transmission of infection is influenced by several factors. They include the excretion
of the organism by the host, the number and species of infected hosts and the
survival of the organism outside the body of the host. There are a variety of avian
hosts for NDV and avian and mammalian hosts for P.multocida and it can be spread
by biting insects; the chicken and pheasant are hosts for IBV, the turkey and the
chicken for TRT and the chicken only for IBDV. There are several avian hosts for
MG which can also be transmitted through the egg. The long survival of the pathogen
in the environment is of importance in the transmission of IBDV and is probably of
least value to MG. However on multiage laying sites mechanical and fomite spread
of MG seems to be of significance in maintaining this infection.
INFLUENCING FACTORS
Other pathogens
These are probably the most important among the influencing factors. With the
viruses of ND, IB or TRT additional infection with E.coli or MG can result in
synergism and a more severe and prolonged disease than the virus alone. The injury
caused by the virus permits the bacteria or mycoplasmas to invade and cause further
tissue damage. With TRT a synergistic response also occurs with Bordetella avium
and pasteurella like organisms. With M.gallisepticum other viruses, such as infectious
laryngotracheitis virus, influenza A and reovirus, are shown to have a synergistic
effect. There is also evidence that infection with MG may have a synergistic effect.
There is also evidence that infection with MG may have an inhibitary effect on some
pathogens such as mild strains of NDV and M.synoviae can have a similar effect on
MG. Is probable that the virluence of organisms, the sequence of infection and the
period between infections may determine the outcome of the mixed infection.
Environmental factors
Excess ammonia in the environment (20 ppm or above) has an adverse effect on the
respiratory tract of chickens and predisposes to more severe respiratory disease than
either a pathogen alone or mixed respiratory infections. Excess dust in the environment
has been shown to increase the injury to the respiratory tract caused by NDV and it
is probable that this occurs with other respiratory pathogens also. Some strains of
NDV have been shown to cause more severe disease at high ambient temperatures or
at low temperature with increased atmospheric carbon dioxide. A sudden change in
temperature, especially a sudden increase, can give rise to more severe fowl cholera.
Direct sunlight may have a lethal effect on vegetative bacteria and many viruses.
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Diet and nutrition
Relatively little work has been done on these factors but a change of diet is said to
precipitate fowl cholera. Deficiency of vitamin A probably exacerbates the effect of
most respiratory pathogens. It has been shown that the renal form of IB is more
severe in birds fed a diet with a high concentration of heat treated animal byproducts.
The concentration and numbers of stock and whether an 'all in all out' or multiple
age management is adopted.
The greater the number and concentration of stock the more opportunity for spread
of infection within a building and greater concentration of infected efluent from
ventilation. There can also be greater production of ammonia, dander, dust and
conditions for excessive stress. Multiple-age management favours the persistence of
infection on premises even with organisms which are relatively fragile such as MG.
With very resitant organisms, like IBDV, there is the added danger of a build up of
infection.
THE VALUE OF EPIDEMIOLOGY
Comprehension of the epidemiology of infection, disease and suboptimal production
are basically essential to diagnosis and logical control of disease and some examples
are given below: For the organism, knowledge of its identity, antigenicity,
immunogenicity, survival within and outside the host and resistance to antimicrobials
and disinfectants are of value in control. Knowledge of the strain of organism may
also be helpful in determining the source and spread of disease. Similarly for the
host, the species involved, genetic constitution, age and immume status may be of
value in control. In the transmission of disease knowledge of the spread of infection
and the survival of the organism away from the poultry host is helpful in control and
may be helpful in determining whether or not an eradication policy may be attempted.
The importance of indirect means of spread and the part played by fomites, as
sources of infections, emphasize the essential appreciation of fomites and the practice
of hygiene in routine control. The significance of additional pathogens, diet and
environmental factors as influencing factors emphasize the part played by multiple
agents in disease and suboptimal production and the importance of recognising them
for diagnosis and for control. It has been suggested also that there may be strong
evidence of a known disease from the epidemiological characters even when the
causal agen has not been demonstrated.
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INTERNATIONAL POULTRY HEALTH PROBLEMS :
PERSPECTIVE FROM THE POULTRY INDUSTRIES IN
AFRICA
D. F. Adene
Deptarment of Veterinary Medicine,University of Ibadan, Ibadan,
Nigeria, W.Africa

INTRODUCTION
A comprehensive definition of poultry health problems should include not only
the primary economic losses resulting from diseases but also the travails
associated with the study, diagnosis and control of diseases. Thus it is only when
appropriate note is taken of these other dimensions, that the concept of poultry
health problems as separate from losses, can fully take care of important
components associated with the following:
-diagnosis and control of resistant strains, e.g. in coccidiosis
-appearance of immunotypes \ variants, e.g. in infectious bronchitis
- regional differences in resident pathotypes, e.g. ND virus
-introductionX outcrop of hypervirulent strains, e.g. IBD virus, MD virus
-emergence, diagnosis and characterisation of totally new disease agents
These additional aspects have taken the concept and effects of poultry health
problems beyond farm gates to the laboratories of poultry health workers and
continued to arouse concerns in government offices, notably in developed
agricultural countries with massive private and public sector investments in
livestock agriculture.
What then [ or how much ] is the stake of under-developed/developing countries
in such a capital intensive business like poultry production and health? This
presentation attempts to approach the answer from Africa's perspective.
THE POULTRY INDUSTRIES OF AFRICA AND ASIA
Although the focus of this presentation is on Africa's poultry, reference will be made
to the situation in Asia because of some similarities between the two and the global
relevance of recent developments in Asia.
In the 1994 edition of the Poultry International Year Book, an up-date on the World's
poultry industry, showed that although the World's poultry Qgg production enjoyed a
net growth of about 308 % between 1961 and 1993, the greatest growth rates in the
period occurred in Asia, S. America and Africa [357 %], ( Table 1). The corresponding
figure for Europe was about 139 %. Nigeria which leads Africa in egg production
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with 6.9 billion [20 % of Africa's total], placed 21st. amongst 198 listed countries of
the Worid. China and India ranked 1st. and 5 th. respectively, on the list ! The
pertinent message from the data is not necessarily that Africa's poultry is growing
relatively faster; rather, it is that Africa's poultry industry has capacity to grow and a
very long way to go ! ! The corollary is that the poultries in Europe and N. America
are understandably, near their optimal growth capacities.
By extrapolation, with over 60% of the World's population in Africa and parts of
Asia on less than 5 kg. per capita in poultry meat consumption [ below 50% Europe's
level], the global efforts on the solution to the malnutrition could more profitably
explore the available scope for animal protein production in the developing countries
of Africa and Asia. It is therefore to be expected that the future trends in Africa's
poultry development would involve a greater internal and intensified international
investments in the poultry industry, not only for internal food requirements but also
for the international market. Indeed, the active involvement of developing \ developed
countries outside Europe and N. America in poultry meat export trade suggests a
greater possibility for international [ perhaps not necessarily inter-continental] poultry
market in the future. Therefore there is increasing impetus for a considerable expansion
in Africa's commercial ( intensive ) poultry. Demands for internal food requirements
and the desire for external trade would move the expansion by an estimate of 100%
generally or to 200% in some countries, before the year 2005!
IMPLICATIONS FOR POULTRY HEALTH
Apart from requirements in the area of parent stock, grains, housing and industrial
hardware like hatcheries and battery cages; demands for poultry health inputs constitute
the most critical operational factor in the growth of poultry industry in Africa. As we
were recently reminded by Bagust ( 1995), "intensivism in poultry, is the friend of
disease".
Nigeria with five Veterinary Schools and at least one major Veterinary Research
Centre is perhaps one of the most active countries in poultry health research and
technology in Africa. The list of reported diseases of poultry in Nigeria, has grown
from less than a dozen infectious and parasitic diseases in the pre-1960s to include
the majority of the globally recognised viral, bacterial, parasitic and nutritional diseases
(Table 2). Some of the newer [emergent] viral diseases encountered in field
submissions, only need confirmatory tests to enter the list. ( Table 3). On the contrary,
only three viral and two bacterial poultry vaccines are manufactured in the country,
with suppUes constantly below the demand threshold. (Table 4). Nigeria, like most
African Countries has therefore relied heavily on imported vaccines and drugs, with
the following consequences:
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-increased costs in hard [foreign] currency
-unsteady and irregular supplies of poultry vaccines and drugs
-poor compliance with health requirements
-cold chain transit\storage problems in relation to imported vaccines.
-uncoordinated variety of vaccine strains and programs.
-poor immune responses in some Vs. strain differences.
This last point requires some elaboration. While it is true, as explained by Biggs
(1982), that 'there are very few [ no ] important diseases, infectious or otherwise,
which are unique to particular parts of the world ', it is equally rationable to expect
that geo- ocologic differences exist which do modify the epidemiologic details of
some diseases. In this context, pertinent examples are:
in the prevalence of velogenic ND virus pathotypes in Asia and Africa as
opposed to mild ND status in Australia and Ireland
and
the occurrence of standard [serotype 1] vv IBD virus in Europe or variants
in the USA, as opposed to mild subclinical forms in Australia.
(Chettle, et al.,1989; Rosenberger and Cloud, 1985; Van den Berg et al.,
1991 ; Firth, 1974; Wilcox et al, 1983.)
There are therefore locaUty based epidemiologic variations which influence the choice
of disease control tools or programs and without which a high degree of disease
control efficiency can not be expected. Some aspects of these as they pertain to
Europe, have been recently reviewed by Alexander (1995).
In Africa, available data on some of the diseases of poultry, show that the major
endemic diseases of poultry like Newcastle Disease, Infectious Bursal Disease, Marek's
Disease, Fowl Typhoid, Cholera, Mycoplasmosis and coccidiosis are invariably
fulminant in pattern. They are part of the major constraints, which would continue to
force investors to a recourse on Cockril's advice, (Cockril, 1971 ) that:
'increased poultry production... must also incorporate a reduction of wastages
which seem to be integral to all food industries; ...amongst the greatest of
the preventable wastages are the enormous losses created and perpetrated
by disease...'
Available data on ND and IBD in Africa (Table 5 ) suggest that the pathotypes of the
infectious agents involved vary from the totally innocuous to the very highly
pathogenic ones. Although virulent pathotypes have frequently been isolated from
the rural and commercial poultries of Africa (Awan et al., 1994), the sérologie and at
times virologie evidence on rural chickens, of apathogenic strains of ND virus (Bell
and Moulodi, 1988;Bell et al., 1990; Courtecuisse, 1990; Ezeokoli, et al., 1984 ;
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Agbede, et al., 1992) IBD virus, Marek's Disease virus, Avian Leukosis virus and
Egg Drop Syndrome '76 virus (Adene et al., 1985; Adene, 1983; Adene and Howes,
1984; Durojaiye et al., 1991) have implicated rural chickens in the epidemiology of
poultry diseases in Africa. For this and other reasons it would be essential at this
stage, to highlight the role of the rural poultry in Africa's agriculture.
AFRICA'S RURAL POULTRY
The description of what is generally referred to as rural poultry in Africa, covers the
small bodied chickens as well as the crosses between them and the modem hybrids.
They are more commonly found in the villages and back yards in sub-urban localities,
where they freely scavenge for food which includes seeds, foliage, grains, household food remnants and grits. Apart from the criteria of morphology and location, the
smallness of flock size -[ usually more or less than a dozen individual birds of mixed
ages and at times including a hen with her brood of chicks], are the common features
of rural poultry flocks. These criteria in combination with the inclusion of virtually
pure modem hybrids in some instances, have often warranted the adoption of the
term " small holder " to qualify the nomenclature. And so, the mral poultry flock
may appear to constitute no more than an insignificant entity in comparison to the
large flocks of commercial poultry. However, the status of the mral poultries of
Africa as a socio-economic entity has recently been receiving increasing recognition,
for two main reasons :
-their overwhelming cumulative numerical strength . In Nigeria alone they
out-number the commercial poultry by a ratio of about 8 : 1 ! ! ( Table 6 )
-they are the true poultry to the over 70 % of African mral dwellers, who
depend on the stock for food, income and as items of socio-cultural value .
It is therefore for these reasons that Africa's mral poultry would continue to remain
and possibly grow, at least as an item of mral agricultural and socio- economy. This
general concept of the rural poultry in most developing countries of the world, has
been aptly summed- up by Spradbrow, (1994 ), as follows:
- The Afican continent has at least 300 million village fowls, which are as important
in Africa as in Asia.
- ..neither highland Ethiopia nor semi- arid river plains of the Gambia resembled any
of the Asian test sites... The people were of course, different..., yet the chickens
were very similar. Aloof cockerels, self important hens with clutches of young
chickens whose numbers diminish with age., and the constant searching- scratch
for food seem universal in village environment .
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- The meeting recognised Newcastle Disease as a major constraint to village poultry
production in Africa and urged FAO to organise vaccine trials in Africa...
- Many areas will require research, including a range of other infectious diseases
such as fowl pox, fowl cholera, internal parasites, nutrition, genetics...
However a totally different reason has started to draw attention to the rural poultry
sector. It is the role of rural chickens as potential disease carriers in the epidemiology
of diseases of poultry in the wider sense. The test cases have been alluded to in some
studies by Adene (1983) Adene et al., (1985) and Awan et al., (1994)
In many countries, constraints from land use practices and costs, have compelled
investors to site medium and some large commercial poultries, in suburban or village
locations where the proximity to rural poultry can hardly guarantee sufficient exclusion
of disease transmission by air, wind and animate intermediaries. In effect, there is a
considerable interactive eco- system between the two groups: one under intensive
husbandry and health inputs; the other exposed to loose or natural range. There is
clearly a state of epidemiologic dis-equilibrium which is prone to a flow of infections
in one or both directions ! This hypothetical epidemiologic traffic, in addition to the
intrinsic deficiencies in poultry health R&D, illustrates the complexity of the nature
of poultry health problems in Africa and wherever a significant population of rural
poultry exists as a distinct group.
It is the understanding of the roles of these factors in regional and global agriculture
that prompted Tribe (1994), to call for a re-ordered approach to the development of
the neglected agricultural resources of developing world.

THE GLOBAL IMPLICATIONS AND CHALLENGES
With the preceding highlights on the growth potential of the poultry industry in
developing countries of Africa and Asia and against the backdrop of complicated
epidemiologic situation without adequate disease research and control inputs, it should
be obvious that developments in these countries can really not be contained in a
vacuum for ever ! The history of the two ND pandemics [ 1920s & 1070s], is a very
strong pointer to this possibility and reminder that " such things " do not respect
geographic boundaries. As it was in the beginning, so it promises to stay and grow
with international trade and traffic in human and commodities!!
In the introduction to the history of ND, Alexander(1988 ) opined that it was the
appearance of the disease that prompted work on its control. Such delay need not
apply in this case, especially with the challenges posed to the global industry by
poultry health problems in the developing countries. There is a lot to gain from an
early and concerted reordering of attention to the problem.
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A constructive approach to the challenges, through global efforts on the development
of R & D capabilities of African and other developing countries, perhaps along with
the inputs and network approach, as advocated by Spradbrow (1994) and Bagust
(1995), would be rewarding for the following reasons :
- research on the epidemiologic complex and control of the diseases of poultry in
Africa would translate to healthy growth and profit in the industrial poultry sector
- the epidemiologic sanitisation of rural and commercial poultries in the developing
countries would have a positive spill over effects in industrial poultry beyond the
boundaries of these countries.
- the net effect in enhanced animal protein production in these countries, would more
effectively contribute to global efforts on the amelioration of malnutrition.
- research on the varied pathotypes of disease agents in Africa, might provide
opportunity for the exploitation of their wider immunogenetic base in vaccine
production.
Finally, the rural poultry sector as a virtually un-explored genetic entity, holds a lot
of potential for further progress in the development of the over-exploited genetic
base of existing commercial poultry hybrids. In a recent commentary on this critical
issue, Peter Hunton (1995), wrote :
" In a perfect world, we would see poultry genetic industry following two
distinct paths. Firstly, genetic selection for., improved performance and
profit . Secondly, a genetic conservation scheme to preserve all traditional
stocks, known and unknown genes... He went further to lament
that....unfortunately, in the poultry breeding industry of the late 20th century,
we have ample evidence of the first but virtually none of the second of
these programs...
Hunton's learned concept is not peculiar or un-acceptable in the industry. Indeed, it
is an old and familiar truism. What however remains the mystery, is the apparent
global tardiness in places with the greatest awareness of the benefits and with the
resources for its exploitation! ! One excuse that can be volunteered is that the location
of the target traditional stock is predominantly extant to the venue of resources and
tools for its optimal exploitation. If that is true, then permit me ladies and gentlemen,
to justify the theme of this keynote address by throwing an open invitation to you all,
in your capacities as individuals, representatives of government and non-governmental
Institutions, to the vast fields of commerce and research, yearning for attention in
Africa and other developing places of the world.
There are a number of International Research Centres for crop and livestock production
located in various parts of Africa. It is an irony that none of these research centres
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Table 1 : WORLD EGG PRODUCTION, 1961-1993 (billions)
Adapted from Poultry International

1994

Year Book

1961

1993

% Change

World

227.94

702.43

308.2

Asia

70.78

334.35

473.04

S. America

12.38

48.45

391.4

Africa

9.57

34.22

357.6

USSR
former

28.7

63.57

221.5

N. &c.
America

73.93

107.45

145.3

Europe

79.23

110.56

139.5

Oceania

3.35

3.84

114.6
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Table 3:

EMERGENT DISEASES OF
( Post 1990)

DISEASE

o

POUTRY IN NIGERIA.

HOST

PREVALENCE

Infectious stunting synd.

chickens [B, P]

+

Swollen head syndrome

chickens [B ]

+

Oedema dis.

chickens [B ]

+

Rota viral entr.

chickens [B, P]

+ +

Table 4: CURRENT HEALTH-INPUTS
NIGERIA
DISEASE

VACCINE\DRUG

SUPPLY Vs. DEMAND IN

SUPPLY vS. %DEMAND
(Current.) (Year 2000)

Newcastle dis.

ND vacc.H Bl
LaSota
"
Komarov

40
55
50

below 15
" 25
" 20

Inf. Bursal dis.

Bursavac
imported strains

40
20

" 15
not known

Marek's dis.

imported

20

EDS

imported

"

15

LB.

imported

"

15

lAE

imported "

CRD

Tiamutin,Tylan,Rovamycin.

Bacterial diss.
Coccidiosis
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"

Antibiotics
Coccidiostats

10
35
60

40

65

55

X&OX

TaKLzamia
X989

"

JMK±XK^SL

et

al.,

Oa]xi.ei:*ooxi.
X992

"

A.gl>ede9 et al.,

Srigeirla
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"

X>* a t ix xn 1» 1

Urigexria

"
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Sxxdan

"
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"
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TABLE 6:

POULTRY POPULATION IN SOME AFRICAN COUNTRIES [million]

( Adapted from: F.A.O. Production Year Book , 1984 Vol.38 pp226

TOTAL

COUNTRY
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Rural Compomnent

Nigeria

150

120

Ethiopia

55

44

Morocco

32

26

Sudan

30

24

Egypt

28

22

Tanzania

26

21

Algeria

25

20

Ivory Coast

20

16

Kenya

20

16

Mozanbique

19

15

has direct or established role in poultry production research, despite the very obvious
facts that Africa's poultry have numbers the combined livestock sector by a ratio of
three to one and poultry protein is the best and cheapest available animal protein
food without which, crop food amounts to very little in terms of human nutritional
requirements!!
Today is the golden opportunity to sound a long overdue clarion call for the
establishment of a poultry based research centre in Africa to cater for Developmental
Studies on various aspects of the two sectors of poultry in developing countries and
for the ultimate benefit of the wider/global poultry industry.
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THE CELLULAR RESPONSE OF THE CHICKEN TO
VIRAL INFECTION
J.L.Vegad
College of Veterinary Science and Animal Husbandry, Jabalpur,
482 001, M.P., India

A number of different stimuli have been employed to investigate the nature of
leukocyte emigration in inflammation of the chicken skin. They include chemical,
thermal, bacterial parasitic, traumatic (wounding) and immunological. However,
little information is available regarding leukocytic sequence in respect of
experimentally induced viral inflammation. From the studies of lesions is diseased
birds it can be generalized that lymphocytes appear predominantly in viral
inflammation. However detailed characterization of the cellular infiltration and
chronological sequence of the emigrating cells, are still lacking. Using the
subcutaneous pouch model, studies were conducted to examine the inflammation
induced by fowl pox, Newcastle and infectious bursal disease virus in the
unvaccinated and vaccinated birds. In the unvaccinated chickens the initial
emigration of cells, in the fowl pox virus induced reaction, comprised heterophils
and monocytes. This was soon followed by emigration of basophils; lymphocytes
appearing much later. The cellular response in respect of Newcastle and infectious
bursal disease virus was almost similar. A similar mixed cellular exúdate occurs
in avian inflammation induced by various non-immunological and immunological
stimuli, and also in the delayed cutaneous reactions induced by mitogens.
INTRODUCTION
The cellular response in the chicken skin has been investigated in the inflammation
induced by a number of different stimuH, which include chemical, thermal, bacterial,
parasitic, traumatic and immunological (Vegad and Katiyar, 1995). However, little
information is available regarding the sequence of leukocytic infiltration in respect of
experimentally-induced viral inflammation.
Experiments conducted so far indicate that there are some peculiarities in the acute
inflammatory response of chicken. In the chicken, the leukocytic sequence appears
stereotyped qualitatively regardless of the nature of inflammatory stimulus. The initial
emigration of cells comprises heterophils and monocytes. This is soon followed by
emigration of basophils; lymphocytes appearing much later. This pattern of cellular
emigration has been reported to occur in the early stages of avian inflammation induced
by various non-immunological and immunological stimuli (Vegad and Katiyar, 1995).
Thus, concurrent emigration of heterophils and monocytoid cells and participation of
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basophils appear to be the characteristic feature of the early inflammatory reaction in
the chicken. Eosinophils do not seem to participate (Vegad and Katiyar, 1995). A number
of workers have described giant cell formation in the later stages of acute inflammation
in the chicken, using different stimuli (Vegad and Katiyar, 1995). However, virtually
no information is available regarding leukocytic sequence in virus-induced inflammation
of the chicken.
Characterization of the cellular events in avian inflammation has been achieved largely
through tissue sections and impression smears. From the histopathological studies of
lesions in diseased birds it can be generalized that lymphocytes appear predominantly
in viral inflammation. For example, in herpes virus infection causing Marek's disease
a massive accumulation of mononuclear cells comprising mainly lymphocytes is seen
around feather follicles. Similarly, the lesions in lymphoid leukosis comprise diffuse
areas or coalescing foci of extravascular immature lymphoid cells (Jordan, 1990; Calnek
et al., 1991). Cellular infiltration consisting mainly of lymphocytes has also been
described in diseases like Newcastle, fowl pox, infectious laryngotracheitis, infectious
bronchitis and avian encephalomyelitis (Jordan, 1990; Calnek et al., 1991). However,
in infectious bursal disease the necrosis of lymphocytes is accompanied by infiltration
of heterophils in bursal follicles. Similarly, in avian influenza infiltration of heterophils
occurs in lamina propria. In coronavirus infection responsible for facial celluhtis (swollen
head syndrome) heterophil infiltration and lymphoid hyperplasia have been reported
(Pass, 1989). The nodules in granulomatous dermatitis comprise largely macrophages
and lymphocytes (Pass, 1989). Thus, it can be concluded that though inflammation and
cellular infiltration occur in most of the avian viral infections, the detailed
characterization and chronological sequence of the migration of these cells are still
lacking.
MATERIALS AND METHODS
Chansoriyaetal. (1993) developed a simple subcutaneous pouch model for the multiple
continual sampling of emigrating cells, causing minimal distress to the experimental
birds. Using this model we conducted some experiments to examine the cellular reaction
in the inflammation induced by fowl pox (FP), Newcastle disease (ND) and infectious
bursal disease (IBD) viruses in the unvaccinated and vaccinated birds. The rationale
for the selection of these viruses was that they cause diseases which are important in
India, and also because they possess varying degree of antigenicity and variable tropism.
The FP virus is a DNA virus belonging to the family Poxviridae. It is epithehotropic,
is a very good antigen, and induces strong immunological response. The ND virus is
a RNA virus of family Paramyxoviridae. It occurs in various strains which vary in their
antigenicity. In the present experiments, R^B strain was used which is mesogenic and
is pneumotropic, and occasionally neurotropic. The IBD virus is also of RNA type and
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is included in the family Bimaviridae. The virus has a special affinity for the lymphoid
tissues, mainly bursa of Fabricius, and leads to a breakdown of immunity thereby
rendering the flock susceptible to many infections, and also causes vaccination failures.
The intermediate strain was used.
The experimental group comprised vaccinated and unvaccinated birds. In the first group,
the vaccinated birds received only the diluent, that was used in the reconstitution of
the respective vaccine and served as control. In the second group, the vaccinated birds
received the virus with the diluent, whereas the third group comprised unvaccinated
birds and these birds received the virus along with the diluent.
The purpose of this design was to explore the nature of leukocytic response and the
sequence of migration of the cells in respect of vaccinated and unvaccinated birds. It
was also envisaged whether the cytological picture obtained, if any, could be of some
diagnostic significance in the immunological response exhibited by the birds. And,
whether this in turn, could be useful in interpreting the degree of immunological response
eUcited by the vaccinated birds.
RESULTS AND DISCUSSION
The leukocytic sequence in the unvaccinated birds given either FP, ND or IBD virus
was almost similar to that obtained with the usual pattern reported to be occurring with
various nonviral stimuli employed so far. However, the results obtained in the vaccinated
birds using these viruses revealed some significant differences in the leukocytic
sequence. Although the initial emigration of cells comprised heterophils and monocytes,
variations were recorded in respect of basophils and lymphocytes. Whereas in FP and
ND groups basophils were followed by the emigration of heterophils and monocytes,
in the case of IBD their emigration was much delayed. However, the most significant
difference were noticed with regard to the lymphocytic response. In the case of FP and
ND treatment, they were recorded in significant numbers as early as at 30 minutes and
1 hour, respectively, as against the delayed response of 3 and 24 hours, respectively
in the unvaccinated birds. When compared with the usual emigration in the nonimmunological and immunological inflammations, this response of lymphocytes is
earlier. However, in respect of IBD group, the emigration of lymphocytes was much
delayed and they were not noticeable until 12 hours. With all the three viruses, monocytes
not only formed syncytia but also distinct giant cells. These findings therefore uphold
the contention of previous workers that formation of giant cells appears to be a feature
of avian inflammation (Carlson and Allen, 1969; Nair, 1973; Awadhiya et al., 1981;
Dhodapkar eLal-, 1984; Katiyar elal., 1992; Chansoriya eLal-, 1993).
The leukocytic response was maximal in birds treated with FP virus. This may have
been because, of all the three viruses, FP virus is a good antigen, and perhaps, being
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epitheliotropic, it may have evoked a pronounced cellular reaction. Furthermore, the
leukocytic response when recorded in the vaccinated birds was also maximal in the
fowl pox virus treated birds, particularly in respeót of lymphocytic infiltration. It is
likely that, being a potent antigen, FP virus may have induced strong immunity following
vaccination. And, when such vaccinated birds were re-exposed to the same virus, it
may have acted as a challenge and this may have led to strong immediate lymphocytic
response, seen as early as at 1 hour. In the unvaccinated birds, on the other hand, the
cellular reaction observed was of an inflammatory nature which was similar to the
usual stereotyped response. The lymphocytes observed may have comprised both T
and B cells.
It is interesting to speculate on the different patterns of cellular infiltration between the
vaccinated and the unvaccinated birds. In the vaccinated birds, because of the presence
of humoral antibodies, less monocytic response may have been elicited since the
antibodies could neutralize the virus. As such the cellular response elicited was
immunological being characterized mainly by lymphocytes. Whereas, in the
unvaccinated birds, since the antibodies were absent for tackling the virus, a strong
monocytic response was required since the monocytes (macrophages) also act as antigen
presenting cells.
In respect of ND virus, the leukocytic response was much weaker, compared to the FP
virus. ND virus is a much less potent antigen than the FP vims and this may perhaps
account for a weaker cellular infiltration. However, the appearance of lymphocytes as
early as at 1 to 3 hours suggests that the reaction in the vaccinated group was
immunological.
In the IBD virus treated birds an unexpectedly pronounced and prompt lymphocytic
response was observed in the unvaccinated group in contrast to the weak and delayed
response in the vaccinated group. The reasons for this finding remain unknown.
CONCLUSION
To conclude, the pattern of leukocyte emigration appears more or less stereotyped
regardless of the nature of inflammatory stimulus, and this may include the viruses
also. In the vaccinated birds the chronology of leukocyte emigration is somewhat
different. A significant lymphocytic infiltration is observed as early as at 30'minute
and appears to be the manifestation of an immunological response. It is suggested that
understanding the response of leukocytic cells following viral infection of the chicken
will be of value in comprehending certain aspects of the pathogenesis of disease and
as a consequence may be helpful in disease control.
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DISEASE CONDITIONS IN CHICKEN IN THE ASIA
PACIFIC REGION
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INTRODUCTION
Established disease entities of chickens which have been controlled to within satisfactory
limits in the western developed countries, continue to intermittently afflict chickens in
many of the developing countries of the Asia Pacific. The clinical signs expressed in
this region following infection by these entities, vary from mild to very severe.
Additionally new clinical syndromes are encountered which may be either atypical
expressions of diseases by estabhshed entities or entirely new clinical conditions caused
by new entities. Possibly the main reason for persistence of established diseases may
be that the infrastructure has failed to keep pace with the rapid growth of the chicken
industry.
GROWTH OF THE INDUSTRY
The writer's own surveys of the broiler industry from 1982 - 1995 indicate, that in
fourteen years broiler slaughter in these countries has increased from 200 - 9,200 per
cent. The actual numbers in millions, and per cent increases over the 14 years mentioned!
are shown in Table I.
DISEASE INCIDENCE
All the viral, bacterial, parasitic, mycoplasmal fungal and metabolic diseases reported
in the West and elsewhere, are also regularly seen in this region, often on a more
exaggerated scale.
Viral Diseases
The major viral diseases troubling the industry in this region are Newcastle disease.
Infections Bursal Disease, Infectious Bronchitis and possibly Avian Influenza.
With Newcastle Disease the gamut of vaccination programs continue to be practised in
the region. Starting with day old eyedrop and spray vaccines with live Lentogenic
strains, four-day old vaccination with a half dose of inactivated vaccine subcutaneously
plus eye drop with full dose of Uve Lentogenic, followed by Lasota in the drinking
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water monthly up to 20 weeks of age when a full dose of inactivated vaccine is
administered subcutaneously. Some repeat the inactivated vaccine subcutaneously at
24 weeks and most breeding farms repeat the inactivated vaccine at 35
weeks and thereafter monthly up to depletion. Inspite of this regime, which the writer
has never subscribed to, numerous Newcastle breaks occur. In a few cases
serological testing by H.I is routinely done, whereas such facilities are not
available to many. Even in cases where protective titres of 32 to 64 are seen, breaks
occur.
Table 1. Broilers Slaughtered Annually (Millions)
Year

Country

Percent Increase

1982

1985

Peoples Republic of China

25

2,300

9,200

India

25

400

1,600

Indonesia

25

450

1,800

Korea

80

300

375

Malaysia

70

250

357

Philippines

60

180

300

30 + 90*

190 + 60*

208

80

700

875

Taiwan
Thailand
* Black Chickens (Surveys
by the Author)

Infectious Bursal disease continues to be a major problem in some countries with
mortalities ranging from 10-70 percent and clinical signs are seen from 12 days up to
14 weeks of age. The most severe clinical signs and mortalities occur in the light egg
laying breeders, and commercial layers. Vaccination regimes start with day-old
vaccination with mild strains by coarse spray or half dose subcutaneously. At four
days, same use a half dose of inactivated plus a full dose of live mild by eye drop. In
most cases a full dose of intermediate strain is given in the drinking water at 10 days of
age or 14 days of age, followed by the same dose, strain and route of adminslration at
28 days and sometimes at 42 days of age. In broilers most outfits use at least two
intermediate vaccines in the drinking water, after the first four day program. In
commercial layers one inactivated vaccine is administered subcutaneously at between
6-8 weeks of age, following on the early regime. In breeders, two inactivated vaccines
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are administered at 8 weeks and at 20 weeks. Many repeat the inactivated vaccine at 35
weeks. The persistence of this disease is the lack of understanding of the survival
properties of the virus, questionable biosecurity and total dependence on the vaccines
only.
With Infectious Bronchitis, most outfits complain of severe vaccine reactions, even
with attenuated strains such as H120. The programs in broilers are day-old eyedrop
vaccination with an attenuated strain in combination with the N.D vaccine, followed
by a drinking water vaccination at 28 days with an attenuated strain. In some cases the
day old vaccination is not done and the first vaccination done at 7 - 10 days . In layers
and breeders, most farmers do a day-old eyedrop vaccination with an attenuated strain
followed by a drinking water vaccination with a combination vaccine of two attenuated
strains at days 28 and 56. At 20 weeks an inactivated vaccine is administered
subcutaneously. The severe reactions seen can often be attributed to intercurrent diseases
and some management factors.
Mycoplasmae, Bacteria, Parasites and Fungi
No serious effort has been made in the region to eradicate mycoplasmas. Some
integrations claim to be mycoplasma free, but it is the writer's own experience, that
while in some few integrations there is indeed a reduction in mycoplasma levels due to
the extremely good biosecurity, yet the claim to be free could be a reflection of the
sensitivity of the testing methods.
Controls of coryza and cholera with the currently available vaccines is equivocal at
best. This could be due to the strains used as well as a need for an overhaul of vaccination
programs. For control of salmonellosis and E.coli infections efforts will have to be
directed towards making farmers aware of the epidemiology, pathogenesis and spread
of these diseases.
Parasites of all forms continue to cause problems and while no expenses are spared for
controlling coccidiosis which is the major parasitic disease, what is worrying is that
very little is available to treat and control tapeworms and blood parasites.
The weather and climate in this equatorial/tropical region, favors the growth of fungi,
and problems caused by the fungi themselves and their metabolites are common.
Two disease conditions which may be new and caused by new entities are presented
below, and some slides on each of these conditions are shown.
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CONDITION I
In a farm of 40,000 broilers that had extremely good biosecurity, excellent feed quality
and consistently good performance (slaughter at 42 days, average weight 1.95 kg and
average F.C.R. 1.9) sudden deaths started occurring at day 38 and by day 41
approximately 15% had died. The balance birds were sent to the processing plant at
day 41. Clinical signs: Birds developed pale swollen faces, recumbent and off feed and
the feathers around the breast and posterior, were soiled. At necropsy, oedamatous
swelling was seen round the head and the harderian gland was enlarged and inflamed.
No other gross postmortem lesions were evident. Suspicions were, that it could be
acute cholera, velogenic Newcastle, Coryza and I even suggested influenza!
The laboratory reports came back negative for Haemophilus paragallinarum, Pasteurella
multocida. Newcastle titres were 32 and 64 and no tests were done for influenza.
CONDITION II
In a farm of 5,000 broilers, there was a mortality of approximately 20 per cent of the
birds at 28 -32 days. Morbidity was about 95 per cent. When birds were seen on day 36
the only external signs were extreme pallor of face and feet.
At necropsy several enlarged papillomatous lesions filled with transparent to milky
fluid and blood were seen on most of the superficial musculature. Similar lesions were
found on the heart and intestines. The farm had numerous tracts of stagnant water and
mosquitoes and a few biting flies were seen. Suspicions were of a vector borne blood
parasitic disease, or some tumour condition expressed at four weeks. No laboratory
diagnosis was possible.
INFRASTRUCTURAL NEEDS
Statutory Enactments and Enforcements
1.
2.
3.

Making certain diseases notifiable
Government accreditation of breeding stocks in respect of certain diseases.
Provision for quarantine, depopulation with compensation and ring vaccination
where necessary.

Diagnostic and Analytical Facilities
1.
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Readily available modem well equipped laboratories capable of reporting on viral,
bacterial, parasitic, fungal and mycoplasmal diseases. "

2.

Readily accessible modem well equipped laboratories capable of assaying feed
ingredients, complete feeds and also reporting on drug inclusion levels in feeds
and tissue residues.

Drugs and Biological Needs
1.

2.
3.

As certain disease conditions are more prevalent in this region than in the developed
countries, very little attention is likely to be paid by the developed countries to
producing new compounds that will be of little commercial interest to them.
Sreening of candidate compounds locally, will be helpful.
Producing safe and effective biologicals with local strains or components of local
strains cannot be ignored for much longer.
Delivery systems for vaccines, such as egg inoculation, portable devices for aerosol
vaccines, vaccine cabinets and devices capable of performing more than one route
of vaccination, plus debeaking and sexing simultaneously, need addressing.
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RESISTANCE OF COCCIDIA TO MEDICATIONS
M.D. Ruffand H.D. Danforth
United States Department of Agriculture, Agricultural Research Service,
Beltsville Agricultural Research Center, Beltsville, Maryland, 20705, USA

Litter samples were collected from 50 different broiler complexes from throughout
the U.S. Those samples were used to inoculate unmedicated chickens in order to
harvest coccidial oocysts for the testing of the efficacy of 10 anticoccidials in broiler
chickens. The occurrence of individual species of coccidia in the 50 complexes
was Eimeria acervulina 100%, E. maxima 92%, E.tenella 52%, and E. mitis 30%.
The occurrence of multiple species within a complex was two species 38%, three
species 46 %, and four species 14 %. There were two or more anticoccidials effective
(E) or highly effective (HE) against the coccidia in only 22% of the 50 complexes
tested. No medications were E or HE in 54% of the complexes and in 86% of the
complexes more than 1/2 of the medications were ineffective (I). The frequency of
which individual anticoccidials had at least some efficacy against the coccidia from
an individual complex, as defined by a 50% or greater protection of weight gain,
was clopidol 76 %, halofuginone 20 %, lasalocid 72 %, maduramicin 38 %, monensin
20%, narasin 10%, nicarbazin 74%, robenidine 34%, salinomycin 30%, and
zoalene 0%. These results indicate that resistance to anticoccidials is increasing
and that general programs of medication cannot be effectively selected without
testing of the coccidia present in individual complexes for resistance.

INTRODUCTION
Resistance to anticoccidial drugs is an increasing problem in the control of coccidiosis
by medications throughout the world. Drug resistance was reported shortly after the
introduction of the first sulfas for control of this disease. Results from sequential studies
such as those by Jeffers (1978), McDougald et al. (1986) and Ruff and Wilkins (1994)
indicate that the degree and frequency of anticoccidial resistance is increasing. It is no
longer sufficient to use such resistance studies as the basis for the broad selection of
anticoccidial programs to be applied to multiple complexes. The present studies were
conducted to 1) identify the progress of resistance development in the U.S, 2) verify
that variations in resistance among broiler complexes precludes the selection of one
"best" anticoccidial program, 3) begin collection of data to answer the question of
why "resistant" anticoccidials seem to work in field situations.
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MATERIALS AND METHODS
Litter samples were collected from a minimum of six different farms from each broiler
complex to be tested. Tests were run on 50 different broiler complexes from throughout
the U.S., although the majority were from the MidAtlantic and Southern regions of the
U.S.. Samples were pooled within complexes, sieved to remove debris, and used to
inoculate 12, 3-week-old chickens. Chickens were fed unmedicated feed. The feces
from these chickens was collected days 5 to 9 post inoculation (PI) and the oocysts
recovered by sugar flotation after 2 days of sporulation. The oocysts were examined to
determine the relative numbers of each coccidial species. Species present were
confirmed by lesion score from intestinal scrapings of infected chickens. The virulence
of the cultures was titered in unmedicated broiler chickens to determine the dosage
required to produce a 20% to 40% depression in 0 to 6 days PI weight gain of inoculated
chickens, compared with the gain in uninoculated controls.
Each ñeld culture was tested against 10 anticoccidial drugs (Table 1) at the highest
medication level permitted in the U.S. Unmedicated inoculated and unmedicated
uninoculated control groups were included in each test. Each treatment was done in
two replicate groups of 6,12-day-old chicks each. Parameters measured were mortality,
weight gain 0 to 6 days PI, feed conversion ratio, and lesion score (6 birds/treatment).
RESULTS AND DISCUSSION
The occurrence of individual species of coccidia in the 50 complexes was Eimeria
acervulina 100%, E. maxima 92%, E. tenella 52%, and E. mitis 30%. A single species
was found in only one (2%) of the complexes. Two species were found in 38%, three
species in 46%, and four species in 14%. Oocysts of E. acervulina were the most
numerous of any species in 86% of the complexes.
Protection of weight gain was selected as the primary criteria for determining the efficacy
of anticoccidial medications because it has a more economic impact in the field than
lesion score. We defined drug efficacy as follows: highly effective (HE), a 95% or
greater protection of weight gain; effective (E), an 80% to 94% protection; partially
effective (PE), 50% to 79% protection; and ineffective (IE), less than 50% protection.
Lesion scores were used to determine the sensitivity or resistance of various coccidial
species.
The efficacy of individual anticoccidials against the coccidia from the 50 different
complexes is shown in Table 1. Comparison of these results to earlier studies (Jeffers,
1978; Mathis and McDougald, 1982; and McDougald et al., 1986) shows that, for
many of the anticoccidials, resistance is increasing both in frequency and degree.
Conversely, clopidol seems to be more effective now than in the past, possibly because
the years of not being used has allowed the reversal of drug resistance.
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Even more importantly, the results show the selection of a "best" anticoccidial program
for multiple complexes is not possible. For example, halofuginone was one of the least
effective compounds tested, yet it was highly effective in one of the complexes.
Monensin was IE in 80% of the complexes tested, yet it was E or HE in 8%.
Table 1. Efficacy of individual medications against coccidia isolated from 50 broiler
complexes in the U.S. (% of complexes)
Anticoccidial

HE

E

PE

IE

Clopidol

4

16

56

24

Halofuginone

2

0

18

18

Lasalocid

0

14

58

28

Maduramicin

0

0

38

62

Monensin

4

4

12

80

Narasin

0

0

10

90

Nicarbazin

6

14

54

26

Robenidine

0

4

20

66

Salinomycin

2

0

28

70

Zoalene

0

0

0

100

Furthermore, within a complex, the choice of effective compounds may be quite limited.
There were two or more anticoccidials E or HE against the coccidia in only 22% of the
50 complexes tested. No medications were E or HE in 54% of the complexes and in
86%, more than 1/2 of the medications were IE. This means that when there are only
one or two effective anticoccidials for a complex, that they should be used only during
the periods of maximum potential coccidial exposure to maximize benefits. They should
not be used in periods of low exposure which would give limited economic benefit but
still contribute to the selection of drug resistance. It should also be noted that changing
to a "new" anticoccidial will not automatically insure success. Maduramicin has not
been used extensively in the U.S., even experimentally, yet it was IE in 62% of the
complexes, including ones tested before the drug was approved for use.
Several of the cultures that showed resistance to monensin were retested using various
levels of coccidial inoculations. The results showed that although monensin was
ineffective against exposures that produced a 30% or greater weight depression, the
drug was more effective or totally effective in protecting against a weight depression
of 5 to 15%. Thus, under conditions of low coccidial exposure generally present in
the field, the ionophores may control coccidiosis. They may, however, not do so
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under conditions of moderate or heavy exposure, even in the same complexes. Further
more, even low levels of coccidiosis may cause significant economic losses if disease
interactions are present (Ruff, 1989). Therefore, in selecting an anticoccidial program,
care should be taken to integrate information on sensitivity testing, potential exposure
to coccidia, management, seasonal variation, other diseases, and past performance.
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ECONOMIC BENEFITS DUE TO USING COCCIDIOSIS
VACCINE
Charkhkar Saied and Akbari Mahmood Reza
VALI-ASR AVE, S. J. Asad - Abadi St. Veterinary Organisation, Tehran,
14155 / 6349, Iran

A total of 5,00,000 doses of coccidiosis vaccine in 8 broilers parent stock farms in
Iran were used. Six farms were in Tehran province (moderate humidity), 1 in
Esfahan (low humidity) and 1 in Gorgen (high humidity). All these farms were
windowless, some of them were multiage groups and some single age. The vaccine
was live attenuated and included four species of Eimeria (acervulina, maxima,
necatrix and tenella). Vaccine was used in 3-5 days old chicks according to the
instructions from the manufacturers. The sampling of feaces was done from ten
predetermined places. The samples were collected from second week after
vaccination till 40 weeks age of the birds. Counting the oocysts /g of feaces and
intestinal lesions due to coccidiosis after necropsy were investigated.
INTRODUCTION
Coccidiosis is very important disease from economic point of view. The causal agent
of disease is Eimeria with nine different species in domestic chicken out of which, five
are important from economic point causing acute from of mortaHty in chicks and egg
drop in laying birds. Economic losses due to chronic from of the disease are higher in
comparison to acute from, because of reduction in intestinal absorption leading to
decrease in the gain of body weight and wastage in the feed. Inspite of using the
coccidiostat for prevention of economic losses, in majority of farms, depanding to
environmental and managemental situation, the disease still persist with economic losses
to the poultry farmers. The present paper deals with the control of coccidiosis by
vaccination.
MATERIALS AND METHODS
A total of 5,00,000 doses commercial Coccidiosis vaccine was used in 8 parent stock
broiler farms. The vaccine was live attenuated and included four species of Eimeria
(acervulina, maxima, necatrix and tenella) used in 3-5 day old chicks.
Feacal samples were collected from second week to 40th week after vaccination.
Counting of oocysts per/g of feaces collected from 10 predetermined places and intestinal
lesion count from the birds necroscopied, were done.
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RESULTS AND DISCUSSION
The disease occurred in three vaccinated flocks at 16-17 weeks of age and treatment
was done in diseased birds however, the mortality due to coccidiosis was at acceptable
rate.
According to the results, good Coccidiosis Vaccine has given protection in parent stock
broilers.
Inspite of using coccidiosis in feed, in majority of farms, at least once in growing or
production cycle, the disease will occur. Therefore, at least one treatment will be
necessary.
In Iran using the coccidiostat like Amprol- Plus from two weeks till the end of production
cycle in majority of our farms is normal. In some farms using the coccidiostat continues
till 16 weeks and later on will reduce to lOOg/ton feed and ultimately medicated feed
will be stopped at 20-22 weeks age.
Calculating the price of coccidiostat for using 30 weeks and 5/1000 mortahty, excluding
the economic losses due to egg drop and increase in the cull chicks; by using the vaccine
profits will increase 184 US $ per 1000 parentstocks.
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EFFECT OF GRADED DIETARY OCHRATOXIN A ON
BROILER PERFORMANCE
D. Thyagarajan, V.Sundararasu and D. Narahari
Department Poultry Science, Madras Veterinary College, Madras 600007, India

An experiment was carried out using 240 broiler chicks from 0 to 8 weeks of age,
to study the effect of 0, 0.5,1.0 and 1.5 mcg/g of ochratoxin A in feed on broiler
performance. 0.5 meg level acted as favorable antimicroboial agent. 1 meg of
ochratoxin A did not cause any growth depression upto six weeks. Thereafter,
growth depression and poor feed efficiency was observed. Mortality rate was dose
related. Gross lesions of nephritis, hepatitis, enteritis, and neoplasms in kidney
were observed. Tissue-changes of tubular degeneration, necrosis and
cholangiofibrosis were present. Ochratoxin A suppressed the immune response.
Increase in serum uric acid level was seen in Imcg and above.

INTRODUCTION
Ochratoxin A is a potent mycotoxin and having multiple toxic properties like neprotoxic,
hepatotoxic, teratogenic, immunosupperessive and carcinogenic. Hamilton et al. (1977),
Prior et al. (1980), Hamilton et al. (1982) and Manning and Wyat (1984) studied the
effect of ochratoxin on broiler performance. Huff et al. (1988) and Kubena et al. (1984)
observed the changes in serum uric acid and creatinine levels. Dwivedi (1984), Bums
and Dwivedi (1986) and Dwivedi and Bums (1980) reported changes in immune status
of the birds due to ochratoxicosis.
MATERIALS AND METHODS
Two hundred forty IC2 XIR 2 Cross bred day old chicks were randomly divided into
sixteen replicates of fifteen chicks. Four replicates were randomly assigned to four
treatments namely 0,0.5,1.0 and 1.5 meg of ochratoxin A per gram of feed. Ochratoxin
A was produced in semi synthetic medium (Davis et al. 1969) using a live culture of
Aspergillus ochraceus NRRL 3174. The effect of ochratoxin A on the performance of
the broiler during 0 to 8 weeks period was assessed by studying biweekly body weight,
feed consumption, feed efficiency and livability. Histopathological changes in affected
tissues were studied.
Semm samples were collected from four male and female birds for estimation of
creatinine and uric acid levels. Serum samples were also collected from the four
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randomly selected birds for heamaggutination inhibition (HI) titre to New castle
disease.
The data on body weight and weight gain were subjected to least square analysis
formulated by Harvey (1975). The significance of variation between treatments were
tested using Duncans Multiple range tests (Duncan 1955). The other data collected and
calculated were subjected to statistical analysis as per the procedure of Snedecor and
Cochran (1967).
RESULTS
Body weight gain and feed efficiency : The effect of graded levels of ochratoxin A on
biweekly body weight gain and feed efficiency of broilers are presented in Table 1 and
2. Ochratoxin A at graded levels in the diet exerted highly significant (P<0.01) influence
on the second, fourth, sixth and eight week body weight. Ochratoxin A at 0.5mcg level
had favorably increased body weight consistently throughout the period over the control.
Growth depression was noticed in 1 meg group at eight week whereas 1.5 meg of
ochratoxin A depressed the body weight from second week onwards.
Table 1. Effect of graded levels of dietary ochratoxin A on body weight and weight gain (g) in
broiler.
Criteria

0.0-O.A.

0.5-O.A.

1.0-O.A.

1.5-O.A.

Second week**
body weight

145.8^^
±3.83

153.7^
±3.60

157.6^
±4.45

137.5œ
±3.46

Fourth week**
body weight

417.0*
±9.14

446.6^
±7.73

431.0*
±8.97

408.2^
±9.09

Sixth week**
body weight

642.1*
±\1.Z5

696.4^
±17.96

664.10^^
±16.67

588.0^
±21.0

Eighth week**
body weight

93H.T
±28.12

942.8'^'
±34.21

856.P
±19.78

798. T'
±20.57

Weight gain NS
0-4 weeks

376.2
±16.98

405.80
±7.90

390.40
±11.34

368.80
±9.87

Weight gain**
5-8 weeks

522.1^±20.18

500. S'^^
±20.94

430.4*
±20.74

377.5^^
±21.58

Mean bearing atleast one common superscript do not differ significantly
** Highly significant (P<0.01), NS Not Significant.
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Table 2. Effect of graded levels of dietary ochratoxin A on mean feed efficiency of broilers
Criteria

0.0-O.A.

0.5-O.A.

1.0-O.A.

1.5-O.A.

0-2 weeks NS

1.62±0.03

1.60±0.10

1.62±0.04

1.67±0.09

0-4 weeks NS

1.97±0.04

1.89±0.30

1.80±0.01

1.96±0.08

0-6 weeks NS

2.63±1.07

2.45±0.14

2.57±0.15

2.94±0.31

0-8 weeks **

3.06±0.12

3.08 ^±0.27

3.50 ^"±0.08

3.76 ^±0.19

Mean bearing at least one common superscipt do not differ significantly.
** Highly significant (P<0.1)
NS - Not significant.

Highly significant (P<0.01) variation was seen only in 0 to 8 weeks period feed
efficiency. 1.5 meg group had very poor feed efficiency than other groups during 0 to 8
weeks period.
Mortality : MortaUty in different treatments and causes thereof are shown in Table 3.
Ochratoxin A acted cummulatively over the period of six weeks to induce mortality.
Percent mortality due to ochratoxicosis was directly proportional to the level of
Ochratoxin A in feed.
Table 3. Mortality (No /%) and causes of mortality in broiler as influenced by graded levels of
dietary Ochratoxin A
Criteria
Mortality :
0-2 Weeks
2-4 Weeks
4-6 Weeks
6-8 Weeks
0-8 Weeks
Causes of mortality:
Omphalities
Enteriti
Pneumonia
Ochratoxicosis
Totoal

O.O-O. A

0.5-O.A

1.0-O.A

1.5-O.A

2(0.84)
0
1(0.42)
1(0.42)
4(1.68)

3(1.26)
0
1(0.42)
4(1.68)
8(3.36)

0
0
0
8(3.36)
8(3.36)

1(0.42)
0
4(1.68)
5(2.10)
10(4.20)

2
s

3
2
1
4
8

-

-

8
8

9
10

4

-

1

The predominant symptoms in ochratoxicosis were anorexia, unthriftyness, droopy
wings, ruffled feathers, chilled look, neck tucked into the thoracic cavity and whitish
diarrhoea. Nephritic lesions like enlargement of kidneys, pale colour, congestion and
lobulations were clearly seen. In two cases acute gout lesions of chalky white urate
deposits were seen on th surfaces of the kidneys, heart, mesentry, liver, peritoneum
and pericardium. Oedema of the proventricules with slight haemorghages on the mocosa
was observed. Catarrhal enteritis and dilatation of the intestines were seen.
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Histopathological lesions like, tubular degeneration and adenomatous hyperplasia in
kidneys and mild hyperaemia, bile duct hyperplasia, necrosis and cholangiofibrosis in
liver were observed.
Effect on serum creatinine and uric acid : Effect of graded levels of ochratoxin A on
serum creatinine and uric acid levels are presented in Table 4. Corresponding with the
levels of ochratoxin A in the diets, there was increase in serum creatinine and uric acid
levels. However, variation seen in uric acid alone was found to be statistically significant
(P< 0.01).
Table 4. Mean serum creatinine and uric acid levels at 8th week in broilers fed graded levels of
ochratoxin A
0.0 - O. A

0.5 - O. A

1.0 - O. A

1.5 - O. A

Creatininens
(mg/dl)

0.36 ±0.02

0.39 ± 0.02

0.39 ± 0.02

0.42 ±0.01

Uric acid**
(mg/dl)

6.60a ± 0.20

6.85a ± 0.20

7.50a ± 0.28

8.75b ± 0.43

Means within a row bearing common superscript not differ significantly
** Highly sognificantly (P < 0.01)
NS Not significant

Effect on HI titre and percent mortality due to Newcastle disease : The effect of
different levels of dietary Ochratoxin A on the HI titre and percent mortality as a result
of challenge with New castle disease virulent virus are summarised in Table 5.
Table 5. Mean HI Tirtre and percent mortality due to New cattle disease in broilers fed graded
levels of ochratoxin A and challenged with New castle disease Virulent virus at 8th week.
Criteria
HI titre'
No dead/
No challenged
Mortality due
to Newcastle disease

Unvaccinated

0.0-O.A

0.5-O.A

1.0-O.A

1.5-O.A

4/4

3.25 ± 0.25
1/4

3.00 ±0.41
2/4

2.75 ± 0.75
3/4

2.50 ± 0.50
4/4

100

25

50

s75

100

1 Values expressed as log, to base 2

Depending on the level of the ochratoxin A in diets, the HI titre dropped gradually. Cent
per cent mortality after challange was seen in unvaccinated control and 1.5 meg group.
Mortality iii other groups were directly related to the level of ochratoxin A in feed.
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DISCUSSION
Consistent better body weight and weight gain in 0.5 meg and upto six weeks of age in
Imcg groups was attributed to antimicrobial action of Ochratoxin A as concluded by
Heller and Roschenthaler (1978) and Singer and Roschenthaler. Ochratoxin A used at
1.5 meg in this experiment was acutely toxic to broiler chicks through eight wk period.
Huff et al. (1974) Prior et al. (1980), Dwivedi and Bums (1984) Kubena et al. (1984),
Manning and Wyatt (1984) and Huff et al. (1988) observed growth depression in broilers
at varying levels of dietary Ochratoxin A ranging from 0.8 to 10 meg per gram. Poor
feed efficiency at 1.0 and 1.5 meg level was due to combined effect of depressed growth
rate and increase in feed in take. Prior et al. (1980), Hamilton et al. (1982), Manning
and Wyat (1984)and Kubena et al. (1988) also reported poor feed efficiency due to
ochratoxicosis.
Despite continuous feeding of ochratoxin A containing diets from day old stage,
symptoms and mortality due to ochratoxicosis occurred only after four weeks of age in
the 1.5 meg group and only after six weeks of age in other two levels, indicating
cumulative nature of ochratoxin A toxicity as well as dose related lesion and mortality
effect. These findings were in close concurrence with earlier reports of Peckham et al.
(1971), Hamilton et al. (1977), Pepeljnjak et al. (1983), Manning and Wyatt (1984) and
Kubena et al. (1986). Anorexia, enteritis, poor growth rate and unthriptiness of the
chicks due to ochratoxicosis noticed in this experiment occurs with earlier observations
of Huff et al. (1974), Hamilton et at. (1982), Pepeljnjak et al. (1983) and Dwivedi and
Bum (1984). Hypertrophy of the hver and kidney, atrophy of bursa of Fabricius, visceral
gout, deposition of urates on various visceral organs, catarrhal enteritis, noticed in this
study due to ochratoxicosis were in agreement with lesions observed by Doupnik and
Peckham (1970), Chu and Chang (1971), Huff et al. (1974), Prior et al. (1976), Peckham
et al. (1971), Hamilton et al. (1982), Dwivedi and Bum (1984) and Huff et al. (1980).
But Kubena et al. (1988) did not notice any such hypertrophy of liver and kidney.
Microscopic lesion seen in kidneys and liver were primarily pathognomonic lesions of
ochratoxicosis. Tissue lesions from local infiltration to tubular degeneration observed
in Kidneys were in concurrence with the report of Peckam et al. (1971), Huff et al.
(1975), Bum and Dwivedi (1986) and Subramanian (1986) Similarly tissue changes in
liver such as necrosis, fatty changes, bile duct hyperplasia and cholangiofibrosis seen
have, were in agreemant with the earlier findings of Douphic and Peckham (1970),
Peckham (1971) and Subramanian et al. (1986).
Dietary ochratoxin A has significantly increased serum creatinine and uric acid level
indicating malfunction of the kidney as reported by Huff et al. (1975), Hamilton et al.
(1977), Manning and Wyatt (1984), Huff et al. (1988) and Kubena et al. (1988).
The HI titre of New castle disease antibody level at 8 weeks of age showed diminished
trend. Number of birds which withstood the challenge were inversely proportional to
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the dietary Ochratoxin A level suggesting breakdown of immunity due to
Ochratoxicosis. These findings were in close agreement with earlier reports of Chang
et al. (1979), Haubeck et al. (1982), Dwivedi (1984) and Burns and Dwivedi (1986).
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AVIAN
RESPIRATORY VIRUS VACCINES : PROBLEMSAND
POSSIBLE SOLUTIONS
R. C. Jones and G. Dhinakar Raj
Department of Veterinary Pathology, University of Liverpool Neston,
South Wirral, L64 7TE, UK

Some problems associated with the development of traditional live attenuated
vaccines are outlined. With reference to infectious bronchitis virus (IBV) vaccines,
two in vitro experimental methods are described which may be of value in screening
candidate vaccines for further development. The assay of virus growth in trachéal
(TOC) and oviduct (OOC) organ cultures by different methods may enable nonpathogenic candidates to be detected early. In vitro challenge of TOC and OOC
prepared from three week old chicks vaccinated or infected at day old allows viruses
to be allotted to protectotypes which may be different from serological groups.
INTRODUCTION
The major approach to the control of respiratory diseases of poultry caused by viruses
has been to use live vaccines and for the most part, they have been successful. They are
cheap to produce and easy to administer. Most are developed by the attenuation of field
strains by passage in fertile eggs or tissue culture. An alternative is to use a naturallyoccurring non-pathogenic strain of virus.
The main requirements of a live vaccine are that it should protect against virulent
challenge, i.e. be efficacious, produce minimal side-effects and (if produced by
attenuation), not revert to a virulent form. Genetically engineered vector vaccines,
carrying only the genes for the virus which induce immunity but not disease, or subunit
vaccines have been developed to overcome the problems of live vaccines causing adverse
side effects or reversion to virulence. However, such modem vaccines need to be at
least as efficacious as the traditional ones and at least as cheap. This has been a tall
order and almost all vaccines in use are still of the traditional kind.
The development of attenuated vaccines is a time-consuming and laborious business.
After passage of a virus in eggs or cell culture, selecting a candidate vaccine from
perhaps many, with the right balance between inability to cause disease (nonpathogenicity) but ability to induce an protective response (immunogenicity) can usually
only be done by empirical vaccination-challenge experiments. This paper describes
some in vitro studies on infectious bronchitis (IB) viruses which may help in the selection
of candidate live vaccines.
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The first part details a study of the growth of several IBV strains including vaccines, in
trachéal and oviduct organ cultures (TOC and OOC) whereby the growth has been
monitored in different ways and may illustrate differences in virulence. In the second,
protectotypic differentiation of IBV strains was examined after challenging TOC and
OOC from vaccinated chicks.
MATERIALS AND METHODS
Chicks
Specific-pathogen free (SPF) eggs were obtained from a commercial source.Chicks
were maintained in strict isolation throughout the study.
Vaccines and Field Viruses
Experiment 1. Comparison of end-point parameters in TOC or OOC. Six commercial
live vaccines were used after a single passage in 10-day old embryonated SPF chicken
eggs via the allantóle cavity. The allantóle fluid was harvested after 48 hours and used
as the source of inoculum. They were: H52, H120, two Massachusetts vaccines (MM
and Ma5), D274 and D1466. The field viruses were: D207, D3896, M41, enterotropic
strain G and variant 793B.
Experiment 2. Protectotypic and serotypic differentiation of IBV strains.Two vaccine
and three virulent strains of IBV were used. They were: vaccines H120 and D274 and
field strains M41, G and 793B.
Trachea! and Oviduct Organ Cultures
TOC were prepared from 19 day old embryonated SPF chicken eggs or from estrogentreated chicks or embryos following the procedure described by Cook et al.(1976).
Precocious development of oviducts was induced by oestrogen treatment of unsexed
chicks following the method of Pradhan et al.(1984) with modifications. SPF chicks
were inoculated with 1 mg (0.2 ml) of oestradiol benzoate (Intervet,UK) subcutaneously
on days 1, 5 and 9 post-hatch. Two or three days later, oviducts were collected from
female chicks at post-mortem.
OOC were prepared using the method for TOC referred above.
Virus Titrations
Serial dilutions of vaccines or viruses were inoculated into groups of 3 or 5 tubes of
OOC or TOC. Three different parameters were used to determine endpoints:
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Ciliostatic dose (CD50): Ciliostasis of oviduct or trachea! cilia was used as a criterion
for the presence of virus, in the conventional way (Cook et al. 1976).
Immunofluorescence infective dose (IFID50): 1000mm pieces of oviducts or tracheas
were inoculated with serial dilutions of IBV vaccines or IBV. Two days after infection,
tissues were immersed in OCT compound (Miles Scientific,UK) and frozen in liquid
nitrogen. 4 mm thick cryostat sections were put onto poly L-lysine coated slides (Sigma)
and fixed in acetone for 10 minutes. IF was performed using hyperimmune serum
against IBV and affinity-purified anti-chicken IgG FITC-labelled conjugate (Sigma)
as described by Ambali and Jones 15. The prescence of specific fluorescence in the
epithelium of the oviduct or trachea was used as a criterion for determining the prescence
of IBV antigen. Organ culture infective dose (OCID50): This was determined according
to the method of Darby shire et al.(1976) except that the minimum infective dose was
not calculated. All the titres were expressed according to the method of Reed and Muench
(1938) in 0.1 ml.
Experimental Designs
Experiment 1. Comparison of end-point parameters in TOC or OOC
Virus titres of six commercial vaccines and five IBV strains were compared using
ciliostasis, IF or organ culture infectivity as endpoints (CD50, IFID50 or OCID50).
Experiment 2. Protectotypic and serotypic differentiation of IBV strains
In-vivo vaccination or infection. Six groups of 12 to 15 chicks were used. Groups 1 to
5 were either vaccinated or infected with H120, D274, M41, G and 793/B-like strains
of IBV respectively. Group 6 served as uninoculated controls. The IBV strains were
inoculated oculo-nasally into day old chicks at a dose of 4.5 log 10 CD50 of virus. On
days 11, 15 and 19 oestradiol benzoate was given to each bird. Three weeks after
vaccination or infection, the birds were sacrificed and their tracheas and precociously
induced oviducts were used to make TOC and OOC. These cultures were made from at
least five birds in each group. Ten tubes each of TOC and OOC showing 100% ciliary
activity were chosen for in-vitro challenge.
In-vitro challenge. Both TOC and OOC prepared from each group of vaccinated or
infected birds were challenged in-vitro with 3 log 10 CD50 of the corresponding
homologous and four heterologous viruses.
Assessment of ciliary activity. After in-vitro challenge TOC were examined for ciUary
activity on day 4 post-challenge (p.c.) and OOC on day 6 p.c.
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Ciliary Scoring. Ciliary movement was classified on a scale ranging from 0 (no ciliary
movement) to 4 (100% ciliary activity). Thus the maximum score for each culture
before challenge was 40. After challenge, the cumulative score was assessed for each
challenge virus in TOC and OOC.
Comparison of immunological relationships (protectotypes). Analysis of the
protectotypic relationships among the five IB V strains was performed by the application
of the method of Archetti and Horsfall (1950). The cumulative trachea! or oviduct
ciliary scores after challenge was used to determine two ratios (rl and r2). The ratio rl
was found by dividing the heterologous score obtained with virus B by the homologous
score obtained with virus A and the ratio r2 was determined by dividing the heterologous
score obtained with virus A by the homologous score obtained with virus B. The
geometric mean of these ratios (R) were then used to express the reciprocal relationships
as a percentage. An R value of 100% represents no protectotypic differences, hence the
homologous ratio is always 100%. Two viruses having an R value greater than 50%
were considered to be related (Wadey and Faragher,1981).
Comparison of antigenic relationships (serotypes). The birds inoculated with each
of the five strains of IBV were bled at three weeks p.i. The pooled sera from each group
was used in cross-neutralisation tests in TOC with 100 CD50 of each of the five challenge
viruses following the method of Cook (1984). The homologous and heterologous
neutralisation titres were then used in the Archetti and Horsfall equation to distinguish
the five strains of IBV into serotypes, using the same criterion for relatedness.
RESULTS
Experiment 1. Comparison of end-point parameters in TOC and OOC
When the virus titres determined using ciliostasis, IF or organ culture infectivity as
endpoints, were compared for six commercial vaccines (Fig 1), it was found that two of
the three vaccines which grew poorly in OOC (HI20 and Mass 1) had significantly
higher titres as measured by IFID50 and OCID50 as compared to CD50. Similar results
were obtained with TOC also except that the OCID50 of the H120 vaccine was not
significantly different from the CD50. Comparison of titres of the five virulent viruses
using the three different endpoints revealed no significant differences between them in
OOC or TOC.
Experiment 2. Protectotypic and serotypic differentiation of IBV strains
In-vivo vaccination / infection. The TOC prepared from all vaccinated / infected
chickens had 100% ciliary activity at three weeks p.i. as did the OOC prepared from
H120- and D274-vaccinated chickens. However, those from 793/B, M41 and G infected
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chickens had no motile cilia. Therefore, in vitro challenge experiments using OOC
could be done only with those prepared from vaccinated birds. (Figs. 1 & 2 )
Assessment of ciliary activity. Figure 2 shows the results of the cumulative scores
(expressed as percentage) in TOC and OOC prepared from vaccinated birds after
challenge with homologous and heterologous strains of IBV. TOC prepared from birds
vaccinated with H120 vaccine and challenged with the homologous vims gave maximum
protection, in terms of highest score at 4 days p.c. The protection in OOC was also
maximum against homologous challenge, although it was only 53.6% of the protection
seen at the level of trachea. Protection afforded by the H120 vaccine to the serotypically
similar M41 virus was 75% and 80% of homologous protection at the trachéal and
oviduct levels respectively. Varying but low levels of cross-protection were seen in
TOC and OOC challenged with heterologous viruses.
TOC prepared from birds vaccinated with D274 vaccine (Fig 3) gave 93% of homologous
protection to a virus belonging to a different serotype (793/B). The protection against
this heterologous challenge virus, at the level of the oviduct, was only 50% that of
homologous protection. However, when birds were infected with 793/B (Fig 4) and
challenged with the D274 vaccine virus, protection at the trachéal level was only 42%
of homologous protection. The chickens infected with M41 strain of IBV and challenged
with the serologically similar H120 vaccine (not shown) virus gave 80% of homologous
protection to it. For IBV strain G infected birds, maximum protection was seen against
homologous challenge only. All the strains of IBV caused complete ciliostasis in TOC
and OOC prepared from normal birds (group 6) by day 3 and day 5 p.i. respectively
(Table 1).
Differentiation of protectotypes. Table 1 shows the results of differentiation of the
five strains of IBV into trachéal and oviduct protectotypes. It was seen that D274 and
793/B strains of IBV had an R value of 62%, which according to the criterion used,
meant that they belonged to the same protectotype. H120 and M41 strains also belonged
to the same protectotypic group while strain G belonged to a separate group. Thus, the
five strains of IBV could be grouped into three distinct protectotypes.
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Table 1. Protectotypic relationships of 5 strains of IBV in TOC (OOC), using ciliary scores as
criteria and the Archetti-Horsfall (1950) formulas.
IBV
strains

H120

D274

M41

H120
D274
M41
G
793/B

100*
34
77
0
1 1

100
12
13
62

100
20
22

*

R

values

expressed

as

793/B

100
29

100

percentages.

Protectotypic classification could be done at the oviduct level only for H120 and D274
vaccine viruses. Their degree of relationship at the oviduct level was similar to that at
the trachéal level.
Differentiation of serotypes. Table 2 shows the R values derived from the results of
cross-neutralisation tests in TOC using sera from each group of vaccinated / infected
birds. It was confirmed that these five strains belonged to four serotypes, with H120
and M41 belonging to the same serotype, as expected. The H120 vaccine is the 120th
egg passage of a strain of IBV of the Massachusetts serotype. (Table 2.)
Table 2. Antigenic relationships of 5 strains of IBV in cross-neutralisation tests in TOC
using the Archetti-Horsfall (1950) formulas.
IBV
strains

H120

D274

M41

G

793/B

H120
D274
M41
G
793/B

100*
30
65
16
18

100
15
14
16

100
8
10

100
14

100

*

R

values

expressed

as

percentages.

DISCUSSION
The dearth of information on the interaction between IBV and oviducts may be due to
the practical constraints of maintaining birds till their oviducts are mature and
differentiated for conducting such experiments. The use of oestrogen treatment to induce
precocious development of oviducts may provide an alternative to such long-term
experiments. It is known that IBV is capable of infecting oviducts from day-old and
adult chickens alike irrespective of the stage of differentiation of this tissue, (Crinion et
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al. 1971 ; Jones and Jordan, 1971). However, the damage is more severe and permanent
if young chicks are infected. Peters et al.(1979) have shown that oviducts obtained
from different ages of chicken and the different regions of the oviduct were equally
susceptible to the H52 vaccine virus. This indicates that oviducts from oestrogentreated chicks may be a good substrate for virus infection despite their artificially induced
growth.
In the first experiment, three of the six commercial vaccines tested grew significantly
less well in OOC compared to TOC. Two of these three vaccines, H120 and an M41derived vaccine are highly attenuated and can be safely given to day-old chicks. Our
hypothesis for this difference is that ciliostasis is related to the pathogenic ability of a
virus and may not be a true indicator of the actual virus titre of attenuated vaccines. To
check the hypothesis we used two other endpoints for determining virus titres, namely
IFID50 and OCID50. Since IF detects only virus specific antigen, OCID50 was included
to detect presence of virus.
Our hypothesis was correct for two of the three poorly growing viruses in OOC, wherein
we found that virus titres determined by IFID50 or OCID50 were significantly greater
than those determined by CD50. This would suggest that there is more virus actually
replicating in these tissues than that evidenced by ciliostasis. This is what one would
expect from an attenuated and safe vaccine i.e. the vaccine virus actually multiplies in
the tissues but causes less damage. Thus we propose the use of differences between
IFID50 and CD50 as a measure of attenuation of IB V vaccines. To validate the theory
further we used five virulent viruses and found no significant differences in the titres
measured using the three different end points. This means that all the viruses multiplying
were capable of causing ciliostasis.
This in-vitro method of determining degree of attenuation of vaccine viruses will be
helpful for screening candidate viruses for vaccine production, although the in-vivo
method will be the ultimate test for the safety of a vaccine. This technique does not
give any information about the potency of a vaccine. Further investigations are needed
to apply this method for other ciliostatic viruses like TRT virus. Nay lor and Jones
(1994) have shown that the protective ability of the TRT vaccine did not depend on a
ciliostatic component.
Gomez and Raggi (1974) showed that the yield of IBV from TOC prepared from
immunised chickens was significantly less than that prepared from normal chickens.
They also found that when immunised TOC were challenged with 5 x 103.3 egginfecdous-doses of IBV, ciliary activity was present in 60% of the cultures. This
observation was exploited by Hinze et al. (1991) to develop an in vitro challenge
model to determine protectotypic relationship between IBV strains at the trachéal level.
The study in Experiment 2 reports the extrapolation of this model at the oviduct level.
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The advantage of this model is that cultures from a single immunised bird can be
challenged with a variety of different isolates. This permits rapid and economical
evaluation of the potential of IBV strains and vaccines for cross-protection against
newly identified variant viruses and enabled us to study the importance of local immunity
in conferring protection to the oviducts.
At the level of the trachea, it was seen that serotypically related viruses (HI 20 and M41
strains of IBV) belonged to the same protectotype, as expected. Surprisingly, two
serotypically unrelated viruses (D274 and 793/B) also belonged to the same protectotype
despite a 21% variation in the aminoacid sequences of the SI subunit of the spike
protein of these viruses (Adzhar et al., 1995). Protectotypic relationship has also been
reported between Australian T and New Zealand A strains of IBV, which are serotypically
distinct (Lohr et al., 1991). These findings highlight the potential of protectotypic analysis
of IBV strains. It may be possible to find an established but unrelated vaccine offering
protection to a newly identified variant virus. This could circumvent the need for
preparation of a homologous vaccine, which is a long and cumbersome process. The
use of the Archetti and Horsfall (1950) equation with the ciliary score enabled clear
differentiation of protectotypes. However, it should be remembered that this formula
does not show one-way relationships. The degree of relationship between H120 and
D274 vaccine measured by R value using trachéal or oviduct ciliary scores was also
similar. The application of the same method for the determination of serotypic and
protectotypic relationships made direct comparisons possible.
Long term experiments are needed to study protection afforded by vaccines against
drop in egg production. Such trials also suffer from lack of reproducibility since the
challenge virus does not always cause an uniform drop in egg production (McMartin,
1993). The evaluation of ciliary activity in the oviducts after challenge could be
applicable for assessing vaccines in terms of protection against direct damage to the
oviduct rather than using long-term egg production experiments. In the present study,
the virulent viruses caused stasis of oviduct cilia in-vivo, at three weeks p.i. However,
for assessing protection of oviducts against in-vivo challenge, the earliest time when
they cause ciliostasis needs to be determined.

450

OOC CD 50
FID 50
OCID 50

H52

H120

MM

Ma5

D274

D1466

IBV vaccine
Figure 1. Mean titres of six vaccine viruses in OOC determined by ciliostasis,
immunofluorescence and organ culture infectivity as endpoints. *: significant
differences in titres as compared to CD50.

H120

D274

M41

G

793/B-like

IBV challenge strains
Figure 2. Trachea! and oviduct cumulative ciliary scores (expressed as %) of TOC and
OOC prepared from chickens vaccinated with the H120 vaccine strain of IBV and
challenged in-vitro with the homologous (HI20) and four heterologous viruses.
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Figure 3. Trachea! and oviduct cumulative ciliary scores (expressed as %) of TOC and
OOC prepared from chickens vaccinated with the D274 vaccine strain of IBV and
challenged in-vitro with the homologous (D274) and four heterologous viruses.
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Figure 4. Trachéal cumulative ciUary scores (expressed as %) of TOC prepared from
chickens infected with the 793/B strain of IBV and challenged in-vitro with the
homologous (793/B) and four heterologous viruses.
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PERSPECTIVES OF PREVENTION AND CONTROL OF
POULTRY DISEASES
V.D. Padmanaban
Tamil Nadu Veterinary and Animal Sciences University, Madras
600007, India

Poultry husbandry has transformed into an industry in the past two decades
due to number of reasons. Despite this tremendous development, a number of
diseases are prevalent causing havoc among birds. Unless the diseases like
Newcastle disease, IBD, IB, ILT etc. are controlled, it is very diffícult to achieve
the much needed production. The immunity offered by the present day vaccines
is questionable. A thorough change in the concepts of vaccinology is the need of
the hour. The solutions offered by Biotechnology and the scopes of such vaccines
are discussed briefly.

INTRODUCTION
Realising the scope for greater development and high rates of returns promised, lot
of developmental activities in poultry industry have been initiated during the last two
decades. Consequent to the increase in problems faced by the Agriculture sector, the
hitherto considered allied activities like poultry and dairy have become major
industries. Such kind of changes warranted a change in breeding policy resulting in
birds with increased production and low feed consumption. The newly evolved breeds
and strains however have low disease resistance and the industry's developmental
thrust is inhibited by the frequent outbreaks of infectious diseases. Emergence of
mutants, disease resistant strains, antibiotic sensitivity, antigenic plurality of the
infectious agents etc. also complicated the scenario. More than the mortality, it is the
morbidity and production loss which affects the farmers more. Hence, more than
detecting the disease either at the early stage or later, prevention is the best method.
A number of control methods like stamping out, treatment, vaccination, biosecurity
are in vogue. Though stamping out is one of the best methods for control, its
implementation is constrained by various reasons like ethical, religious, economic,
etc. Hence, in developing countries the method of slaughter to stampout disease is
not followed.
Vaccination is the other best method followed to prevent the occurrence of infectious
diseases. Eversince the approach of vaccination by Edward Jenner, (much later than
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the Indians, who introduced this concept) greater developments have taken place and
a number of diseases have been eradicated, a number of them are expected to be
eradicated shortly and a few are still posing greater problems. The emergence of
diseases hitherto considered as controlled and newly emerging diseases make the
epidemiologists keep their fingers crossed. Hence, it is imperative to rationalize the
concept of vaccination with more modem vaccines, after understanding the antigenic
structure and mechanisms of immunity.
PRESENT DAY VACCINES
Most of the present day vaccines are either killed or live vaccines, both having their
own pros and cons and the period of immunity offered by most of these vaccines at
the field level are still questionable. Apart from these, the need to maintain cold
chain upto the point of vaccination also warrants a need for radical change in the
concepts of vaccinology.The main drawbacks of present day live vaccines are the
possibility of containing adventitious agents or other cells, chances of reversion to
virulent state, need for refrigeration temperature for storage and limited shelf life.
The alternative to live vaccine has its own drawbacks, which include potential hazard
to personnel working with large amount of virus, need to ensure complete inactivation,
presence of cellular debris and limited protection. The other important factor
contributing considerably in reducing the efficacy of conventional vaccines is the
vaccination programme. It is not sufficient to restrict the vaccination programme to
susceptible animals alone, but it should be extended to carriers and wild birds wherever
possible.
The standards fixed by the International bodies such as OIE, PAO also limits the use
of number of vaccines. Since poultry, and broilers in particular have very short life
span great care has to be taken about vaccines used for poultry. The residual effects
of chemicals used in the vaccine production, excretion of the virus in case of live
vaccines, effects of vaccine strains on meat and egg quality are some of the important
factors to be considered in vaccine production. It may not be an exaggeration if we
say that, if the standards are strictly implemented by some independent agency, most
of the present day vaccines will definitely fall below these standards. Further the
present day vaccines are developed following age old concepts and trial and error
methods of production. When the importance of all these things were increasingly
felt and great concern was voiced about the drawbacks of present day vaccines, a
new subject called Biotechnology emerged amalgamating a number of subjects like
microbiology, biochemistry, molecular biology etc.
Biotechnology offers real solutions to the problems faced by the farming community
with the newer vaccines in the following way;
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the use of genetically modified organisms with the genes responsible for pathogenicity
having been deleted.
use of harmless infective agents to deliver foreign genes of antigenic proteins.
the use of subunit or peptide vaccines based purely on the amino acid sequence or
epitopes responsible for stimulating immunity.
the use of anti-idiotype antibodies as surrogate antigens.
The modern biotechnologically designed vaccines can be classified into 2 major
categories.
(A) Killed Vaccines / Inactivated Vaccines
(B) Live Vaccines
(A) Killed vaccines / Inactivated vaccines :
1. Subunit vaccines
2. Recombinant DNA vaccines
3. Synthetic peptide vaccines
4. Anti-idiotype vaccines.
(B) Live vaccines
1. Deletion mutant vaccine
2. Reassortment vaccine
3. Chimeric gene products
4. Live vectored vaccines
A. KILLED/INACTIVATED VACCINES
(i)

Conventional Subunit vaccines
Subunit vaccines are made up of components of infective agents. In
conventional subunit vaccines 'Recombinant DNA Technology' is not used.
Protection to diseases, in general is provided by a single immunogenic protein
of a virus or a combination of immunogenic proteins. The examples for
classical subunit vaccines are pili vaccine for E.coll, tetanus toxoid etc..
The incorporation of immunostimulating complexes (ISCOM) is the latest
development in conventional subunit vaccines . The immunogenic proteins
are absorbed onto an adjuvant - Quil A, giving rise to complexes carrying
the protein in multimer form on their surfaces. Though the developed
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vaccines are good the production of ISCOMs is not very easy. A number of
vaccines developed incorporating ISCOMs are under trial.
(ii) Recombinant DNA vaccines
Recombinant DNA technology is the application of techniques used to isolate
and analyse genes that are responsible for immunogenic moieties and inserting
such foreign DNA into living organism. This concept is vastly exploited in
vaccinology and a number of vaccines have been developed.
In Recombinant DNA technology first the gene coding for an
immunologically important protein is identified, then it is inserted and
expressed into a biological system which can then be grown in culture
yielding high quantities of immunogenic protein or proteins thereof. The
polypeptides thus produced form the basis for a subunit vaccine.
The genes encoding immunogenic proteins can be identified by a number
of methods, which include;
1.
2.
3.
4.
5.

Direct selection by complementation
Screening from a genomic library
Reverse genetics and monoclonal antibody screening.
PEPSCAN method
Mimotope method

(iii) Synthetic peptide vaccines
Sub unit vaccines can also be produced by chemical synthesis of short
polypeptides. The production cost for such a vaccine can be reduced by
solid phase peptide synthesis. Monoclonal antibodies and sequencing of
genome are essential in synthetic peptide vaccine production. Till date no
commercially available vaccine has been produced by the method.
(iv) Anti-idiotype vaccines
Development of anti-idiotype vaccines are based on the network theory of
Jeme. The antigen combining site of antibody idiotype can function as
antigen and therefore elicits antibodies directed against that idiotype thus
termed as anti-idiotype antibodies. Some anti-idiotype antibodies recognise
only antibodies, whereas others have the same tertiary configuration as the
antigen to which the first antibodies are evoked and mimics the behaviour
of the antigen and give rise to antibodies that are directed against original
antigen, and thus act as vaccine. Based on this concept a number of antiidiotype vaccines have been developed for the Newcastle Disease.
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Anti-idiotype vaccines are safe to prepare and can be made available in
large quantities. Anti-idiotypes can also mimic non protein structure such
as carbohydrates which cannot be produced directly by gene cloning.
However, the cost factor limits the commercialisation of such a vaccine.
B.

LIVE VACCINES
(i)

Deletion mutant vaccine
Deletion mutant vaccines can be developed for bacteria and viruses that
carry genes responsible for pathogenesis that are non essential for replication.
A deletion mutant has been constructed by deleting non essential virulent
genes. These vaccines are safe and as immunogenic as conventional vaccines.
Another advantage is that the antibodies produced against these vaccines
are different from that produced against wild type virus. Hence it is possible
to differentiate between vaccinated and potential disease carriers.

(ii) Reasserting Vaccines
These type of vaccines are developed for viruses that have segmented genome
like Rota and Influenza viruses, in which the genetic information resides on
8-10 RNA segments. When cell cultures are infected simultaneously with
two different virus types, through a process of recombination, viruses may
emerge that carry for instance one segment of RNA of one virus type and
seven RNA segments of the other virus type. This reassorting of genes is
applied in the production of influenza virus vaccines. A suitable screening
procedure is highly essential since it is an empirical approach.
(iii) Chimeric gene products
Once a vaccine strain has been selected, it is possible to introduce foreign
genes into the strain in order to produce a multivalent vaccine, the attenuated
host strain will act as delivery vehicle for heterogenous antigens. Organisms
attenuated by genetic manipulation are not the only potentially useful
bacterial system for the delivery of foreign antigens.
(iv) Live Vaccinal vectored vaccines
The main advantages of such live vaccinal vectored vaccines have high
level of immunity since it is a replicating vaccine, potential to be used as
multivalent vaccine, relative physical stability, no need for cold-chain after
freeze drying, ideally suitable for third world countries, no possibility of
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reverting back to virulence because it is genetically stable and it is cheap
and easy to produce and easy to administer.
The major drawbacks are chances of Vaccinia, eczema and encephalitis
may occur in immuno compromised host, possibility of infection to man
from vaccinated animals and from products and the Vaccinia vectored vaccine
may infect new hosts if the expressed foreign protein is involved in virus
absorption and penetration. Oflate, avipox virus is also used as a vector .
BIOSECURITY MEASURES
More than the vaccines and vaccination, diseases especially poultry diseases can be
prevented to a greater extent by adapting biosecurity measures from hatchery to
marketing. Hatchery sanitation, maternal antibody evaluation in chickens, proper
housing systems, management systems, toxin free balanced feed, appropriate health
care, judicious and proper disposal of dead chicks, restriction of traffic, disinfection
procedures etc.. would go a long way in making poultry industry more profitable by
avoiding production loss and augmenting production.
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The Salmonella typhimurium live vaccine strain Zoosaloral H was characterized
by plasmid analysis, ribotyping, 1S200 typing and macrorestriction analysis. This
vaccine strain carried a 60 MDa virulence plasmid which exhibited a characteristic
HináHV restriction pattern different from those observed among the virulence
plasmids of 5. typhimurium field strains. Ribotyping and \S200 typing also revealed
unique and stable hybridization patterns for the Zoosaloral H strain. Moreover,
pulsed-field gel electrophoretic separation of Zeal- or5/7^I-digested whole cellular
DNA resulted in characteristic fragment patterns of this live vaccine strain. All
these Zoosaloral H-specific patterns did not change during a two year field study
indicating the genetic stability of this vaccine strain even after animal or
environmental passages. Thus, plasmid analysis, ribotyping, IS2Ö0 typing and
macrorestriction analysis represent four independent typing methods that allow
a specific identification of this live vaccine strain on a molecular level.

INTRODUCTION
The adenin- and histidin-auxotrophic and attenuated 5'a/mon^//a entérica subsp. entérica
(S.) serovar Typhimurium uve vaccine strain Zoosaloral H has been shown to prevent
chickens from infections with S. typhimurium. The widespread use of this live vaccine
strain required methods that allowed not only its reliable differentiation from S.
typhimurium field isolates, but were also suitable for monitoring its genetic stability.
Molecular techniques proved to be most powerful tools for the characterization of S.
typhimurium isolates (Stanley et al, 1993). Thus, the original Zoosaloral H live vaccine
strain, re-isolated vaccine strains after animal and environmental passages as well as a
representative pool of epidemiologically unrelated S. typhimurium field isolates from
poultry were comparatively investigated by plasmid analysis, ribotyping, IS200 typing
and macrorestriction analysis using different suitable restriction enzymes.
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MATERIALS AND METHODS
A total of 61 5. typhimurium isolates from poultry of one vaccinated and different nonvaccinated flocks were included in this study; among them were a Zoosaloral H strain
grown from the commercially available lyophilisate as well as seven vaccine strains
re-isolated from vaccinated chickens. Preparation of plasmid-DNA followed the methods
of Olsen (1990) and Kado and Liu (1981). Whole cellular DNA for ribotyping and
IS200 typing was prepared as described (Schwarz and Liebisch, 1994a); the DNA
preparation for pulsed-field gel electrophoresis was performed according to the method
of Olsen et al (1994). The following gene probes were used: a 2.3 kbpT/mdlll fragment
of plasmid pBA2 (Iglesias et al, 1983) served as 16S rRNA gene probe, the 0.6 kbp
Pvull fragment of plasmid pIZ45 (Gibert^i al, 1990) was used to detect \S200 elements
and the 3.6 kbp Hinálll fragment of plasmid pRQSl (Montenegro et al, 1991)
represented the sp\^lspvC virulence gene probe. All gene probes were labelled by the
non-radioactive ECL-system (Amersham-Buchler). Southern blot hybridization
followed standard protocols. Macrorestriction analysis was performed as described
(Schwarz and Liebisch, 1994b).
RESULTS AND DISCUSSION
The Zoosaloral H strain harboured a 60 MDa virulence plasmid which, however, differed
in its HinálW restriction pattern from those of the respective virulence plasmids as well
as cryptic 60 MDa plasmids of 5. typhimurium field strains. The spv^lspvC virulence
genes could be detected on HináWl fragments of different sizes in the plasmid of the
vaccine strain and in those of the field isolates. Ribotyping revealed the presence of
five different hybridization patterns. The vaccine strains exhibited a common ribotype
which could not be observed in any of the S. typhimurium field strains. Three of the
hybridizing bands with sizes of 3.5, 4.6 and 8.0 kbp proved to be conserved among all
S. typhimurium isolates used in this study and elsewhere (Stanley et al, 1993). All
IS200 elements detected in the 5. typhimurium isolates were located in the chromosomal
DNA. Seven different hybridization patterns were observed; two isolates did not carry
\S200 elements. The vaccine strains exhibited a unique and stable \S200 pattern. All S.
typhimurium isolates including the vaccine strains had three hybridizing bands of 4.8,
2.4 and 1.9 kbp in common. Pulsed-field gel electrophoretic separation oiXbal- and
5/7^I-digested whole cellular DNA revealed the presence of each ten macrorestriction
patterns. Xba\ as well as Spel produced a unique and stable fragment pattern of the
Zoosaloral H vaccine strain. The combination of all typing methods allowed the
assignment of the 61 S. typhimurium isolates to 21 genomic groups (Table 1).
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Table 1. Characteristics of the 5. typhimurium field isolates and Zoosaloral H live
vaccine strains
S. tyhimurium
field isolates
strains

Zoosalora H
live vaccine
type

plasmid
profile

ribotype

IS200
type

PFGEpatterns

genomic
group

Xbal 5/7^1
2

1

5

7

6

3

I

1

3

5

7

6

3

II

2
2

2

5

7

6

3

III

5

5

7

6

3

IV

2

2

5

7

6

4

V

1

3

5

7

6

4

VI

1

4

5

7

7

3

VII

9

3

VIII

6

5

IX

1

4

5

7

1

2

5

7

1

2

5

7

8

4

X

1

5

5

2

4

8

XI

1

6-C

5

2

4

8

XII

4

10

5

2

8

XIII

6

6-F

5

6

4
2

9

XIV

1

7

3

5

3

10

XV

1

8

4

4

6

3

XVI

1

6-F

2

3

10

2

XVII

6-Z

1

1

1

1

XVIII

22

6-C

5

2

4

6

XIX

1

10

5

2

4

6

XX

5

4

5

7

XXI

8

1

9

Z = virulence associated 60 MDa plasmid exhibiting the Zoosaloral H specific Hindlll
restriction pattern
F = virulence associated 60 MDa plasmid exhibiting the field strain specific Hindlll
restriction pattern
C = cryptic 60 MDa plasmid of wild type strains
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No matter which of the four molecular typing systems was used, the Zoosaloral H live
vaccine strains showed a unique and stable fragment pattern or hybridization pattern,
respectively. Thus, the comparative genotypic analysis of two chromosomally encoded
markers (16S rRNA genes and IS2ÖÖ elements) as well as one extrachromosomal marker
{spvB/spvC virulence genes) in combination with macrorestriction analysis not only
offered detailed informations which allowed an exact identification of certain strains,
such as the S. typhimurium live vaccine strain Zoosaloral H, but also provided useful
informations on the genetic stability of this live vaccine strain.
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EVALUATION OF BURSAL TISSUE ORIGIN,
INFECTIOUS BURSAL DISEASE VACCINES
E.J. Lovell, S. Maheshkumar and K.H. Eskelund
Maine Biological Laboratories, Waterville, Maine 04903-0255 USA

Vaccines, produced with either bursal tissue origin (BTO) or chicken embryo origin
(CEO) standard infectious bursal disease (IBD) antigen, were used to vaccinate
4-week-old chickens with either 1/6, 1/12, 1/25 or 1/50 of a dose. Each vaccine
contained the same liter of virus per 0.5 ml dose. Four weeks post vaccination,
all groups were challenged with a standard strain of IBD. Four days post-challenge
all birds were necropsied and evaluated for protection. The BTO vaccine provided
better protection at each dose level. BTO antigen proved to be more efficacious
than CEO antigen. Further studies were conducted to support this first study.
An experimental vaccine containing tissue culture origin (TCO) Baxendale, TCO
Maryland variant, CEO Delaware variant A and BTO Delaware variant E was
compared to a vaccine containing greater than 500 times less antigen supplied by
BTO Delaware variant E alone. Birds were vaccinated at four weeks of age with
either 1, 1/5, 1/10 or 1/50 of a dose. Four weeks post-vaccination, birds were
challenged with either Delaware variant E or standard IBD strain. At four days
post-challenge with standard IBD and six days post-challenge with Delaware
variant E, birds were necropsied and evaluated for protection. The BTO Delaware
variant E vaccine provided better protection at 1/50 of a dose for the variant
challenge, and at 1/10 and 1/50 of a dose for the standard challenge. BTO Delaware
variant E antigen provided superior protection against standard and variant IBD
challenge.
INTRODUCTION
Infectious bursal disease is a serious threat to the poultry industry throughout the world.
The etiological agent of IBD is a birnavirus (Lukert et aL, 1991). Initially, the virus
was associated with a disease characterized by severe morbidity and mortality, muscle
hemorrhages and bursal enlargement. It was later that the immunosuppressive effects
of IBD were understood (Giambrone et al.,1976; Wyeth et al., 1981). The first strains
identified became known as the classic or standard strains of IBD. In the early 1980's,
control of IBD became comphcated in the USA by variant strains which were first
recognized on the Delmarva peninsula (Rosenberger et al., 1985). The variant strains
produced a different clinical picture than the disease caused by standard strains. Variant
viruses did not produce clinical disease during infection as seen with the standard strains.
Instead, they caused severe immunosuppression which rendered the bird defenseless
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against other infections.
Early in the history of IBD, it was noticed that a breeder flock which had recovered
from IBD produced progeny were resistant to IBD in the field. This observation led
to the development of inactivated oil emulsion vaccines for use in breeders to protect
the progeny through transfer of maternal antibodies (Wyeth et al., 1979). Since that
time, inactivated vaccines have been used with great success. Antigen has been produced
by growing IBD virus in tissue culture and embryonated chicken eggs. More recently,
IBD has been produced in the bursa of Fabricius of young chickens. Evidence from
the ñeld suggested this method produced superior protection in progeny. Research has
shown that vaccines produced with BTO antigen perform better in in-vitro tests.
Rosenberger (1985) produced vaccines using antigens propagated by different
production methods and showed that BTO antigen produced higher virus neutralization
antibody titers against standard and variant viruses. Wyeth showed that BTO vaccines
produced better antibody titers than GEO as measured by quantitative gel diffusion
(Wyeth et al., 1982). The following experiments were designed to study the performance
of BTO antigen vaccines in challenge studies. Vaccines containing BTO, CEO and
TCO antigen were produced and compared. Challenge studies were conducted using
both the standard and variant strains of IBD.
MATERIALS AND METHODS
Chickens and Housing : Three hundred and ten (310) four-week-old, specific pathogen
free (SPF) chickens, obtained from SPAFAS, Preston, Connecticut, USA, were wing
banded and divided into 23 groups of 10 birds and four groups of 20 birds. Birds were
housed in two isolated, colony houses at Maine Biological Laboratories, Waterville,
Maine, USA. One colony house was used for each of two experiments.
Vaccines : Four experimental vaccines were produced for use in two experiments.
IBD antigen was produced in the bursa of Fabricius of young SPF chickens for BTO,
SPF embryonated chicken eggs for CEO and in primary chicken fibroblast tissue culture
from embryonated SPF chicken eggs for TCO. Baxendale standard type 1 IBD,
Maryland variant, Delaware variant A and Delaware variant E strains of IBD virus
were used. Antigen from each production method was titered prior to inactivation in
SPF embryonated eggs. Complete inactivation was confirmed by injecting the antigen
into embryonated SPF chicken eggs. Mineral oil and surfactants were combined with
the antigen to produce oil emulsion vaccines. Vaccines 1 and 2 were produced for
Experiment 1. Vaccine 1 contained CEO standard strain. Vaccine 2 contained BTO
standard strain. Vaccines 1 and 2 both contained the same titer of virus per dose (0.5
ml). Vaccines 3 and 4 were produced for Experiment 2. Vaccine 3 contained TCO
standard strain, TCO Maryland variant, CEO Delaware variant A and BTO Delaware
variant E. Final combined titer of all antigens was 2.24X107 per dose (0.5 ml). Vaccine
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4 contained BTO Delaware variant E. The total IBD virus titer per 0.5 ml for vaccine
3 was more than 500 times greater than that of vaccine 4. The amount of BTO, Delaware
variant E in vaccine 4 was more than 25 times greater than the BTO, Delaware variant
E fraction in vaccine 3. Vaccines were administered to four-week-old SPF chickens
by the subcutaneous neck injection method.
IBD Challenge : Four weeks post vaccination, chickens were challenged with either
the standard challenge strain or Delaware variant E IBD strain by the eye drop method.
Groups challenged with standard IBD were euthanized four days post challenge. Bursae
were collected and examined for acute lesions of IBD to determine protection. Birds
challenged with Delaware variant E IBD were euthanized six days post-challenge to
evaluate protection. Bursa and body weights were recorded in grams to determine the
bursa.body weight ratios. Bursa:body weight ratios were used to determine Delaware
variant E protection.
Experimental Design : In experiment 1, eight groups often, four-week-old chickens
were vaccinated with either 1/6, 1/12, 1/25 or 1/50 of a dose of vaccine number 1 or
number 2. Another group of ten, non-vaccinated chickens were held as susceptible
controls. Four weeks post-vaccination all birds were challenged with standard IBD
virus. Four days post challenge, all chickens were euthanized and necropsied. Bursae
were examined for acute lesions of IBD.
In experiment 2, two groups of twenty and six groups of ten chickens each were
vaccinated with vaccine number 3 at different dose levels. The two groups of twenty
each received a full dose of vaccine. The vaccination for the six groups of ten follows:
two groups received 1/5 of a dose, two groups received 1/10 of a dose and two groups
received 1/50 of a dose. Another two groups of twenty and six groups of ten chickens
each were vaccinated in the same manner as above but received vaccine 4. Two groups
of ten chickens were held as non-vaccinated susceptible controls. At four weeks post
vaccination, half of the birds were challenged with a standard IBD strain. The other
half were challenged with Delaware variant E strain. Birds were evaluated for protection
against challenge.
RESULTS
Experiment 1 : Vaccine 1 gave poor results at each dose level. Protection was 50%,
30%, 30% and 0% at 1/6, 1/12, 1/25 and 1/50 of a dose respectively. Vaccine 2 gave
90% protection at 1/50 of a dose and 100% protection at all other dose levels (1/16,
1/12 and 1/25). The non-vaccinated susceptible group had 0% protection.
Experiment 2 : Vaccine 3 provided 0% protection at 1/50 of a dose and 100% protection
at all other dose levels for the standard IBD challenge. Vaccine 4 provided 33.3%
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protection at 1/50 of a dose and 100% protection at all other dose levels. Bursa:body
weight ratios were 4.46±1.63, 4.03±2.01, 6.89±2.28 and 1.91+0.84 for vaccine 3 at
full, 1/5, 1/10 and 1/50 dose respectively when challenged with Delaware variant E
IBD. Vaccine 3 provided protection at full dose and 1/5 of a dose. At 1/10 of a dose
using vaccine 3, bursa:body weight ratios were unusually high. The high bursa:body
weight ratio was attributed to hypertrophy of the bursa during acute infection. This
hypertrophy is more characteristic with standard IBD strains, but does occur briefly
during infection with Delaware variant E strain as well. At 1/50 of a dose, vaccine 3
did not protect significantly better than the non-vaccinated susceptible controls. The
bursa:body weight ratios for vaccine 4 were 3.95±1.67, 3.72+0.76, 4.25±1.73 and
3.61+1.07 for full, 1/5,1/10 and 1/50 dose respectively. Vaccine 4 produced significantly
better protection at each dose level compared to the non-vaccinated susceptible controls.
The non-vaccinated susceptible controls had a bursa:body weight ratio of 1.34+0.33.
Data was statistically analyzed by the ANO VA Scheffe's method.
DISCUSSION
The experimental vaccines produced for these studies were formulated to allow
comparison of BTO antigen to CEO and TCO antigens in challenge studies. Experiment
1 compared two inactivated vaccines produced with only one variable - BTO antigen
vs CEO antigen. Each vaccine contained the same titer of standard IBD virus per dose.
Fractional doses of each vaccine were used to determine which vaccine produced better
protection. BTO vaccine produced better protection at every dose level. BTO vaccine
was more effective than CEO vaccine in protecting vaccinated birds for standard IBD
challenge.
Today, most IBD inactivated vaccines in the US contain some BTO Delaware variant
E antigen in combination with other strains produced in chicken embryos and tissue
culture. Experiment 2 evaluated an experimental vaccine produced in this manner to
an experimental vaccine containing only BTO Delaware variant E antigen. The amount
of Delaware variant E was more than 25 times higher in vai^cine 4 compared to vaccine
3. When the total IBD antigen of vaccine 3 and 4 was compared, vaccine 3 contained
greater than 500 times more IBD antigen than vaccine 4. Still, vaccine 4 provided
better protection against standard IBD challenge at 1/50 of a dose. Vaccine 4 also
provided better protection against Delaware variant E challenge at 1/10 and 1/50 of a
dose. It is interesting to note that vaccine 4, containing only variant IBD antigen,
provided better protection against standard IBD challenge than a vaccine containing
a high level of standard antigen.
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INTERACTION OF MATERNAL ANTIBODY, VACCINE
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A study was undertaken of the vaccination of 14 day-old commercial layer pullets
with three dose levels of the V877 vaccine strain of Infectious bursal disease virus
[IBDV] and challenge with a very virulent Indonesian strain of IBDV at 14, 28
and 42 days after vaccination. Passive and active antibody levels were measured
using two commercial ELISA kits. The pathogenicity of the vaccine virus was
determined by histopathologfcal examination of the bursa and calculation of the
bursal weight to body weight ratio [bursal index].The study found that the V877
strain given as a single dose to chickens with maternal antibody levels of 2,500
[IDEXX] at 14 days of age conferred high levels of protection at 14 to 42 days post
vaccination . Experimental groups with a mean IDEXX ELISA titre of >1000 or
a Tropbio group titre of >4 did not suffer mortalities following challenge with
virulent IBD. The V877 vaccine virus with or without subsequent virus challenge,
caused moderate histological changes (mean score 2.8) compared to moderate to
severe changes in unvaccinated challenged chickens (mean score 4.2). The V877
vaccine virus also caused a reduction in the weight of the bursa and bursal index
by 14 days post vaccination.However, there was evidence of bursal regeneration
by 28 days post vaccination.
INTRODUCTION
Effective vaccination of layer pullets against very virulent Infectious bursal disease
[vvIBD] with a live vaccine is heavily dependent on the avoidance of neutralisation
of the vaccine by maternal antibody [MAB] and development of an early active antibody
response to cover the period in which the chicks are most susceptible to IBD [Hitchner
1970; Wyeth and CuUen 1976; Winterfield and Thacker 1978]. There is evidence that
the levels of MAB necessary to neutralise IBDV vary with the invasiveness and
pathogenicity of the strain [Lucio and Hitchner 1980; Wyeth and Chettle 1990]. The
use of more invasive vaccine strains has been recommended to overcome the early
invasive characteristics of viruses causing vvIBD [Kouvenhoven and Van Den Bos
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1992]. Because commercial chicks vary in their MAB levels [Goddard et al 1994] and
the decay of MAB varies between lines of chickens [Bumstead et al 1993], successful
application of live IBD vaccines has not always been achieved . The V877 strain
described by Jackson and Madeley [1995] has some of the characteristics of an invasive
strain of IBD but retains pathogenicity characteristics of an intermediate strain. This
paper describes some of the interactive factors involved in vaccination with the V877
vaccine virus.
MATERIALS AND METHODS
Commercial layer chicks [Hyline] derived from a parent flock that had been vaccinated
six times with live IBD vaccine [Salisbury strain] were vaccinated by the eye drop
route with vaccine strain V877 [Cyanamid Websters, Australia] at 14 days of age. The
vaccination doses were calculated to be 10^ ', 10^^ and 10^ ' embryo infective doses
fifty percent [EID^^] per chick. The chickens were housed in separate isolation facilities
prior to challenge at 14,28 and 42 days post vaccination by contact exposure to chickens
infected with an Indonesian vvIBDV strain. Appropriate control groups were assigned
and retained in isolation or challenged. Serum samples, body weights, post mortem
examination, bursae for weight measurement and histopathology were undertaken at
intervals throughout the experiment. Antibody titres were determined by the
commercially available kits from IDEXX [FlockChek: IBD] and Tropbio [Tropical
Biotechnology P/L cat no. 02-003-01].
RESULTS AND DISCUSSION
Serology : The response of vaccinated and unvaccinated chicks to the V877 vaccine
as indicated by IBDV ELISA titres are shown below in Table 1. The day-old mean
ELISA titre was 9,120 and had declined to 2,510 on the day of vaccination. The decay
of log^ MAB to IBDV was linear [r=-0.97] and the half life was calculated to be 6.7
days. The vaccinated chickens developed an active antibody response [> 1,000] from
14 days post vaccination to the highest dose of vaccine and to all groups by 21 days
post vaccination. Vaccination with V877 vaccine did not reduce the level of MAB
regardless of dose. On the contrary, MAB delayed the development of active antibody
response in the lower dose groups until after 28 days post vaccination. When active
antibody levels were measured by the Tropbio kit [Table 2], the correlation between
protective titres of > 1,000 for IDEXX ELISA and >4 for Tropbio was calculated to be
0.77. By three days post challenge at 31,45 and 59 days of age, the vaccinated groups
of chickens, regardless of dose, had developed an active antibody response in excess
of that of the unvaccinated groups and continued to do so at a high level regardless of
challenge for the duration of the experiment [Table 3].
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Table 1. Mean IDEXX FlockChek ELISA titre to IBDV in layer pullets unvaccinated and
vaccinated with the V877 vaccine virus at 14 days of age
Days of age

Vaccination
status
Unvaccinated
Vaccinated:dose
lO^'EID,,

9120

7800

14*

21

28

42

56

2510

651

540

178

849

374
491
748

370
280
2540

4405
4213
4690

6477
7524
10018

IO^^EID!.,

lO^'EID,,
* Day of vaccination

Table 2. Tropbio ELISA antibody grouping to IBDV in layer pullets unvaccinated and vaccinated
with the V877 vaccine virus at 14 days of age.
Tropbio IBD antibody grouping
Vaccination
status

<4

4

>4

<4

28 daysHold

4

>4

<4

42 days-old

4

>4

56 days-old

28*

10

2

40

0

0

39

1

0

Vaccinated
dose:
10-EID,„

31

3

6

0

0

40

0

0

40

lO^^EID,,^

31

8

1

0

0

40

0

0

40

10^'EID^,,

0

0

40

0

0

40

0

0

40

Unvaccinated

* Number of serum samples that correspond to titre groupings <4, 4 and >4, respectively.

Mortality Following Challenge : The mortality and the calculated % protection
following challenge at intervals after vaccination are shown in Table 4. Most mortalities
occurred 3-5 days after challenge. Protection against challenge was high from all dose
groups from 14 days post vaccination and throughout the duration of the experiment.
There were no deaths from IBD in groups with a mean IDEXX EUS A titre > 1,000 at
the time of challenge.
Bursal Index : Statistical analysis of data showed that both age and vaccination with
V877 had a significant effect on the bursal index [p< 0.05]. The bursal index was
significantly lower [p<0.001] in the V877 vaccinated chickens compared to the unvaccinated
controls. However, there was evidence of bursal regeneration supported by an increase in
the bursal index, commencing 28 days post vaccination [data not shown].
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Bursal Histology : Vaccination with V877 protected the bursa from complete destruction
from 14 days post vaccination. Vaccinated chickens in all dose groups had a mean
histoligical score of 2.8 [Thornton 1977], with and without challenge. Chickens that
were unvaccinated and challenged had a mean histological score of 4.2.
Table 3. Mean IDEXX FlockChek ELISA titre to IBDV in unvaccinated and vaccinated* layer
pullets, three days after challenge with virulent IBDV.
Days of age

Vaccination
status
Unvaccinated/challenged
Unvaccinated/unchallenged
Vaccinated: dose
102'EID^^,
challenged
unchallenged
lœ-EID,,^
challenged
unchallenged
10-EID,,
challenged
unchallenged

31

45

59

121
381

735
770

261
239

2880
2750
2040
1170
3810
1177

4280
4310
5480
4070
5710
4130

4960
5930
7120
6310
7750
7250

*Chickens vaccinated with V877 vaccine strain of IBDV at 14 days of age
Table 4. Mortality rate and % protection of layer pullets unvaccinated and vaccinated* with
V877 vaccine virus following challenge with virulent IBDV.
Days of age
Vaccination
status
Unvaccinated
Vaccinated: dose
102 ' EID,,^
lO-^EID^,,
10^'EID,,,

^

"^

^^

9/20

19/20

13/20

0/20 [ 100]#
2/20 [78]
0/20 [100]

0/20 [ 100]
0/20 [100]
0/20 [100]

0/20 [ 100]
0/20 [100]
0/20 [100]

* Chickens were vaccinated at 14 days of age
# Mortality rate expressed as number dead from IBD/ number challenged; % protection shown in
parenthesis and calculated by the formula = % mortality in unvaccinated group - % mortality in the
vaccinated group divided by the % mortality in the unvaccinated group x 100.

Body Weight : Vaccination with V877 had no direct effect on body weight [p>0.05],
but it did significantly [p<0.05-0.001] reduce body weight losses in chickens challenged
with vvIBDV [data not shown].
This trial found that the V877 vaccine virus was capable of protecting layer chickens
when administered at 14 days of age in the face of a level of maternal antibody that
would have been expected, based on the findings of Kouvenhoven van den Bos [1992],
to neutralise the vaccine. This finding could suggest that there may be qualitative as
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well as quantitative differences in maternal antibody that determine the optimum age
to vaccinate chickens. In this trial, the parent chickens were vaccinated with repeated
doses of live vaccine whereas the optimum age for vaccination is often predicted from
titres obtained following the use of inactivated vaccines on parent flocks. This trial
further showed that a group of chickens with a mean IDEXX ELISA titre of > 1,000
or a Tropbio group titre of >4 will be highly protected against challenge with vvIBDV.
Titres > 1,000 were obtained most rapidly [by 14 days post vaccination] with the highest
vaccination dose.
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HERBAL IMMUNOMODULATORS IN MAN, ANIMALS
AND POULTRY - A PROMISING FUTURE (A REVIEW)
P.P. Jamkhedkar
^ 8ö/'796» MIG Colony, Bandra East, Mumbai, 400 051 India

Herbal immunomodulators have attracted attention of researchers for last two
decades, world over, combining traditional wisdom and modern scientific
knowledge. Objective of the article is to focus attention of all concerned on this
important new area with promising future. The article describes
immunomodulators according to Labadie (1993). Immunomodulation is a
multidisciplinary activity. Natural compounds, especially having reputation in
ethnomedical and traditional ayurvedic practices - offer a challenging new era.
Important international publications have been referred to. These publications
report about 65 immunomodulating substances from natural plant sources,
interestingly, 36 of these are of Indian origin. Thus, the new products described
may provide novel methods in drug therapy. Tables lists important substances
screened, including those of Indian origin. Of the special significance work done
by Indian workers is reported. Work done in Animals and Poultry is mentioned.
India provides immense potential. Concerted efforts to explore this ancient,
traditional wisdom coupled with modern scientific methodologies to reduce the
sufferings of humanity, animals including poultry is emphasized.
INTRODUCTION
Herbal Immunomodulators have attracted the attention of researchers for last two
decades or so world over, thereby combining traditional wisdom and modem scientific
knowledge. As a result several compounds from Chinese and Indian traditional and
herbal medicines have been established as immunomodulators after screening.
What are immunomodulators ?
Immunomodulators are drugs that directly modify a specific immune function or
have a net positive or negative effect on the activity of the immune system. The
potential uses of immunomodulators in human clinical medicine include the
reconstitution of immune deficiency and the suppression of normal or excessive
immune function Medicinal plants and their active components have been shown to
be an important source of immunomodulators .
As per Labadie (1993) "immunomodulator activity" is a collective term indicating
biologic or pharmacologie effects on humoral or cellular factors functioning in the
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immune response. Each factor and each functional system involved in the immune
response may be influenced in various ways. The actual effects may be specific or
non-specific. Because of regulatory interactions between humoral and cellular
immunofactors in the course of fuctional process of the immune response, the in
virto net effect of an immunomodulators determines whether a stimulatory or a
suppressive action will result. Negative - feedback mechanisms appear to be frequent
in the immune system.
Thus "immunosupression" may result from stimulation of inhibitory cells or humoral
factors as well as from inhibition of effector cells or activating humoral factors. On
the otherhand "immunostimulation" arises from stimuation of effector cells or the
production of their metabolic inducers, and possibly also from inhibition factors that
limit immunogenicity.Depending on the dose range, one and the same agent is able
to exert immunostimulatory as well as immunosuppressive effects, many a times a
general term immunomodulators is used.
According to Craddock et al (Í977) not all compounds that show enhancement of
macrophage phagocytosis in vitro and an increase in carbon clearance in animals are
capable of a curing effect on animals with bacterial infections. A curative effect is
only produced by those immunomodulators that not only enhance macrophage
phagositosis, but also stimulate the secretion of monokines like CSF (colonystimulating-factors).
Immunomodulation - a multidiscîplînary activity
By now, it has become clear that raw natural products Hke herbs, represent prominent
and promising sources for molecules with interesting immunomodulation properties.
The early advances in immunopharmacology were reviewed in 1982 by Sirois et al. An
account of advancement in the field appears in some reviews by Lindequist and Teusher
(1985) and Wagner and Proksch (1985), Wagner (1987) and Labadie et al, (1993).
Natural compounds - a challenging new era
The studies reviewed in these papers were all carried out on natural products that
have a reputation in ethnomedical practices. Incidentally in a broader perspective
studies on ethnomedical, ayurvedic and other resources may have a great impact on
drug therapy as a whole, in future. The purpose of this review is to stimulate interest
and focus on research attention activités carried out in this field.
International Publications
During the last decade about five papers were published internationally of which 11
were from India, 3 from China and Japan, 2 each from Netherlands and Ireland, and
one each from Pakistan, Sri Lanka, Germany and U.S.A.
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These publications report about 65 immunomodulating substances from natural
plant sources, interestingly 36 of these are of Indian origin. The new compounds are
reveiwed by Labadie (1993), devoted to immunomodulatory compounds.
Table 1 is an attempt to list some important substances screened and established as
possessing immunomodulatory activities. Cordell (1995) in his review article
emphasizes the "Changing strategies in natural products chemistry".Ling-Hua Zhang
et al, (1995) reviewd several such compounds, from China. They reported
immunopharmacological studies of several potent compounds their medicinal plant
sources and chemical structures presented. Brekhman and coworkers (1969) studied
a large number of folk medicines from diffreent parts of the world.
Two functionally and chemically distinct mmunomodulatory compounds in the gel
of Aloe vera were reported by Hart et al (1988). Karaca et al (1995) published their
findings on nitric acid production by chicken macrophages activated by acemannan,
a complex carbohydrate extracted from Aloe vera.
Work reported by Indian Workers
Similarly important findings were reported on Withania somnífera by various workers,
viz., Ghosal, et al, (1988), Ghosal (1988), Bhattacharya et al, (1987), Ghosal, et al,
(1989) Ramarao et al, (1995) and Bhattacharya et al, (1995). Patwardhan et al,
(1990) reviewed some immunomodulatory agents,while Atal (1986) reported
preliminary screening of some immunomodulating agents of plant origin. Thatte et
al, (1988) reported comparative study of immunomodulting activity of Indian medicinal
plants. Lithium Carbonate Glucan. Thatte and Dahanukar (1989) published thier
findings on and immunotherapeutic modification of experimental infections by Indian
medicinal plants. Thatte et al, (1992) further reported on the immunotherapeutic
modification of E. coli peritonitis and bacteremia by Tinospora cordifolia.
Work done in Animals and Poultry
Some reputed ayurvedic companies in India have introduced in the market formulations
containing compounds with immunomodulating properties, for use in animals and
poultry. Pradhan (1995) concluded that stressroak had a good antistress effect on the
performance of broilers. Narahari (1995) reported performance promoting ability of
"Livifit" in broilers. Role of herbal antistress compounds in enhancing productivity
in poultry was stressed by Pavneesh Madan et al, (1995). Some of the herbs namely,
Withania somnifera, Magnifera indica, Phyllanthus embilica, Occimum sanctum and
Shilajit possessed proven antistress, adoptogenic and performance enhancing
properties. Efficacy of herbal immunomodulator against Aflatoxicosis in broiler
chicken was reported by Mujeeb Ather (1995). He observed that Stressroak
administered to broiler chicken, helped in countering the immuno-supressive effect
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of aflatoxicosis. Effects of herbal immunomodulators was studied in pullets before
and after I.B.D. vaccinations by Mohammed Younus (1995).
Immunomodulation action of Sressroak against New Castle disease vaccination in
commercial broiler chicks with highly significant immune response, was reported by
Mujeeb Ather (1995). Rajmane et al, (1996) also observed favourable response to a
herbal immunomodulator in chicks in a controlled study.
Ling-Hua- Zhang et al, (1995) have rightly pointed out that, it is also imperative to
modify the chemical structures of some of the compounds which have been shown
to possess potential toxicity, if we want to develop immunomodulators of high
efficiency and low toxicity for them.
In India, formulations comtaining compounds with immunomodulating properties
are marketed for human as well as animal and poultry use. However, clinical validation
on large scale is necessary after successful completion of controlled laboratory
experimentation with isolates under reference. Needless to say the venture is a
cooperative one, as it is involves active participation of many disciplines, especially
in the field of immunology, pharmacology, ethnopharmacology and experts in
Ayurvedic and Unani knowledge.
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Table 1. Biochemical and immunomodulatory Activities
Plant species

Immunomodulatory activités

Echinacea purpurea
Ecninacea angustifolia
Eupatorium perfoliatum
Acanthophalax sentisosus
(=Eleutherococcus senticocus)
Sahal serrulata
Calendula ojficinalis
Bapitisia tinctoria
Arnica montana
Achyrocline satureiodes
Carthamus tictorius
Chamimilla recutita
Althaea ojficinalis
Plantago major
Abelmoschus esulentus
(^Hibiscus esulentus)
Symphtum officinale
Tilia officicalis
Eupatorium cannabijmum
Angelia acutiloba
Aloe vera
Viscum album
Azadirachta indicum
Picrorhiza kurroa
Curcuma long a
Astragalus monogholicus
Benincasa cerífera
Artemisia princepts
Panax ginseng
Abelmoscus manihot
Hydrangea paniculata
Althaea rosea
Plantage asiática
Zizyphus jujuba var inermis
Cassia angustifolia
Hibiscus Sabdariffa

PhE; CCE:MPhE:IL-I;LAF
PhE;CCE
PhE; C CE
PhE;CCE
PhE;CCE
PhE;CCE
PhE;CCE
PhE; CCE;MPhE;ACCA
PhE;CCE
PhE;CCE
PhE;CCE
PhE;CCE
PhE;CCE
PhE; C CE
PhE;CCE
PhE;CCE
PhE; C CE
ACCA;Ifs;Mit
ACCA;AdA;DTHind
Nket;LEC/TuCCon
ACCA;DTHind;AdA
ACC;ACCA;AdA
AC;CCE;AIP
MPhE
sBcP;Mact;IgMe;IgGe;DTHind
AC
AC
AC
AC
AC
AC
AC
Mit:CMind:MPhE
Mit:CMind:MPhE
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Abbrevations : PhE= granulocyte phagotosis enhancement : CCE = carbon clearance
enhancement; sBcP = stimulation of B-cell proliferation and differentation; Mact =
macrophage activation into antitumor macrophages:
IgME = enhancement of IgM antibody response; IgGe = enhancement of IgG antibody
response; MPhE = macrophage phagocytosis enhancement; ACCA =
anticomplementary activity on the classical and alternative pathways; ACC =
anticomplementary activity on the classical pathway selectively; AC =
anticomplementary activity; If s = stimulation of intereron production; Mit =mitogenic
activity; AdA = adjuvant activity on specific antibody production; DTHind - induction
of delayed type hypersensitivity in mice footpad; NKet = nautral killer cell cytotoxicity;
LEC/TueCon = lytic effector cell/K562 tumoalkalinephosphatasinducing activity;
CMind = induction of cytoxicytotoxic macrophages (Adapted from Labadie.)
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POLYMERASE CHAIN REACTION AND SEQUENCING
FOR AVIAN DISEASE DIAGNOSIS
D. Cavanagh, A. Adzhar and C. J. Naylor
Institute for Animal Health, Compton Laboratory,Compton, Newbury,
RG20 7NN, UK

The polymerase chain reaction (PCR) is a particularly useful tool for diagnosis for a
number of reasons. Firstly, it is not necessary to have samples containing infectious
virus; swabs can be sent cheaply through the mail at ambient temperature. It is
unnecessary to grow the virus in the laboratory; a nested-PCR, taking only a few
hours, is able to amplify tiny amounts of DNA/RNA many million-fold. The resulting
DNA product, easily visualized, is immediately diagnostic for a particular pathogen;
no further steps are required. Secondly, the presence of two or more pathogens is
not a problem; a PCR specific for one pathogen is not affected by the presence of
another pathogen. Thirdly, the DNA product can be analyzed, if required. Cutting
the DNA with restriction enzymes may generate products indicative of a particular
strain/serotype/subtype/pathotype. This is somewhat analogous to probing a pathogen
with monoclonal antibodies, but without the resource-consuming process of producing
the latter. Sequencing of a small region of the DNA is perhaps the ultimate in
characterization; this is illustrated for infectious bronchitis virus (IBV). This virus
exhibits extensive sequence variation and is, perhaps, less suited to analysis by
restriction enzyme analysis. The components which give a PCR its specificity, the
oUgonucleotides, may be chosen so that the presence itself of a DNA product, or its
size, is diagnostic for a particular subtype etc. We use this approach for IBV and
avian rhinotracheitis virus. The PCR and sequencing are powerful additions to the
diagnostician's armoury.
INNOVATION FOR DIAGNOSIS
Laboratory-based diagnosis has seen many, sometimes dramatic, changes in recent
years (Cavanagh, 1993). There have been improvements to long-standing
microbiological diagnostic techniques. Many antibody-based techniques have been
modified, particularly with the introduction of monoclonal antibodies. Finally, the
nucleic acid of pathogens has become the target of new diagnostic procedures. It is
very likely that the use of nucleic acid-based diagnostic techniques will increase greatly.
It is equally likely that in many laboratories these techniques will be used in parallel
with well established microbiological and antibody-based methods.
Arguably the most important nucleic acid-centred technique is that of the polymerase
chain reaction (PCR).
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THE POLYMERASE CHAIN REACTION (PCR)
In essence the PCR is a simple, enzyme-based amplification of DNA. One can start
with a few hundred molecules of DNA and finish, within a couple of hours, with 1012
molecules (Figure 1). This amount is easily visualized with an additional hour's work
(Figure 2).

(a)

-^1

1

+ve

(b)

1

1
-ve

(c)

1

—
(d)

1

1
-ve

1

+ve
(e)

-^1

1

1

1

1

1

1

1

Figure 1.
The polymerase chain reaction, (a) The black rectangle represents the single-stranded DNA, arbitrarily labeled -i-ve,
to be amplified. (In reality this might have additional sequence at both ends but that is not important for this illustration
of the process). The small white rectangle represents an oligonucleotide (-20 nucleotides) whose sequence is
complementary to part of the target DNA; (b) a DNA polymerase will copy the DNA, starting at the oHgonucleotide
after it has bound (annealed) to the target DNA; to produce a complementary DNA (labeled -ve); (c) high temperature
e.g. 94"C, is used to separate the two strands of DNA. Then another oligonucleotide (small black rectangle),
complementary to sequence at the other end of the target DNA, is used to prime synthesis of a -i-ve strand (d); (e) the
process is repeated to give additional copies of the +ve and -ve strands (f). The process of heating to separate the
strands (denaturation), binding (annealing) of the oligonucleotides to the target DNA and copying (polymerization)
is called one cycle. In a typicijl PCR there would be between 25 and 35 cycles.
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Figure 2.
Visualization of PCR products by agarose gel electrophoresis followed by staining with ethidium
bromide. Lanes 1 and 4, molecular weight markers; lanes 3 and 4, 400 and 300 base pair products
generated from types B and A, respectively, of avian rhinotracheitis virus.
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Advantages of the PCR
The advantages of the PCR can be illustrated in the context of our diagnostic and
epidemiological work with two respiratory viruses, infectious bronchitis virus (IBV) and
avian rhinotracheitis virus (ARTY, also called avian pneumovirus). Both of these viruses
have a RNA, rather than a DNA genome, which necessitates one additional enzymatic
step before the PCR, described below. However, this does not detract from the usefulness
of the approach. Our current appHed objectives with IBV and ARTV are similar; to devise
and apply techniques for accurately identifying infection of poultry by these viruses, to
identify the specific subgroup of virus involved, to distinguish field virus from vaccinal
virus and to monitor changes within the virus populations.One advantage of the PCR is
that it does not depend on the presence of viable pathogen. Consequently it has not been
necessary for staff on farms to send tissue samples on ice by courier - an inconvenient
and expensive procedure. For our field studies of ARTV in turkeys farm staff simply
take swabs of the oesophagus. That organ is much easier to swab than the trachea,
especially in the low light levels of the farm, and has proven to be as useful for the
detection of this virus in turkey poults (Li et al., 1993). The swabs are allowed to dry for
a few minutes, eliminating the growth of contaminating bacteria and/or mould. They are
then sent to our laboratory by standard mail.
Sufficient viral RNA can be recovered from the swabs for amplification by the PCR;
resource-consuming culture of virus is not required. Of course, if growth of the pathogen
is required for other reasons, the PCR can be applied to nucleic acid extracted from the
newly produced pathogen. The great sensitivity of the PCR is a very useful property if
one is looking, as is usually the case, at only a very small fraction of a flock and when
only a proportion of the birds may have the pathogen, and/or when the peak of virus
replication has been passed. We use a modification of the PCR called nested PCR in
which the product of a first PCR is used as the substrate for a second PCR. Nested PCR
is also likely to be useful for the study of persistent infections, when amounts of virus
might be very low.
The demonstration, by simple agarose gel electrophoresis, of a DNA PCR product of
the predicted size is usually sufficient to conclude not only that a pathogen is present,
but also exactly which species of pathogen is present. If two pathogens are present in
an animal, which may well be the situation sometimes, for example, in the case of IBV
and ARTV in chickens, the RT-PCR can be readily used to detect both. If one were
relying on virus isolation by growth in cell culture, one virus might outgrow the other,
making detection by serological methods difficult. One might be able to use two cell
types, each permitting the growth of only one type of virus. Even if that is possible, the
amount of work would be doubled. Results from RT-PCR can usually be obtained
within 48 h, irrespective of the virus. In contrast, some pathogens take several days to
grow to titres sufficiently high for further analysis.
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Further characterization of a Pathogen
It is often not sufficient to simply identify the species of pathogen present; serotype/
subgroup identification might be an important factor in the choice of vaccines and
prophylaxis strategy. Certainly in the case of IBV and ARTV it has been possible to
develop serotype/subgroup/genotype-specific PCRs. This powerful aspect of the PCR
is made possible by the careful choice of the oligonucleotides which are used
to prime the copying of DNA (Figure 1). Where pathogens exist as different types with
extensive gene sequence differences, which is the case with IBV and ARTV,
one can design oligonucleotides which will result in the production of diagnostic DNA
only when the corresponding serotype/subtype/genotype is present. This is described
below.
The product of the DNA is not only useful as evidence of the presence of a pathogen or
even of a particular subgroup; it can be sequenced to provide very precise insights into
the extent to which a virus is changing by mutation. It may be possible to distinguish
field virus from vaccinal virus.
RNA-Containing Viruses: Getting Started
If one is trying to detect viruses with RNA genomes, or to detect other pathogens via
one or other of their RNA molecules e.g. a particular messenger RNA, or ribosomal
RNA, it is necessary to first convert the RNA to DNA. This is done using an enzyme
called reverse transcriptase. This is a single-step procedure which takes up to an hour
prior to performing the PCR. The whole procedure is referred to the reverse transcriptionPCR (RT-PCR).
Practical Application of the PCR; ARTV
ARTV is a relatively new virus on the scene. It was first isolated in turkeys in the
Republic of South Africa in 1978 and subsequently in several European countries in
the 1980s (reviewed by Cavanagh 1993; Naylor and Jones, 1993). Afterwards it was
observed that chickens, and guinea fowl, are susceptible to this virus and that it causes
disease in these species. As with turkeys, the virus causes essentially an upper respiratory
tract disease which leads to loss of production, including mortality.
Cloning and sequencing of some of the ARTV genes confirmed earlier suspicions that
ARTV (initially named turkey rhinotracheitis virus) was a member of the genus
Pneumovirus (for references see Ling et al., 1995). These viruses have two surface
projections or spikes, named F (fusion) and G (for glycoprotein) which are important
in the induction of protective immunity. Recently, Juhasz and Easton (1994) showed
that two subgroups of ARTV exist, named A and B. The distinction was based on the
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finding that the G protein of the two subgroups shared only 38% amino acid identity.
This data provided the opportunity to devise RT-PCRs which would not only detect
ARTV but also identify the subtype. Consequently we have devised subgroup-specific
RT-PCRs (Figure 2) and have used them to monitor vaccination, the incidence of
infection and the subtype of ARTV involved in turkeys.
Practical Application of the PCR; IBV
The impetus for our continuing investigation of the epidemiology of IB is the major
role that this virus plays in disease of the domestic fowl. IBV exhibits extensive antigenic
variation which has led to the identification of many serotypes. The efficacy of available
vaccines against new serotypes is sometimes not satisfactory. For example,
Massachusetts serotype vaccines are not sufficiently effective against the 4/91 or 793/
B serotype of IBV which has affected flocks in many countries (Adzhar et al., 1995;
Cook et al., 1996; Gough et al., 1992; Parsons et al., 1992).
Continuing vigilance is required. Virus neutralization tests have been the traditional
technique for identifying strains of IBV and assigning them to groups - serotypes.
However, such tests can give ambiguous results, arising from the complexity of the
antigenic sites of the large surface protein (spike) of the virus and the heterogeneity of
the immune response. Sequence data is much more definitive. This leads to the assigning
of an IBV strain to a genotype rather than a serotype.
IBV is a member of the genus Coronavirus in the family Coronaviridae (Cavanagh et
al., 1994). The envelope of the virus is associated with three proteins; the large surface
spike glycoprotein (S), which is cleaved into two subunits, S1 and S2; a small membrane
glycoprotein (M); and a very small non-glycosylated protein (sM or E) which is encoded
by gene 3. The RNA genome is coated with the nucleocapsid protein (N). The
arrangement of the genes encoding these proteins is shown in Figure 3.
We have demonstrated that a number of oligonucleotide pairs can be considered universal
for IBV i.e. they gave the predicted DNA product with over 40 isolates from around the
world. The oligonucleotides used (Figure 3) were: IBP1+ and IBPR2- in the S2 gene
(Lin et al. 1991a,b); IBVNl- and IBVN2-}- in the N gene (Zwaagstra et al., 1992); sets
UTR1-/UTR2+ and UTR3-/UTR4-H, which can be used singly or in a nested-set
arrangement for greater specificity and sensitivity (Adzhar et al., unpublished). We are
confident that at least one of these primer sets will give the correct DNA product when
used with any given strain of IBV. Other oligonucleotide primer sets have been used
successfully in the USA with North American isolates (Andreasen et al., 1991 ; Jackwood
et al., 1992; Kwon et al., 1993a,b).
It is considered that changes in the S protein gene, especially in the S1 part, are primarily
responsible for enabling field strains to break through vaccine-induced immunity. It is
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SI that exhibits the most extensive sequence variation and forms the epitopes that
induce virus neutralizing and haemagglutination-inhibiting antibody (reviewed by
Cavanagh, 1995). It is the SI gene, therefore, that forms the most characteristic
'fingerprint' of an IBV strain. Conserved sequences of 20 or so nucleotides are not
common among IBV isolates. However, we have designed an oligonucleotide set, Unil/Uni2+ (Figure 3), which gave the predicted 1.6 kb DNA product with all the isolates
that we have examined. We have also successfully used primer Uni2+ with primer
IBPl-, which has the reverse sense of oligonucleotide IBPR2-, to generate a 1.9 kb
product which comprises the whole of the SI gene (Figure 3).
These two primer sets were used to start our analysis of the 793/B or 4/91 subgroup of
IBV which has been causing economic problems in Britain since the winter of 1990/91
(Gough et al., 1992; Parsons et al., 1992). This showed that the spike protein of 793/B
differed from all previously sequenced vaccinal and field isolates by 21-26% (Adzhar
et al., 1995). The extent of this difference is sufficient to explain, at least in part, why
this strain has been successful in the face of the extensive use of available vaccines.
We have designed several S1 gene oligonucleotide sets which are specific for the 793/
B subgroup (not shown). We are currently using these to examine the incidence of
793/B in British flocks. In conjunction with field observations we shall use our findings
to establish the importance of this subgroup in Britain at the present time.
Looking for IBV and ARTV in the Same Flocks
A complicating factor is that ARTV is also in the chicken population. The relative
importance of IBV and APV in the respiratory disease currently being suffered in
chickens in Britain is unclear. It is for this reason that we are also using the RT-PCR to
investigate APV in chickens. The work is being financed by poultry companies in
Britain. This emphasizes the importance of the problem and the growing confidence in
the use of nucleic acid technology to analyze complex disease situations.
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FOWLPOX VIRUS VECTORED VACCINES FOR
CONTROL OF POULTRY DISEASES
Deoki N. Tripathy
University of Illinois, Urbana, Illinois 61801, USA

INTRODUCTION
The poultry industry has made significant progress in production efficiency due to
innovative management practices and the regular use of vaccines to reduce diseaserelated losses. The incidence of many poultry diseases has been lowered through the
use of vaccines consisting of either attenuated or inactivated strains of various agents.
Vaccines, therefore, represent one of the most important tools available for the prevention
of diseases. In addition to providing protection, vaccines also reduce the spread of
infection. Despite the regular use of vaccines by the poultry industry, disease outbreaks
still occur frequently. In modem poultry operations, millions of birds may be housed in
a single large complex, enhancing the chances for rapid spread of infectious diseases.
Administration of vaccines involves frequent handling of birds, which stresses them
and also increases the cost of labor. Therefore, the poultry industry is in favor of
developing a new generation of vaccines that will require less frequent handling of
birds. In this regard, a single vaccine capable of providing protection against multiple
pathogens would be labor-saving and cost effective. One candidate could be recombinant
fowlpox virus expressing the antigenic proteins of a variety of poultry pathogens
resulting in a reduction in the cost of labor and eliminating the stresses of handling.
Because the value of a single bird is relatively low, the cost of vaccine development,
production and administration are important to consider.
With current molecular genetic methods it is possible to dissect the genomes of
pathogenic microorganisms, identify the important gene(s) that encode for protective
antigens and isolate them. Such gene(s) can then be inserted into a new vector in which
they are faithfully expressed. This approach has been used to develop recombinant
fowlpox viruses expressing the antigenic proteins of a variety of poultry pathogens.
The host specificity of these recombinants favor their use as ideal immunizing agents
for poultry flocks. Because of the large sizes of these viruses, genes from a variety of
pathogens can be inserted into their genomes to create a polyvalent vaccine without an
accompanying loss of viability.
PROPERTIES OF POXVIRUSES
Before discussing fowlpox virus as an expression vector, it is important to briefly describe
the general properties of pox viruses. Pox viruses comprise a large group of complex
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animal viruses. Their genetic information is contained within a Unear, double-stranded
DNA molecule. They are distinguished by their large size, cytoplasmic replication site,
and ability to encode enzymes responsible for RNA and DNA syntheses. Fowlpox
virus is the best-characterized member of the genus avipoxvirus of the Poxviridae family
(Tripathi,1991). It has a 300 kb, linear double-stranded DNA genome( Couper and
Boyle, 1990). The virus can be propagated in both primary (chicken embryo fibroblasts,
chicken embryo kidney and skin cells) and permanent cell lines (Japanese quail cell
line, QT35). Attenuated live fowlpox virus vaccines of chicken embryo or cell culture
origin have been used in commercial poultry for over 50 years. The vaccine virus
causes a mild, self-limiting infection. These vaccines induce both humoral and cellular
immunity (Tripathy and Hanson, 1975). Recent studies show that foreign genetic material
can be incorporated into nonessential regions of fowlpox virus genome without rendering
the virus noninfectious. More importantly, proteins encoded by the foreign genes are
synthesized, processed and transported to the cell surface in an authentic manner. When
these genes encode for protective antigens, an immune response against them has been
observed.
REQUIREMENTS FOR CREATION OF RECOMBINANT FOWLPOX VIRUS
In order to develop a live recombinant fowlpox virus, it is important to stably insert
foreign gene(s) of interest from a poultry pathogen into the fowlpox virus genome,
express the gene(s) optimally, and still maintain the infectivity of the virus. Thus, the
generation of a fowlpox virus expression vector requires: (a) a suitable nonessential
region in the fowlpox virus genome for insertion of foreign DNA so that virus replication
is not disrupted, (b) a foreign gene that encodes for a immunogenic protein of a poultry
pathogen, (c) poxvirus promoter(s) which will optimally regulate the expression of the
inserted foreign gene(s), (d) a marker for selection of recombinant progeny virus and
(e) a donor plasmid which incorporates the above features.
Non-essential Region. Several nonessential regions, including some in the terminal
inverted repeats, have been identified in the fowlpox virus genome. However, one
commonly used insertion site for foreign sequences in the fowlpox virus genome is the
thymidine kinase (TK) gene. Since TK activity is not required for fowlpox virus
multiplication, the encoding gene provides a convenient locus for the insertion of foreign
gene(s). Moreover, insertional inactivation of the TK gene reduces the virulence of the
recombinant fowlpox virus as compared to the unaltered parental virus.
Promoters. Since fowlpox virus encodes its DNA-dependent RNA polymerase which
does not recognize promoters from other organisms, poxvirus promoters are necessary
for expression of the inserted foreign genes. In the absence of homologous fowlpox
virus promoters, vaccinia virus promoters have been used for regulating foreign genes
in recombinant fowlpox virus. (Tipathi and Wittek 1990; Schnitzlein and Tripathy,
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1990). Although homologous fowlpox virus promoters have now been identified and a
synthetic, early-late transcriptional regulatory element has recently been utilized, two
. vaccinia virus promoters, the early-late P7.5 and the late PI 1, are still predominately
used for the construction of recombinant avian poxviruses.
STRATEGIES FOR DEVELOPMENT OF RECOMBINANT FOWLPOX VIRUS
With a view to create a recombinant virus, a donor plasmid which directs the insertion
of foreign DNA into the fowlpox virus genome is constructed. In this plasmid, contiguous
TK gene sequences are interrupted by foreign gene(s) regulated by vaccinia virus
promoter(s). Following introduction of this plasmid into fowlpox virus-infected cells,
in vivo recombination takes place in the cytoplasm between the TK sequences of the
replicating fowlpox virus genome and homologous sequences which flank the foreign
genes in the plasmid DNA. This interaction results in the insertion of the foreign
transcriptional unit into the fowlpox virus TK gene. Since more than 99% of the progeny
virus from a transfection is of parental type, a procedure for the selection and/or
identification of recombinant virus is required. The recombinant viruses are usually
identified and/or selected based on expression of a marker gene which is inserted adjacent
to the other foreign gene. The Escherichia coli (E. coli) lacZ gene has often been used
for this purpose. Thus, recombinant viruses are screened for their ability to express ßgalactosidase (lacZ gene product) by the inclusion of the enzyme's histochemical
substrates, X-gal or Bluo-gal, in agarose overlays of infected cells. Plaques arising
from infection by recombinant viruses appear blue, due to hydrolysis of these
compounds, against a background of colorless plaques generated by nonrecombinant
viruses. Alternatively, recombinants carrying the E. coli xanthine phosphoribosyl
transferase gene as a marker can be selected due to their resistance to mycophenolic
acid. In addition, recombinant viruses have been identified by plaque hybridization
using a DNA probe specific for the inserted foreign gene.
Using these methods, it has become possible to create recombinant fowlpox virus
vaccines capable of expressing genes from several poultry pathogens, some of which
are briefly described below:
1.

Recombinant fowlpox virus containing the avian influenza hemagglutinin
(HA) gene
Avian influenza is a disease of significant economic importance to the domestic
poultry industry. In addition to causing respiratory distress, avian influenza infection
can involve multiple organ systems resulting in high mortality. Since hemagglutinin
(HA) has been associated with stimulation of the host immune response, a cDNA
copy of the HA gene of avian influenza virus was inserted into the fowlpox virus
genome. Recombinants induced hemagglutination-inhibiting (HI) antibodies when
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inoculated into chickens and afforded protection against challenge with the virulent
avian influenza virus. (Beard et al.,1991; Beard et al.,1992; Taylor et al., 1988;
Tripathy and Schnitzlein, 1991)
2.

Recombînant fowlpox virus containing the F or HA gene of Newcastle disease
virus
Newcastle disease is one of the most important respiratory infections of poultry
and causes high mortality and significant economic losses. The virus possesses
two envelope glycoproteins, the fusion (F) protein and the hemagglutininneuraminidase (HN) protein. Immune responses to both of these glycoproteins
have been associated with protection against Newcastle disease. Chickens
vaccinated with the recombinant virus containing a cDNA copy of the F gene of
Newcastle disease virus were protected when challenged with virulent Newcastle
disease virus, while all uninfected and parental fowlpox virus-vaccinated birds
died. Similarly, in another study, chickens inoculated with recombinant fowlpox
virus containing a cDNA copy of the HN gene of Newcastle disease virus were
protected when challenged with the virulent Newcastle disease virus (Boursnell et
al., 1990a; Boursnell et al, 1990b; Boursnell et al., 1990c; Iritani et al., 1991;
Ogawa et al, 1990; Taylor et al., 1990).

3.

Recombinant fowlpox virus containing the gB gene of Marek's disease virus
Marek's disease is one of the most common neoplastic diseases of chickens and is
caused by an alphaherpesvirus. Currently, the disease is prevented by vaccination
of day old chicks with a herpesvirus of turkeys that is antigenically related to
Marek's disease virus or with a nonpathogenic homologous virus. Its glycoprotein
B has been found to induce protection(Yanagida et al., 1992). Immunization of
chicks with recombinant fowlpox virus expressing the glycoprotein B gene of
Marek's disease virus elicited the production of neutralizing antibodies against
Marek's disease virus. In addition, this vaccination caused a significant reduction
in the level of cell-associated viremia and also protected chickens against challenge
with virulent strains of Marek's disease virus(Nazerian et al.,1992).

4.

Recombinant fowlpox virus containing the VP2 gene of infectious bursal
disease virus
One of the leading causes of immunosuppression in young chicks worldwide is
infectious bursal disease virus, a member of the Birnaviridae family. This virus
destroys the developing B lymphocytes in the bursa of Fabricius of young chickens.
Affected birds show increased susceptibility to other pathogens and do not respond
adequately to immunizations. Of the two structural proteins VP2 and VP3, the

500

former is the major host protective immunogen. A recombinant fowlpox virus
expressing the VP2 antigen of infectious bursal disease virus was used to vaccinate
chickens at 1 and 14 days of age. Vaccinated birds survived the challenge with
virulent strains of infectious bursal disease virus (Bayliss et al., 1991, Heine and
Boyle, 1993).
5.

Recombinant fowlpox virus containing the gB gene of infectious
laryngotracheitis virus
Infectious laryngotracheitis virus, a herpesvirus, causes acute respiratory disease
in chickens resulting in marked drop in egg production and significant mortality.
The gB glycoprotein of infectious laryngotracheitis virus has been associated with
induction of immunity. Chickens vaccinated with recombinant fowlpox virus
expressing the gB gene of infectious laryngotracheitis virus were protected against
lethal challenge (Keeler et al.,1992).
It is apparent from these studies that foreign genes of avian pathogens inserted
into the genome of fowlpox virus are not only expressed but also provide specific
protection. These reports are encouraging and suggest that fowl poxvirus vectors
can be designed to function as beneficial poultry vaccines. One important advantage
of using an avian poxvirus as a eukaryotic cloning and expressing vector is its
ability to package considerable quantities of foreign genetic material and still retain
its infectivity. This trait is highly desirable when constructing recombinant viruses
which contain genes from multiple pathogens for use as a polyvalent vaccine.
Moreover, the inability of these viruses to spread beyond their targeted hosts should
favor their use as vaccines as compared to those viruses with a wider host range.
Although fowlpox virus is currently the predominant vector in use, the
avipoxviruses are a diverse group of viruses infecting a variety of birds. Therefore,
it is possible that in the near future, monovalent or polyvalent recombinant vaccines
using either fowlpox virus or other avian poxviruses (e.g. canarypox, pigeonpox,
quailpox, psittacinepox or sparrowpox viruses) will be created for use in commercial
poultry.
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In OVO vaccination is being rapidly adopted as the method of choice for immunizing
commercial broiler chickens against MD. The available multi-head injection
systems have facilitated mass immunization of incubating eggs and have reduced
the labor cost associated with handling individual chicks for post-hatch vaccine
administration. We anticipate that the use of in ovo vaccination procedure will
expand to include additional vaccines and other segments of the poultry industry.
Although in ovo vaccination is highly effective in protecting newly hatched chicks
against environmental challenge with pathogenic agents, the mechanisms by which
vaccinal protection occurs remain to be established. Further work is also needed
to understand the pathogenesis of vaccine viruses in the embryo and the possible
influence of live viruses on the ontogeny and functions of the immune system in
the embryo.
INTRODUCTION
Commercial chicken flocks in most parts of the world are routinely vaccinated to protect
them against environmental exposure to pathogens. Because exposure to pathogens
often occurs at a very young age, it is a common practice to administer vaccines in the
hatchery before newly hatched chicks are placed in rearing houses. One of the vaccines
that is routinely administered in the hatchery is the Marek's disease (MD) vaccine.
The most commonly used MD vaccine in the U.S.A. consists of live turkey herpesvirus
(HVT) which is serologically related to MDV and is nonpathogenic for turkeys or
chickens.
The procedure of vaccinating commercial chickens against MD is currently undergoing
a dramatic change. In the conventional method, newly hatched chickens are individually
injected parenterally with the vaccine. Our laboratory studies showed that MD vaccines
could be injected into eggs during later stages of embryonation i.e. at embryonation
day (ED) 17-18 (Sharma and Burmester, 1982; Sharma and Graham, 1982; Sharma
and Witter, 1983). Prehatch vaccine administration did not adversely affect hatchabihty
or survival of chicks but initiated early protective immunity while chicks were still in
the eggs (Fig. 1). We also demonstrated that protection against other infectious diseases
could similarly be induced by injecting vaccines into late stage embryonated eggs
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(Sharaia, 1985; Wakenell and Sharaia, 1986, Wakenell^i a/., 1996; Ahmad and Sharma,
1992, 1993; Reddy et al, 1996). These observations introduced the concept of in ovo
vaccination in poultry. After several years of commercial development, the in ovo
vaccination procedure is now rapidly replacing the conventional post-hatch vaccination
in poultry. Multiple-head machines are being used to simultaneously inoculate large
numbers of eggs thus saving the labor cost associated with handling individual chicks
for post-hatch vaccine administration. It is estimated that this year, over 60% of all
broilers hatched in the U.S.A., i.e. over 4 billion chickens, will be vaccinated with MD
vaccines by the in ovo procedure.
In this short presentation, we will briefly summarize a) laboratory studies on the
pathogenesis of vaccine viruses in the embryo, b) current ñeld experience with the in
ovo vaccination system, and c) anticipated future advances in this technology.
PATHOGENESIS OF VACCmE VIRUSES IN THE LATE STAGE EMBRYO
FOLLOWING IN OVO INOCULATION
The late stage embryos were highly susceptible to infection with most vaccine viruses
examined. Not all vaccine viruses that were non-pathogenic for newly hatched chicks
were also safe for late-stage embryos. For instance, vaccine strains of infectious
bronchitis virus (IBV) and Newcastle disease virus (NDV) that are used routinely as
neonatal vaccines in newly hatched chicks were lethal for embryos following in ovo
inoculation. These viruses had to be modified to render them safe for in ovo use
(Wakenell and Sharma, 1986; Ahmad and Sharma, 1992) . HVT, on the other hand,
was non-pathogenic for embryos without further modification.
Exposure of embryonated eggs at ED 16-18 with non-pathogenic vaccine strains of
infectious bursal disease virus (IBDV), NDV, and IBV resulted in active replication of
the viruses in various embryonic tissues. Some viruses produced transient pathological
lesions in the embryonic tissues. Embryonic lesions caused by cell culture attenuated
IBV were described recently (Wakenell et al., 1995).
Of interest was the contrasting responses of the embryo to HVT and MDV, two
serologically related herpes viruses. We noted that following exposure to HVT at ED
17, the virus replicated extensively in the embryo, first reaching high titers in the
embryonic lung and then spreading to other tissues (Sharma ^i al, 1984). When single
cell suspensions of lung tissue at the peak of infection were cultured in vitro, viral
antigen could be visuahzed in sporadic adherent cells (Sharma 1987). The response of
the late-stage embryo to MDV was quite different from that to HVT. When MDV was
injected in ovo at ED 17, there was no evidence that the virus replicated in embryonic
tissues and extensive efforts to isolate the virus from embryos by cocultivation with
permissive monolayers were unsuccessful (Sharma, 1987a). Although it became
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undetectable, the virus persisted in the embryo because chicks hatching from virusinjected eggs subsequently developed cHnical MD and a majority died due to progressive
tumors (Sharma 1987a).
The mechanism by which vaccines induce protection following in ovo inoculation is
not known. Because most vaccine viruses replicate in the embryo, the viruses likely
stimulate the immune system of the embryo and initiate a protective response before
the chick hatches. When we exposed 18-day-old embryos to NDV, IgM-bearing cells
proliferated in the spleen and cecal tonsils and some of these cells allowed specific
surface binding of biotin-labeled virus thus indicating that the cells were committed to
a NDV-specific immune response (Sharma and Ahmad, 1994). The kinetics of this
response have not been carefully examined, nor is it proven that an embryonic immune
response is a prerequisite in all cases for the protection of the hatched chicken. Clearly
more work is needed to understand the virus-host relationship following in ovo
inoculation of infectious agents. Of special interest is the possible negative influence
of lymphotropic vaccine viruses such as IBDV and herpes viruses on the ontogeny and
functions of the developing immune system of the embryo.
FIELD TRIALS WITH THE IN OVO USE OF MD VACCINES
Extensive field data are accumulating as the use of in ovo vaccination technology
becomes widespread in commercial hatcheries. Results of several controlled field trials
have been published in which important performance parameters of broiler chickens
vaccinated with MD vaccine in ovo or post-hatch were compared (Miles et al., 1992;
Gildersleeve et al, 1993; Sarma et ai, 1995). Results have shown that the performance
of the two groups was comparable. Improved feed conversion ratios were observed in
several field trials. Occasionally, in ovo vaccination at ED 17 resulted in reduced
hatchabiUty rates (Sarma et al, 1995). Results of a field trial conducted in 1994 are
presented in Table 1. These results were consistent with previous field data.
ANTICIPATED FUTURE DEVELOPMENTS IN.THE IN OVO VACCINATION
TECHNOLOGY
The use of in ovo vaccination technology is expanding rapidly. We anticipate that
within the foreseeable future, most commercial hatcheries in the U.S.A. and in other
major poultry producing countries will convert to in ovo vaccination. Further, future
hatchery designs are likely to have built-in space for most convenient use of automatic
egg injection machines. Currently, in ovo vaccination is limited to MD and certain
IBDV vaccines. Commercial in ovo vaccines against other diseases are likely to become
available. These could include recombinant vaccines containing one or more
immunogenic genes (Reddy et al, 1996), subunit vaccines, new vaccine formulations
such as the antibody-virus mixtures (Whitfill et al, 1995) and adjuvenated vaccines
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(Stone, 1994). It may also be possible to inject the embryonated eggs with multivalent
live vaccines containing several diverse agents, thus reducing the need for individual
vaccine administration. The in ovo vaccination technology is likely to facilitate the
delivery of immunomodulators such as cytokines or cytokine-inducing agents, growth
promoting substances, antimicrobial agents and substances that have an influence on
muscle mass leanness and feed efficiency.
Current in ovo use is limited to broiler chickens. It is likely that the use will expand to
include layer and breeder chicken populations and other species such as commercial
turkeys and game birds. Preliminary studies have shown promising results in turkeys
(Fadly and Nazerian, 1989; Ahmad and Sharma, 1993).
Tabiel. Comparison of commercial chicken flocks vaccinated in ovo or at hatch with turkey
herpes virus (HVT)*
Criterion

In ovo vaccinated group
# at risk
Response

% Hatchability

838,000

% 2 week mortality

240,000

Post-hatch vaccinated group
# at risk
Response

81.74

635,840

83.61

1.2

1,869,748

Not done

% Livability

96.02

94.86

Live weight (kg)

2.100

Feed conversion

1.94

"
"
"
"
"

Settlement cost (cents/lb)

37.79

% Condemnation

0.51

2.099
1.95
37.96
0.S3

*Data from an unpublished presentation by Fabris,G., Pattarello, I., and FigaroUi, V. at the In ovo
Vaccination Workshop, 9th European Poultry Conference, Glasgow, 1994

1 day

Ï day,

3 days

I i

Age at challenge with virulent MDV
Figure 1. Early post-hatch protection against MDV in chickens vaccinated with HVT at ED18.
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BROILER ASCITES : PREVENTION AND FUTURE
DIRECTIONS
M.H.Maxwell and G.W.Robertson
Roslin Institute (Edinburgh), Roslin, Midlothian, Scotland, UK

This review describes preventative measures, past and present, to control the
ascites syndrome in broiler chickens and suggest some future directions that
may contribute to reducing incidences worldwide. The alarming increase of this
condition in many low altitute/sea level countries within the past 15 years has
established ascites as a common cause of death at the farm or of carcase
condemnation at the processing plant. The review describes various features of
the condition including world distribution, economic costs to the industry and
clinical signs and lesions. Ascites has a strong genetic predisposition, particularly
in fast growing heavy weight broiler strains and the review discusses the efforts
to reduce lung pathology by improving environmental ventilation and dietary
manipulations e.g. food restriction and the use of vasodilators. The importance
of good chick quality is also emphasised. Because ascites is essentially a
cardiopulmonary condition, results of various experimental studies in myocardial
and pulmonary tissues have demonstrated exciting techniques designed to identify
resistant and susceptible birds. One such study has identified serum troponin T,
a cardiac-specific protein, as a simple marker for detecting early myocardial
cell injury for use in future genetic selection programmes. Such markers that
improve cardiopulmonary efficiency and performance in the modern commercial
broiler chicken should be further investigated for their suitability as a possible
long term solution of ascites control.

INTRODUCTION
The cardiopulmonary condition, commonly known as "ascites", is one that affects
very young, rapidly growing broiler chickens and is characterised by an accumulation
of lymph in many of the peritoneal spaces. Consequently, birds die from congestive
heart failure. Other synonyms by which it has been known include, altitude disease,
waterbelly and pulmonary hypertension syndrome. One of the earliest cases in chickens
was reported by Kaupp (1933) who illustrated a barred Plymouth Rock hen with
ascites (referred to as abdominal dropsy) from which 1100 ml of fluid were removed.
However, the origin of the word "ascites" goes back much farther in antiquity to the
2nd century, where an "ascitan" was described as a member of a heretical sect who
danced around on inflated wineskin (Mathew, IX, 17). Unlike the isolated cases of
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ascites in the 1930's the ascites syndrome as we know it today, has developed into a
major heahh, economic and welfare problem for the international broiler industry. A
figure of $ 500 million has recently been claimed to be the annual economic loss
worldwide resulting from mortalities caused by ascites (Bottje et al. 1995). In many
countries, the commercial development of the broiler chicken commenced in the late
1950's. Subsequently, ascites soon became a srious problem on a wide scale,
particularly among flocks maintained at high altitude (> 1500 mtr). For example, in
several countries in South America, Mexico, South Africa and Kenya , there were
reports of deaths from ascites striking over 30% of the birds placed. Such high
mortalities were largely the result of the excessive metabolic demands placed on
birds, caused by reduced oxygen tensions (hypoxia) experienced at these raised
elevations. Hypoxia is now recognised as one of the major factors leading to ascites
at high altitude. As a consequence, there is increased blood flow in the pulmonary
arteries which contributes to pulmonary hypertension and hypertrophy of the right
ventricle in the heart. There is now concern about the frequency of ascites occuring
at lower elevations, even at sea level, since the early 1980's with increased incidences
in UK, The Netherlands, Belgium, Germany, Italy, Australia, Mauritius and Cuba.
This has been attributed to the progressive intensification of farm practices and
consequences of rapid weight gain by the birds. This requires an increased supply of
oxygen to tissues from a stressed cardiopulmonary system that may be compromised
by adequate ventilation in intensive husbandry systems. Peak mortality generally
occurs between 3 to 5 weeks of age with more birds dying in the winter than in the
summer and, with typical mortalities of 1-2%, 2.5 million birds are affected annually
in the UK. The purpose of this paper is to review some of the preventative measures
that have emerged in the past and more recently to combat ascites, and not to present
a general review on the condition. In addition, short and long term research strategies
designed to reduce the incidence of flock ascites will also be discussed.
GENETIC PREDISPOSITION
Broiler producing companies worldwide appreciate that there is a a strong genetic
prediaposition to ascites. Increases in the metabolism and the concomitant increase
in oxygen demand of rapidly growing broilers places them on a metabolic "knife
edge". Huchzermeyer et al. (1988) demonstrated that commercial broiler strains
differed in this susceptibility. With selection for faster growth rates over the years,
the lungs and liver develop more slowly in birds with ascites (Jones, 1995). Slower
growing strains, and birds on food restriction programmes present lower incidences
of ascites. Molecular genetic analysis of loci affecting resistance or susceptibility to
ascites has recently been undertaken in an attempt to identify candidate polymorph
bands (Kirby et al. 1995). Therefore, there has been a strong emphssis in the industry
to establish broiler strains capable of maintaining efficiency and profitability but
with the inheritance of resistance.
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ASCITES AND LUNG INVOLVEMENT
Lung failure, a characteristic feature of ascites, affects not only gas exchange but
also non respiratory, metabolic pulmonary functions (Druml et al. 1993) Much
emphasis has centred on the pathogenesis of pulmonary on hypertension, because the
lungs of young broiler chickens show pathological change with ascites (Maxwell et
al. 1986). The lungs not only synthesise various agents such as surfactant,
prostaglandins, plasminogen activator and lipoprotein Upase but they also serve as an
important site of catabolism for such vasoactive hormones as serotonin, norepinephrine, bradykinin and prostaglandins (Hechtman and Shapro, 1982). Julian
(1993) proposed that the principal reason for the increase in hypoxic-induced
pulmonary hypertension in the broiler was increased blood flow, polycythaemina and
blood viscosity caused by rapid growth, vasconstriction (Huchzermeyer and De Ruyck,
1986) and inadequate ventilation (Maxwell, 1990) all of which may act in concert.
ASCITES, THYROID AND FREE OXYGEN RADICALS
There is increasing evidence that there may be a strong relationship between thyroid
malfunctions and ascites. Decuypere et al. (1994) have demonstrated that broilers
with raised thyroxine (T3) concentrations were more susceptible to ascites. Bottje et
al. (1995) confirmed the importance of the thyroid in a review where the role of
antioxidants, hypoxia and lipid peroxidation involvement in ascites was discussed.
The compounds known as free oxygen radicals or reactive oxygen species, are known
to have a profound effect on and cause considerable damage to tissues. It has also
been proposed that raised concentrations of malondialdehyde, a catabolite released
during lipid perioxidation, may be related to ventricular hypertrophy (Diaz et al.
1994) Wideman et al. (1994) and Bottje et al. (1995) have suggested the use of
pulmonary vasodilating agents, in conjunction with antioxidant treatment to project
against oxidative stress, to improve tissue oxygénation.
DIETARY MANIPULATIONS TO ALLEVIATE ASCITES
In recent years there has been much emphasis on food restriction of young broilers as
a means of reducing the incidence of ascites, particularly during early life (6-12 days
of age). Studies have shown that compensatory growth, improved feed conversion
ratios and reduced fat content occurs in such birds during the final growing period
(Shlosberg et al. 1991; Jones, 1995) and that the mortality from ascites was
significantly reduced with no adverse effect on flock performance. Reductions in the
incidence of ascites have also been reported when birds were fed mash rather than
pelleted diets at both high and low altitudes (Da Silva et al. 1988; Shlosberg et
al. 1992). Reports have also described improvements as a result of increasing dietary
vitamin C concentration but not that of vitamin E (Agudelo, 1983; Al-Taweil and
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Kassab, 1990). Reduced mortality from ascites has been reported by Owen et al.
(1994) after the use of a diet made alkaline by the addition of 1% sodium bicarbonate.
Vasodilation was induced thus decreasing the arterial pressure index. Dietary
furosemide and supplemental L- arginine have both been shown to reduce the incidence
of pulmonary hypertension and ascites in broilers by acting as pulmonary vasodilators
(Wideman et al. 1995 a,b).
IMPROVEMENTS WITH VENTILATION SYSTEMS
An interesting recent development which claimed significant reductions in the
incidence of ascites was the introduction of a urease inhibitor to the diets of broiler
chickens (Walker, 1993). These studies have shown that poor air quality, caused
possibly by raised ammonia concentrations in broiler sheds, may be a predisposing
factor for ascites. This research has demonstrated that when this inhibitor, an extract
containing selected glycoproteins from the Yucca schidigera plant, is added to animal
diets it binds intestinal ammonia and other noxious gases. Because very low
concentrations of ammonia are known to interfere with respiratory function and
influence performance, the proposed mechanism seems reasonable and this additive
could be of considerable benefit to the industry.
A stongly conclusive feature in a recently conducted survey of broiler ascites in the
United States (Morris, 1992) was the importance of air quality and overall ventilation
within the broiler shed. The message from this work stressed that, if ventilation was
improved, the incidence of ascites would be reduced. Certainly, evidence from research
conducted at Roslin (Maxwell et al. 1990) in which considerable structural and
cellular changes were seen in birds kept under poor ventilation, would support this
view. Such concerns about ventilation have also been expressed about incubation
practices at the hatchery (Coleman and Coleman, 1991). Increasing the length of
lighting programmes was recommended for broiler chickens, with the effect of
reducing leg abnormalities, the sudden death syndrome and possibly ascites (Classen,
1991)
ASCITES AND CHICK QUALITY
In a recent survey conducted at the Roslin Institute on broiler ascites in the UK
during 1993, nearly 50% of respondants considered that chick quality was important
in the aetiology of ascites. This subjective opinion was supported by answers relating
to questions on road transportation of day-old chicks. The importance of various
management procedures were emphasized in terms of ascites control . Stocking
density, distance (time), temperature and length of time lorries were heated before
transportation of the birds were all believed to affect the incidence of ascites. In
addition, the length of time during which sheds were heated before chick arrival may
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also affect the overall incidence. For example, there were higher incidences among
flocks placed in houses that had been heated for between 24 and 48 hours than those
introduced to houses heated for less than 24 hours. If the increase in house temperature
is responsible for raised levels of ascites, then this would correlate with similar
increases seen during chick transportation (high lorry temperatures of 21-25°C
compared with 19-21°C) and with high brooding temperatures (30-33°C compared
with 29-30°C). This data would indicate that the day-old chick is much more vuhierable
to small changes in temperature and /or relative humidity compared with older birds.
Older birds, on the other hand, appeared to be more tolerant of higher finishing
temperatures (22-24°C) where the incidence of ascites was significantly lower than
in birds kept at temperatures of 18-21°C. These thermal changes together with other
Stressors associated with transportation , (e.g. noise and vibration) may synergistically
contribute in the pathogenesis of ascites very early in the life of the chick. The
importance of good management control of day-old chicks is paramount, not only
following placement, but even before their arrival on the farm.
IDENTIFYING EARLY SIGNS OF ASCITES
Attempts by research workers and breeding companies to predict accurately which
birds will develop cardipulmonary disease are hampered by the dearth of specific
tests available. The methods currently used include raised haematocrits (Shlosberg et
al. 1992), non-invasive vectorelectrocardiographic and phonocardiographic techniques
(Odom et al. 1992 ; Jeffrey et al. 1995) and oximetry (Maynard et al. 1995). Another
test of predictability is the measurement of the arterial pressure index or right ventricle/
total venticular weight ratio, which assesses the degree of pulmonary hypertension
preceding right ventricular hypertrophy (Huchezermeyer and De Ruyuk, 1986).
Unfortunately birds have to be sacrificed and ventricles removed to obtain such a
measurement.
However, a recently developed ELISA assay (Katus et al. 1989) marketed by
Boehringer Mannheim in 1991, has been used to detect troponin T (TnT) in the sera
of human patients who had suffered myocardial infarction. TnT is one of the
myofibrillar regulatory proteins of the contractile apparatus and is located on the thin
filament. Depending upon its source (cardiac or skeleteal), TnT can be differentiated
immunologically according to its amino acid composition. In healthy individuals, the
TnT antigenic protein is not normally present in blood. This assay has subsequently
been used to identify this cardiac-specific protein in broiler chickens (Maxwell et al.
1994, 1995 a,b). Although the cascade of events leading to heart failure is secondary
to the lung damage in the bird, the TnT assay is commercially available and easy to

Significant concentrations of TnT were measured in broilers with ascites compared
with control birds. Reference values of TnT in two commercial strains of broiler
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demonstrated very high values in some day-old chicks, considered to be an embryonic
isoform, but by 3 weeks of age the protein was barely detectable. The age at which
routine selection takes place in a breeding programme viz. 35 to 49 days, would be
an eminently suitable time for this assay to be performed since only the adult isoform
would then be measured.
TnT has been used also as a marker of heart damage in very young (7-10 day) broiler
chicks. Significant values were measured in 7 day old hypoxic chicks compared with
normoxic flockmates and confirmed previous work that myocardial damage is
associated with hypoxic stress (Maxwell et al. 1995c). Ten day old farm reared
ascitic and debilitated broiler chicks also had significantly higher TnT values compared
with their age-matched controls. Characterisation of avian embryonic TnT measured
in chicks 1, 12, 24, 48, 96 hours and 7 days post hatch have shown a peak value at 12
hours. The raised TnT values identified at 12 hours, in association with increased
heterophil/lymphocyte ratios at 1 and 12 hours post hatch, may indicate a response to
physiological hypoxic stress imposed during the hatching process. Those birds that
reacted in this manner (31%) , as well as responding to a possible Stressor may also
be genetically predisposed to pre ascitic lesions or to other cardiopulmonary conditions.
According to Boehringer Mannheim, even the slighest injury to heart muscle cells
leads to a measurable release of TnT. In these studies it was proposed that the
detection of TnT in the blood is an important indicator of early heart disease in
young broiler chicks and that this assay could be used as a non-invasive tool in a
genetic selection programme designed to improve cardiopulmonary performance in
broilers by selecting against tissue hypoxic stress and susceptibility to ascites.
FUTURE DIRECTIONS
At present, changes in the husbandry of broilers appear to be most effective in the
control of ascites. These include improvements to ventilation without lowering the
temperature or limited reductions in food intake. However, there is a definite genetic
component to the development of ascites, with some strains showing clearly increased
susceptibility. A longer term answer to the problem of ascites lies in improving the
basis of genetic selection (i.e. producing birds that are more resistant to either hypoxia
or ascites or both). The troponin T assay may be of value in mapping genes associated
with pulmonary hypertension and avian ascites. Efforts to improve cardiovascular/
cardiopulmonary performance through careful selection should be paramount in order
to control ascites.
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MAKER'S DISEASE VACCINES : CURRENT OPTIONS
AND FUTURE DEVELOPMENTS
K.A.Schat
Department of Microbiology and Immunology, College of Veterinary
Medicine, Cornell university, Ithaca NY 14853, USA

Marek's disease (MD) is controlled by vaccination of one-day-old chicks or 18day-old embryos using one or more vaccine strains. Over the last few years an
increase in vaccination breaks has been reported in certain geographic areas. Some
of these breaks may be caused by the emergence of new strains of MD herpesvirus
with an increased virulence compared to the very virulent strains associated with
earlier vaccination breaks. Possible options to increase protection against MD are
discussed.
INTRODUCTION
Marek's disease (MD), a herpesvirus (MDV) - induced lymphoproliferative disease of
thymus-derived lymphocytes, has been controlled by vaccination of newly hatched
chicks since the early 1970's. These vaccines induce a remarkable level of protection
especially in view of the fact that chicks are often placed in contaminated houses within
one to two days after vaccination and before vaccine-induced immunity has developed.
Although vaccine breaks have been reported since the introduction of the first vaccines,
most of these failures were caused by suboptimal vaccination or management procedures
rather than by the emergence of new field strains. However, very virulent (vv) MDV
strains were isolated from vaccination breaks during the early 1980's. The most
commonly used vaccine herpesvirus of turkeys (HVT), was indeed less protective against
challenge with vvMDV than with previously used challenge strains. To protect against
vvMDV strains bi and polyvalent vaccines (see below) were introduced increasing the
level of protection. Recently, complaints on vaccination failures have increased again
in the USA and elsewhere raising the possibility that even more virulent challenge
viruses are emerging. This review covers currently available vaccine strains, possible
causes for vaccination failures, vaccine strategies, and future developments.
Vaccine Strains
Three serotypes of MDV are recognized, serotype 1 and 2 can be isolated from chickens,
while serotype 3 or herpesvirus of turkeys (HVT) is isolated from turkeys. All oncogenic
strains belong to serotype 1, while serotype 2 and 3 viruses are naturally nononcogenic
(Schat, 1985). During the early 1970's three types of Marek's disease (MD) vaccines
were developed (Witter, 1985; 1992a). The first one, HPRS-16/Att, was developed
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from an oncogenic, serotype 1 MD herpesvirus (MDV) by attenuation in chick kidney
cell cultures. A second vaccine, CVT988, was also developed from a serotype 1 MDV
strain but the original virus had a low oncogenicity. One of the main differences between
HPRS-16/Att and CVI988 is that the latter will spread horizontally in contrast to the
former. CVI988 is often referred to as the Rispens vaccine in honor of the late Dr. B.H
Rispens, who developed this vaccine with his co-workers. The third vaccine, HVT,
prepared from a related herpesvirus isolated from turkeys, has become the most widely
used vaccine.
Although these vaccines provide exceptional levels of protection, vaccination breaks
became more frequent during the early 1980's due to the emergence, of wMDV strains.
The addition of SB-1, a serotype 2 MDV strain, to HVT significantly improved
protection against challenge with vvMDV compared to HVT alone. Since then, several
other serotype 2 strains [e.g.,301B (Witter, 1985), Z4 (Liu et al.,1992)] have become
available. Additional serotype 1 vaccines have been developed. De Boer et al.
(1986,1988) derived CVI988 clone C (Clone C) by further attenuation of CVI988 in
cell culture. In order to increase in vivo replication Clone C was back-passaged 6 times
in chickens and is used as Clone C/R6. Witter (1991) described the development of R2/
23 by attenuation of the vvMDV Mdl 1 strain. All these vaccine strains have been used
either as monovalent vaccines or as components in bi-or tri valent vaccines.
Vaccine Administration
All vaccine strains are used as cell-associated viruses, which are stored in Uquid nitrogen.
HVT can also be used as a cell-free product. Proper preparation and use of the cellassociated vaccine is critical for optimal protection. The use of inappropriate
temperatures to thaw the vaccine or preparation in non-approved diluents may result
in loss of titer and incomplete protection.
Chicks are either vaccinated by inoculation at one day of age or as 18-day-old embryos.
In ovo vaccination has become automated and as a consequence vaccine delivery is
probably less prone to errors than injection of one-day-old chicks. Field trials did not
demonstrate an increased protection against MD, but overall production costs were
improved by in ovo vaccination (Miles et al. 1992, Sarma et al., 1995). Perhaps the
most important advantage of in ovo vaccination is the improved deUvery of vaccine
eliminating one of the most important reasons for vaccine failures.
Comparative Efficacy of Marek's Disease Vaccines
Witter (1987,1991,1992b) and Witter et al. (1995) compared a large number of single
vaccines and vaccine combinations. In general, CVI988 provided the highest level of
protection against a panel of different vvMDV strains when compared with clone C,
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R2/23A HVT, 301B or SB -1 ,or bi-or trivalent vaccines. Sekiya et al. (1992) compared
CVI998 with clone C/R6 and HVT for protection against RB-IB. Both CVI988 and
clone C/R6 provided complete protection. The addition of serotype 1 vaccine strains
to either serotype 2 and/or 3 vaccines did not result in protective synergism as Jiad
previously been noted for the combination of serotype 2 and 3 strains. The mechanism(s)
responsible for protective synergism are poorly understood at the present, although
enhanced natural killer cell activity may be involved (Schat,1996).
Vaccine Failures
Failures to protect at the expected level can be caused by many factors, such as poor
vaccination techniques, infection with other viruses causing immunosuppression (e.g.,
chicken infectious anemia virus and infectious bursal disease virus), and high levels
of stress. However, vvMDV strain were responsible for some vaccine breaks during
the early 1980,s and even more virulent strains may be emerging at the present time.
Unfortunately, serotype 1 strains can not be differentiated for virulence by serological
or molecular techniques. In order to characterize new strains for increased virulence
complex in vivo experiments are needed in which genetically susceptible and resistant
chickens are vaccinated with a serotype 1 vaccine (e.g. CVI988), HVT or HVT + SB1 (or 301B) followed by challenge with a standard vvMDV strain and the new strain(s).
Challenge with vvMDV strains will cause MD in genetically susceptible birds vaccinated
with HVT, but not in chickens vaccinated with CVI988 or bivalent vaccines (Witter
et al., 1995). Genetically resistant birds are protected against challenge with vvMDV
by vaccination with HVT In order to be classified as more virulent then vvMDV a
strain must cause a significant increase in MD compared to challenge with vvMDV
Although some recent studies suggest that strains with increased virulence are becoming
more prevalent (Witter, personal communication), additional studies are needed to clarify
the current situation.
Future Developments
Although there are not yet wide-spread problems with the current vaccines, complaints
on vaccine failures are not uncommon. Unfortunately, there are few if any new options
available to improve the level of protection especially against the new strains with
increased virulence. Two groups reported improved protection by revaccinated within
7days of age (Zanella et al., 1988, Buscaglia and Crosetti, personal communication).
One of the explanations for their result could be poor vaccination techniques at the
hatchery perhaps in combination with low vaccine titers. Another approach to improve
the efficacy of current vaccines is the selection of specific serotypes based on the major
histocompatibility complex (MHC) of conomercial chickens. Bacon and Witter (1995)
demonstrated that selection of vaccines was important in MHC heterozygous chickens.
Certain serotypes protected better depending on the MHC background, but further studies
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in commercial chickens will be needed. It will depend on the willingness of the primary
breeder organization to share proprietary information on the genetic background with
vaccine producers to fully develop this approach. The use of recombinant vaccines
using fowlpox-or MDV serotype 1,2, or 3 MDV-based vectors is certainly feasible
(Zelnik, 1995). Selection of relevant genes for inclusion in these vaccines is still
problematic, because there is a lack of knowledge on the importance of different MDV
proteins for cell-mediated and humoral immunity. However, progress has been reported
on the identification of MDV proteins that are important for cell-mediated immunity
(Schat, 1996). Identification of these proteins would allow the construction of
recombinant vaccines expressing specific epitopes to stimulate humoral and cellmediated immune responses. MDV-based vectors can also be used to express
immunogenic proteins of other pathogens. However these vectored vaccines may protect
the other pathogen, but may not always protect against MD (Darteil et al., 1995). Other
approaches such as the use of recombinant cytokines to enhance immune response or
anti-sense technology may become feasible in the more distant future. Unfortunately,
the cloning and characterization of avian cytokines has proven to be an elusive goal.
Anti-sense technology, in which antisense RNA would interfere with the transcription
of key regulatory genes of MDV, may offer promises for the more distant future. It may
be possible to make transgenic chickens which express antisense RNA, but in order to
succeed it will be important to identify these key regulatory genes first.
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METHODS FOR DETECTION OF MYCOPLASMA
GALLISEPTICUM : IMPROVING THE OLD AND
APPRAISING THE NEW
Janet M. Bradbury, Z. M. Zain, J. Lewis, C. M. Dare and
C. A. Yavari
University of Liverpool, Dept of Veterinary Pathology, Leahurst, Neston,
South Wirral L64 7TE, UK

Accurate diagnosis of M.gallisepticum infection is the key to successful control,
and sensitive DNA detection methods and immunoassays have been developed
for this pathogen as for many others. Neverthless, until these new techniques
have been properly appraised and found cost-effective, the conventional methods
of mycoplasma isolation and serological screening will continue to be used. We
have attempted to improve our isolation technique and have also evaluated some
of the newer diagnostic methods. In a study to optimise the recovery of M.
Gallisepticum on swabs, we found that pre-wetting them with suitable medium
not only aided mycoplasma survival but also picked up more organisms in the
first place. Viability declined rapidly on dry swabs at ambient temperature. Several
newer diagnostic methods were investigated in experimental and natural infections
of M.gallisepticum. A commercial DNA probe kit was compared with conventional
culture, and for antibody detection four commercial immunoassay kits were
compared with the rapid serum agglutination and haemagglutination inhibition
tests. The DNA test was sensitive and accurate, and was particularly helpful iü
birds undergoing treatment with antibiotics. It was also helpful in diagnosing
M.gallisepticum infection in game birds where the presence of numerous fastgrowing commensal mycoplasmas made isolation difficult or impossible. However
great care was needed to avoid cross-contamination in the laboratory. The
commercial ELISA kits were all able to detect infection but in experimentally
infected turkeys reactions were detected a week earlier using the rapid serum
plate test.
INTRODUCTION
It is generally accepted that the best method for control of Mycoplasma gallisepticum,
as for all the pathogenic avian mycoplasmas, is eradication of the organism from primary
breeding stock, and this has been successfully achieved by many of the major chicken
and turkey breeding companies. However, despite good biosecurity and regular
serological monitoring of mycoplasma-free breeding stock, suspected M. gallisepticum
'breaks' still occur and rapid confirmation of the diagnosis is of considerable economic
importance in deciding the fate of the flock. Furthermore M. gallisepticum infection at
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the commercial level results in considerable financial loss worldwide due to its impact
on production of poultry meat or eggs, and due accurate diagnosis of M. gallisepticum
infection is the key to successful control, and sensitive DNA detection methods and
immunoassays have been developed for this pathogen as for many others. Nevertheless,
until these new techniques have been properly appraised and found cost-effective, the
conventional methods of mycoplasma isolation and serological screening will continue
to be used. We have attempted to improve our isolation technique and have also
evaluated some of the newer diagnostic methods. In a study to optimise the recovery
of M. gallisepticum on swabs, we found that pre-wetting them with suitable medium
not only aided mycoplasma survival but also picked up more organisms in the first
place. Viability declined rapidly on dry swabs at ambient temperature. Several newer
diagnostic methods were investigated in experimental and natural infections of M.
gallisepticum. A commercial DNA probe kit was compared with conventional culture,
and for antibody detection four commercial immunoassay kits were compared with the
rapid serum agglutination and haemagglutination inhibition tests. The DNA test was
sensitive and accurate, and was particularly helpful in birds undergoing treatment with
antibiotics. It was also helpful in diagnosing M. gallisepticum infection in game birds
where the presence to its role in respiratory disease, especially in broilers and turkeys.
Thus it is seen that rapid and accurate diagnosis of M. gallisepticum infection is the
cornerstone of a successful control programme, and to this end, new and sensitive
methods have been developed for detecting specific M. gallisepticum DNA (Hyman et
al., 1989; Khanetal., 1989;Levisohnetal., 1989; Nascimento et al. 1991; Fernandez
et al., 1993; Khan and Kleven, 1993; Kempf et al., 1993; Slavik et al., 1993; Dove,et
al., 1994; Ley et al., 1993; Kleven, 1994) and for detecting M. gallisepticum antibodies
by immunoassay (Avakian et al., 1988; Kempf et al., 1994; Czifra et al., 1995). However
until these methods have been fully evaluated and shown to be cost effective, the
conventional diagnostic procedures will continue to be used.
We have therefore attempted to improve traditional methods of diagnosis and at the
same time have undertaken evaluation of some of the newer commercially available
diagnostic products.
IMPROVING TRADITIONAL METHODS OF MYCOPLASMA CULTURE
Specimens for mycoplasma culture are often collected on applicator swabs because
they provide a convenient means of transport between the poultry farm and the diagnostic
laboratory. Although rapid despatch of such specimens in a transport medium and
some means of cooling is recommended in the text books (eg. Kleven and Yoder, 1989)
it is not uncommon to receive samples on dry swabs which, even in a small country
like the UK, have been in transit and unchilled for at least 12 hours. Since we were
unclear of the real implications in terms of recovery and survival of M. gallisepticum
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we decided to investigate the influence of using dry or pre-wet swabs for collecting
samples and for subsequent storage.
When the choanal clefts of experimentally infected turkey poults were sampled with
dry swabs or with swabs that had been dipped beforehand in mycoplasma broth, the
pre-wet swabs yielded significantly more M. gallisepticum organisms on three of four
sampling occasions (Zain and Bradbury, 1996). When dry or pre-wet swabs were
identically seeded with low numbers (approx. 102 colony-forming units) of
mycoplasmas, complete viability was lost very quickly (between 8 and 24 h) on dry
swabs at room temperature while on swabs that were chilled, especially if they were
pre-wet with broth, viability was maintained for at least two days. Addition of charcoal
was also beneficial to the viability of M. gallisepticum on storage. When unchilled
swabs with low numbers of organisms were mailed to the laboratory overnight, only
those with charcoal yielded viable mycoplasmas.
In another study it was found that dry swabs seeded with low numbers of M.
gallisepticum retained 70 to 75% of the organisms when inoculated into broth, despite
vigorous agitation (Zain and Bradbury, 1995). More recoveries were made if swabs
were retained in the broth for incubation but with field material this might also encourage
growth of bacterial contaminants. When different types of swab were examined, it
was found that rayon swabs on aluminium sticks were inhibitory to the growth of M.
gallisepticum.
These experiments serve to emphasise the vital importance of conditions of transportation
on the outcome of isolation from field samples and unless swabs are pre-wet with
suitable medium and despatched quickly and with some form of cooling, culture attempts
may fail.
APPRAISING NEW METHODS FOR DETECTION OF M. GALLISEPTICUM
The conventional techniques of mycoplasma culture and of antibody detection by the
rapid serum plate agglutination and haemagglutination inhibition tests were compared
with a commercially produced PCR-based DNA detection kit (Tyrrell et al., 1992) and
with four antibody immunoassay kits for their efficacy in diagnosing M. gallisepticum
infection. Naturally and experimentally infected turkeys were used. For the experimental
work one-day-old mycoplasma-free turkeys were inoculated intranasally with the S6
strain of M. gallisepticum and were divided into three equal groups. A control group
was sham-inoculated with mycoplasma broth. Commencing at 10 days, one infected
group was treated with enrofloxacin and one with tylosin tartrate in the drinking water
according to the manufacturers' instructions. The third infected group remained
untreated. Swabs were taken from the choanal clefts at weekly intervals for 5 weeks
for testing by culture and the DNA detection kit. Blood samples were collected at 3,4
and 5 weeks for the serological tests.
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After one week there was no difference between culture and the DNA test in the detection
rate. However when samples were collected at two weeks there were no recoveries
from birds in the two groups receiving the antimicrobials while at least half of the birds
gave a positive reaction with the M. gallisepticum DNA test. The DNA test also detected
more positive birds in these two groups for the next two weeks, illustrating the potential
value of this test for flocks which require investigation but which have already been
treated with antimicrobials. A small number of positive reactions occurred in material
from the uninfected control group but they were not reproducible and coincided with
times when other workers were manipulating cultures of M. gallisepticum in the
laboratory during the sample preparation. This underlines the need for very strict
protocols to avoid such contamination and suggests that material from different flocks
should never be included in the same test run.
DETECTING M. GALLISEPTICUM INFECTION IN GAME BIRDS
Game birds such as pheasant and partridge are susceptible to M. gallisepticum (Yoder,
1991) and, after release into the wild, may be involved in the spread of infection to
domestic poultry flocks. The organism is thought to be responsible for the sinusitis
and conjunctivitis seen in UK game birds but a cultural survey of affected birds over
the past 10 years has resulted in only a few conñrmed cases of M. gallisepticum but
numerous isolates of very fast-growing Mycoplasma species, including Mycoplasma
glycophilum. The difficulty in detecting M. gallisepticum was thought to be due to
overgrowth by other species particularly as most samples were submitted to us after
one or more passages in vitro.
The commercial PCR-based DNA probe kit has been used to reinvestigate the stored
specimens and, despite the unknown passage level of many of the cultures examined,
M. gallisepticum infection has been detected in a further six previously undiagnosed
outbreaks of respiratory disease in game birds.
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A NOVEL NON-RADIOACTIVE DIAGNOSTIC TEST
FOR EVALUATING CELL-MEDIATED FUNCTION IN
THE CHICKEN

k

S. Ansar Ahmed, R.M. Gogal Jr, C.T. Larsen, and F.W.
Pierson
Center for Molecular Medicine and Infectious Diseases, VirginiaMaryland Regional College of Veterinary Medicine, Virginia Tech,
Blacksburg, VA 24061, USA

A Kiew non-radioactive lymphocyte proliferation assay (Lympho-Pro) involving a
modifíed slow spin isolation of lymphocytes is described for determining avian
cell-mediated immune (CMI) function. This assay was found to be comparable
to the ^H-thymidine incorporation assay.

INTRODUCTION
Studies on the chicken immune system is important not only for biomédical research (as
a model for studying human immunology; Vainio and Imhof, 1995) but also to the poultry
industry (as it impacts on productivity). Traditionally, the immune system of the chicken
is (evaluated by measuring antibody levels. Unfortunately, an assessment of CMI in birds
(eg. lymphocyte proUferation) is not routinely done primarily because of problems
associated with isolation and identification of pure lymphocytes and the use of radioactive
re^Lgents. In mammals, a number of non-radioactive assays (MTT, NAG and BrdU) have
be<m developed (Mosmann, 1983; Porstmann, 1985). However, most of these assays require
midtiple steps and thereby increasing chances of errors. Recently, we reported a simple
one step non-radioactive test to determine proliferation of lymphocytes from mice. This
test was comparable to the ^H-thymidine incorporation assay (Ansar Ahmed et al., 1994).
Wí; have now adapted this test (Lympho-Pro) to chicken lymphocytes.
MATERIALS AMD METHODS
Isolation and Identification of Lymphocytes: Peripheral blood from White Leghorn
chickens of various ages (6 weeks to 1 year) was collected in heparinized tubes. Blood
samples were subjected to a slow speed centrifugation (50 X g for 10'), a modification
of Barta et al, (1992). The plasma-buffy coat layer was carefully "swirled" to collect
th(î lymphocytes. This procedure was repeated thrice. Cells were washed three times
and exposed to Natt-Herricks stain to identify and enumerate lymphocytes (Natt and
Hemcks, 1952). The purity of the cellular preparation was also confirmed by forward
and side scatter flow cytometric analysis.
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Lymphocyte Proliferation Assay: Quadruplicate wells of lymphocytes (5 XI06 cells/
ml) in complete RPMI-media were cultured in the presence or absence of Con A (10
|ig/ml & 50 |Lig/ml) or PMA (10 ng/ml) + ionomycin (200 ng/ml) for 48 to 72 hours.
The plates were set up in duplicates to perform Lympho-Pro and ^H-thymidine assays
in parallel (Ansar Ahmed et al, 1994). At least 24 hours prior to the termination of the
culture, plates either received 20 ul of Alamar blue dye (Alamar Biosiences,CA) or
l|LiCi of "^H-thymidine. Upon cellular proliferation, biochemical changes in the cellular
microenvimoment reduces the dye. As a consequence of which not only the color of
the dye changes from blue to different shades of red but it also gains fluorescent
properties. The proliferation of cells was determined by ELISA colorimetric reader by
subtracting the 600 nm absorbance from the 570 nm absorbance. The florescence is
determined by using 560 nm (excitation ) and 590 nm (emission) filters.
Flow Cytometric Analysis: In select studies, cells cultured with Alamar Blue dye
were washed extensively, stained with PE-anti~CD4 and FITC-anti-CD8 monoclonal
antibodies (Southern Biotech. Birmingham, AL) and subjected to flow cytometry as
previously described (Ansar Ahmed et al 1994).
RESULTS
Lymphocyte Isolation and Identification: Natt-Herricks stain easily distinguished
lymphocytes(as deep blue) from thrombocytes (which do not take stain). A modiñed slow
spin centrifugation procedure yielded an enriched lymphocyte population as assessed by
Natt-Herricks differential stain (greater than 95%) and by flow cytometry (95%).
Lymphocyte Proliferation: Con-A and PMA + ionomycin were used as T and pan
lymphocyte stimulants, respectively. Mitogen-induced cells changed the color of the
dye from deep blue to shades of red. The pattern of lymphocyte proliferation as
determined by colorimetric and fluorometric analyses was similar to that obtained from
the ''H-thymidine assay. Thus, further validating this non-radioactive assay. Both
Lympho-Pro and 3H-thymidine assays revealed that younger birds had greater intensity
of proliferation to these mitogens compared to older birds.
Flow Cytometric Analysis: Dual color flow cytometric analysis revealed that cells
previously exposed to Alamar Blue had similar numbers and fluorescent intensity
patterns of CD4+ and CD8-I- cells.
DISCUSSION
The Trypan Blue dye was unable to discriminate between the lymphocyte and
thrombocyte populations. Therefore, thrombocytes could be mistakenly enumerated as
lymphocytes which could potentially affect the lymphocyte proliferation assay. The
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Natt-Henicks stain consistently distinguished the two blood cell types. A modified
technique of slow speed centrifugation (swirling three times instead of once coupled
with repeated washes) yielded a population of cells that were enriched for lymphocytes
compared to Ficoll/Hypaque density centrifugation.
Th<î pattern of lymphocyte proliferation as determined by the Lympho-Pro test (assessed
colorimetrically and fluorometrically) was similar to the ''H-thymidine assay. Our flow
cytometric data of proliferating cells shows that the dye is not toxic to cells and does
not interfere with the phenotypic analysis. Preliminary tests show that this test can also
be adapted to turkeys. We believe that this test has potential to be used in many diagnostic
laboratories to evaluate cell-mediated immunity status, since this simple test eliminates
the need for radioactivity.
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POULTRY HEALTH UNDER CONDITIONS OF
CLIMATIC STRESS IN ISRAEL
Yehudah Samberg
1 Keler St. Haifa, Israel

The seasonal distribution of economically important poultry diseases was collated
for more than three decades. The average incidence of outbreaks of each disease was
calculated for each month and expressed as the percentage of infected flocks from
those examined during that particular month. It was found that for most of the
diseases the greatest prevalence was during the winter (December-March) with an
a\ erage maximum temperature of 18.6 ^C and an average minimum temperature
of 8.6 ^C. This was most prominent for the following diseases: Avian
Eiicephalomyelitis, Newcastle Disease, Infectious Bronchitis, Turkey Rhinotracheitis,
Lîiryngotracheitis, Gangrenous Dermatitis, Pasteurella anatipestifer, Ascites (in
broilers) and Round Heart Disease (in turkeys). The only disease encountered whose
prevalence was greatest in sununer (with an average maximum temperature of 32.1^C
and an average minimum temperature of 20.1 ^C) was Pullet Disease. T\irkey
Mieningoencephalitis appeared mostly in the late summer and autumn (average
maximum temperature 29.9 ^C and average minimum temperature 17.7 ^C). For
Infectious Bursal Disease, Coccidiosis, Pasteurella multocida, feather mites, and
Hemorrhagic Enteritis (in turkeys), no seasonal variation was observed. For Marek's
Disease, Salmonellosis and Colibacillosis a limited prevalence during the cool period
was noted. General measures are applied to overcome heat stress and are used for
the control of economically important diseases. These measures include improved
samitary conditions, eradication, monitoring programs, quarantines and vaccination
pi*ocedures.

ir^iTRODUCTION
Over the years, practically all of the economically important poultry diseases have
biîen diagnosed in Israel. The peak year of incidence, followed by the percentage of
infected flocks from those examined for the common poultry diseases are as follows:
Newcastle Disease, 1969,21.8; Infectious Bronchitis, 1984,0.9; Marek's Disease 1972,
7.1; Infectious Bursal Disease, 1990, 21.3; Chicken Anemia Agent, 1988, 0.9; Avian
Encephalomyelitis 1960, 37; Pasteurella multocida, 1973, 2.4; Salmonellosis, 1984,
6.4 ; Colibacillosis, 1979,21 .^;Pasteurella anatipestifer 1983,1.5; Coccidiosis, 1963,
13.7; Ascites, 1991,12.8;, Pullet Disease, 1963, 3.1; Hemorrhagic Enteritis (in turkeys),
1983, 2.4; Turkey Rhinotracheitis, 1979, 1.3.
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Among these diseases, it is noteworthy that Newcastle Disease (ND) was perhaps the
most destructive disease economically. Direct losses due to ND expressed as loss of
tons of meat in the years 1968-69 amounted to 19% of the total production.
The purpose of this paper is to investigate the monthly incidence of different poultry
diseases, their seasonal distribution and to determine the correlation between heat stress
and disease incidence in order to plan strategies for practical disease control.
MATERIAL AND METHODS
All data were gathered from the eight Regional Poultry Disease laboratories located
throughout the country. The seasonal distribution of important poultry diseases,
diagnosed by these laboratories, was collated for more than three decades.
The average incidence of outbreaks of each disease was calculated for each month and
expressed as the percentage of infected flocks from those examined during the years
of observation.
RESULTS AND DISCUSSION
It was found that for most of the diseases the greatest prevalence was during the winter
(December-March, average maximum temperature of 18.6 ^C and average minimum
temperature of 8.6 ^C). This was most prominent for the following diseases: Avian
Encephalomyelitis, Newcastle Disease, Infectious Bronchitis, Turkey Rhinotracheitis,
Laryngotracheitis, Gangrenous Dermatitis, Pasteurella anatipestifer, Ascites and Round
Heart Disease (in turkeys).
The only disease encountered whose prevalence was greatest in summer (average
maximum temperature of 32.1^C and average minimum temperature of 20.1 ^C ) was
Pullet Disease. Turkey Meningoencephalomyelitis appeared mostly in the late summer
and autumn (average maximum temperature of 29.0 ^C and average minimum
temperature of 17.7 ^C.) For Infectious Bursal Disease, Coccidiosis, Pasteurella
multocida, feather mites and Hemorrhagic Enteritis (in turkeys), no seasonal variation
was observed. For Marek's disease, Salmonellosis, and Colibacillosis a limited
prevalence during the cool period was noted.
The following general measures are used to overcome heat stress:
1. Housing adjustments such as insulated and/or white-painted roofs, improved
ventilation, increased air movement, installation of a fogging system and installation
of evaporating pads.
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2. Water supply adjustments such as increasing the number of waterers to provide
maximum fresh and cool water.
3. Feed administration by operation of the feeders at cool hours, avoidance of
nicarbazin administration and adjustments in feed formulation.
4. Other management adjustments such as keeping litter dry, planting shady trees
avoiding overcrowding and avoiding disturbing birds during hot hours.
5. Proper handling, storage and administration of vaccines.
6. Adherence to the principles of one type of enterprise and one age group settlement.
7. Strict imposition of quarantine on infected localities.
8. Implementation of measures to prevent the spread of the virus (proper slaughter
and disposal of birds).
9. Proper cleaning and disinfecting of houses.
10. Choosing high quality vaccines.
11. Strict supervision of the administration of vaccines.
12. Serological monitoring of the immune status of all flocks.
CONCLUSIONS
1. The incidence of economically important poultry diseases was not increased during
the warm months.
2. Peak incidence of the important diseases was not noted in the last decade with the
exceptions of Infectious Bursal Disease in 1990 and Ascites in 1991. The
improvement in poultry health may be ascribed to the following factors:
A. Changes in management, with poultry farmers specializing in one production
line and in one age group, together with strict isolation from the surroundings.
B. More efficient poultry health services based upon regional laboratories located
in close proximity to poultry operation, capable of performing most of the
diagnostic work required and providing advisory and extension services to
poultry farmers.
C. Control of contagious disease by placing emphasis on systematic prevention
schemes.
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COMPARATIVE STUDY OF THE RESISTANCE OR
SUSCEPTIBILITY OF LOCAL NIGERIAN AND EXOTIC
CHICKENS TO INFECTIOUS BURSAL DISEASE
J. O. A. Okoye^ and E.P. ABA-Adulugba^
'Department of Veterinary Pathology and Microbiology, University of
Nigeria, Nsukka, Nigeria
^Virology Division, National Veterinary Research Institute, Vom, Nigeria

The local or village chickens which constitute 70 to 94% of the total poultry
population in Nigeria are suspected to be more resistant to diseases and therefore
can be used for improving the survivability and the disease resistance ability of
the exotics in the tropics by selective cross-breeding programme. To verify the
veracity of this, six-week old Nigerian local chickens, broilers and pullets (all
kept in deep litter system) were infected with the same dose of infectious bursal
diesease virus (IDBV). Depression appeared among the local pullets on day 2
post inoculation (PI) and among the broilers on day 3 PI. Mean percent body
weight loss from day 1 to day 11 PI was significantly higher in the locals and
pullets than in the broilers. Mortalities were 17.65, 50.00 and 61.54% in the
broilers, pullets and locals, respectively. All the varieties showed severe
lymphocytic depletion of the bursal follicles without any repopulation by day 14
PI. These observations show that IBD is more severe in the locals than in the
exotics. The results correlated well with the mean bursal indices of the different
varieties obtained before inoculation.
INTRODUCTION
Experiments carried out simultaneously at Wye (England) and Sudan by Bay ley et
al. (1969) provided a comparison of the performance of the hybrid layers under the
conditions of the two locations. The performance of the flock reared in Sudan was
characterised by low egg production and high mortalities in contrast to the satisfactory
performance of the flock in England. The performance of the exotic poultry grown in
the tropics is limited by basic environmental problems of high temperature, high
humidity and poor nutrition.
However commercial poultry constitute only a small fraction of the total poultry
population in the tropics as the rural or local chickens constitute 70 to 94% (Spradbrow,
1992). There are many factors that favour their multiplication. They scavenge about
for their food and unlike the commercial poultry birds do not compete with humans
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in the consumption of grains which are expensive and of limited supply. They are
self breeding and are produced very economically by the rural dwellers with little or
no housing, feeding and veterinary care. They are more adapted to the harsh
environmental conditions. These advantages not-with-standing, they are characterised
by small body size, slow growth, low egg production and late maturity (Nwosu,
1979 and Akinokun, 1990). They are therefore not suitable for commercial poultry
production.
But the birds have been alleged to be hardy and more resistant to diseases than the
exotic chickens (Adene, 1992; and Akinokun, 1990.) On the basis of this assumption
it has been proposed that selection and cross breeding programme between the locals
and the exotics could produce a tropical hybrid which will be suitable for commercial
production (Saleh, 1990; Verhulst et al. 1991; Agbede and Demey, 1992). As a prerequisite for the proposed selection and cross breeding we decided to investigate the
alleged diesase resistance in the locals by studying the weight loss and mortalities
associated with experimentally induced infectious bursal disease (IBD) in the Nigerian
locals and the 2 exotic varieties (pullets and broilers) used in commercial poultry
production.
MATERIALS AND METHODS
Chickens
One hundred adult local Nigerian chickens were purchased in a village market and
kept in the Faculty Farm. Fertile eggs were collected daily and hatched as source of
day old local chickens. Three hundred and five local chickens, Anark broilers and
305 Harco pullets all hatched on the same day were used in the challenge experiment.
The parent stock for the locals were not vaccinated against any disease while the
parent stock for the broilers and pullets were given live IBD vaccines at 2 and 4
weeks age by the commercial farm that supplied the chicks.
IBD Virus challenge
At 4 and 6 weeks of age the three varieties of birds were found free from IBD virus
(IBDV) antibodies by agar gel difussion precipitation test (AGDT). Before IBDV
challenge at 6 weeks of age (day 01 PI) 5 birds in each variety were sacrificed. The
body and the bursal weights were obtained and used to calculate the mean Bursa :
Body Weight (B:BW) index for each variety. Each variety was divided into two
groups of 150 birds each. The birds were weighed and wing banded. One group was
infected with IBDV and the other served as uninfected control. The IBDV inoculum
was a 20% suspension of the bursae of pullets that died of an outbreak of IBD that
was confirmed by standard methods (Okoye and Uzoukwu, 1981). The inoculum had
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a bursal lesion 50 (BL 50) titre of 10"^^ per 0.5 ml by the methods of Reed and
Muench (1938). A total of 0.1 ml of the suspension was given to each bird in both
eyes in the infected groups. The infected and uninfected birds were reared separetely
in isolated pens.
Clinical and pathological examinations
Birds in all the groups were observed 2 times daily for clinical signs. They were
weighed on days 1 to 11 PI and the mean % body weight gain or loss calculated.
Dead birds were necropsied for gross lesions. Prepared sections of the bursa were
examined for microscopic lesions. On day 14 PI the mean B:BW indices were again
determined for all the groups.
IBDV antigens in bursa
Bursa of 5 chickens that died in each of the infected groups and the same number in
the controls were harvested and homogenised. A 50% suspension of each bursa was
made in phosphate buffered saline (PBS) and tested for IBDV antigens in AGDT as
described by Okoye and Uzoukwu 1981).
The paraffin sections of the bursa of dead and control chickens were also stained for
IBDV antigens using the indirect immunoperoxidase (IIP) method. Commercial kits
used were Vectastain ABC kit (Vector Laboratories, Burglingame, California, (USA)
which contained avidin and biotinylated horseradish peroxidase reagents and ABC
substrate Kit which was a peroxidase diaminobenzidine tetrahydrochloride (DAB)
solution. The primary antibody was a monoclonal antibody prepared agaisnt variant
A IBDV isolate while the counterstain was hematoxylin.
Serology
Ten birds in each group were bled on day 14 PI. Sera were harvested and inactivated
in water bath at 56°C for 30 min. IBDV antibody titres were determined by quantitative
AGDT (QAGDT) and the microtitre serum neutralisation test (SNT).
Serum Neutralisation Test (SNT)
This was done as described by Jackwood et al.(1982) using chicken embryo fibroblast
adapted field strain of IBDV. Antibody titres were determined by constant virus
varying antibody technique.
Statistical analysis
Significance of the differences between means was determined by the conventional
analysis of variance (ANOVA).
545

RESULTS
Clinical signs
Clinical signs were first observed in some pullets and local chickens on day 2 PI.
The signs included drowsiness, ruffled feathers, greenish or yellowish diarrhoea and
drop in feed and water consumption. By day 3 PI some of the pullets and local
chickens were comatose or prostrated while the broilers showed clinical signs for the
ñrst time. Most of the birds in the 3 infected groups showed signs of severe depression
on day 4 PI but improvement in the clinical signs were evident on day 5 PI. There
was full recovery in all the groups on day 7 PI. The uninfected groups showed no
clinical signs. Mortality was first observed among the pullets and local chickens on
day 3 PI andthe figures were 23.07 and 14.28% for local chickens and pullets,
respectively. But mortality was first recorded among the broilers on day 4 PI and was
5.9%. Most of the deaths observed during the experiment occurred from day 3 PI to
5 PI.
Table 1 shows the total mortality and the preinfection body weights. The mean body
weight of the broilers was significantly higher (P<0.001) than that of the pullets and
local chickens, respectively , on day 01 PI. The mean% body weight losses or gains
(mean % body weight changes) observed during the disease or experiment are shown
in Fig. 1. The mean % body weight losses induced by IBD were significantly higher
in the infected local chickens and pullets than in the broilers (P<0.05). Mean % body
weight loss was first observed in the local chickens on day 2 IP and by 11 PI the
mean % loss was 0.328. The greatest daily mean weight loss among the local chickens
was 13.11% recorded on day 2 PL Mean % body weight loss was observed among
the infected pullets from day 2 PI to day 7 PI. By day 11 PI there was 17.64% mean
% body weight gain. The highest mean weight loss among the pullets was 10.06%
observed on day 5 PI. Among the infected broilers mean weight loss was recorded
on days 2 and 3 PI only , with the heavier loss of 4.21% occuring on day 2 PI. By
day 11 PI there was 31.27% mean body weight gain by the broilers.
Lesions
The distribution of gross lesions are shown on Table 2. Dehydration and haemorrhages
on the pro ventricular mucosa were observed more frequently in the local chickens. The
changes in the mean B:BW indices are shown in Table 1. The pre-infection indices
(Day 01 PI) of the pullets and local chickens were significantly higher than those of the
broilers (P<0.05). IBD lead to the atrophy of the bursa in the three infected groups but
the loss in the mean indices was more severe in the local chickens . The mean indices of
the infected local chickens and broilers were significantly lower than that of pullets
(P<0.05) on day 14 PI when the mean indices of the uninfected groups were significantly
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Infected broilers
Non-infected broilers
Infected pullets
Non-infected

pullets

Infected local chicken
Non-infected local chicken

Fig. I. Mean % changes
non-infected

m body weight of IBDV infected

and

Chickens

Figure 1. Mean % changes in body weight of IBDV infected and non-infected Chickens
Table 1. Body weights, B:BW indices*, body weight changes, antibody titres (mean ± standard
error) and total mortalities of infected and uninfected chickens
Broilers
Body weights (gm) on
day 1 PI
648.33 + 24.70^
B:BW indices on day 1 PI
0.15 ± O.OP
B:BW indices on day 14 PI
0.03 + 0.003^
(infected birds)
B:BW indices on day 14 PI
0.12 ± 0.03^
(uninfected birds)
IBD^; QAGDT antibody titre
on day 14 PI (log2 titre)
1.0 + 0.77^
IBDV SNT antibody titre
on day 14 PI (log2 titre)
0.4^
4.6 +
% changes in body
weight of infected birds
on days 1 to 11 PI
10.29 ± 4.29^
% changes in body weight of
uninfected birds on
days 3 to 11 PI
62.61 + 10.36'
Total mortality
17.65

Pullets

Local Chickens

301.43 ± 11.53^
0.26 ± 0.03*^
0.04 ± 0.003'^

278.85
0.26
0.03

14.81^
0.02^
0.002^

0.03^

0.22

0.03^

3.4 ±

0.6^

0.4

0.24^

6.0 ±

0.00^

4.8

0.49^

-1.72 ±

3.83^

-4.23

2.36*^

51.28 ±
50.00

6.60*^

43.55
61.54

5.01c

0.40

B:BW Index = Bursal weight x 100 / Body weight
Means with different superscripts on the same row are statistically different.
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different from one another (P<0.01). Microscopic sections of the bursae of dead birds
showed severe necrosis and depletion of lymphocytes with heterophiUc infiltration.
Birds sacrificed on day 14 PI showed atrophy of the bursal follicles and interfoUicular
fibroplasia with no sign of lymphocytic repopulation in all the infected groups.
Uninfected birds showed no lesions.
Table 2. Distribution of lesions in dead chickens
Lesion

Skeletal muscle haemorrhages
Dehydration
Enlarged bursa
Proventricular haemorrhage
Enteristis
Pale, yellowish liver
Mottling of the spleen
Enlarged kidney
Haemorrhagic cecal tonsil

Distribution (%)
Broiler

Pullets

0
0
72
0
100
76
50
100
14

100
0
65.0
17
100
92
66
100
50

Local
chickens
72
- 86
62
80
100
54
52
88
82

IBDV antigen in bursa
All the bursae of the infected birds assayed for IBDV antigen by both AGDT and the
IIPT gave positive results while those of the uninfected birds gave negative results.
Serology
IBDV antibody titres for the infected groups as quantified by both QAGDT and SNT
are shown on Table 1. The differences between the means of the SNT titres were
significant at 5% level of probability while the differences between the QAGDT
means were significant at 1% level. Sera of the uninfected birds gave negative
results.
DISCUSSION
The results of our experiment show that the mean % body weight loss was highest
and of longest duration in the local chickens followed by the pullets and lowest in
the broilers. Total mortality followed the same pattern as severity. This shows that
the disease was most severe in the local chickens followed by the pullets and least
severe in the broilers. The comparatively later onset of the clinical signs, brief
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duration of mean % body weight loss and the lowest total mortality of the broilers
could be due to their lowest pre-infection B:BW index. The appearance of the
clinical signs on the same day, the non-significant difference between the mean %
body weight changes for the duration of the experiment and the high mortality
observed in the pullets and the local chickens could be due to their preinfection
mean B:BW indices which were almost equal but significantly higher than that of
the broilers. These observations support the earlier hypothesis that the bursa is the
target organ of IBD in suspectible chickens (Okoye and Uzoukwu, 1990 and Okoye
et al., 1992a). They also confirm and offer explanation for the earlier reports that
IBD field mortalities were higher in pullets of light breeds than in broilers or heavy
breeds of chickens (Van den Berg et al., 1991 and Nunoya et al., 1992). Heavy
breeds of chickens are likely to have lower B:BW indices than light breeds and
should therefore be less suspectible to IBD.
Aire (1973) observed that the mean B:BW index of the local cockerels was higher
than that of the White Leghorn cockerels from 2 to 18 weeks of age. Thereafter the
mean index of the Leghorn became higher than that of the local chickens and remained
so till 58 weeks of age when natural involution occurred. Our results showed that by
six weeks of age the mean B:BW index of the local chickens was almost equal to
that of the pullets but significantly higher than that of broilers. Aire and Ojo (1974)
reported that the local Nigerian cockerels were most resistant to infection by
Salmonella gallinarum than the White Leghorn cockerels based on the values of
haemoglobin, hematocrit, red blood cell count, leucocyte count and antibody titres
obtained during the infection . The difference between their results and ours could be
attributed to infectious agent (IBDV).
The choice of 6 weeks of age for the infection was to ensure that maternal antibodies
did not interfere with the suspectibility or the severity of the disease in the birds. The
zero antibody titre observed before infection in all the birds was in agreement with
the earlier observation that by 29 to 31 days of age chicks from dams vaccinated
with live vaccines were free from IBDV maternal antibodies (Wyeth and CuUen,
1978). The mean SNT and QAGDT antibody titres were not significantly different in
the local chickens and broilers 14 days PI but were significantly lower than that of
the pullets. This response has no correlation with the B:BW indices before the
infection and with the mortalities obser\/^ed. But it correlates with the values of the
B:BW indices of the infected chickens on day 14 PI. It is possible that the greater
loss in the mean B:BW index of the local chickens observed on day 14 PI could have
had adverse effects on their ability to produce antibodies when compared to the
pullets. However, the abilities of the 3 varieties of chickens to produce antibodies
under healthy condition have not been studied comparatively, even though Okoye et
al., (1972b) reported that there was no significant difference between the antibody
responses of the local chickens and Harco cockerels to nonpathogenic IBDV infection.
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Outbreaks of IBD have been reported in local chickens of Nigeria (Okoye, 1987)
and Sudan (Salman et al., 1983). Observations on the Sudanese outbreaks showed
that the local and the adapted breeds were relatively more resistant to the diseases
than the pullets. The difference between their observations and our results could be
due to the uncontrolled field conditions of their studies. Our results have shown that
the local chickens are more highly suspectible to IBD than the broilers and slightly
more suspectible to the disease than the pullets. It has been suggested that resistance
to infectious diseases may be disease specific (Sharaf et al., 1988), further
investigations are needed to compare the suspectibility or resistance of the local and
exotic chickens to other major diseases of poultry.
Apart from the proposed selection and cross breeding between the exotics and the
locals, other possible areas of research for improving the disease resistance and
productivity of the exotics in the tropics include the selection of the exotics for these
desired qualities. Our preliminary studies here have shown that ascorbic acid
supplement in feed increases the % weight gain in the exotics. We are further interested
in studying the effect of the vitamin on disease resistance. It is true that vaccination
of the local chickens against Newcastle disease will significantly increase meat
production in the tropics (Demey and Pandey, 1991 and Spradbrow, 1992). But this
is going to be an interim solution as the subsistence or local chicken production
system may not be sustained for a long time to come. So efforts at improving the
productivity and survivability of the exotic chickens in the tropics should be intensified.
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POULTRY HEALTH UNDER CONDITIONS OF
CLMATIC STRESS
A.T.Venugopalan
Tamilnadu Veterinary and Animal Sciences University, Madhavaram
Milk Colony, Madras-600 051, India

Despite the wealth of information on the subject it is virtually impossible to assess
stress under field conditions. The practicality of most of the physiological methods
is restricted to the laboratory and despite the recent advances, there are still
problems associated with measurement. Some of the problems may prove to be
insuperable but progress will be unnecessarily slow if scientists fail to recognize
the need for a multidisclplinary approach.
INTRODUCTION
According to Mencken's law : "For every complex problem there is a simple solution,
and it is wrong". The concept of stress in animals is an example of a complex problem
and has proved one which has generally defied rigorous definition. Seyle (1937) made
a breakthrough when he propounded his general adaptation syndrome (G.A.S.). It
achieved a synthesis of many apparently disparate observations and welded them into
a single coherent hypothesis. He considered stress to be general phenomenon that occurs
in three distinct stages; the alarm reaction ("flight or fight"), the stage of resistance
(adaptation) and the stage of exhaustion. Each of these stages has particular
biochemical, physiological and behavioural components (Freeman, 1971,1976; Siegel,
1980).
DEFINITION OF STRESS
The zoological, let alone the biological, concept of stress continues to elude satisfactory
definition. Hippocrates (460 - 375 BC) wrote that balance was the essential state of
health and disharmony was disease. (Chrousos et al.,1988).Claude Bernard (1813-1878)
described the 'Milieu intérieur" of animals that was characterized by constancy and
balance. The ñrst major development was due to Cannon (1871-1945) who elucidated
the significance of 'sympathin' (i.e. adrenaline) in the so called "fight or night syndrome
(Cannon, 1929). Hans Seyle (1907-1982), proposed the general adaptation syndrome
in 1937 (Seyle, 1937), the first comprehensive biological theory of stress. In Seylean
terminology stress describes an animal's defence mechanisms, and thus a stress stimulus
(Stressor) is any situation that elicits the defence responses (Seyle, 1963). Amoroso
(1967) defined stress as "situations that release emergency signals necessary for
survival". Fraser et al. (1975) defined stress in a veterinary context as "an abnormal or
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extreme adjustment in physiology of the animal to cope with adverse effects of its
environment and management". Chrousos et al. (1988) defined stress as the state of
threatened balance equilibrium or harmony and the disturbing forces or threats to
homeostasis as Stressors and the counteraction of re-establishing forces as adaptive
responses. Griffin (1989) recognized that the persistent state of stress could lead to
pathological state. In engineering parlance, stress is usually defined as that force placed
on materials such that its form or substance is changed; a strain indicates the consequence
of stress; and resistance defines the ability of the material to withstand the change
(Siegel, 1995). What all these definitions have in common are adaptive responses to
challenges in homeostatis.
STRESSORS
All life forms must respond to changing environmental conditions in order to maintain
homeostasis. Threats to homeostasis are quite and varied. The environment is a
composite of interacting Stressors which include all conditions in which the bird lives
- external as well as internal.
The Stressors activity either singly or severally, can be ascribed to climate - heat (Ben
Nathan et al, 1976; Beuving and Vonder, 1978; Siegel and Gould, 1982); cold (Garren
and Shaffner, 1956; Buckland et al., 1974; Etches, 1976); environment - light (Buckland
et al., 1974; Freeman et al., 1981 a), dark; transportation (Freeman et al., 1984); nutrition
- deprivation of food (Freeman et al., 1981 b), excess salt; physiological - anesthesia
(Frankel et al., 1966; Scanes et al., 1980); exercise (Conner and Shaffner, 1954); physicalimmobilization (Jurani et al., 1972), crowding (Lei et al., 1972), social - group changes
(Candland et al., 1969), handling (Freeman and Flack, 1980); infectious agents, drugs,
psychological perceptions and altitude (Garren and Shaffner, 1956). There are important
modifiers of Stressors - a Stressor in one case may not be a Stressor in another situation.
Modifiers of Stressors include stimuli severity, duration, novelty, the genetic variability
between or within a species or the immune status of a host animal (Griffin, 1989).
There is no one test that identifies all forms of stress or Stressors that evoke it.
CLIMATIC STRESS
General considerations. The comfort zone for poultry declines from 32''C at hatching
to 24^C at four weeks of age. Poultry producers rarely worry about heat stress with
young birds, but do so increasingly as they mature. Almost annually heat stress takes
its toll from the poultry industry. Heavier breeds generally have more of a
problem with heat stress since they have less surface area for heat dissipation per unit
weight.
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Acclimatization. The chick's abihty to survive acute heat distress (HD) is dramatically
increased by prior heat stress exposure. This phenomenon, termed acclimatization, is
measurable in that body temperature of the acclimated broiler is lower than unacclimated
broilers during heat stress (Teeter, 1994).
Thermobalance. Bird thermobalance is a composite of heat production and its
dissipation. In thermo neutral and below environments heat production has no adverse
consequence. The bird's ability to dissipate heat during heat stress is compromised
making excessive heat production potentially life threatening.
Impact on growth. Kleiber and Dougherty (1934) demonstrated that the growth rate
of chickens was reduced at high temperatures. Much published work indicates that the
heat stressed birds are lighter (Kempster and Parker, 1936; Stockland and Blaylock,1974;
Jensen, 1977; Vo et al., 1978 ) Reduced feed intake, in an attempt to lower heat
production, is no doubt the reason for the reduced body weight of birds reared at high
temperatures.
Impact on production. Bennion and Warren (1933) noted that egg weight was reduced
approximately 20% when laying hens were subjected to heat stress. Egg shell
thickness deteriorated when the hens were subjected to 35°C for an
extended period (Warren and Schnepel, 1940). Depressed feed intake, egg weight, shell
quality, and egg production have been recorded when the birds were held at 32°C
(Mueller, 1961).
Impact on nutrition. The term heat-stress relates to conditions of elevated
environmental temperatures. As expected, increasing humidity causes reduced growth
rate, related to reduced feed intake The plane of nutrition per se will influence metabolic
responses due to heat stress.
Water intake increases as temperature rises. Moreng (1980) provided an extensive review
of the effect of temperature on vitamin requirements of poultry. Vitamin C has been
shown to improve growth performance consequent to heat stress (Moreng, 1980; Njoku,
1984), egg production, egg weight and egg shell quaUty (Ahmad et al., 1967). However,
ascorbic acid may be beneficial during heat stress but its use may prove detrimental at
more normal environmental temperature. Rogler and Parker (1978) indicated that higher
temperature reduces thyroxine secretion and Dale and Fuller (1980) correlated this
with reduced growth.
Impact on blood parameters. Heat distress-induced perturbations on bird's mineral
balances are associated with decreased plasma Na, Ca, Mg and inorganic phosphorous
concentration in turkeys (Kohne and Jones, 1975) and reduced inorganic P04 and Ca
in broilers (McCormick and Garlich, 1982). Heat distress increased excretion of K, P,
S, Mg, Cu, Mo and Zn (Belay et al., 1992).
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STRESS AND IMMUNITY
A variety of Stressors reduce the level of circulating antibody and suppress cell mediated
immunity (CMI). Experiments with cold indicate that hypothermie stress may also
effectively reduce immune responses (Curtis et al., 1976; Blecha and Kelly, 1981).
However, experimental tests on the effects of acute temperature Stressors have not
been consistent (Siegel, 1980). Stress-induced immunosuppression, although usually
evident in cell mediated immunity, is not always observed when humoral antibodies
are measured (Morgan et al., 1976; Subba Rao and Glick, 1977; Régnier et al., 1980).
Like in other domestic animals, there is lack of information on what Stressors affect the
immune system of the fowl. Kelley (1980, 1985) and Siegel (1987) have reviewed the
experimentally applied Stressors that include heat, cold, crowding, mixing, limit feeding,
noise, avoidance learning and restraint. Dohms and Metz (1991) have reviewed the
effect of heat Stressors on the humoral and CMI response of fowls.
Cohen (1987) emphasized the methodological requirements necessary to unravel the
complex interplay between environmental Stressors, neuroendocrine factors,
immunological reactions and disease susceptibility. However, studies on mechanisms
of Stressor suppression of immune responses are in their infancy (Griffin, 1989; Dohms
and Metz., 1991).
The effects of physical or behavioral Stressors on disease resistance seem contradictory.
Resistance to Mycoplasma gallisepticum, Newcastle disease, haemorrhagic enteritis,
or Marek's disease is depressed in domestic fowl placed in conditions of social conflict
(Gross, 1962; Gross and Colmano, 1965). In contrast, high levels of behavioral stress
increase resistance to E.coli and Staphylococcus-aureus in fowls (Gross and Colmano,
1965).
Resistance to infestation by parasites is increased in fowls by administrations of
corticosterone or by behavioral stress (Hall et al., 1978). Cold exposure increases the
susceptibility of chicks to Salmonellas (Ram and Hutt, 1955). However, exposure to
cold has also been found to increase resistance to Pasteurella multocida and Newcastle
disease in fowls.
Finally, in addition to the effects that physical or behavioral environments have on the
ability of the recipient bird to respond to disease organisms, the influence of the
environment on the ability of an infected bird to shed disease organisms and the
sensitivity of the organisms to the specific environmental conditions of temperature,
humidity, air velocity, radiation, etc., must be considered (Kelley, 1983).
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ALLEVIATION OF HEAT STRESS
The alleviation measures for heat stress would include; water, evaporative cooling,
poultry house insulation, ventilation, feed intake, nutrition and acclimatization.
Water. The consumption of cooled drinking water could alleviate heat stress. In young
chickens, maintained at high temperatures, cooled water was useful for decreased body
temperature, heat production and respiratory rate (Van Kampen, 1981) and in layers,
increased feed consumption, egg production and decreased mortality (Miller and Sunde,
1975). On the contrary, Degen et al (1992) reported that provision of cooled drinking
water has no effect on the body mass or water influx in breeder hens maintained in a
hot, dry climate.
Poultry house insulation. The role of poultry house insulation in heat stress was
demonstrated by Reece and Deaton (1976), who showed that the major effect of
insulation in the poultry house roof was to reduce the maximum dry-bulb temperature
during the mid-day hours under conditions of high solar radiation. The temperature in
a room under galvanized steel roof was 3.5°C higher than a room with 3.9 cm of glass
fibre insulating material between the steel roof and the chicken.
Poultry house ventilation. Ventilation is another key factor involving heat stress. Walter
et al. (1967) found that birds in high air velocities were able to maintain body
temperatures 1 to 2°C below than those kept at low air velocities when the ambient
temperature reached 40^C. However, once ambient temperature goes above the body
temperature of the bird (41.5°C), increased air velocity is detrimental. This fact was
demonstrated mathematically with a modeling technique by Bouchillon et al. (1970).
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ASCITES - MECHANISMS AND NEW ADVANCES
Seyed Mehdi Mirsalimi
State Poultry Breeding Co., Tehran, Iran

INTRODUCTION
The high incidence of ascites in broiler chickens has been attributed to genetic
manipulation to achieve fast growth and a better feed conversion. The incidence of
ascites is over 1% in many broiler flocks and is 5-10% or more in some roaster
flocks raised at low altitude. The mortality may be higher if cold or other complicating
factors involved. Ascites is also an important cause of condemnation at processing.
Ascites is an accumulation of lymph in the abdominal cavities. It has been
demonstrated that ascitic fluid accumulates in the left and right hepatic peritoneal
cavities in birds. A smaller amount of fluid accumulates in the intestinal and pericardial
cavities. Ascites occurs as a consequence of abnormal physiological homeostasis. It
usually develops as a result of one of the following physiological changes:
1. Obstruction of the lymph vessels
Factors impeding lymph drainage through the thoracic duct or other major lymph
vessels results in ascites. In birds these factors include oviduct adenocarcinoma and
other neoplasias of the visceral organs as well as increased venous pressure at the
thoracic inlet.
2. Decreased plasma oncotic pressure
Changes in components that sustain plasma oncotic pressure can induce ascites.
Plasma albumin is one of the main elements for maintaining intravascular oncotic
pressure. Reduction of plasma albumin due to protein deficiency or lack of protein
absorption or protein loss because of intestinal disease or renal proteinimia results in
increased movement of plasma into the interstitial space and peritoneal cavities.
3. Increased vascular permeability
Vascular endothelial damage allows fluid and proteins to escape through the vessel
walls. A variety of bacterial, fungal and chemical toxins, free radicals and viral
infections may impair the integrity of the vascular lining and initiate ascites.
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4. Increased hydraulic pressure in the venous system
In birds, an increase in venous pressure as a result of various pathological and
physiological alterations produces edema chiefly in the peritoneal spaces. Ascites
from liver fibrosis, tumors, granolomas, parasites, and any severe damage that
interferes with venous return increases blood pressure in the liver. Consequently
protein rich ascitic fluid passes across the fenestrated sinusoidal membrane and
accumulates in the hepatoperitoneal spaces. Although ascites secondary to h ver damage
is quite common, the most frequent cause of ascites in fast-growing broiler chickens
is valvular insufficiency and right ventricular failure(RVF). Failure of the right ventricle
to pump blood through the lung causes blood to be pooled in the venous system and
increases intravascular pressure. The outcome is chronic passive congestion and
ascites.
Valvular insufficiency and right ventricular failure
There are morphological differences between the mammalian and avian heart. The
bird heart, like mammalian's has four chambers, two atria and two ventricles. The
right atrium is usually larger than the left. The left ventricle is usually three or more
times larger than the right and is considerably thicker. The left atrioventricular (AV)
valve is thin, membranous, and bicuspid, as it is in mammals. The right AV valve is
simply a muscular flap that originates on the right side of the base of the pulmonary
artery, where it is held up by trabecular muscles. Contraction of the right ventricle
forces the free leaf portion of the valve into the atrioventricular opening, thus closing
it. The pulmonary and aortic valves are membranous and tricuspid, as are those of
mammals.
Valvular insufficiency and RVF increase venous pressure and may take place as a
consequence of primary heart or valve disease or they may occur as a result of
increased pulmonary arterial pressure (pulmonary hypertension, cor pulmonale).
PRIMARY HEART AND VALVE DISEASES
a)
b)
c)

564

Intraventricular and intraatrial septal defects account for most congenital defects.
Right A-V valve lesions such as valvular endocarditis may occur secondary to
staphylococcal or other bacteremias.
Cardiac myopathies may be caused by degenerative, dilatory, and inflammatory
diseases of the myocardium. Right ventricular failure occurs in diseases such as
spontaneous turkey cardiomyopathy (STC), furazolidone-induced
cardiomyopathy, and toxic, nutritional and infectious cardiomyopathies secondary
to right ventricular muscle damage.

2. PULMONARY HYPERTENSION (PH)
The morphology of the avian respiratory system, with the rigid lung and compliant
air sac system, is considerably different from the other vertebrates. Avian lungs are
relatively rigid and do not move appreciably during the respiratory cycle. There is no
functional diaphragm separating the thoracic from the abdominal cavity and the
lungs do not collapse when the thoracic cavity is opened as occurs in mammals. The
tubular system of the lung consist of three bronchial subdivisions, primary bronchus,
various secondary bronchi, and many parabronchi. Parabronchi have large invagination
from its lumen, called atria, which in turn lead to smaller funnel-shaped invagination,
termed infundibula. Extending from the infundibula are the air capillaries which are
anastomosing cylindrical tubes with diameters ranging from 3 micron to 10 micron
in different birds. Gas exchange occurs across the walls of the air capillaries.
There are nine air sacs in most birds. The avian, therefore, has a flow-through
respiratory system. When respiratory muscles contract, the body volume increases,
thereby increasing the volume of the air sacs. This causes a subatmospheric pressure
within these sacs causing air to enter the mouth and nostril of the birds. The air then
passes through the lung and respiratory surfaces into the air sacs, conversely, when
expiratory muscles relaxes, they force the air through the lungs and out of the
nostrils and mouth.
Approximately 51% of the blood in the avian lung resides in the pulmonary capillaries,
therefore, any pressure or volume change in the capillaries can have a significant
eifect on blood flow through the lungs. Pulmonary artery pressure has been measured
by direct and indirect methods in fast-growing broiler chickens, or chickens at high
altitude. Mean pulmonary artery pressure has been reported by some to be 15.7 and
16.6 mm Hg at sea level whereas this values increased to 34 and 44.5 mm Hg at
12500 feet elevation. In fast growing broiler chickens, the mean pulmonary artery
blood pressure is between 17-46 mm Hg and in hypoxemic chickens is even higher
than this value.
Pulmonary hypertension is increased blood pressure within the pulmonary artery
circulation which raises the pressure load on the right ventricle. The right ventricular
muscle thickens and enlarges in response to the increased workload. Consequently,
the right A-V valve thickens and does not function properly. This results in right
heart failure and ascites because of valvular insufficiency as previously described.
There are two reasons for PH; increased blood flow through the lung and increased
resistance to blood flow in the lung.
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Increased blood flow through the lung
There are various reasons for higher blood flow through the lung. In broiler chickens
rapid growth and high caloric rations increase the requirement for oxygen. Cardiac
output increases to offset the high demand for oxygen. Since bird lungs are rigid and
fixed in the thoracic cavity there is a limit to the blood flow through the lung. Also
small capillaries in bird lungs can expand very little to facilitate elevated blood flow
through the lung. As a result PH, RVF, and ascites occurs. Increased oxygen
requirement can also occur by means other than rapid growth. Cold, factors that
increase metabolic activity (hyperthyroidism, some chemical agent) can increase
demand for oxygen and consequently result in PH, RVF and ascites. Lung size as a
percentage of body weight decreases as broiler chickens grow which also decreases
the relative space for blood flow and may cause hypoxemia in fast growing broiler
chickens due to insufficient surface area for oxygen exchange. Hypoxia due to reduced
oxygen availability in the lung such as in high altitude hypoxia or severe rickets may
also cause PH. Reduction of the oxygen-carrying capacity of the blood due to carbon
monoxide and nitrate poisoning which cause hypoxemia, may increase cardiac output
and produce PH. Lung damage such as pneumonia and fibrosis which reduces the
exchange surfaces or increases the thickness of gas blood barrier can induce hypoxemia
and increases blood flow through the lung resulting in PH. Hypervolemia caused in
variety of ways such as by dietary sodium chloride, sodium bicarbonate or kidney
failure increases cardiac output and may cause PH.
Increased resistance to blood flow in the lung circulation
Factors involving normal rheology of blood through the lung are the blood vessels
and the blood components. Factors impeding blood flow through the lung circulation,
especially the capillaries may increase resistance to flow and cause PH. Factors such
as lung pathology and edema may increase pressure on the microvessels and alter
blood flow by narrowing the blood vessels and elevate resistance to blood flow. The
lung capillaries in birds are smaller in diameter and erythrocytes are larger (12-15
micron in diameter) when compared to mammals. In birds it has been shown that
lung capillaries are resistance vessels compared to mammals in which precapillary
arterioles are said to be the resistance vessels. These factors increase resistance to
blood flow and make birds more prone to PH. Emboli can block the blood flow and
increase resistance to flow. Hypoxie vasoconstriction may also increase the resistance
to blood flow in mammals and birds.
Erythrocytes are major component of the blood and play an important role in the
blood rheology of the pulmonary circulation. The red blood cells of birds are larger
in volume compared to mammals and are nucleated. Larger cell volume increases
hematocrit, elevates the blood viscosity, and increases resistance to blood flow.
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Polycythemia, which is the main response to hypoxemia, is an increase in the ratio of
red blood cells to plasma in the blood. Higher number of RBC makes the blood more
viscid and increases resistance to flow through the lung. Erythrocyte deformability is
one of the major factors influencing blood rheology and an important factor for
normal hemodynamics in the lung microcirculation. Red blood cells in meat-type
chickens are less deformable than layer-type. Factors such as PH, osmolarity, iron
deficiency and erythrocyte parasitism can induce the deformability of erythrocytes.
RECENT ADVANCES
Since there is no treatment for affected birds, most of the research has been focused
on prevention and exclusion of the predisposed birds especially from primary breeding
flocks.
In primary breeding'flocks, with the use of pulse oximeter it is possible to find birds
that have less oxygen saturation abilities and exclude them from the pedigree program.
Since ascites is a genetically induced syndrome, by this procedure it is possible to
select birds without susceptible gene and use them in progeny programs. In an
experiment percent oxygen saturation was significantly higher in light chickens (mean
91.6%) than in heavy chickens (mean 86%). The percent of oxygen saturation was
significantly higher in both groups with normal hearts than in group with RVF from
valvular insufficiency (mean 62.1%). Therefore, percent oxygen saturation is a useful
measure for selecting broiler breeders that can grow rapidly without becoming
hypoxemic.
Since birds with PHS have higher right ventricular weight (RF) as a portion of total
ventricular weight (TV), some primary breeding companies, by measuring the right
ventricular to total ventricular ratio, use it as an index to identify those with PH and
exclude them from their progeny program. This is very time consuming and needs
extensive work. It is also possible in this method to find broilers with higher RV/TV
ratios and exclude their parents from the progeny program.
Researchers also have been trying to find the gene or genes responsible for the
occurrence of ascites syndrome and soon by finding these markers and their location
it will be possible to find susceptible birds through their blood sample and delete
them from the primary breeding program.
By using hypobaric chamber and electrocardiograms (EKGs), it is possible to predict
which birds are developing ascites long before clinical symptoms starts. It has been
shown that the average amplitude of S wave and the total amplitude of QRS complex
were significantly higher in the ascites birds than normal birds.
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In broiler flocks many procedures have been suggested to decrease the number of
birds develop ascites by feed restriction or by various light programs. Reduction of
light at the first 2 weeks of life can greatly reduce the number of ascites cases in the
flock without compromising the final body weight and FCR. By controlling other
management factors such as optimum temperature, and mash feeding for the first 4
weeks of life, the losses due to the ascites can be minimized.
Researchers have confirmed the ability of a urease inhibitor in the diet to reduce
ascites mortality and provide a more complete understanding of the physiological
mode of action. It has been shown that the small intestinal mucosa to be the most
rapidly regenerating tissue in the body. Ammonia alters nucleic acid production and
the rate of turnover of the intestinal mucosal tissue. Decreased ammonia concentration
in the intestinal contents are correlated with a lower turnover rate of the intestinal
mucosal tissue. The feeding of a urease inhibitor has been demonstrated to reduce
both urease activity and ammonia content in the small and large intestine of the
broiler in several studies. Reducing intestinal ammonia appears to reduce the mucosal
tissue turnover rate and the oxygen consumption. Decreasing oxygen use by these
tissues provide additional oxygen to meet the primary driving force of the ascites
syndrome and resulting mortality.
Detection of susceptible birds by molecular biology procedures and technics still
has a long way to be applicable in genetic and pedigree programs and selections.
Meanwhile with the aid of conventional methods and use of preventive and
management procedures ascites syndrome should be controlled to minimize the
losses.
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PATHO-EPIDEMIOLOGICAL STUDIES ON ASCITES
SYNDROME IN BROILERS
K.S.Prajapati and K.D.Solanki
College of Veterinary Science and Animal Husbandry, Anand-388001,
India

Post-mortem data from ten commercial broiler units were analysed to know the
mortality pattern and effect of season and sex on the incidence of ascites syndrome.
Pathological, haemato- logical and biochemical studies were made. Feed samples
were analysed for aflatoxin-Bl, salt, crude protein and available phosphorus.
Mortality due to ascites syndrome in affected flocks ranged from 5.5 -10.6% with
with an average mortality of 7.17%. The peak mortality was noticed at 5th week
of age. More than 75% cases were recorded during winter. Male birds were more
susceptible with relative incidence of 86.6%. Fast growing strains were highly
susceptible. Pathological and haematological findings were suggestive of chronic
congestive cardiac failure vdth high ascitic heart index, increased heartibody weight
and haemoconcentration. Volume of ascitic fluid varied from 2 to 280 ml with an
average of 50.01 ml while protein content varied from 2.84 to 3.44 g% with an
average of 3.2 g%. Both volume and protein content of fluid increased with age.
Aflatoxin-Bl in feed samples ranged from 0.025 to 0.040 ppm while salt ranged
from 0.47 to 0.78 %. The level of crude protein in starter feed ranged from 20.13 to
23.81% and in finisher feed from 17.06 to 19.69%. The available phosphorus in
feed varied from 0.49 to 1.02%. From the study it was concluded that the ascites
syndrome is multifactorial and is mainly caused by cold stress, faster growth rate
and poor ventilation. Mortality is accelerated with higher salt content of the feed.

INTRODUCTION
Ascites syndrome is a disease of fast growing meat type chickens caused by chronic
imbalance between oxygen supply and requirement. It is characterised by right
ventricular hypertrophy which is an expression of pulmonary hypertension. Incidence
of ascites syndrome is increasing in India every year particularly during winter months.
Present study was undertaken to study the epidemiology and etiopathology of this
syndrome.
MATERIALS AND METHODS
Two years autopsy records of commercial broilers were analysed. Moreover, ten broiler
flocks at four different farms with total strength of 20,040 birds were kept under daily
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observations during winter months.
Haematological and total serum proteins analysis: Blood samples were collected
from different age groups from ascites affected as well as healthy broiler birds.
Haemoglobin (Hb), packed cell volume (PCV), red blood cell (RBC) count, total
leukocyte count (TLC), differential leukocytic count (DLC) and total serum proteins
were estimated as per the standard procedures.
Analysis of ascites fluid: Ascitic fluid from 103 ascites affected birds of 1-7 weeks of
age was collected for bacterial isolation and for estimating volume, pH and total proteins.
Ascitic heart index (AHI): The degree of right ventricular hypertrophy was judged by
calculating right ventricle (RV): total ventricle (TV) weight was termed as AHI
(Huchzermeyer and De Ruyck, 1986). This was compared with age matched healthy
birds.
Heart Body weight ratio (H:BW) and Liver- body weight ratio (L:BW) : To calculate
these ratios weight of carcass, heart and liver were recorded at the time of autopsy from
healthy and affected birds.
Gross and histopathological studies: Total 131 carcass of 1-7 weeks of age were
subjected to detailed post-mortem examinations. Out of these, tissue samples from 70
birds were processed for paraffin sectioning and stained with H & E (Luna, 1968) for
histopathological examinations.
Feed analysis : Twelve samples of broiler mash were collected from four farms kept
under daily observations for analysis of aflatoxin-Bl, crude protein, salt and available
phosphorus. Aflatoxin-Bl levels were estimated by thin layer chromatography. Crude
protein and available phosphorus were estimated as per AOAC (1975) while salt was
estimated as per the method described in ISI (1975).
RESULTS AND DISCUSSIONS
The ascites syndrome is becoming one of the fastest emerging condition causing
significant losses to broiler industry in terms of retarded growth, mortality and
condemnation of carcasses. During the period of two years total 675 cases of ascites
syndrome were diagnosed out of 7103 autopsies performed with an overall relative
incidence of 9.5%. Ten flocks comprising 20,040 birds kept under daily observations
during winter months (November-February) had overall mortality ranging from 7.14
to 14.90% with an average of 9.68%. Mortality due to ascites ranged from 5.5 to 10.60%
with an average of 7.17%. Mortality due to ascites alone was 87.4% among the total
deaths. Mortahty ranging from 2 to 30% have been reported by Swire (1980), Maclachan
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and Jhonston (1981) and Julian et fl/.(1987). Mortality as high as 60% was reported by
Maxwell (1990). Variation in mortality might be due to differences in breed, altitudes,
environmental temperature, feeds and managemental practices.
Susceptibility : All 675 cases of ascites syndrome were grouped as per the age, sex
and strain of birds. Highest cases were recorded at 5th weeks of age. Male birds were
found mostly affected with 86.6% relative incidence. Among the various commercial
strains reared during present study, strain H had highest relative incidence of 78.4%
followed by strains C (15.7%), S (2.5%), A (1.8%) and R (1.6%). Different scientists
reported variation in the age of mortality due to ascites. Albers and Frankenhuis (1990)
reported 3-4 weeks while Swire (1980) 6-9 weeks, of age. Morris (1992) and Shlosberg
et al.(1992) also reported high incidence in male compared to female. The higher
incidence in male is mainly due to faster growth rate compared to female birds. Higher
incidence in strain H is related to faster growth rate in these birds. As opined by the
Julian (1989) the fast growing breed require more oxygen at the same time they have
less lung capacity compared to slow growing birds predisposing them for ascites
syndrome.
Season effect : Monthwise analysis of two years data suggested seasonal incidence of
the disease. Nearly three-fourth of the cases were reported only during winter months.
This is attributed to (i) increased stress on heart of excess blood circulation to maintain
body temperature and (ii) applying air tight curtains to the poultry sheds to maintain
warmth at the cost of ventilation. Julian et al.(19S9) successfully induced ascites
experimentally and proved cold stress as an important predisposing factor in causation
of ascites. Low oxygen tension as an important etiological factor for ascites syndrome
have been experimentally confirmed by use of hypobaric chambers (Cueva et al.,1919
and Owen ^í a/., 1990).
Haematological and total serum protein analysis: Mean values of haematological
data from 3-7 weeks old healthy and ascites affected birds have been given in Table 1.
Significant increase in values of Hb, RBC count and PCV suggest haemoconcentration
in ascites birds. This supports the observations made by Maxwell et al.(1992).
Polycythemia due to hypoxia and lossof plasma due to leaking blood vessels are
responsible for haemoconcentration. Differential leukocytic count in ascites affected
birds showed relative heterophilia and lymphopenia. These findings support the findings
of Maxwell (1990) and Banday and Maqbool (1992). The total serum protein content
in ascites affected birds was found significantly lowered than the normal birds. This
supports similar observations made by Maxwell et al.(1992). Hypoproteinemia is the
result of leakage of plasma protein into ascitic fluid and liver cirrhosis due to chronic
venous congestion.
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Table 1. Mean values for various parameters studied in healthy and ascitic broiler chickens
Sr.No.

Parameters

Healthy birds

Ascitic birds

1

Hb (g%)

9.68 ±0.11 (30)

12.22 ±0.17* (34)

2

PCV (%)

29.56 ± 0.62 (30)

39.97 ± 0.87* (34)

3

RBCs (xlO^/cmm)

2.37 ± 0.05 (30)

3.02 ± 0.07* (34)

4

TLC ( /cmm)

17330 ± 0.35 (30)

18760 ± 0.34 NS (34)

5

DLC (%)
Heterophils

28.33 ± 0.47 (30)

41.11 ±0.61* (34)

Lymphocytes

58.33 ±1.14 (30)

46.79 ± 0.62* (34)

Monocytes

7.46 ± 0.25 (30)

8.73 ± 0.11 NS (34)

Eosinophils

3.80 ±0.13 (30)

3.35±0.11NS(34)

6

TSP (g%)

3.54 ± 0.07 (30)

2.65 ± 0.92* (34)

7

Volume of ascitic
fluid (mLO^ird)

-

50.01 ±1.8 (103)

8

pH of ascitic fluid

9

Total proteins in
ascitic fluid

-

3.20 ±0.09 (103)

7.01 (103)

Figures in parentheses indicates number of birds used for sample collection.
* = Significantly different (P < 0.01)
NS = Non-significant difference

Analysis of ascitic fluid: Ascitic fluid was measured from 103 affected birds and was
analysed for pH, total protein and bacterial infection. The amount of fluid increased
with increase in the age of the bird. Maxwell (1990) and Banday and Maqbool (1992)
recorded upto 500 ml per bird. The average total protein content of ascitic fluid was
3.29 g%. The protein content increased gradually with advancing age. Nagesh (1992)
reported similar values. Lohr (1975) and Hulan et ö/.(1984) reported 2.9% and 2.84
g% respectively. All the samples processed were found bacteriologically sterile
indicating it as a transudate.
AHI, H:BW and L:BW: AHI along with PCV is considered as valid index in the
diagnosis of ascites caused by congestive cardiac failure (Huchermeyer and De Ruyck,
1986). It is an indication of right ventricular hypertrophy and dilatation. During present
study, AHI values in affected birds increased significantly and were similar to those
reported by Huchermeyer and De Ruyck (1986). Higher AHI of 50% and more have
been reported by Julian (1987). The H:BW ratio in ascites birds was significantly higher
because of right ventricular hypertrophy and below normal body weight. L:BW ratio
was higher with non-significant increase which might be due to chronic venous
congestion and liver cirrhosis.
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Pathological lesions; Ascites syndrome, as name indicate was characterised by
accumulation of variable amount of fluid in the abdominal cavity. The abdomen was
distended with thinning of the wall and congestion of thoracic and abdominal muscles.
The fluid with or without fibrin clots was found accumulated mainly in the ventral and
right dorsal hepatic peritoneal cavity. Lesions in other organs were related to right
ventricular failure and chronic venous congestion with striking lesions in heart, liver,
portal circulation, lungs and kidneys. Hydropericardium with variable amount of clear
fluid and dilatation with thinning of right ventricle were noticed. Liver in most cases
was congested, hard and shrunken with round borders and was frequently found covered
with gelatinous clots. Hepatic sinuscids, portal veins, central veins and hepatic veins
were congested. Mild to severe fibrosis around central vein and portal areas was noticed
in all cases. Lungs lesions were characterised by congestion, oedema, hypertrophy of
smooth muscles in parabronchi, collapse of atria and air capillaries and cartilaginous
and osseous nodules in the lung parenchyma. These changes were suggestive of increased
work load on lung parenchyma. Lesions in kidneys were characterisedby congestion,
intertubular haemorrhages and oedema. Spleen, intestine and bursa of Fabricious showed
congestion. Other than congestion, brain also showed perivascular oedema and
haemorrhages in few cases. Pathological lesions observed in present study were similar
to those described by JuHan et ai (19^9), Maxwell ( 1990), Oven et al. ( 1990)and Nagesh
(1992).
Feed analysis: Analysis of feed samples revealed moisture ranging from 7.4 to 9.83%
while aflatoxin-B 1 25 to 40 ppb. Crude protein level in the starter feed ranged from
20.13 to 23.81% while in finisher feed from 17.06 to 19.69%. Available phosphorus
varied from 0.49 to 1.02%. Ascites due to aflatoxicosis and hypoproteinemia was ruled
out. Excess sodium in feed is known to excert stress on heart by increasing blood
volume and rigidity of erythrocytes leading to pulmonary hypertension, right ventricular
hypertrophy and ascites. In the present study most samples revealed marginally higher
salt content. Ascites due to phosphorus deñciency had been experimentally demonstrated
by Julian et al. (1986). In the present study this cause is ruled out.
From the present study it can be concluded that ascites syndrome is multifactorial in
origin. Cold stress, faster growth rate, poor ventilation and higher salt intake are the
major contributing factors.
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INFLUENCE OF AMBIENT TEMPERATURE AND
GENOTYPE ON BONE PARAMETERS AND INCIDENCE
OF LEG DISORDERS OF MALE AND FEMALE
BROILERS
S. Yalçini, S. Özkan^ R Settar^ and B. Tolon^
Aegean University, Department of Poultry Science Department of
Biometry and Genetics, Izmir, Turkey

The experiment was conducted to determine the effect of ambient temperature
and genotype on bone parameters and incidence of leg disorders. The results
showed that body weight and weights of bones decreased by high ambient
temperature. A signifícant ambient temperature by genotype interaction for leg
disorders showed that genotype effect was not signifícant when birds reared under
moderate temperature.
INTRODUCTION
Leg disorders cause economic losses through poor performance and downgrading of
poultry meat. Genetics, nutrition and environmental factors including lighting regime,
temperature and housing influence the incidence of leg disorders (Ruff and Hughes,
1985; Classen and Riddell, 1989). Among these, high ambient temperature has been
also shown to reduce feed intake, body weight and body weight gain of broilers and
increase leg deformities (Ernst et ah, 1984). More recently, urban and Roland (1990)
reported that high brooding temperature was one of the factors possibly affecting bone
weight of broilers. The objective of the study was to determine the effect of ambient
temperature on bone parameters and leg disorders of male and female broilers from
different genotypes.
MATERIALS AND METHODS
Two experiments were conducted using chicks from three different genotypes (Gl, G2
and G3). Standard brooding temperatures were used from 0 to 3 weeks. During a period
of 3 to 7 weeks, birds exposed to moderate or high ambient temperature where average
temperatures in poultry house were 20°C and 30°C, respectively. Chicks in each
experiment were allocated to 18 floor pens at random. Each genotype and sex was
replicated three times in each temperature, with 60 birds per replication, for a total of
2160 birds. At 7 weeks of age, birds were weighed and leg abnormalities were determined
individually. Twelve birds were randomly selected from each genotype/sex in each
experiment and were slaughtered. The tibia and humérus from left leg and wing were
removed from each bird and cleaned of flesh. Tibia were ashed at 600 °C for 24 h.
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RESULTS AND DISCUSSION
High ambient temperature resulted in a decrease in body weight by average 349 g and
287 g in males and females, respectively (Table 1). This result confirms the observation
that males were more affected by high temperature than females (Leentra and Cahaner,
1992). There was no genotype by ambient temperature interaction for body weight.
This data indicated that genotypes used in this experiment were affected by high ambient
temperature in the same magnitude.
Humérus weight of birds was significantly affected by ambient temperature being heavier
for the birds reared under moderate temperature. The Gl and G2 males had significantly
heavier weight of humérus than G3. Humérus length was not affected by ambient
temperature. The G3 males had shorter humérus length than those males in G2 (Table
1).
Table I. Effect of ambient temperature and genotype on body weight (BW), humérus
weight (HW) and humérus length (HL) of male and female broilers
F E M ALE

MALE

Temperature, T
Moderate
High
SD
Genotype, G
Gl
G2
G3
SD
T*G
Moderate*Gl
Moderate*G2
Moderate*G3
High*Gl
High*G2
High*G3
SD

BW(g

HW(g)

**

**

2286g
1937
29
NS
2107
2130
2099
36
NS
2291
2329
2237
1922
1930
1959
50

5.55a
4.82b
12

NS
7.23
7.15
08

5.39a
5.34a
4.83^
.16
NS
5.90
5.54
5.22
4.89
5.13
4.44
22

7.18ab
7.39a
6.99b
10
NS
7.18
.7.45
7.07
7.19
7.34
6.91
15

*

HL (cm)

*

BW(g)

HW(g)

**

**

1977a
1690
30
NS
1863
1840
1809
42
NS
1963
1943
2026
1742
1737
1591
32

4.87a
4.05b
13
NS
4.51
4.42
4.45
15
NS
5.01
5.18
4.76
4.02
4.00
4.14
21

HL (cm)
NS
6.91
6.97
.09
NS
6.91
7.69
6.82
11
NS
6.95
7.11
6.67
6.88
7.07
6.96
80

a, b

Means in a column and under each main effect with no common superscript differ significantly
NS not significant,*P<05, **P<01

Humérus weight (HW) of males and females reared under moderate temperature was
positively correlated with body weight (r=.391 and r=.661 for male and female, P<.01)
. The regression equations of these relationships were,
HW=1.19 + .0019BW and HW=.002 + .0025BW for male and female, respectively.
The high ambient temperature resulted in a significant reduction in the weight of tibia,
i.e. 18% and 16.6% less in males and females, respectively, whereas temperature had
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no significant effect on tibia length of birds from both sexes (Table 2). Tibia length of
female broilers was not affected by genotype. However G3 males had significantly
shorter tibia length than those G2 males, while it was intermediate for Gl males. Ash
weight of tibia decreased when birds reared under high temperature by 15.4% and
14.1% in males and females, respectively. There was no genotype by ambient
temperature interaction for bone parameters. Incidence of leg disorders was increased
by high ambient temperature from 3.55% to 7.73% and from 1.68% to 3.75% for males
and females, respectively. A significant ambient temperature by genotype interaction
showed that males reared under moderate temperature had similar incidence of leg
disorders while males from Gl had the highest incidence under high temperature.
Ambient temperature by genotype interaction was also significant for females. This
interaction resulted from the G2 females having lower incidence of leg disorders than
Gl females under high temperature (Table 2).
Table 2. Effect of ambient temperature and genotype on tibia weight (TW), tibia
length (XL), ash, and leg disorders (LD) of male and female broilers
M
TW,g
Temperature,T
Moderate
High
SD
Genotype, G
Gl
G2
G3
SD
T*G
Moderate*Gl
Moderate*G2
Moderate*G3
High*Gl
High*G2
High*G3
SD

**

a
7.43^
6.29
.17
NS
6.99
7.06
6.52
.21
NS
7.84
7.39
7.06
6.14
6.72
5.99
.28

A

TL,cm
NS
10.01
9.83
.10

**

9.91 ab
10.18^
9.69^
.12
NS
9.96
10.25
9.83
9.85
10.10
9.55
.17

L
Ash,g
a
3.05^
2.58^
.07
NS
2.87
2.90
2.67
.09
NS
3.18
3.08
2.90
2.56
2.73
2.46
.12

E

F
LD,%

**
3.55b
7.73a
.09

*

7.76^,
'^•O^ab
5.09^^
1.12
b
3.21^
1.75^
5.69^
12.311,
6.38^
4.49
1.7

E

M

A

L

E

TW,g

TL,cm

Ash,g

a
6-15b
5.13
.17
NS
5.69
5.48
5.76
.20
NS
6.44
5.93
6.07
4.94
5.03
5.42
.26

NS
9.60
9.43
.11
NS
9.56
9.71
9.32
.30
NS
9.72
9.79
9.30
9.40
9.64
9.35
.80

a
2.48^
2.13^
.07
NS
2.29
2.22
2.40
.80
NS
2.55
2.39
2.52
2.04
2.06
2.28
2.28

LD,%

*
1.68b
3.75a
.07
NS
3.37
2.51
2.26
.08
* b
0.97^
3.03^^
103,
5.76^
l-99ab
3.49
1.26

a,b

Means in a column and under each main effects with no common superscript differ significantly
NS, not significant, *P<05, **P<01

Significant correlations were observed between tibia weight (TW) and body weight
(BW) of birds reared under moderate temperature. The correlation coefficients were
.586 (P<001) and .549 (P<001) and the regression equations were TW=.970 + .0028BW,
and TW=.92 + .0025BW, for male and female, respectively.
The results suggest that high temperature during a period from 3 to 7 weeks, significantly
reduced the body weight and weight of tibia and humérus bones at seven weeks.
Incidence of leg disorders increased by ambient temperature. However, a significant
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ambient temperature by genotype interaction for leg disorders showed that genotypes
affected by ambient temperature, differently.
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BIOSECURITY : CONTROL OF PATHOGENIC
MICROORGANISMS IN THE POULTRY INDUSTRY
R.W.A.W. Mulder
ID-DLO Institute for Animal Science and Health, Agricultural Research
Department (DLO-NL), P.O. Box 59, 6700 AB Wageningen, The
Netherlands

Biosecuiity measures to be taken by industry to avoid contamination or infection
of live birds with potentially pathogenic microorganisms as Salmonella and
Campylobacter should be based on scientific data. Intervention strategies can be
applied thoughout the whole production chain, although apparently they are the
most effective when implemented at the level of the live bird. Knowledge of the
capability of microorganisms to colonize the gastro-intestinal tract is essential to
be able to effectively make use of vaccines and anti-microl^als as well as of
competitive exclusion microflora. The application of these technologies are needed
to guarantee safe products to the consumer. Nowadays in several countries the
poultry industry has introduced measures to be applied starting in breeder flocks
to reduce the change of further multiplication of mentioned microorganisms in
the live animals. The continuation of these efforts through the whole production
chain until consumer-ready-meat, eggs and egg products, may help to reach an
as-pathogen-free status as possible.
INTRODUCTION
The future for poultry meat consumption looks very bright, as per capita data are still
increasing worldwide. Nevertheless, the international competition on the world market
for poultry products is enormous. In many countries/companies the home cost-price
per kilogram of product is too high to be competitive. Therefore processing plants and
their organizations have introduced cost-price diminishing programmes, making use
of high speed and fully mechanized and automated production facilities.
At the same time there are at least two other major factors that put the industry under
enormous pressure. One factor concerns the quality and safety of the products, the
other is the influence of processing on the environment, the use of energy and water.
This paper concentrates on the first aspect.
In case of quality and safety industries have introduced total quality control programmes
to be better able to provide guarantees to consumers. The problem of the presence of
pathogens as Salmonella and Campylobacter bacteria still exists and makes the
production vulnerable. Therefore measures have been taken or are under development
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by industry and governments to a further decrease of the number of contaminated
products coming to the market.
It is evident that biosecurity measures, including monitoring programmes, to reduce
the numbers of Salmonella and other pathogens during the grow-out period, should
focus on the change of the husbandry practices as well as on the use of technologies
and products, that have shown to be effective against the colonization of these organisms.
Despite this, the processing industry has to cope with contaminated flocks coming to
the slaughterhouses, where it is expected that the contamination will not be spread over
other carcasses or flocks.
In this paper the technologies needed for the control of pathogens in the live bird are
discussed. The need for more knowledge of factors influencing colonization is discussed,
as otherwise the application of vaccines or competitive exclusion microflora will not
be succesful.
MICROBIOLOGY
The presence of potentially pathogenic microorganisms, such as Salmonella and
Campylobacter bacteria in poultry and poultry meat products make its production
vulnerable. Examples are the drop in sales following television and newspaper reports
on contaminated poultry in many countries.
General concerns towards Salmonella and Campylobacter contaminated products,
supersede the contamination of these products with other potentially pathogenic
microorganisms. Although in the literature reports on the isolation of Staphylococcus
aureus, Escherichia coli, Listeria, Yersinia, Aeromonas and Clostridia seem to increase,
the importance of "other pathogens of concern" is not reflected in statistics of human
food-borne diseases. The fifth report of the World Health Organization (WHO)
Surveillance Programme for Control of Food-borne Infections and Intoxications in
Europe (1992) collected reports from all participating countries, and although the data
are not collected in a uniform way, it is clear that poultry related Salmonella and
Campylobacter are the important disease causing microorganisms in men. The same
trend is noted in other parts of the world.
Many factors influence the contamination of live and processed birds. The
microorganisms transferred to carcasses are a reflection of the care taken at the slaughter
floor and the types and numbers of organisms acquired by the birds at rearing or during
the period of loading and transport to the processing plant.
It is evident that preventive measures to reduce the numbers of Salmonella and other
pathogens during the live period of the birds should be encouraged. New processing
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technology will help to reduce the further spreading of the microorganisms over carcasses
and equipment.
Several factors affect the colonization of the alimentary tract by potentially pathogenic
microorganisms as well as the microbial interactions in the gut in general. Also the
necessity of models to study colonization is evidently proven in previous work.
Of the factors affecting colonization the host-related, microbial-related and dietary and
environment-related factors are important. Practical aspects of the use of protective
microflora will also be discussed. For the future it seems that breeding poultry lines
which are more resistant to or not colonized by potentially pathogenic microorganisms
is a need to the development of a sustainable poultry industry.
FACTORS AFFECTING COLONIZATION
It is known that the microflora of the gastro-intestinal tract of poultry can be influenced
for example by ingestion of other microorganisms. The result of such a treatment can
be the replacement of the existing microflora or the decrease or increase of numbers of
microorganisms already present producing a less favourable environment for
colonization, at a later stage, of potentially pathogenic microorganisms. In this respect
Salmonella and Campylobacter are considered the most important species. Also the
treatment with vaccines and anti-microbials results in a less favourable environment
for colonization of these pathogens. As the mechanisms of colonization of
microorganisms as well as the occurring metabolic interactions in the gastro-intestinal
tract are not well understood researchers should concentrate more on these aspects.
Intervention strategies will never succeed when the basic knowledge is missing.
Untill now it is only possible to cluster the several known factors, which influence the
colonization, although their quantitative contribution to the colonization process is
unclear.
The factors influencing colonization can be clustered into
1. host-related factors [amongst these are body-temperature, pH and redox potential
levels, bile acids and enzymes, genetic resistence in different breeds],
2. microbe-related factors [amongst these are the effects of antagonistic
microorganisms, bacteriophages, bacteriocins] and
3. diet- and environment-related factors [amongst these are the use of mannose, lactose
and other (mixtures of) sugars as well as stress factors resulting from conditions at
the farm level].
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Vaccines
One of the principal aims of vaccination is to prevent lateral spread and amplification
in nocks. Vaccination in case of the existence of a Salmonella enteritidis infection in
chicken flocks, can replace the mandatory slaughter or the other expensive treatment
with antibiotics and competitive exclusion microflora's. (The latter treatment nowadays
replaces the mandatory slaughtering of infected flocks in The Netherlands).
Cooper and Venables (1993) described the results of experiments with live Salmonella
enteritidis attenuated vaccines and they were able to demonstrate "that in comparison
with the control birds the vaccinates were not heavily colonized and also did not shed
the challenge strain in large numbers".
In this respect the benefit of vaccination, although the results should be regarded preliminary, has shown that improved vaccines should be developed.
Competitive Exclusion
The colonization of Salmonella and other microorganisms can be prevented by the
administration to young birds of a protective microflora. The phenomenon in poultry
was introduced in the early seventies and nowadays commercially available. The lack
of profitability of the poultry production sector is one of the reasons for the low use of
these type of products in the major poultry meat producing countries. Also the fact that
a competitive exclusion microflora only exerts beneficial effects when it is applied
together with other measures hampered its universal use.
Nuotio and Nurmi (1994) stated that on the basis of the use of the present conmiercial
preparations of competitive exclusion microflora's, the problem of Salmonella
contamination in poultry will not be solved. Research should also be focussed on
obtaining more knowledge of the underlying protective mechanisms.
Genetic Resistance
Several research groups (universities, institutes, industries) have attacked the problem
of genetic resistance to colonization of potentially pathogenic microorganisms as
Salmonella and Campylobacter. In the poultry breeding industry, specially in broiler
production, meat yield and feed conversion efficiency are the important factors which
determine the success of a certain breed. For the future, however, the safety factor
(which means free of pathogens) will become more important in this type of industry.
Beaumont et al., 1994 and Guillot et al. (1993), described the work on genetic resistance
to Salmonella in several experimental and commercial poultry lines. The conclusion of
their preHminary work is that the identification and characterization of genes responsible
for the resistance to Salmonella colonization is necessary.
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Salmonella enteritidis/typhimurium Screening According to Council Directive
92/117/EEC
The EU directive 92/117/EEC gives the number of samples and samplings to be carried
out. At the breeder level the samples are taken at two ages and at the breeder-hatchery
every delivery has to be sampled. In The Netherlands a more intensive approach is
chosen. The main aim is to prevent poultry to become contaminated and several
additional measures at the general management level as well as on the application of
general hygiene principles are incorporated in codes of good hygienic practice and
nowadays the Integrated Quality Control SC programme is applied. At the breeder
level the sampling and samples are intensified and later at the breeder-grow out level,
where the EU Directive does not prescribe any sampling, samples are taken at atleast 4
different ages of the flocks.
All European countries have to follow in one way or another a sampling scheme as set
by the Directive in order to be able to reduce the contamination level of breeder and
finally all (meat and egg type) poultry flocks.
CONCLUSION
Scientific data are available on several aspects of colonization in poultry as well as on
further spread of potentially pathogenic microorganisms in poultry products. The
implementation of new technologies is slow, as the economical situation of the poultry
industry is weak. On the other hand in almost all areas or factors known to influence
the colonization of pathogens as Salmonella and Campylobacter it is shown that the
fundamental knowledge of the underlying mechanisms is lacking. A multi-disciplinary
research approach is necessary to establish a sustainable worldwide poultry industry.
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POULTRY VACCINES: NOVEL STRATEGIES FOR
THE FUTURE
V. Sivanandan
Dept. of Veterinary Pathobiology, College of Veterinary Medicine,
University of Minnesota, St. Paul, MN, 55108, USA

Poultry production all over the world is rapidly expanding at an astonishing rate. Birds
are not only being raised in large numbers but are also under intensive rearing conditions.
Hence proper management of such flocks is a significant factor for continued growth
and progress of the poultry industry. For this purpose, vaccines play a very crucial part
of maintaining good health and their use increases the potential of the poultry industry
being a leader in supplying animal protein to all people at a reasonable cost all over the
world.
Current poultry vaccines consist mainly of killed adjuvanted and/or live attenuated
vaccines. It is quite reasonable to acknowledge that some of these vaccines still provide
fair to satisfactory protection against some economically important diseases of poultry.
However, the use of advanced molecular biology techniques, identification of
immunogenic component of an organism, better understanding of the avian immune
system and the pathogenesis of diseases has mandated the introduction of a number of
new approaches to develop and deliver vaccines. To attest to that statement, the first
genetically engineered pox virus-vectored vaccine against Newcastle disease vims
infection in chickens has been licensed for use in the United States. It won't be too
long before we see more of these virus-vectored vaccines become available for use to
all poultry producers throughout the world. A recombinant avian influenza - fowl pox
vaccine has been approved for use in Mexico following an outbreak of a highly
pathogenic avian influenza virus infection last year. Earlier studies have demonstrated
this vaccine to be safe and efficacious under laboratory conditions. Future studies to
determine the duration of immunity and the effect of circulating influenza virus
antibodies on the recombinant virus have not been completed.
Laboratory data indicate that it may be possible to use genetically altered avirulent
Salmonella typhimurium vaccine strain for immunizing chickens, and young pullets,
layers and breeders to minimize colonization of the intestinal tract and shedding of
diverse Salmonella serotypes, to reduce transmission of Salmonella in or on eggs and
to induce maternal immunity that can be transmitted through the eggs to the newly
hatched chicks thereby reducing the risk of Salmonella infection and colonization.
However, the acceptance of this approach will depend on the results of studies that
have to be made on commercial poultry flocks under field conditions.
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Vaccines containing live deletion mutants, immunogenic subunits or naked DNA are
being evaluated under laboratory conditions. Identification of a protein antigen, purified
from Pasteurella multocida grown un^er certain laboratory conditions that can induce
cross-protective immunity, has the potential to lead to development of improved bacterins
and subunit vaccines against fowl cholera. Laboratory and field results have
demonstrated significant increase in performance of birds vaccinated using ironregulated proteins called siderophore receptor proteins (SRPs). Laboratory and field
studies have demonstrated the use of outer membrane proteins (OMPs) from Salmonella
gallinarum to be an efficacious vaccine in breeder flocks as well as backyard flocks to
protect against fowl typhoid. This vaccine was shown to improve performance in
breeder flocks and protect the progeny of vaccinated parents. A new approach to identify
potential coccidial vaccine antigens (sporozoite receptor proteins ofEimeria) responsible
for recognition and penetration of host lymphocytes and the ability of recombinant
receptor proteins to elicit protective immunity that block parasite invasion of host cells
is currently under investigation.
Gene vaccines (antigen-expressing DNA) represent a new approach to immunization.
Vaccination by DNA inoculation is accomplished by in vivo transfection and expression
of inoculated DNA by host cells. Expression of the protein encoded by the DNA
results in immunization. DNA-expressed antigens represent an effective method of
vaccination. The ability of direct injection of non-replicating plasmid DNA coding for
viral proteins to elicit protective immune response in laboratory studies with chickens
against avian influenza represents a new method for subunit vaccination. Both antibody
and cell-mediated immune response have been demonstrated, indicating that DNA
vaccination can serve as an alternative to immunization with live attenuated viruses,
and this may provide improved protection relative to killed virus vaccines. The utility
of DNA vaccination for bacterial disease remains to be demonstrated. Naked-DNA
transfer and other forms of delivery vehicles hold promise in the development of vaccines
that protect against multiple strains of a given virus or even provide treatment of chronic
viral infections in which the host does not produce protective antibodies.
In certain microbial pathogens, it has been possible to identify genes that code for
epitopes that elicit the most desired humoral or cell-mediated immune responses and
insert these genes into live vectors. Identification and characterization of desirable
immunogic epitopes may permit synthesis of relevant peptides and the use of adjuvanted
synthetic peptides as vaccines. Matching immunogenic peptides with major
histocompatibility complex haplotype for optimum antigen presentation to immune
cells is being explored as a novel strategy for immunization of poultry in the future.
Another new approach to enhance immune responsiveness to vaccines is the use of
cytokines. Cytokines are soluble proteins produced by a variety of cells and have been
shown to enhance vaccine efficacy by regulatory immune responsiveness. Genes
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encoding several poultry cytokines have been identified and experimental poultry
recombinant viral vaccines containing cytokine genes are being evaluated under
laboratory conditions.
Vaccine delivery systems are also undergoing rapid changes. The in ovo method of
vaccine administration to replace day-old vaccination is one of them. Currently, over
50% of the United States broiler industry uses this method to administer Marek's disease
vaccine. A novel concept in vaccine development utilizes specific hyperimmune
antiserum or antibody that is mixed in the appropriate ratio with an infectious virus to
form virus - antibody complex that can be adininistered by inoculation. This technology
has been successfully used with the development of infectious bursal disease virus
(IBDV) - antibody complex vaccine for chickens. This vaccine has been tested using
in ovo delivery system and found to be efficacious. Experimental vaccines using other
avian viral pathogens are currently under investigation. Efforts to enhance the protective
efficacy of already existing vaccines or new subunit vaccines by incorporating the
immunogens in liposomes, microspheres and immunostimulating complex (ISCOMs)
are under extensive investigation.
Success of these newer poultry vaccines would depend on: 1 ) the ease of administration
to large populations, 2) the ability to provide long lasting protection, 3) the use of
vaccines against multiple pathogens, 4) the ability to protect young birds with maternal
antibody, and 5) they being more economical than current vaccines.
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EFFECT OF DYNE -O-MIGHT ON BACTERIAL AND
MOLD LOAD IN POULTRY LITTER
Sackchai Himathongkham^ Hans Riemann^ Ram Saini^

Ram Saini

^Department of Population Health and Reproduction, School of
Veterinary Medicine, University of California, Davis, CA, 95616 USA
' Preserve International, P.O. Box 3135, T\irlock, CA, 95381 USA

Spraying of litter in broiler chicken houses with Dyne-O-Might (an acid sanitizing
spray) immediately increased the acidity of the surface thousand fold (3 units
drop in pH); after 72 hr. the acidity was still ten times higher than before treatment.
The spraying reduced total viable bacteria, Clostridium perfringens, E. coli and
mold by more than 90% on the average. The numbers of Salmonella was
consistently low.
INTRODUCTION
Poultry litter is expensive; it is therefore desirable to re-use litter. However, microbial
build-up in used litter represents a risk of infection of poultry with bacteria that can
cause disease in poultry and/or man. The microbial ecology of poultry litter is not well
known. However, there are evidence that certain pathogenic micro-organism can not
survive the deeper layer of old litter. Probably because of accumulation of ammonia
and reduction of oxygen resulting from the activity of saprophytic microorganism
(Tumbull et al., 1973). There is little doubt that the surface of the litter represents the
greatest risk; here disease producing bacteria are deposited and mold can produce spores.
The application of liquid acid complex on the surface of litter by spraying is a potentially
effective method to reduce the numbers of potential pathogenic micro-organisms. Most
of the disinfectants approved for use in poultry houses can not efficiently kill microorganisms in the litter because of high load of organic matter. Formaldehyde is a very
potent disinfectant (Williams, 1980), however it causes irritation and is a potential
carcinogen in human (Smith, 1992; Holmstrom et al., 1991 ; Partanen et al., 1990; Griftin,
1990). Dyne-0-might seems to be a good alternative to the formaldehyde. Formaldehyde
may cause eye damage and allergic contact dermatitis. It is considered an occupational
carcinogen by federal OSHA and federal EPA and users must be aware of the
occupational exposure standard PEL (permissible exposure limit) of 0.75 ppm. On the
other hand organic acids are recognised by FDA as GRAS (General Recognized As
Safe) and are not carcinogenic. In this study the effect of a combination of organic acid
and iodine spray on micro-organisms on the surface of broiler's chicken litter was
measured.
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MATERIALS AND METHODS
Two poultry houses with litter of wood shavings on which 3 flocks of broilers had been
raised were used in the study. Sterile drag swabs (Kingston, 1981) moistened with
double strength skim milk were used for surface sampling of litter and walls;
approximately one square yard was covered by each swab. Forty swabs were used to
sample the floor (500x40 square feet) and 10 swabs to sample the walls just above the
floor. The swabs were combined in numbers of five and placed in sterile whirl-pak
bags. To each bag was added 100ml sterile 1% proteose peptone which after shaking
was plated on nutrient agar (for total plate count), eosin-methylene blue agar (forE.coli),
brilliant green novobiocin agar (for Salmonella), tryptose-sulfite cycloserin egg yolk
agar (for Clostridium perfringens) and Sabouraud agar (for yeast and mold). Ten ml
of the liquid in the whirl-pak bags were transferred to two whirl-pak bags with 90 ml
protease peptone and two more ten-fold dilutions were made in duplicate for most
probable number estimation. The whirl-pak bags were incubated for 20 hr. at 37 oC
and these pre-enrichment cultures were streaked on the media listed above except nutrient
agar, brilliant green novobiocin agar and sabouraud agar. One hundredth of a milliliter
of the pre-enrichment broth was incubated in tetrathionate broth for 24 hr. at 37 oC and
streaked on brilliant green novobiocin agar that was incubated for 48 hr. at 37 oC for
detection of Salmonella. Suspect colonies were inoculated on triple sugar iron agar for
confirmation. The two houses were sampled for bacteria on March 4, 1994 and again
on March 15, 3 days after spraying with Dyne-O-Might solution. A second test for
mold was done on May 19, at this time only floors were sampled and only one hr or
less elapsed between spraying and sampling for mold and acidity test (pH).
RESULTS AND DISCUSSION
Bacterial and mold counts and pH values in litter are shown in Tables 1-5. The data
show consistent decrease in microbial counts after spraying with Dyne-O-Might. The
counts of E. coli were low, only around 100 per swab, even before spraying and the
counts of Salmonella were too low, 1-3 per swab, to permit conclusions. However,
total aerobic counts (over 100 millions) and C perfringens counts (between 1000 and
10000) before spraying were high enough to demonstrate significant reduction. Spraying
reduced pH by 1.1 unit (equals approximately a tenfold increase in acidity) on the
average. The samples for pH measurement were taken one day after spraying and
included more than just the surface layer. Presumably the pH on the surface would be
much lower immediately after spraying. This was confirmed by tests performed in
May (Table 4).
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Table 1. Log bacterial and mold counts, per swab, and standard errors (in parenthesis) before
and after treatment of floors with Dyne-O-Might
House No. 45

House No. 47

Before

After

Before

After

Total count

8.79(0.13)

7.9(0.14)

8.86(0.18)

8.01 (0.22)

Cl. perfringens

3.51 (0.59)

1.60(0.26)

3.82 (0.74)

0.94 (0.24)

E.coli

2.14 (-)

0.89 (0.33)

2.14 (-)

1.08(0.31)

Salmonella

0.06 (—)

0.12(0.04)

0.48(0.19)

0.06 (—)

4.48 (0.23)

<4.00

Mold

Table 2. Log bacterial and mold counts, per swab, and standard errors (in parenthesis) before
and after treatment of walls with Dyne-O-Might.
House No. 45
Before
After

Before

House No. 47
After

Total count

8.38 (0.02)

6.96 (0.59)

8.25 (-)

6.15 (-)

Cl. perfringens

2.80(1.50)

0.81 (0.27)

1.30 (-)

1.32(0.25)

E.coli

1.1 (1.04)

0.06 (—)

1.32(0.25)

0.57 (0.50)

Salmonella

0.06 (—)

0.06 (—)

0.48 (0.38)

0.06 (—)

Mold

5.36

(0.02)

3.60

(-)

Table 3. Percent reduction (rounded numbers) in bacterial and mold counts after spraying with
Dyne-O-Might
House No. 45
Floor
Wall

Floor

Total count

87%

96%

86%

Cl. perfringens

99%

99%

100%

E.coli

94%

92%

91%

Mold

_

_

97%

House No. 47
Wall
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Table 4. pH in litter before and shortly after spraying with Dyne-O-Might
Sample

Before spraying

House No. 47

1 hr after spraying

8.24

5.06

8.62

5.34

8.24

. 5.36

8.38

5.41

8.16

5.84

8.24

5.34

8.22

5.39

Mean

8.31

5.39

S.D.

±0.17

±0.25

House No. 45

7.92

4.94

8.10

5.37

8.50

5.50

8.06

5.30

8.02

5.26

8.47

5.00

4.94

5.23

Mean

8.18

5.23

S. D.

±0.25

±0.22

Table 5. pH in litter before and 72 hrs after spraying with Dyne-O-Might.
House No. 45
After
Before
Front, Right
Front, Left

8.72
8.86

Middle, Right

8.78

Before

House No. 47
After

8.62
8.13
4.72

8.56
8.79
8.48

6.51
8.6

8.16

Middle, Left

8.77

5.07

9.01

8.26

End, Right
End, Left
Mean

9.27

7.38
8.86
7.13

9.01

8.73
8.82

±1.81

±0.27

S.D.
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8.71
8.85
±0.21

8.39
8.71

8.18
±0.86
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PREVALENCE OF DIFFERENT POULTRY DISEASES IN
RELATION TO MYCOTOXINS IN POULTRY FEED
N. Singh, K.K. Baxi, and S.K. Jand
Department of Veterinary Bacteriology and Virology, College of Veterinary
Science, Punjab Agricultural University Ludhiana-141 004. India

Prevalence of different diseases was studied at different poultry farms (131) of the
Punjab state in relation to mycotoxins in the poultry feed/ingredients from Jan
1993 to Dec 1995. Different poultry feed/ingredients samples were collected from
affected farms. Screening of samples for different toxins was done employing
column and thin layer chromatography. Out of 219 samples, 172 (78.54%) were
found positive for mycotoxins. Aflatoxins were the main mycotoxins detected in
the samples followed by ochratoxin A, T-2 toxin, citrinine and sterigmatocystine.
The level of different toxins varied from 50-1000 ppb. The different poultry diseases
secondary to mycotoxins at the affected farms were diagnosed on the basis of
history, symptoms and post-mortem lesions. The different tissue samples (472)
were collected from the diseased poultry birds for isolation of the bacterial
organisms. The different diseases observed were fowl typhoid, fowl cholera, E.
coli i nfections, coryza, chronic respiratory disease, inclusion body hepatitis,
infectious bursal disease, hydropericardium syndrome, Marek's disease, brooder
pneumonia and coccidiosis.
INTRODUCTION
The mycotoxins which have attracted global attention for the last three decades, are the
toxic secondary metabolites of molds. Feeding of these toxins in low concentration for
a long period does not cause overt mycotoxicosis but leads to decreased production,
reduced growth rate, mortality, impairment of inmiune system and vaccine failures.
Different poultry diseases secondary to mycotoxins lack comprehensive field
observation. The present study was conducted to know the occurrence of different
poultry diseases at different poultry farms in state of Punjab in relation to mycotoxins
in poultry feed/ingredients.
MATERIALS AND METHODS
To know the prevalence of different poultry diseases secondary to mycotoxins, the data
regarding the age, total number of birds, number of affected birds, mortality, effect on
production and growth, clinical signs etc. was collected from different poultry farms
from Jan 1993 to Dec 1995. Post mortem of the diseased birds was conducted at the
Poultry Pathology Laboratory of College of Veterinary Science, Punjab Agricultural
University Ludhiana.
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Prevalence of diseases : Presumptive diagnosis of different diseases was made on the
basis of history, symptoms and post mortem lesions. The different tissue samples (472)
like heart, liver, spleen etc. were collected from the diseased birds and processed for
isolation and identification of the bacterial organisms (Carter and Cole 1990) to diagnose
the various bacterial infections.
Detection of mycotoxins : The poultry feed/ingredients samples were collected from
the affected poultry farms for the presence of the mycotoxins. Pressure mini column
(Kathuria et al. 1993) and multiple screening methods (Gorst-AUman and Sty en 1979)
were used for the detection of different mycotoxins.
RESULTS AND DISCUSSION
Prevalence of diseases was studied at different poultry farms (131) of the Punjab state
having a population of 1929270 in relation to mycotoxins in the feed/ingredient samples
from January 1993 to December 1995. Flocks of layers (1721295) at 61 farms and
broilers (207975) at 70 farms were examined. Out of 131 farms, 105 farms (80.15%)
were found positive and 26 farms (19.85%) were found negative for the presence of
mycotoxins in the poultry feed/ingredients (Table 1). Out of 70 broiler and 61 layer
farms, 57 (81.43%) and 48 farms (78.69%) having population of 173610 (83.48%) and
1694135 (98.42%), respectively revealed the presence of mycotoxins. Diseases
secondary to mycotoxins were found at 37 layer farms (60.66%) having a population
of 1662035 (96.55%) whereas 47 broiler farms (67.14%) having a population of 147760
(71.05%) wefe having such diseases . Mycotoxicosis was found at 11 farms (18.03%)
having population of 32100 (1.86%) whereas 10 farms (14.28%) having a population
of 25850 (12.43%) were having mycotoxicosis only.
Table 1. Population of poultry birds exposed to mycotoxins at different farms.
Type
of
Bird

No of
Farms Population

Broilers

70

207975

Layers

61

1721295

131

1929270

Total

Mycotoxins
positive
Farms

Population

Negative
Farms

Population

57
(81.43)
48
(78.69)
105
(80.15)

173610
(83.48)
1694135
(98.42)
1867745
(96.81)

13
(18.57)
13
(21.31)
26
(19.85)

34365
(16.52)
27160
(1.58)
61525
(3.19)

Figure in parenthesis indicate the percentage

Bacterial and viral diseases were observed at different poultry farms either singly or in
combination. Out of 70 broiler and 61 layer farms, 60 (85.72%) and 46 (75.41 %) farms,
respectively revealed diseases secondary to mycotoxins. Fowl typhoid was the dominant
bacterial disease found in 22 broiler farms (38.59%) and 13 layer farms (27.08%)
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followed by fowl cholera and coryza (Table 2). Escherichia coli was isolated in 12
layer farms (25.00%) from cases of oophritis where there was drop in egg production
followed by Inclusion Body Hepatitis ( IBH) at 2 farms Infectious Bursal Disease (
IBD) at 2 farms, Chronic Respiratory Disease ( CRD) at 2 farms and brooder pneumonia,
Marek's disease, lymphoid leucosis and coccidiosis at 1 farm each (Table 3). Jandetal.
1995 also reported drop in egg production due to Egg Drop Syndrome (EDS) virus and
E. coli in concomittance with mycotoxins followed by IBH, IBD, Ranikhet disease,
salmonellosis, coccidiosis and air sacculitis. IBH was the predominant viral infection
observed at 13 broiler farms (22.81%) along with IBD at 12 farms (21.05%) and
hydropericardium syndrome at 6 farms (10.52%). Other infections like fowl cholera at
5 farms, coryza at 4 farms, E.coli infection at 2 farms, coccidiosis at 2 farms, rickets at
2 farms and CRD, brooder pneumonia at 1 farm each were also observed secondary to
mycotoxins. Different diseases in concomitance with mycotoxins at poultry farms have
been reported by many workers (Chang and Hamilton 1982, Bum and Dwivedi 1986,
Mangat et al. 1987, Somvanshi and Mohanti 1991).
The per cent average daily mortality observed for a week at broilers and layers farms
due to aflatoxins and secondary infections was found to be 5.96% and 3.45%,
respectively ). The per cent mortality increased with level of Aflatoxins both in broiler
and layer farms. The mortality was found to be more significant in broilers in comparison
to layers. In layers the effect is more pronounced in the form of morbidity like decrease
in growth and production.
Out of 219 samples of poultry feed/ingredients, 123 and 96 samples from layer and
broiler farms, respectively were tested for the presence of different mycotoxins. 76
samples (79.17%) from broiler farms and 96 (78.05%) from layer farms were found
positive for mycotoxins ranging from 50-1000 ppb. Aflatoxins were the main mycotoxin
found in 172 samples (78.54%) in combination with ochratoxin A, trichothecenes (T2), citrinine and sterigmatocystine. Ochratoxin A was found in 54 samples (24.66%),
followed by trichothecenes (T-2) in 27 (12.33%), citrinine in 18 (8.22%) and
sterigmatocystine in 9 samples (4.11%),respectively. The observations were in
confirmation with Harbans et al 1991 who have reported the presence of Aflatoxin B,
ranging from 50-2500 ppb, ochratoxin A from 50-1000 ppb, T 2 from 400-1000 ppb
and citrinine from 200-900 ppb from different feed samples belonging to different
diseased poultry farms in the Punjab state. The observations are suggestive of the fact
that survey of poultry farms for different diseases should be under taken keeping in
view the level of mycotoxins in the feed.
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Table2. Mortality in relation to diseases secondary to mycotoxins in broilers.
Population

Mortality

Per cent
Mortality

22
13
12
6
5
4
2
1
1
2
2

89000
44350
20300
27500
6560
15000
10900
3500
5000
6900
15900

6371
3048
2449
1437
520
1725
520
500
320
480
440

7.15
6.87
12.06
5.23
7.93
11.05
4.78
14.29
6.40
6.95
2.77

70

207975

12411

5.96

Farm No having Disease
Disease
In combination

Alone
Fowl typhoid 12
IBH
6
IBD
3
HPS
3
Fowl cholera 4
Coryza
0
E. coli
0
CRD
0
Brooder pn 1
Rickets
0
Coccidiosis 0

Total

10
7
9
3
1
4
2
1
0
2
2

Total for Broiler Farms

IBH = Inclusion body hepatitis, IBD = Infectious bursal disease
HPS = hydropericardium syndrome, CRD = Chronic Respiratory disease
Table 3. Mortality in relation to diseases secondary to mycotoxins in layers.
Farm No having Disease
Disease _
Alone

In combination

Fowl typhoid 11
E.coli
48
DBF
0
Fowl cholera3
Coryza
0
CRD
0
IBH
1
IBD
2
MD
0
LL
1
Brooderpn 0
Coccidiosis 0
Total for Layer farms

2
,2
6
1
3
2
1
0
1
0
1
1

Mortality

48750
54488
33500
14000
27260
12100
4760
4025
2300
3000
4160
800

2000
3.46
1160
340
477
162
195
370
70
50
135
100

3.46
2.43
1.75
0.51
4.09
9.19
3.04
1.67
3.25
12.50

61

1721295

59478

Total
13
1575300
6
4
3
2
2
2
1
1
1
1

3.45
IBH = Inclusion body hepatitis, IBD = Infectious bursal disease
MD = Marek's disease, LL = Lymphoid leucosis
CRD = Chronic respiratory disease
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Per cent
Mortality

Population

4.10
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ENVIRONMENT FRIENDLY DISPOSAL OF POULTRY
DROPPINGS BY ANAEROBIC FERMENTATION AND
RECYCLING AS FEED INGREDIENT TO POULTRY
Rajashekher A. Reddy, K. Madhukumar, Eshwaraiah and
V. Ravindra Reddy
Department of Poultry Science, College of Veterinary Science, Andhra
Pradesh Agricultural University, Hyderabad-500 030, India

Disposal of poultry droppings (PD)from broilers through anaerobic fermentation
leading to biogas production, the nutritive value and utilization of the resultant
biogas slurry was studied. Floating drum and fixed dome biogas plant models
each of 2 m^ were used to generate biogas from PD. The fermented effluent from
biogas plant i.e., biogas slurry was dried and analysed for nutrient value. Dried
poultry biogas slurry (DPBS)meal, was included in broiler diets at 100 and 200
g/kg replacing a mixture of peanut meal extraction + saw-dust + dicalcium
phosphate + calcite powder. The performance of broilers (1-39 days) was studied
on diets containing 0,100 and 200g/kg DPBS meal. Floating drum model biogas
plant yielded lower quantity of biogas and the slurry was more watery resulting
in higher viscous digester contents than fixed dome model. Biogas slurry was free
from offensive odour and insect breeding. DPBS meal contained: 380 kcal ME/
kg estimated by the European reference method using WL cocks, 125 g crude
protein, 18.9 g ether extract, 219.6 g crude fibre, 475.3 g ash, 210 g acid insoluble
ash, 66.8 g calcium and 23.1 g phosphorus per kg. The entire phosphorus was
non-phytin phosphorus. Body weight gain of broilers fed 100 and 200 g/kg DPBS
meal were 1125,1099 and 1057 g, respectively. Only on 200 g/kg level of DPBS
meal, growth depression was significant (P>0.05) than in control. Feed intake was
higher and feed efficiency was poorer on DPBS diets than in control diet. It may
be inferred that the PD can be processed to generate biogas and thus can be
environment friendly. The DPBS meal can be used safely up to 100 g/kg in broiler
diets without depression in growth.
INTRODUCTION
Poultry droppings (PD) particularly cage droppings is known to cause fly menace and
objectionable odour. Disposal of PD as manure for crops and fish ponds is responsible
for environmental pollution, and acceleration of the eutrophication process, involving
enrichment of surface waters with nutrients, particularly phosphorus and nitrogen leading
to a decrease in dissolved oxygen and environment that favours plant life over animal
life (Roland et al, 1993). Experiments were conducted in China on the utilization of
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PD for biogas production (Aili et al., 1990), recycling of poultry litter for making it
environment friendly and rearing fish (Jiau and Zengfang, 1990). Poultry litter yields
more biogas with higher methane content than cow dung (0.3 m^/kg vs 0.09 to 0.3 mV
kg) (Bhattacharyya et al., 1993) and can be used as a feed mineral source particularly
for calcium and phosphorus (McNab et al., 1974; Virk and Langar, 1988). In India,
little work has been done on the utilization of PD through biogas technology and also
as means to control fly menace associated with poultry droppings. Advantages of
anaerobic fermentation process of PD through biogas technology needs to be explored
in terms of biogas production, rendering better sanitary and environmental conditions
in the process of PD disposal. The modalities of biogas production and recyling of
biogas slurry as a feed ingredient to poultry was examined in this study.
MATERIALS AND METHODS
Floating drum (KVIC- Khadi village and industries commission) and fixed dome
(Deenabandhu) model biogas plants of 2^ meter capacity were utilized for studying the
suitability of PD from caged birds for the production of biogas. Fresh PD about 35 kg
were collected daily from caged birds (cocks) fed on layer mash, and a mixture of PD
and water (1:2 w/v) was prepared daily to feed the biogas plants. Cattle dung, earlier
used in these two plants was replaced with poultry droppings graduelly in about 50
days for establishing poultry droppings based biogas plants. The biogas production, fly
menace and objectionable odour if any were monitored during the experimental period.
The slurry from both the biogas plants was collected and mixed in an open pit and dried
under natural conditions. The dried poultry biogas slurry (DPBS) meal was analysed
in triphcate for proximate composition of calcium, phosphorus (AOAC, 1990), aflatoxins
(Pons et al., 1966) and phytin phosphorus (Haug and Lantzsch, 1983). Metabolizable
energy was estimated in DPBS, poultry droppings and yellow com by modified European
reference method (Bourdillon et al., 1990) using WL cocks.
Peanut meal (solvent extracted), having a protein content 446 g/kg on a dry matter
basis was included in the reference (control) diet at 56 g/kg. DPBS meal with a protein
content of 125 g/kg on dry matter basis was incorporated in broiler diets at 0,100 and
200 g/kg to replace 0%, 50% and 100% protein of peanut meal of the reference diet.
Calcium and phosphorus levels were made equal in all the diets by inclusion of
appropriate levels of dicalcium phosphate and calcite powder (Table 1).
Each diet was fed to 8 groups (7 chicks/group) of broiler males from 1 to 39 days. Feed
and water were provided a J libitum. The chicks were reared in battery brooders. During
the experiment, weekly body weights for individual birds and group feed intake were
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Table 1. Composition of diets varying in the proportions of DPBS meal
Dried poultry biogas slurry meal (g/kg)
Ingredient

0 (Control)

100

200

Diet premix'
Peanut meal (solvent extracted)
Dicalcium phosphate
Calcite powder
DPBS meal
Saw-dust

800
56.0
25.0
22.2

800

96.8

800
28.0
12.5
11.1
100
48.4

Nutrient composition (dry basis)
Crude protein (g/kg)
Crude fibre (g/kg)
Metabolizable energy (k.cal /kg)
Calcium (g/kg)
Available phosphorus (g/kg)2
Lysine (g/kg)2
Methionine (g/kg)2

212.60
99.39
2580
16.89
5.50
10.98
5.84

212.43
85.4
2545
16.85
5.67
10.54
5.67

212.39
76.6
2510
16.79
5.82
10.10
5.50

-

200

'Diet premix (g/800 g) contained: Yellow corn meal, 489.5; soybean meal, 300; lysine. 0.7; methionine,2.3; salt, 4; coxistac, 1; choline chloride, 1.0; vitamin B,^ premix (100 ppm), 0.2; vitaminE (50%),
0.02; *trace mineral mixture, 1.0 and **vitamin mixture, 0.28.
*Trace mineral mixture provided (mg/kg diet): Mn,79; Fe, 38; Zn, 57; Cu, 4; I, 0.99; Se, 0.08.
**Vitamin mixture provided (mg/kg diet): retinol acetate, 4.23; riboflavin, 6; cholecalciferol, 0.045;
cyanacobalamin, 0.02; dl-a tocopheryl acetate, 20; thiamine hydrochloride, 1 ; menadione sodium
bisulphite, 0.5; biotin, 0.15; calcium pantothenate, 15; pyridoxine hydrochloride,3; niacine, 40 and
fohc acid, 0.5.
^Calculated values.

recorded. At 39th day two broilers per group were killed and the dressing yields were
recorded.
The data were subjected to statistical analysis (Snedecor and Cochran, 1967) by using
MSTAT and MSTATC statistical packages. One way classification of analysis of variance
(CRD) was carried out on the data for body weight gain, feed intake, feed efficiency
and dressing yield. Difference between treatment means were compared with DMRT
( Duncan, 1955) where ever F value was significant. Regression equations were fitted
to the data and also given in the tables and graphs where significant effects were detected.
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RESULTS AND DISCUSSION
Biogas Production
Poultry droppings, as a regular feed material for floating drum and fixed dome model
biogas plants yielded biogas after a period of 40 days when stable fermentable bacterial
cultures were obtained in both the biogas plants. During the first 30 days period
intolerable odour was noticed at each time of discharge of spent slurry. After 40 days
period, no obnoxious odour and no fly menace/insect breeding was observed in the
discharged biogas slurry from the biogas plants. This indicated suitable bacterial
population in the digester tanks of the biogas plants. The concentration of solids in the
fermentors for the poultry litter ranged from 8 - 11%. Rajashekher and Mohankumar
(1994) reported 9% solids in the digester contents during/« Vitro trials. The observations
confirmed the mixing practice of one part of poultry droppings with two parts of water
for obtaining optimum biogas.
In only floating drum model of biogas plant, the biogas production was receded slowly
in about 60 days due to the discharge of more water (Slurry) from the digester and
resulting in more viscous digester contents. Rajashekher and Mohankumar (1994)
observed the problem of quick separation of suspended solids, in the poultry biogas
slurry as compared to the cow dung in an In Vitro trials involving batch fermentation
cultures with glass jars. The nature of quick separation as observed in this study might
be due to the higher mineral contents particularly calcium and phosphorus resulting in
low water content (<9%) in digester tank, leading to poor biogas production.
The problem of quick separation, more discharge of water from the digester tank was
overcome by the fixed dome model of biogas plant, in which the exertion of downward
thrust of gas on the digester fluid lead to expulsion of slurry through outlet. The operation
being a continuous process, there is little or no increase of suspended solids in the
digester tank .
Chemical Composition and Nutritive Value
Dried poultry biogas slurry meal was powdery, less bulky and black in colour. The
DPBS meal per kg contained 916 g dry matter, 125 g crude protein, 18.9 g ether extract,
219.6 g crude fibre and 475.3 g ash, 161.2 g nitrogen-free-extract, 66.8 g calcium and
23.1 g phosphorus. Phosphorus content in DPBS meal was in the form of non-phytin
phosphorus. DPBS meal is rich in minerals. Elemental analysis of biogas slurry by x
- ray indicated 66% Ca, 8.3%P, 3.1% S, 7.6% K, and 3.7% Fe (Bhattacharyya et al.,
1993). The DPBS meal was free from aflatoxins.
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Metabolizable energy value of DPBS meal, poultry droppings and yellow com was
380 k.cal, 1662 k.cal and 3820 kcal/kg respectively. The ME content of DPBS meal
was low and represented only 23% ME of poultry droppings. The low energy content
might be due to the microbial anaerobic digestion during the fermentation process for
the production of methane gas. Teotia and Miller (1974) have reported 469 g/kg crude
protein, 2200 kcal ME/kg and 176.2 g/kg crude protein, 600 kcal ME/kg in poultry
manure before and after digestion by fly pupae.
Inclusion of DPBS meal at the expense of peanut meal has significantly (p<0.05) lowered
the growth of broilers only at 200 g/kg level. However, at 100 g/kg inclusion level,
growth was statistically comparable to the control group. Feed intake of broilers
progressively increased and, consequently, the feed efficiency decreased as the
concentration of dietary DPBS meal increased (Table 2). Body weight gain (p = 0.0001),
feed intake (p = 0.06111) and feed efficiency (p=0.00011) were linearly related with
the dietary DPBS meal. DPBS meal feeding to broilers did not influence the dressing
yields, which can be safely included in broiler starter diets (lOOg /kg) without depression
in growth. At this level of feeding DPBS meal can dispense considerable proportion
of dicalcium phosphate.
Table 2. Performance of broiler males (1-39 days) on DPBS meal
DPBS meal
(g/kg)

Body weight gain
(gylbird)

Feed intake
(g/bird)

Feed efficiency
(g feed/g gain)

Dressing yields

0
100
200

1125"
1099^
\05T

2013'^
2119"
2066'^

1.790^
1.930"
1.954"

64.6"
65.7"
64.7"

En'or df
SEM

21
10.26

21
13.25

21
0.01834

45
0.63

Regression
Standard errors:
Intercept
Slope
Revalue
P value
Residual df

1127-0.3388X

2040+0.2644X

1.809+0.00082X

28.5957
0.0715
0.5051
0.0001
22

53.5817
0.4590
0.1504
0.06111
22

0.0583
0.00014568X
0.5902
0.00001
22

(%)

Means within each column bearing a common superscipt(s) are not significantly different
(p>0.05).
X = dried poultry biogas slurry meal (g/kg).

609

ACKNOWLEDGEMENTS
The author wishes to express his gratitude to Dr. K. C. Mohankumar, Associate Professor
and Co-ordinator, Regional Biogas Training and Development Centre, Andhra Pradesh
Agricultural University, Hyderabad; to his research staff Dr. A. Sreeramamurthy, Senior
Scientist and Dr. V. Ravinder Reddy, Farm Manager of All India Co-ordinated Research
Project on Poultry breeding, as well as to Dr. V. Jayaramakrishna, Dean Faculty of
Veterinary Science and Dr. M. V. Rao, Vice Chancellor of A. P. Agricultural University
for providing facilities to carry out this work.
REFERENCES
AILI, Y., KEJUN, Y., YAOXIN, Z. and GUOYUAN, F. (1990) Study and design on
a high performance biogas project treating chicken manure. China Biogas 8: SOBS.
AOAC. (1990) Official Methods of Analysis. Association of Official Analytical Chemists
(IDRC), Ottava, Canada, P9.
BHATTACHARYYA, B. C, HANUMAN, H. S., BANERJEE, R.,
BHATTACHARYYA, P. and SINGH, R. P. (1993) Practical Hand Book for Biogas
managers - Regional Centre for Biogas Development, Indian Institute of
Technology, Kharagpur, India.
BOURDILLON,A., CARRE,B., CONNAN,L., DUPERRAYJ., JUYGHEBAERT,
G., LECLERCQ, B., LESSIRE, M., McNAB, J. and WISEMAN, J. (1990)
European reference method for the In Vivo determination of metabolizable energy
with adult cockerels: Reproducibility, effect of food intake and comparison with
individual laboratory methods. British Poultry Science 31:557-565.
DUNCAN, D. B. (1955) Multiple range and multiple F tests. Biometrics, 11: 1-42.
HAUG, W. and LANTZSCH, H. J. (1983) Sensitive method for the rapid determination
of phytate in cereals and cereal products. Journal Science Food and Agrculture 34:
1423-1426.
JIAYU, MIN and ZENGFANG, LI. (1990) A comparative study on the efficiencies
of fingerling raising with slurry from biogas digester chicken manure and mixed
baits. China Biogas 8: 36-38.
McNAB, J. M., SHANNON, D. W. F. and BLAIR, R. (1974) The nutritive value of
a sample of dried poultry manure for the laying hen. British Poultry Science 15:
159-161.

610

PONS, U. A., COCOCULLU, A. F., LEE, L. S., ROBERTSON, J. A., FRANZ, A.
O. and GOLDBLATT, L. A. (1966) Determination of aflatoxins in agricultural
products. Use of aqueous acetone for extraction. Journal of Association of Official
Agricultural Chem 49: 554-562.
RAJASHEKHER, A. R. and MOHANKUMAR, K. C. (1994) Studies on utilization
of poultry litter for the production of biogas. Unpublished data, All India Coordinated Research Project on Poultry breeding, Andhra Pradesh, Agricultural
University, Hyderabad, India.
ROLAND, D. A., GORDON, R. W. and RAO, S. K. (1993) Phosphorus solubihzation
and its affect on the environment with examples of common misformulation
problems associated with calcium and phosphorus. Multistate Poultry Meeting
(May 25- 27, 1993) held at Auburn University, Alabama, USA: pp25-27.
SNEDECOR, G. W. and COCHRAN, W. G. (1967) Statistical Methods, 6th edn.,
IBH Pubhshing Company, Calcutta, India, pp. 258-296.
TEOTIA, J. S. and MILLER, B. F. (1974) Nutritive content of house fly pupae and
manure residue. British Poultry Science 15: 177-182.
VIRK, R. S. and LANG AR, P. N. (1988) Caged poultry droppings as a source of
minerals in broiler ration. Indian Journal of Animal Sciences 58: 382-387.

611

SESSION - IV
NEW TECHNOLOGIES FOR POULTRY MANAGEMENT

613

1. HOUSING DESIGNS AND STRUCTURES TO SUIT
DIFFERENT CLIMATIC CONDITIONS

615

HOUSING DESIGNS AND STRUCTURES TO SUIT
DIFFERENT CLIMATIC CONDITIONS
William D. Weaver, Jr.
Department of Poultry Science The Pennsylvania State University,
University Park, PA 16802 USA

Commercial poultry continues to become more and more efficient (growth, egg
production, feed utilization), however, coupled with the improved efficiency is a
reduced ability of these animals to cope with variations in their environment. As
birds become less tolerant to environmental insults producers must compensate
by improving their facilities to maintain more precise conditions. However, on
the other hand, producers must caution against installing environmental
controlling devices without carefully evaluating the costibenefit ratio of each
device. Just as in the past, the goal in the future will continue to be the production
of the least cost kilo of meat or dozen eggs.

INTRODUCTION
As geneticists have continued to select both laying and meat-type birds for higher
rates of production, generally they have given up certain fitness traits. Many times the
price producers have paid for improved feed efficiencies, growth rates and egg
production are decreased ability of the birds to cope with insults and stresses when the
environment is outside of the thermoneutral zone. The zone of thermoneutrality for
one day old chicks and poults is 32 to 34°C and decreases approximately .3°C each
day until 21°C is reached at approximately five weeks of age. In the past, minor to
moderate deviations in these temperatures would have little effect on performance,
however, today even slight increases or decreases can in some cases cause drastic
swings in efficiency and production and in more severe cases can cause sickness and
even death.
To counteract commercial poultry's reduced ability to cope with environmental insults,
producers have continued to incorporate new technologies into their facilities, enabling
them to maintain more precise environmental conditions.
HEATING AND BROODING
Before considering heating systems, structural design to include adequate insulation
must be addressed. Although some level of insulation has been economical for a number
of years, generally today higher levels are recommended.
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Winter, or heating degree days, which are defined as the sum of the daily differences
in temperature between the average outside temperature and 19°C during the entire
heating season, are commonly used as a means to determine minimum insulation "R"
value. (Mid West Plan Service structures and Environment Hand book, 1990). Based
on these calculations, R values in the U.S. should range between 38, 33 and 25 in the
ceiling and 20, 20 and 14 in the sidewall in the Upper Midwest and Northeast, Central
and Mid-Atlantic, and Southeast and Southcentral regions, respectively. Although
these levels are not generally met in agricultural structures, R values of 25 and 15 in
the ceiling and sidewalls, respectively, are commonly found in most houses in the
poultry producing regions of the U.S. Generally fibrous batts or loose fill insulating
materials in conjunction with a vapor barrier, and in many applications a protective
inside cover, are used as insulting materials in most poultry houses.
Although propane (LP) gas-fired round brooders and larger forced air furnaces continue
as the preferred heating units in poultry houses, control mechanisms have become
much more precise in recent years. In addition to replacing the less accurate liquid
activated thermostats with electronic, solid state temperature controllers, the use of
whole system climatic computers allow producers to control the heating, and in many
instances the cooling and ventilation components with a single climatic unit. With
these units producers not only maintain a more precise temperature, they can also
accomplish it more efficiently. For instance when a single controller is used it can be
programmed so that the ventilation system does not override and thus operate
simultaneously with the heating system in colder weather.
VENTILATION SYSTEMS
Ventilation systems have two distinctly different functions in poultry houses; first,
they are needed for the removal of moisture during the colder months, and second for
the removal of heat during other times of the year.
Although most poultry house ventilation systems (especially for broilers and turkeys)
are supposedly operating under negative pressure during the colder periods of the
year, in fact a large number do not. To correct the problem, which is generally associated
with using hand operated continuous sidewall curtains as air inlets in conjunction
with poorly constructed houses that allow excessive unwanted air to enter the building,
producers are beginning to install intermittently spaced air inlets with monometer
controlled baffles that are located at both eaves (Gladys and Hulet, 1995). With such
inlets air velocity (» 2.5 m/sec) can be maintained at a level that ensures adequate
mixing of incoming air with air inside the building. Further, the incoming airjet can be
directed upward to allow for mixing with heated inside air before reaching bird level
and the litter.
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Hot weather ventilation generally consist of eave inlets or ceiling slotted (turbo)
negative or positive pressure systems for laying hens, eave inletted negative pressure
or tunnel systems for broilers, and natural ventilation assisted by circulating fans for
turkeys. In most instances the systems for both broilers and turkeys will be augmented
with evaporative cooling systems. These systems will generally consist of fogging
nozzles, fogging nozzles with pads or gravity flow pads.
As was discussed in the section deaUng with heating and brooding, the addition of
soUd state controllers and cUmatic computers have significantly enhanced the accuracy
of ventilation systems, enabling them to maintain much more precise environments
than in the past.
The electronic age has fostered many devices that will allow poultry producers to
monitor, verify, control, and compile data from a large number of activities taking
place in the poultry house. Therefore, producers must constantly ask the question;
"Does a particular device(s) allow me to better control the environment in the poultry
house or make better management decisions, decisions that will have a greater impact
on my net returns than a more conventional and in many instances less expensive and
less technical device?" No matter how attractive a certain piece of equipment may
appear, if the answer to the above question is "no", then the item should probably not
be purchased.
COST OF BROILER HOUSES
When surveying the cost of broiler houses in the states of Pennsylvania and Georgia,
which represent the Northern and Southern portions of the U.S. East Coast production
region and which separated by approximately 1200 km, it was discovered that the
costs of houses in the two locations were quite similar. Actually, when comparing
similarly designed houses, it was found that a 12.2 x 152 m house in Georgia cost
$53.40 U.S. per m^ (Cunningham, 1995), whereas a 14.6 x 152 m house cost $51.10
U.S. per m^ (Gladys and Ream, 1996) in Pennsylvania. Both of these units had solid
sidewalls with air inlets for negative pressure ventilation during the colder months,
tunnel ventilation and foggers for use during the warmer months, infrared brooders,
two rows of flex-auger pan feeders and nipple drinkers. The houses were single story
and used wood frame construction with fibrous insulation and had natural dirt floors.
A similarly constructed house in Georgia with somewhat reduced sidewall ventilation
and with sidewall curtain cost $45.10 per m2 (Cunningham, 1995). In none of these
instances did the costs include expenses associated with grading or preparation of the
building site, developing a well for water, or a road leading to the facility.
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LOW COST HOUSING DESIGNS AND STRUCTURES TO
SUIT TROPICAL AND SUB-TROPICAL CONDITIONS
A.L. Bhagwat
Institute of Poultry Management of India, Uruli Kanchan - 412 202,
India

In India, in a conventional open house, asbestos cement sheets are used as roofing
material, steel for trusses and ridges, chain-link to cover long, open sides and
floor is of concrete or stone-slabs. Construction costs of such houses are prohibitive,
reducing profit margin.At Institute of Poultry Management of India (IPMI), we
have constructed experimental sheds/units with low-cost alternate materials
reducing the cost of construction. The performance of birds in these experimental
sheds/units is comparable to the birds housed in conventional poultry houses. It is
therefore possible, specially for small farmers in developing countries, to reduce
construction cost of poultry house, using appropriate low-cost alternate materials,
thereby improving the profitability of a farm.
INTRODUCTION
Poultry housing designs and structures vary according to the climate and economic
considerations. In the Northern cold countries, and hot and dry climate areas,
environment controlled housing is preferred whereas, in most of the developing countries
of tropical or sub-tropical regions insulated open-sided poultry houses of different
types and designs are common due to lower cost per sq.m. In many South-East Asian
countries, poultry houses are commonly constructed using locally available materials
like bamboos, leaves, tiles etc. (van der Suis, 1995).
With the use of environment controlled house, with increased stocking densities and
improved productivity, the concept of "cost per bird housed", is more relevant (Jolly,
1995). The environment controlled housing is being seen recently in some countries of
Middle and Far East. Designs of these houses are similar to the European system, as
great deal of these are imported from the West. It is, however, desirable to explore the
use of locally available materials to have a high quality, low-cost, good performance
poultry house (Jolly, 1994).
Poultry house cost is a major component of initial/capital investment. In construction
of a conventional poultry house, primarily asbestos cement (A.C.) sheets, steel and
cement are widely used. Due to escalation in cost of these materials, construction cost
of poultry houses is increasing, reducing the profit margin of a poultry farmer.

621

In developing countries like India, traditionally we still have large number of smaller
poultry farmers and only a very small percentage are large enough to afford construction
of environment controlled housing facility due to higher construction/equipment cost.
Second limiting factor is electrical costs. With the use of environment controlled
housing, electrical cost increases. Added to this, an assured, reliable, and dependable
supply of electricity is also a major problem, specially in rural areas. Non-availability
of electrical energy, specially when the environment controlled house is full with grownup birds, may lead to heavy losses for farmer. Alternately, he may have to go in for his
own generator, which adds to the capital cost, as well as recurring expenditure for fuel
for generator, increasing the cost of production. In addition, maintenance costs of the
environment controlled house (like replacement/repair of motors, pumps, belts, cooling
pads etc.) are also quite high. This forces a small farmer to follow the conventional
open house construction to remain in business.
There are wide economic, political and social differences between the countries and
strategies will have to be worked out according to these differences (Tinholt,1993).
In tropical countries, what we really have are "Heat Control houses" wherein primarily
we control the heat (thereby reducing stress on birds) inside the shed during summer
months. We do not have the problem of extreme cold, as in European or Western
countries.
As the cost of A.C. sheets, steel and cement have escalated, efforts have to be made to
reduce the construction cost of poultry house by using locally available alternate and
cheaper materials.
MATERIALS AND METHODS
At Institute of Poultry Management of India (IPMI), Uruli Kanchan, Pune, we have
constructed, both for commercial broilers and layers, experimental sheds/units of
different designs with low-cost materials, and compared the performance of the birds
housed in these with those reared in conventional houses.
A) Broiler Sheds (Deep litter system)
Two types of broiler sheds were constructed of the size 6.1 m x 15.2 m.
Type I) Rural Type Shed - This shed was constructed with locally available materials
(which are available even in rural areas), like Jungle-wood (Lucaena luecociphela) in
place of steel for pillars, trusses and ridges etc., Mangalore tiles for roof, ordinary
19mm chicken-mesh wire netting along sides, lengthwise, taking care to prevent entry
of predators into the shed. The bark of the wooden posts was removed and portion of
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posts, which went into the foundation of the shed was painted/dipped in coal-tar and all
the wood was pretreated and protected against termites. The wooden posts within the
shed were covered at the bottom, from the floor level upto 23 cm height by cement
concrete, to protect them from rotting, with frequent washing of the shed.
This shed was primarily designed for small rural farmers and the construction cost was
about Rs.376.75 per sq.m. (Rs.35/- per sft.) only.
Type II) Second Experimental Broiler Shed.- Another type of experimental broiler
shed was constructed using asphaltic sheets (Literoof) for roofing. As the asphaltic
sheets are very light, no heavy steel girders/pillars, ridges/trusses are required for
supporting such a roof. We used 5 cm pipes for pillars, and 2.5 cm angle-iron, 2.5 cm
X 7.5 cm I- section, and 2.5 cm M.S. flats for trusses. Asphaltic sheets were fixed to
M.S. flats by "J" hooks to give more support/sturdiness. The requirement of steel is
drastically reduced, compared to the regular conventional shed. Here also,instead of
chain-link, we used 19 mm chicken-mesh wire-netting along the sides, lengthwise, for
walls. Again the chicken mesh was properly secured to prevent entry of predators. The
construction cost of this shed was about Rs.592/- per sq.m (Rs.55/- per sft.).
The conventional regular shed has a construction cost of about Rs.l023/- per sq.m.
(Rs.95/- per sft.) and that of environment controlled shed is about Rs.l238/- per sq.m.
(Rs. 115/- per sft.). Commercial broilers were reared in these different types of houses
and their production performance was recorded and evaluated. (Tables 1 and 3).
B) Layer Cage Units
Conventional layer housing consists of a high-rise (deep-pit) open house with cages
installed and is common in India. Not very many layer sheds have been constructed
with environment controlled facility, uptil now.
i) Smaller cage units - For experiment on layers, 48-layer units, five in number were
constructed, each unit of 16 cages ( unit of 8 cages back to back). Each unit is held 1.37
m from ground level with 2.5 cm angle-iron supports. Area required for such a unit is
1.07 m X 3.05 m, (3.21 sq.m.or 35 sft) for 48 layers.
For four such experimental units, we used four different types of roofing materials like
G.I.Sheet, asphaltic sheets, Mangalore tiles, and simple thatch. Number 5 unit was
supported by jungle wood, pretreated against termites, and had a thatched roof.
Another Unit No.6 was a two-tier cage unit, housing 96 birds using 2.5 cm angle iron
for supports and asphaltic sheet for roofing. The two-tier cage unit required 1.52 m x
3.05 m, (4.64 sq.m or 50 sft.) area for 96 layers.
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Initially, these units were enclosed by 2.44 m high wire-netting on the sides to keep
away the predators and also covered on top to protect against wild birds. Instead of
using costly aluminium feeders and waterers, we used PVC pipes of 10 cm diameter
for feeders and 5 cm diameter for waterers, cutting off only l/3rd portion lengthwise
of the pipes as opening.
Subsequently, we reduced the wire netting around the units to 1.22 m height and instead of
covering all the units completely from the top, we covered only the waterers, feeders and
Qgg trays by hinged wire netting cover, to keep away the wild birds and which can be
opened for putting feed and water and collecting eggs. This has further reduced the cost of
construction. All these units were provided rat-proofing by putting 0.46 m diameter circular
metal discs on all vertical supports. Birds in these units were protected from sun, cold
winds and rains by use of clean, empty plastic feed bags, whenever necessary, without
any additional costs. Adequate overhang has been provided to each unit.
ii) Larger open cage unit - We have also constructed a larger facility - An Open Cage
Unit, housing 640 birds in 2 rows of cages. To reduce the cost, we have constructed a 4bird cage. For permanent structure, we have used angle-iron frame with asbestos cement
sheet roofing. The whole unit is covered from the sides by chain-link and chicken
wire-mesh.
The construction cost of a conventional shed excluding the cost of cages is about
Rs.ll84/- per sq.m. (Rs.llO/- per sft.). With a cost of Rs.45/- per bird for cages, the
capital cost per bird is about Rs.l28/-, which is an extremely high cost of investment.
Cost of construction of smaller units ranged between Rs.36/- to Rs.64/- per bird, (average
Rs.52/- per bird) and that of large open cage unit was Rs.66/- per bird.
Production performance of birds in these different small experimental, and large open
cage unit was compared with the performance of birds in conventional, high-rise house.
Results are presented in Tables 2 and 4.
RESULTS AND DISCUSSION
Experimental broiler units: The performance data of commercial broilers in both
experimental sheds vis-a-vis the birds in conventional and environmental controlled
broiler shed were presented hereunder.
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Table 1. Performance of broilers in different housing system
Parameter

Open regular
shed
(3000 birds)

Experimental
shed
(1000 birds)

Environment
controlled shed
(4500 birds)

Livability %

96.9

96.7

97.3

Av.feed consumption/
bird,gm.

3381

3349

3350

Body weight /
bird, gm.

1470

1456

1595

2.3

2.3

2.1

F.C.R.

There was no significant difference in the production performance of birds in regular,
low-cost or environment controlled shed, except for the feed conversion ratio. Average
feed conversion ratio in environment controlled house was 2.1 compared to 2.3 in
regular and low-cost houses.
Small experimental layer and larger open cage layer units
Production performance of birds in the experimental units was compared with the
performance of birds in conventional, regular, high-rise house.
Table 2. Performance of layers in different housing systems
Parameter

Regular
layer shed
(7560 bird shed)

No. of eggs/bird/year
Livability
% (21-72 weeks)
Av.feed/bird/day, gm

Small experimental
unit
(96 layer unit)

Larger Open
cage unit
(640 bird unit)

293.5

295.1

296.3

93.5

92.9

93.7

115

118

117

It was observed that there was no significant difference in the performance of birds in
the experimental units, vis-a-vis in conventional type of sheds. The experiment was
repeated for three years and the results were similar. These units have withstood all
the seasons over the last 4-5 years without any major damage to the units or birds.
Similarly, there has not been any reduction in performance of birds in open cage unit
also (Table 4).
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Table 3. Costing and profit of commercial broilers (IPMI)
Type of Shed
Low cost
Experimental
@ 0.08 sq. m
per bird

Environment
Controlled
@ 0.06 sq. m
per bird

3000

1000

4500

4.50
85.50
10.00
8.00

4.50
49.50
10.00
8.00

3.35
77.05
80.00
8.00

108.00
81.00

72.00
54.00

168.40
126.00

1.93

1.29

3.00

11.87

11.89

11.82

21.98

21.77

21.77

5.50
1.50
1.96
0.57

5.44
1.50
1.31
0.48

*5.94
1.50
3.05
1.87

Total of'B'Rs.
Less : Other Sale

43.38
0.50

42.39
0.50

45.95
0.50

Cost per bird Rs.
Morality %
RC.R.
Body Weight (gm)
Income per bird
(@32/-perkg.),(Rs.)
Profit per bird (Rs.)
Add : Depreciation (Rs .)

42.88
3.1
2.3
1470

41.89
3.3
2.3
1456

45.45
2.7
2.1
1595

47.04
4.16
0.57

46.59
4.70
0.48

51.04
5.59
1.87

Less : Repayment, Rs.

4.73
1.93

5.18
1.29

7.46
3.00

Net cash balance per
bird (Rs.)

2.80

3.89

4.46

Regular
Conventional
@ 0.08. sq. m
per bird
Batch size
A. Capital cost (Rs.)
Land
Cost of Construction
Equipments
Water and Electricity

B.

Total of 'A' Rs.
Loan 75% (Rs.)
Repayment (7 years/6
batches per year) (Rs.)
Costing (Rs.)
Chick cost
Feed cost
( @ Rs. 6.50 P/kg.)
Overheads @ 25%
on feed cost*
Med.A^acc. cost
Interest
Depreciation

Note : Returns on investment are more favourable in the low cost rural type of shed
with the construction cost @Rs.35/-per sq.ft.
* In EC Houses OH's are higher by Rs.0.50 on account of higher electricity
consumption.
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Table 4. Costing and profit of commercial layers (IPMI)

Regular
(Conventional)

Open Cage
(Larger
Comml. Unit)

7958
7560
127.50
95.63

101
96
52.00
39.00

674
640
66.00
7.07

13.66

5.57

7.07

108228.80

1373.60

9166.40

245703.25

3118.38

20809.75

23874.00

303.00

2022.00

61425.81

779.60

5202.44

439231.86
58.10
33.00

5574.58
58.10
33.00

37200.59
58.13
33.00

25.10
25.10

25.07
25.07

25.13
25.13

197.31
3.00

202.43
3.00

200.74
3.00

49.33
13.87
6.43

50.61
5.66
4.72

50.19
7.18
4.94

Total of 'C Rs.
Less : Other Income,
Rs.

295.04

291.49

291.18

6.00

6.00

6.00

Net cost per bird Rs.
Egg prod, bird, Nos.
Cost per egg, Rs.
Selling price per egg, Rs.
Profit per egg, Rs.
Profit per bird, Rs.
Add : Depreciation, Rs.

289.04
295
0.98
1.05
0.07
20.65
6.43

285.49
292
0.98
1.05
0.07
20.44
4.72

285.18
296
0.96
1.05
0.09
26.64
4.94

27.08
13.66

25.16
5.57

31.58
7.07

13.42

19.59

24.51

No of Chicks started
No of hens housed
A.
Capital cost per bird, Rs.
Loan 75% Rs.
Repayment
(7 years), Rs.
B.
Costing : (in Rs.)
Chick cost
Feed cost
(6.5 kgs. per bird
@ Rs. 4.75)
Med.A^acc. cost
(@Rs. 3/-perbird)
Overheads @ 25%
on feed cost
Total of 'B' Rs.
per bird cost. Rs.
Less : Cull value, Rs.

C.

Tvpe of Shed
Exptl.
(Small rural
Unit)

Growing Cost (Rs.)
Add : Feed cost
(@Rs.4.70kg.)
Med.A'acc. Cost
Overheads @25%
on feed cost
Interest
Depreciation

Less : Repayment, Rs.
Net cash balance per
bird Rs.
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From the performance data as well as costing of egg and broilers, it is observed that
profit per egg or broiler is comparable in experimental units vis-a-vis regular/
conventional sheds.
In case of broiler sheds, the capital cost of low-cost experimental shed is 66.7% and in
the case of environmental controlled house, the cost was 155.9% compared to that of
conventional, broiler shed. The profit per bird is higher in environment controlled house,
followed by low-cost shed, and regular shed.
Though the profit margin per bird was higher in environment controlled housing, when
we take into consideration the repayment of the loan, vis-a-vis the capital investment,
the economics of a low-cost shed is favourable, as seen in Table 3.
In case of layer sheds, the capital cost of experimental unit (96 birds capacity) as well
as of larger open cage unit (640 birds capacity) is 40.8% and 51.8% respectively of that
of conventional regular high-rise (deep-pit) house. The production cost per egg is less
by 2 paise in larger open cage unit. In layers also, when we take the repayment into
consideration, the experimental unit as well as open cage unit gave higher returns as
seen from Table 4.
OTHER CONSIDERATIONS
Apart from the cost, A.C. sheets are stated to have a pollution effect and hence in many
developed countries, use of asbestos is discouraged. In addition, the A.C. sheets have a
low insulation value and specially in hot climate, with much radiant heat, they become
very hot, thereby transferring the heat to birds housed below, subjecting them to higher
stress. Heat transfer phenomenon is extremely important in tropical regions with high
ambient temperature and is facilitated by three mechanisms, viz. conduction, convection
and radiation.
Any building material should have the following desirable characteristics. The material
should have low coefficient of heat conductivity (K value), and lower total heat-transfer,
per unit area of construction, in unit time (U value). On the other hand the material
should have a higher coefficient of thermal resistance (R value). Typical U values of
pitched roofing material are as follows. (Nield, 1959 and Nash, 1962).
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MATERIAL
a)
b)
c)

Corrugated A.C. sheet
on steel purlins unlined
Plain tiles on battens
Asphaltic sheet (main component, bitumen)

U VALUE
1.40-1.70
0.43
1.1

As the thatch is not a commonly used construction material, its exact U value could not
be ascertained. However, it is known that low density, discontinuous materials have
low thermal capacity and very low conduction (Chalkley, 1968). As such, it is expected
that thatch will have lower U valu'e than A.C. sheet.
It will thus be seen that the alternate roofing materials used, like asphaltic sheet,
Mangalore tiles, thatch etc. not only have the benefit of lower cost, but also have lower
pollution effect and lower U values, than the A.C.sheet. Furthermore, in experimental/
open cage units of layers, absolutely free ventilation could have contributed to reduction
in heat/stress on birds, also drying of the manure/and removing ammonia, resulting in
comparable production performance.
It is, therefore, possible specially for small farmers in developing countries to reduce
the construction cost of poultry houses using appropriate low cost alternate materials,
and to improve the profitability of their farms.
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VARIABILITY OF TEMPERATURE AND HUMIDITY IN
A TUNNEL-VENTILATED BROILER HOUSE
J. D. May, J. D. Simmons and B. D. Lott
South Central Poultry Research Laboratory USDA, Agricultural
Research Service Mississippi State, Mississippi 39762, USA

Heat stress during high summer temperatures is a problem in many commercial
broiler producing areas. Tïinnel ventilation is a recent innovation to improve
sensible heat loss from birds through increased air'velocity. This research was
conducted to determine the variability in temperature and humidity in a tunnel
ventilated house. The results show that temperature and humidity increase with
the distance the air travels down the house, but the increase is relatively small
when all of the fans are operating. The gradient increases considerably when fewer
fans are operated.
INTRODUCTION
Tunnel ventilation is an arrangement in which air is directed down the length of the
house rather than across the house. With the same volume of air passing through the
house, this results in greater air velocity than with conventional ventilation. The
advantage is that increased air velocity increases the sensible heat loss from the bird
(Drury, 1966) and therefore this procedure is employed during hot weather. The increased
sensible heat loss reduces the requirement for evaporative heat loss from the respiratory
tract. The reduction in heat load reduces stress and improves production.
One of the problems associated with tunnel ventilation is the tendency of birds to migrate
toward the air inlet end of the house. This has been attributed to the nature of the birds
to face into the wind (Lacy and Czarick, 1992). Another possibility is that environmental
condition^ are more favorable near the inlet air. As air travels down the house, it passes
more birds and picks up additional heat and moisture. The temperature and humidity
within tunnel-ventilated houses have not been reported. The objective of this research
was to determine the variability in temperature and humidity within a tunnel-ventilated
house.
MATERIALS AND METHODS
A commercial broiler house 12 x 152 m with curtain sides was used. The house was
on an operating broiler farm that had four similar houses. During the brooding period,
the curtains were closed. The curtains were open, and natural ventilation was used after
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the brooding period when temperatures were moderate. The experimental period was
during the summer when broilers were four to seven weeks of age. The curtains were
closed and forced ventilation was provided by eight 625 m3/min fans in one end of the
house. Air inlets were at the opposite end of the house. Baffles were hanging at intervals
in the house from the ceiling to approximately two m above the floor. Air speed was
approximately 120 m/min.
Temperature and humidity sensors were arrayed across a tunnel ventilated house and
moved down the house as readings were recorded by a computer. The values across
the house were averaged and reported as the average value for given distances from
the inlet end of the house.
Table 1. Temperature, humidity, and absolute moisture level in a tunnel-ventilated
broiler house.

Distance^
(M)

Temperature
(^C)

Relative
Humidity
(%)

17
32
47
62
78
93
108
123
139

32.9
33.5
33.
33.6
33.8
33.9
33.9
33.9
34.1

47.5
45.6
46.9
46.9
48.0
49.2
48.4
48.0
50.1

Moisture/Air
(ë/g)
0.0155
0.0154
0.0159
0.0159
0.0165
0.0170
0.0167
0.0166
0.0175

^Distance from air-inlet end of the house.
RESULTS AND DISCUSSION
The data were collected on a hot day when the house was stocked with large broilers.
All fans were operating, and no moisture was added by fogging. Temperature, relative
humidity and absolute moisture increased with distance from the inlet end of the house
(Table 1). Although conditions changed as expected due to heat and moisture production
by the birds, the changes were not as great as anticipated. The estimates were based
on reference values (Reece and Lott, 1982).
In a later study, the house was equipped with sensors and data were collected throughout
a rearing cycle. Data collected during that cycle showed that the conditions varied
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more when the ventilation rate was reduced. This occurred during the night when only
two fans were operating. The temperature increased from 24.5 to 28.4°C at that
ventilation rate. The results suggest that under some conditions, variation in conditions
may contribute to bird migration.
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THE EFFECT OF DIFFERENT HOUSING SYSTEMS ON
PRODUCTION AND EGG QUALITY TRAITS OF
BROWN AND LEGHORN TYPE LAYERS
Z. Suto, P. Horn and J. Ujvarine
Pannon University of Agricultural Sciences Faculty of Animal Science,
H-7401 Kaposvar P.O.Box 16 Hungary

Two commercial layer hybrids (Shaver St. 288 and Tetra SL) were tested in the
same environmentally controlled laying house in five different managemental
systems. These five systems were : traditional 4 tier cage system with two density
levels : 3 (533cm^/hen) and 4 (400cm^/hen) hens per cage, aviary, perchery and
floor (slatted floor and deep litter) system.
Significant differences were found between strains and between systems of
housing for all traits studied. Traits measured till 72 weeks of age : henhousebased egg production, egg weight, total egg mass produced, feed cunsumption,
mortality, albumen height, Haugh units, yolk colour, shell thickness and shell
density.
Regarding the performance of the hens housed 4 per cage as 100% and as
standard - being the most frequently used in practice - the following most
important differences were found : henhouse-based egg production +16% and
+8% 3 hens /cage, -14% and -10% aviary, -14% and -18% perchery, +9% and
+5% floor for Leghorns and Brown egg layers respectively. Feed consumption
per day per hen : +29% and 26% 3 hens/cage, +23% and +17% aviary, +15%
and +16% perchery, +28% and +21% floor. Egg weight and egg quality traits
were less affected by the housing systems tested.
INTRODUCTION
In the egg production sector during the last decade several experiments were conducted
to compare traditional cage housing management systems with new alternative housing
systems. The research work was mainly geared by the animal welfare movement
worldwide (Elson 1988, 1990, 1991, 1992, Wegner 1991, Dun, 1992).
In Hungary commercial Leghorn and Brown egg layers are at present kept mainly
in multiple tier cage systems, providing ca. 400 cm^ cage area and 100 mm trough
length for each hen. In the EU the lowest limit recommended is 450 cm^ cage floor
area per hen housed. To gain information regarding layers reaction to alternative
housing systems (aviary, perchery, floor vs cage) under our conditions we designed
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a layer house in which traditional cage systems and alternative housing systems
could be compared simultaneously in the environment.
MATERIALS AND METHODS
A total of 1356, 678 Leghorn (Shaver St. 288) and 678 Brown egg layers (Tetra SL)
were tested up to 72 weeks of age in five different housing systems. From each type
of hen 2 replicate groups were formed for each non traditional housing treatment
(aviary, perchery, floor). The technical characteristcs of the non-caged systems are
showed in Table 1. These systems were installed in the middle part of the
environmentally controlled poultry house. On both sides of this sector traditional 4
tier cage rows were installed. On the inside part of each cage row facing the middle
sector we housed the cage control birds. From Leghorns and Brown egg layers 2
replicate groups were formed on each cage row representing 3 and 4 hen / cage
density levels. In this way from each type of hen we tested : 2 X 107 hens in aviary,
2 X 109 hens in perchery, 2 X 53 hens on floor, 4 X 15 hens 3 per cage, 4 X 20
hens 4 per cage.
Management procedures were the same, as practiced in commercial operations.
Throughout the experiment in the cages the number of hens per cage was kept
constant, dead birds were replaced by reserve hens originating from the same
populatons, and treatment combination.
Table 1. Main characteristics of alternative, noncaged systems used in the investigation
Characteristics

Number of pens
Size of pen* :
- measurment(m)
- area(m^)
Deep littre area(m^)
Floor are (m^)
Additional tier areaCm^)
Perch length (m)
Total area of layersCm^)
Area per hen (cm^)
Number of hens within pens
: Without area of nets
percent of pen's area.
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A

Alternative Systems
B

C

aviary
4

perchery
4

floor-system
4

2.30 X 2.40
5.52
1.68(30%**)
3.84
5.76

2.30 X 2.40
5.52
1.68(30%**)
3.84

2.30 X 2.40
5.52
1.68(30%**)
3.84

-

-

12.00
5.52+perchery
506+perchery
109

-

11.28
1050
107

5.52
1050
53

RESULTS AND DISCUSSION
In Table 2 the means of the production traits as affected by housing system for the
Leghorn and Brown egg layers is summerised.
Table 2. Means of production traits as affected by housing system for Leghorn and Brown egg
layers (upto72 weeks of age)
Parameters

Leghorn type:
3 hen/cage
4 hen/cage
aviary
perchery
floor
Brown type :
3 hen/cage
4 hen/cage
aviary
perchery
floor

Hen housed
egg prod
av
eggs/bird

Average
egg weight
g

Egg mass
prod
av.g/bird

Standardized
egg prod
60 g wt
eggs/bird

Feed
g/bird/
day

297.6^
257.1''^
220.2*ë
220.7*8
281.0^^'^

63.8^^
62.2'''='8
61.2^
61.28
62.P*8

18,988^
16,042'^f
13,5518
13,5048
17,460'^''

316.5
267.4
225.9
225.1
291.0

146*8
113^
|39cdef
145efg

1.7
10.0
9.2
3.2
4.7

285.2^*^
263.4^^
237.7'--f
215.2S
276.8^^'!

64.6^
52.7bccief

18,489^^'-16,611^*^
15,121'
13,4998
17,607"^''

308.2
276.9
252.0
225.0
293.5

1498
118^
13gcde
137bcd
143defg

8.9
7.9
5.1
11.9
10.4

63.0^'^^'^
52.3cdefg
63.3^'--^

no*'

Mortality

%

Means designated by the same letters within columns are not significantly different (P < 0.05)

Housing systems influenced the hen housed egg production and correlated egg mass
production of both Leghorn and Brown ogg layers significantly. Both Leghorn and
Brown egg layers reached the highest egg and egg mass production if 3 hens were
housed to a cage (533 cm%en). In floor housing both type of layer hens performed
well. The lowest egg production was characteristic of the perchery for both types of
layers.
Feed consumed daily by the hens was lowest in cages when 4 hens were
housed to a cage. All other systems of housing raised feed consumption considerably.
Egg quality traits are summerised in Table 3. Housing systems did not influence egg
quality traits (albumen height, Haugh units, yolk colour, shell thickness and density)
markedly, although significant differences occured. Genotype of layers influenced
egg quality traits more as did housing systems.
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Table 3. The effect of the different housing systems on qualitative characteristics of eggs
(upto 72 weeks of age)
Characteristics
Albumen
height

Haugh units

LaRoche value

Shell
thickness

Jim

mm

Shell
density
mg/cm^

Leghorn type :
3 hen/cage
4 hen/cage
aviary
perchery
floor

8.9
8.3
8.4
8.8
8.3

^
^d
''^•
'"^
'''

92.7
89.5
89.7
92.0
89.3

^
^'
''
'

5.9
6.0
6.2
5.9
6.1

^
'^
^b
^
-'^

358.7
349.8
359.0
355.8
352.4

^^
^
'^
'^^
'i

82.8
79.7
80.0
79.5
78.8

^»^
'^
^''^'^
'
^

Brown type :
3 hen/cage
4 hen/cage
aviary
perchery
floor

7.5
7.9
7.7
7.7
7.5

^
'^^
'
^
'-■

84.4
86.6
85.0
85.4
83.9

"'^
^
^'
^«^
"^

6.1
5.9
6.3
6.2
6.2

^^
^
^
^»^
'^

377.4
374.1
379.0
381.6
367.3

^''
^b
^'^
^
^^

84.5
84.0
83.3
84.4
82.5

^
^
^
^
^^'^

Means designated by the same letters within columns are not significantly different (P < 0.05)
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PERFORMANCE OF TWO EVAPORATIVE COOLING
SYSTEMS ON ENVIRONMENTAL COMFORT OF
BROILER HOUSES
LF.F.TinôcoS EJ. Campos^ RCBaeta^ and P.R.Cecon^
^Depto de Engenharia Agrícola, Universidade Federal de Viçosa, Viçosa,
MG, Brasil and ^Depto de Zootecnia, Universidade Federal de Minas
Gerais, Belo Horizonte, MG, Brasil

Four identical east-west oriented broiler houses were used to test the two system of
evaporative cooling: roof water spray with internal ventilation (SACVI) and the wet
pad material vdth fan and air distribuition duct (SMPVT). The objective of the study
was to compare the performance of the two systems in improving the thermal
environment based on the Black Globe Temperature and Humidity Index, ITGU,
calculated for every two hours from 8:00 AM to 4:00 PM, and based on weekly
recorded feed consumption, weight gain and feed conversion. The experiment was
conducted in summer, on the Triángulo Mineiro Region, Minas Gerais State, Brasil,
having two trials with 14 birds per square meter and 15 to 50 days of age. The results
showed that the sheds equipped with the SMPVT presented the best conditions of
thermal comfort (represented by the lowest ITGU values at all of the measuring
times) and, consequently, promoted the best productive performance for the birds,
(represented at the end of the experiment by average values of 13,3 % more for weight
gain, 18,35% less for the food conversion index and 14,4% more for the live weight).
It was noticed that the productivity variation of the birds housed under different
systems was increasingly higher from the fourth week of age. The feed consumption
was not influenced by the different cooling systems.
INTRODUCION
The extraordinary progress recorded in poultry industry in the last four decades was,
mainly, the result of nutritional and genetic researches concerning more productive
and efficient lineages. However, in tropical and subtropical climates, as in Brazil, the
intense solar radiation and the high levels of temperature and air humidity during summer
season inhibit the productive performance of the poultry. With the purpose of reducing
the internal environmental temperature of the poultry houses many alternatives are
suggested based on the priciple of natural thermal conditioning; neverthless, for the hot
regions of the earth, the temperature can be so high that it is necessary to promote the
artificial cooling of the air which goes into the poultry houses according to Esmay
(1969) and Curtis (1983).
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One of the alternatives for air cooling is the evaporatiive adiabatic system, which makes
possible, through many ways, the contact of the non-saturated air to be cooled with a
freely exposed surface of liquid, thus promoting the simultaneous exchange of heat
and mass, with the consequent water vaporization. The necessary heat for this change
of state comes from the sensible heat contained in the air and in the water, resulting in
the decrease of the temperature of both and, consequently, of the environment (Wiersma
& Stott, 1984; Canton, 1982).
This work aimed to compare the conditions of thermal comfort and productivity, in
broiler houses equipped with two different evaporative cooling systems (system of the
wet pad material with fan and air distribution duct (SMPVT), and the roof water spray
with internal ventilation (SACVI).
MATERIALS AND METHODS
The work was conducted in conditions of summer, in liberaba, Minas Gerais State Brazil. The Gaussen bioclimatic classification for that region is hot tropical, with severe
dry and three to four month average dry season.
Four open sheds with the the same identical construction characteristics, east-west
oriented, were used. They were apart from each other at a distance of 30 meters, covered
with amianthus cement roof tiles, 10 meters wide and 2,7 meters high. In two of these
sheds roof water spray with internal ventilation, (SACVI), was assembled and in the
other two broiler houses wet pad material with fan and air distribution duct (SMPVT)
was used. The work was conducted with birds of the same lineage and initial weight
with 14 birds per square meter and two replicates (1960 birds / repetition).
The effects of two different evaporative cooling systems on the environmental comfort
were evaluated by the Black Globe Temperature and Humidity, ITGU, taken at two
hour intervals, from 8:00 a.m to 6:00 p.m. The production of broiler was evaluated as
to feed consumption, weight gain, feed conversion and live weight, which were
measured, weekly.
The results were statistically interpreted by means of analyses of variation and regression,
with the averages of qualitative factors compared by the F and / or Tukeys tests, adopting
the level of 5% probality.
RESULTS AND DISCUSSIONS
The ITGU values in SMPVT were lower than the SACVI values at all of the observation
times. This difference was statistically significant, which demonstrated the greater
efficiency of the SMPVT in promoting the decrease in the temperature and, consequently,
the thermal comfort.
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In Table 1 it can be noticed that the Uve weight of the broiler presented a statistical
difference bettween the two systems only from the second week of measuring, and the
best values obtained in the sheds with SMPVT. This behavior suggests that the older
birds are more harmfully influenced by the conditions of high ITGUs.
At the end of the experiment, the birds grown up with the SMPVT showed 14,4% more
average live weight, when compared to the SACVI.
In Table 2, it can be noticed that there was a significant difference, at the 1 % level of
probality by the F test, between the averages of weight gain and food conversion index
of the birds exposed to the two defferent cooling systems. The best results of weight
gain (13,3% higher) and the food conversion index (18,35% lower) were obtained in
the SMPVT
The production results, compared to the best conditions of thermal comfort represented
by lower ITGU values obtained in the sheds equipped with SMPVT, demonstrated the
efficiency of this system in improving the environmental conditions in the sheds and
promoting a greater productivity of the broiler.
Table 1. Effect of the Wet Pad Material with Fan and Air Distribution Duct (SMPVT), and Roof
Water Spray with Internal Ventilation (SACVI), in the Live Weight (PV) of the broiler, in grams.
Weeks

Cooling System
SMPVT

SACVI

1

468,500 a E

416,500 a E

2

720,625 a D

637,810 a D

3

1042,185 a C

942,710 b C

4

1447,500 a B

1331,500 b B

5

1849,020 a D

1656,085 b A

The averages followed by the same capital letter in the column, and the minuscule, in the line do not
have any difference between them at the 5% probality level by the Tukey Test.
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Table 2. Effect of the Wet Pad Material with Fan and Air Distribution (SMPVT), and roof Water
Spray with Internal Ventilation (SACVI), on the feed Consumption (CR), Weight Gain (GP) and
Food Conversion (CA).
Coolig System

Averages
CA

CR(g)

GP(g)

SMPVT

690,090 a

326,325 a

1,098 b

SACVI

724,570 a

288,015

2,338 a

b

The averages followed by the same letter, in column, do not present differences between them at the
1% level of probability according to the F test.

CONCLUSION
The results showed that the broiler housed equipped with the SMPVT presented the
best conditions of thermal comfort (represented by the lowest ITGU values at all of the
measuring times) and, consequently, promoted the best productive performance for the
birds (represented at the end of the experiment by average 13,3% more for weight gain,
18,35% less food conversion index and 14,4% more for the live weight). It was observed
that the productivity variation of the birds housed under the different systems was
increasingly higher from the fourth week of age. The feed consumption was not
influenced by the different cooling systems. It can be concluded that the SMPVT
functions more efficiently than the SACVI in reducing the internal temperature of the
sheds . The broiler, especially from the fourth week of age and onwards are more
suceptible to the harmful effects of the high temperaturee effecting their productivity .
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2. SYSTEMS FOR POULTRY REARING - DEEP LITTER,
CAGES, FREE RANGE, SEMI-INTENSIVE ETC.
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BROILER BREEDER MANAGEMENT SYSTEMS
J. Brake
Department of Poultry Science North Carolina State University Raleigh,
North Carolina 27695-7608 USA

The most consistently successful management systems for broiler parent stock
appear to be a brood-grow-lay system where there is adequate floor and feeding
space for each bird. However, economic and environmental considerations have
dictated the use of higher density brood-grow rearing facilities followed by transfer
to laying quarters equipped with partial slats of various designs or cages for
artificial insemination or natural mating. Furthermore, labor-saving automation
is desirable in most situations. These various brood-grow and lay systems can be
equally successful as brood-grow-lay systems if managed appropriately.
Consistency of equipment and color schemes, preconditioning and nutrition appear
to play key roles in this success.
INTRODUCTION
Broiler parent stock of the same genetic background have been reported to exhibit
wide variations in observed reproductive performance. These variations may exceed
20%, as observed for percentage hatchability, and are apparently due to differences in
management systems (Rishell, 1983) even within the same geographical area. This is
further confounded by the wide range of climate and nutrition found on an international
scale. Differentiation of broiler breeding stocks into "commodity" and "yield" lines
adds another complication. Litter floor brood-grow-lay management systems have
exhibited consistently good performance, but well-managed brood-grow rearing
followed by transfer to a laying facility can produce equivalent results (Rishell, 1983).
Economic and environmental considerations make the latter system attractive. Data
suggest that the relative success or failure of management systems during lay can be
profoundly affected by rearing diet and managenient. Successful programs must
coordinate the rearing and laying phases. An understanding of the various factors
which may contribute to successful broiler breeder management systems is required if
the poultry industry expects to maintain reasonable reproductive performance with
economically or environmentally advantageous systems.
GENETIC-NUTRITIONAL RELATIONSHIPS
Broilers can reach 1.8 kg body weight in one day less each year so it is reasonable to
assume that broiler parent stocks have similar improved growth potential. Inspection
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of primary breeder body weight guides and nutritional recommendations reveal only
small changes over the past 10 years. This suggests that broiler parent stock are
experiencing relatively increasingly severe feed restriction. Nutritional requirements
may not be met even though body weight targets are achieved. Quail selected for high
28-day body weight on a 28% crude protein diet exhibited significantly delayed onset
of lay when grown on a 24% crude protein diet which was adequate for randombred
quail but matured on schedule when reared on a 30% crude protein diet (Lilbum et al.,
1992). Broiler stocks are similarly selected for high body weight on high protein feeds
but grown to reproductive age on lower protein feeds. Broiler stock selected for a high
body weight at 8 weeks of age and grown on a lower protein feed to reproductive age
exhibit decreased female sperm storage capacity and duration of fertility (VanKrey and
Siegel, 1974). Thus, parent stock protein intake relative to genetic potential may decrease
each generation. Recent reports suggest that there is an absolute minimum crude protein
requirement during the rearing of pullets if maximum fertility is to be achieved (Walsh
and Brake, 1994, 1995). The lower energy level of typical international diets, when
compared to typical USA diets, provides broiler breeder pullets greater relative protein
intake during rearing when the birds are grown to meet a specific body weight target.
Pullets reared on typical USA diets and feeding programs may not achieve the required
1200 g of crude protein by time of photostimulation (Walsh and Brake, 1994, 1995)
while pullets grown on lower energy international diets have been observed to consume
up to 1500 g of crude protein in the same time period to the same body weight. Increased
protein intake can affect reproductive development as evidenced by feathering and
skeletal development (Brake et al., 1992), onset of lay (Lilbum et al., 1992), and fertility
(Brake and Walsh, 1995), as well as behavioral development (Brake et al., 1994). The
orthopedic diseases of the lower back reported by Duff and Hocking (1986) now appear
to be due to relative underfeeding of males during rearing (Wilson, 1994). It is suggested
that protein deficiencies may also cause delayed foot pad comification and contribute
to podiodermitis (J. Brake, personal observations).
PERCHES
The effective use of separate growing and laying quarters may be facilitated by
similarities and training. For example, introduction of pullets to partial slat houses
near point of lay requires the pullets to utilize their innate perching behavior to effectively
move about the entire house. Similarly, entry into nests require similar behaviors.
Broiler breeders appear to learn these behaviors if exposed to prototype nest perches
during the growing period (Brake, 1987). It is suggested that broiler breeder pullets
learn certain other behaviors prior to photostimulation (Appleby et al., 1984a) and it is
logical that the rearing quarters accomodate such learning activities if a transfer is to be
successful. Furthermore, the age at which various behaviors are learned or develop
may be advanced by an increased protein intake (Brake et al., 1994). Perches are useful
in reducing foot damage of broiler breeders housed on wire floors (Pearson, 1983) but
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may lead to an increased incidence of cracked eggs and keel deformations (Tauson,
1984). Plastic perches, while initially attractive from a biosecurity view, do not actually
keep the feet of birds as clean as wood (Tauson et al., 1992). Rectangular perches also
appear to reduce the incidence of podiodermitis when compared to round perches
(Duncan et al., 1992).
FLOORING
/
Broiler breeders are generally reared on some type of litter floor to near the age of
sexual maturity and then either allowed to remain in the same quarters or transferrred
to another all-litter floor house, a slat-litter floor house, an all-slat house, or individual
or group wire-floored cages. The use of slats or wire floors is primarily to increase bird
density by providing a repository for manure under the feeding area. Plastic flooring
has been found to be inferior to wood in many cases as the rougher wood appears to do
a better job of cleaning the feet and results in cleaner eggs (Haar and Meijerhof, 1994).
These authors also reported a reduced number of collected eggs in plastic slat pens
probably due to an increased number of lost eggs initially laid on the slats. Reduced
performance of broiler breeders on plastic slats when compared to wooden slats was
also reported by Brake (1990). Slat areas made of stretched galvanized wire (Carter et
al., 1972) can be successful for broiler breeders if a litter area is available (Andrews et
al., 1989). Broiler breeder male foot health is positively correlated with larger slat
areas which collect more manure and keep the litter area cleaner (Haar and Meijerhof,
1994).
CAGE SYSTEMS
A significant number of broiler breeders are held in cages during the laying period and
artificially inseminated where there is a sufficient supply of inexpensive labor or where
automation has been developed to reduce labor needs (Brillard, 1985). Birds held in
such cages can perform quite well on reduced daily nutrient intakes (McDaniel et al.,
1981). Practically, the use of a small wooden perch (Pearson, 1983) or a rubber or
plastic pad is sufficient to maintain foot health although foot problems are not widely
observed in some situations. This suggests an effect due to rearing environment or
diet. These systems also allow the use of extremely elite males with significantly
increased breast meat which might not perform satisfactorily in natural mating situations.
Individual or small group cages also facihtate intensive serological monitoring to exclude
any birds which may contract or latently exhibit unwanted health conditions.
Natural mating cages are presently under development and in use in limited numbers.
Similar to floor pen experiences (Kratzer and Craig, 1980), populations of 60 hens and
6 males appear to be a minimum (J. Brake, personal observations). The incorporation
of a colony nest into a colony cage has been recently employed in a "veranda" system
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(Sluis, 1995). These natural mating cages have advantages in terms of reduced feed
and Utter costs, improved biosecurity and ease of manure removal and processing which
is necessary to meet certain environmental regulations.
NESTING
Hatching eggs need to be laid in clean nesting areas to facilitate gathering, minimize
microbial contamination, and maintain hatching potential. Laying of eggs outside of
the nests appears to be a more severe problem than commonly thought. Field data
suggests that up to 3000 eggs per week may be laid outside of the nest in a 10,000 hen
house with apparently good management (J. Brake, personal observations). Haar and
Meijerhof (1994) also recognized that differences in observed egg production due to
mechanial nest pad type were due to uncoUected eggs laid outside of the nests. They
estimated that the percentage floor eggs was up to 13%, more than twice the 6.4%
actually collected. It is suggested that a significant portion (5%?) of all broiler hatching
eggs laid are lost. The basis for this problem may be that because hens select nesting
sites after photostimulation and before the onset of lay, alternative sites may already be
selected when the pullets are transferred from the brood-grow environment to the laying
facility. This should not be a problem in brood-grow-lay systems where the nests are
often present from early in the rearing period.
Optimum nest designs must attract the hens away from alternate sites but not be so
comfortable as to promote broodiness or nest soiling (Appleby and Smith, 1991). Casual
observations initially suggested that breeder hens preferred dark places in which to
lay(Appleby et al., 1984b). However, broiler breeder hens showed a preference for
unpainted galvanized nests when given a choice in comparison to nests painted black
(Brake, 1985).
These hens also prefer concave to flat nest bottoms (Bressler, 1965; Brake, 1985),
presumably because the concave bottom allows the hen to mimick the circular rotating
movements observed under feral conditions (Wood-Gush, 1954). This feature has been
incorporated into many mechanical systems with individual nests. Certain colony nests
have only one edge elevated to contact the brood patch area of the breast (Haar and
Meijerhof, 1994). However, such colony nests appear to require a night-closing device
to prevent excessive soiling (Kjaer, 1994).
Nesting preferences offer a good illustration of the importance of coordinated
management schemes between rearing and laying quarters. Hens are known to select
nests in boxes of similar color as the laying quarters (Humick et al, 1973). Similarly,
hens prefer a galvanized metal mimicking gray colored AstroTurf® pad to ones colored
green, brown, black, blue, and red probably due to the presence of considerable gray
colored galvanized metal in typical USA rearing quarters (Brake, 1993a). Similarly, a
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brick colored AstroTurf® pad appears to be preferred in the typical brick poultry houses
of The Netherlands (J. H. van Middelkoop, personal communication). It appears that
these alternative nesting materials made of polyethylene, poly vinyl chloride, or rubber
can be designed to discourage broodiness (V. L. Christensen, unpublished data; Brake,
1985) as well as be attractive.
LIGHTING PROGRAMS
A controlled lighting program is important to achieving proper onset of lay and maximum
egg production in broiler breeders. The commonly employed USA program uses an 8hour photoperiod from about one week of age to 18 to 22 weeks of age (Brake and
Baughman, 1989). Strict light control requires special equipment and housing
modifications (Martin^i a/., 1984,1985). The total light controlled ("black-out") rearing
facilities commonly used in the USA are often unworkable in other areas due to cost or
unreliability of electrical service. In many areas, within the tropics, somewhat suitable
alternative programs can be developed by utilizing light intensity control. Birds may
be moved from dark rearing quarters to relatively brighter laying quarters or translucent
roof panels may be opened at the appropriate time. These alternate approaches appear
to work well if applied at the appropriate age. The effect of photostimulation on nest
site selection should be considered when developing a program of transfer between
rearing and laying quarters.
FEEDING PROGRAMS
Fertility problems appear to be associated with higher yielding strains. Males and females
of these strains are selected with differing indices and can be presumed to have different
feed requirements during the rearing, as well as the laying period. Male protein
requirements during the laying period have been estimated to be up to 500 g higher
than that of the female (Brake, 1993b). Sex separate rearing appears to obligatory in
the near future, if not immediately.
Sex-separate feeding during the laying period has become quite popular even though the
separation of sexes has not been absolute (Brake et al, 1993; Wilson, 1995). New
innovations such as Noz Bonz® (Wilson, 1995) and female exclusion grills for male
feeders (Brake et al, 1993) have just recently provided the mechanics to achieve 90%
separation during the critical 20 to 30 week of age period. Nevertheless, these innovations
may best serve to facilitate the use of lower cost feeds. Broiler-breeder females grown on
a 20% crude protein diet and mated at 20 weeks of age with males grown on a 17% crude
protein diet have been reported to exhibit 95% fertility at 65 weeks of age without sexseparate feeding or any exclusion device after 20 weeks of age (Brake and Walsh, 1995).
The USA diets used above mimic the protein-energy intakes observed during the rearing
period when lower energy international diets are used.
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In general broilers are given ad libitum feed and unlimited accès to water. In
more and more Countries growth rate is retarded to improve feed efficiency and
to reduce mortality due to metabolic disorders. The methods applied have to be
improved further to alleviate negative effects on the amount of breast meat. Apart
from controlling feed intake there is tendency towards blending whole cereal to
the compound broiler feed. Another development in broiler management results
from environmental restrictions. It forces poultry producers to reconsider the
conventional system of broiler housing and management in all aspects.
INTRODUCTION
Developments in broiler management systems result from the continuous demand for
better and more. Although the pressure for better and more is the trigger in all countries
all over the world, the perception of this concept can differ pretty much. Despite of all
the differences there is always one common issue consisting of aiming at the best return
from the available resources.The goals aimed at differ accordingly to the countries
concerned. On one hand differences in priorities result from the quality and quantitity
of the resources needed. On the other hand priorities are influenced by public attitude
and environmental pressure and limitations.
In this paper developments in broiler management systems and new technologies are
discussed according to different targets.
CONTROLLING GROWTH RATE
In general broilers are offered unlimited access to feed and water to achieve maximum
growth rate. This is done to reach market weight as soon as possible. However it is
noticed that this is not always the best thing to apply in todays broiler. In more and
more countries growth rate is retarded to improve feed efficiency and to lower mortality
due to metabolic disorders, like ascites, heart failure and sudden death. Controlling
growth rate can be achieved in several ways. The optimal procedure depends largely
on housing system, degree of automation, the management and type of broiler targeted
at the end of the growing period.ControUing growth rate can be performed either by
decreasing the amount of feed given and/or by lowering the hours of light per day.
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LIMITED FEED CONSUMPTION
Controlling feed intake refers to management systems which influence feed
consumption. In this respect it has to be realized that not all broilers are grown at 24
hours of light per day. In several countries near to the equator broilers are grown at
natural daylength. It is not clear to me in how far feed intake can be restricted under
conditions of extended day light compared to continous lighting. Apart from the
influence of feed formulation, feed intake is controlled by the texture of the food supplied.
It is well-known that broilers consume more when the feed is pelleted instead of mash.
The most common management systems consist of restricting the amount of feed per
day. The practical application varies from limiting the period when broilers can eat to
supplying limited amounts of feed per day.
LIGHT SCHEDULE
Feed intake is also controlled by the lighting schedule during the growing period. Upto
now in some countries lighting is regarded as a better tool than feed restriction. It
varies very much from one country to another regarding the system prefered. In my
opinion this is to a large extent influenced by the fact until up to now the underlying
physiological mechanisms are not fully understood.
LIMITED FEED CONSUMPTION COMBINED WITH INTERMITTENT
LIGHT
In my country a large number of broiler producers control growth rate by limting daily
feed intake together with an intermittent lighting schedule to improve feed efficiency
and to reduce mortality. This systems is based on providing a fixed amount of feed per
day in different batches. In each batch broilers are given a fixed amount of feed. These
courses are given during the periods of light. In our research centre the effect of
application of such a management system was performed tp study the influence on
broiler performance and meat yield. In this study broilers were grown at an intermittent
lighting schedule consisting of four cycles of 2 hours light and 4 hours dark. Feed
intake was limited by giving fixed amounts of feed. The daily amount was given in 2
parts in the beginning and in 4 parts later on. The intermittent lighting started at 3 days
of age and limiting the amount of feed from two weeks of age. Results obtained with
this management system are compared to those grown at ad libitum feeding and a
daylength af 23 hours. Results are given in Table 1.
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Table 1. Performance of broilers grown with restricted feeding and intermittent
light (RF/IL) compared to full feeding and continous hght (FF/CL)
RF/IL

FF/CL

42

42

2061

2212

FCR

1.62

1.69

CR (2000)*

1.59

1.60

Mortality (%)

3.7

6.8

EPF

288

286

Breast meat (% of dressed weight)

24.3

23.1

Trait
Growing period (d)
Bodyweight (g)

*) FCR corrected to a standard live weight of 2000 g (0.01 per 25 kg).
Results obtained in this study confirmed the benificial effect on in house broiler
performance. However the negative effect on meat yield was not commonly expected.
In an independent study conducted by Acar et al. (1995) in the US similar results were
obtained. Both studies clearly demonstrate that management systems controlling growth
rate have to be modified when meat yield is important. However up to now it is not
known how to do it the best. The application and development of these new management
systems and technologies will be influenced by the progress research will achieve to
tackle this problem.
WHOLE CEREAL
Another development in broiler management consists of feeding whole cereal in
combination to a compound broiler feed. Feeding broilers an appropiate proportion of
whole cereal with the standard broilers pellets or crumbs originated for different reasons.
A survey on this topic is compiled by Forbes and Covasa (1995) in which the application
of diet selection by poultry with particular reference to whole cereals is discussed. It is
amazing to notice that feeding whole cereals is common practice in several countries
wereas in some continents broiler growers stick to compound feed. Anyhow, the
development of feeding whole grain is an important one since it is a small step towards
on farm tailor made broiler rations. Tailor made refers to feeding broilers according to
changing nutritional requirements during the growing period. Blending two or more
feedstuffs at the farm provides an important tool in further optimization of feed
composition and thus meeting the demand for better and more. This enables the broiler
producer reducing waste due to inadequate feed formulation. Inadequate in this respect
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refers to the fact that in most cases feed formulation is fixed for two or more weeks
during the growing period resulting in some over- or under formulation of the essential
nutrients. However it has to be realised that blending feedstuff s on the farm requires
not only sophisticated but also a better understanding of the different requirements in
detail. Research studying the influence of feeding whole cereals combined with
compound feed revealed that it is usually benificial to the bird and that good results are
obtained. Most striking is the fact that it seems that broilers can handle whole wheat
better compared to grounded wheat in the compound feed. The anti-nutritive activity
from pentosans in wheat is reduced or eliminated by adding microbial enzymes to the
ration (Schutte et al., 1995). Results obtained in research on whole wheat feeding also
underline the importance of the gizzard function.

Figure 1.
ENVIRONMENTAL PRESSURE
Another development in broiler management results from restrictions due to legislations
to lower the burden on the environment. Environmental pressure enhances new
developments and triggers the search for new technologies. Poultry producers are forced
to reconsider the conventional system of broiler housing and management in all aspects.
All actions taken to meet the legislations involves money and thus higher costs of
production. In order to make broiler production still profitable other costs have to be
decreased and performance has to be improved substantially. Environmental pressure
challenges everybody involved in broiler production to cope with it and to come up
with a real answer to it. Restriction in broiler production due to environmental limitations
are not just resulting from laws and legislations. It is also due to the fact that some
important resources are already limiting or will be limiting in due course.
The influence of environmental aspects on developments in poultry production has
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been dicussed at an international symposium on poultry housing and environmental
control in Brasil (Van Middelkoop, 1995).
In my country as the environmental pressure can not be ignored it did enhance new
developments in broiler housing and management. One solution to cope with costs of
investments related to environmental aspects is housing more birds per m"* by growing
broilers in a tiered housing system. Housing broilers this way can be done either on a
wire floor or on deep litter. The latter has not only advantages in technical respect but
also with regard to animal welfare. One of these systems developed and introduced
make people think since the whole ventilation and management system is different
from conventional procedures. A clear example of creating something special and unique
is the Poultry BEST-system. In that system (Fig. 1) all broilers are housed on deep
litter. The litter is constantly dried and all broilers are thus provided of fresh air constantly.
Results obtained so far are promising (personal communication) and challenging people
to think in new concepts and technologies.
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It is estimated that about 75% of the world's laying stock is kept in cages with
great variation as regards stocking densities used, e. g. USA (300-350 cm^ cage
floor space per bird), India (375), Australia and the EU (450) and Norway (700).
The design of cages also varies considerably. In Switzerland conventional cage
keeping is prohibited. Whife investment in cages is increasing in developing
countries some transfer of production from cages into traditional, free range or
sometimes multi-tiered aviaries is taking place in some European countries to
supply an increased demand for eggs produced in a more welfare oriented way,
as perceived by a certain proportion of the consumers. Depending on e.g. the
climate, the legal possibility to beak trim and the bird material used the
traditional problems known from keeping birds in large groups on floor still
include varying degrees of cannibalism, parasitic infestations, and poor air
conditions for people working in the houses (mainly dust). The benefits of floor
kept birds are the increased behavioural repertoire and bone strength of birds
and a possibility to obtain a higher price for the eggs. However, the predictability
of the results regarding mortality and proportion of floor eggs are often
unsatisfactory and the market for alternatively produced eggs is limited and not
reliable. Individual consumer preferences differ widely between price, origin
and production methods. A new housing system tries to combine national animal
welfare directives or only common practice or codes of recommendation. Thus,
in the EU 450 cm^ cage floor space per bird is required by law while Sweden
and Denmark, being also members in the EU, have national requirements of
600 cm^. In Norway it is 700 cm^ and in Australia 450 cm^. In the USA common
practice is 300-350 cm^ and in India 375 cm^.

INTRODUCTION
It is estimated that about 75% of the world's laying stock is kept in cages with great
variation as regards stocking density used (Bell, 1995). Although, investment for
alternative systems like aviaries or traditional floor systems have increased especially
in some North Western European countries the expanding of the poultry industry in
developing countries implies that even more birds are kept in cages. The expansion
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of the poultry sector in some parts of the world is dramatic, e.g. in India where the
size of the commercial egg laying stock shows a growth rate of 15-20% per annum
(Reddy, 1995). Due to climatic conditions buildings for layers also vary in design
from open houses with stair-stepped cages often in two tiers to well insulated houses
with multi-tiered vertical cages. In many countries with hot climates, e.g. North
Africa, the Middle East and Australia cooling with fogged water is used. Stocking
densities in battery installations both as regards the number of tiers of cages as well
as the cage floor space per bird vary according to presence of increased public
awareness of laying hens kept in conventional cages (Appleby, 1993; Craig and
Swanson, 1994) as for their lack of providing enough of space and the possibility for
birds to perform several natural behaviours like using a nest or litter especially in
North Western Europe, has implied that Switzerland in 1992 banned conventional
cages and by law it is proposed that Sweden will do this in 1999. Depending on e.g.
climate, structure of production, the legal possibility to beak trim and bird material
used the traditional problems known from keeping birds in large groups on floor still
include varying degrees of cannibalism (Hansen, 1993; N°rgaard-Nielsen et al., 1993;
Abrahamsson and Tauson, 1995), parasitic infestations (Morgenstern and Lobsiger,
1993), and poor air conditions for people working in the houses (Kangro, 1993;
Koerkamp and Drost, 1993) (mainly dust and ammonia).
Hence, it is not easy to describe what the ideal housing system for layers is due to
several factors mentioned above. In some countries welfare directives makes the use
of some designs impossible while in others you are free to use any system. The
market for eggs produced in alternative systems including the use of free range
housing is growing in some European countries should also be considered (Lysgaard,
1995). As shown by Gerhardy and Ness (1995) consumer preferences differ very
much within various clusters of the population. Thus, to some people housing
conditions are very important for their choice of eggs while for others the price is
most important or even origin of production (local/domestic/foreign) while the demand
for a freshness indicator seems similar for all categories of consumers.
The present paper reviews recent information on various housing equipment for
laying stock. Especially, when alternatives to conventional cages are concerned such
information is referred to where conventional cages were included as a comparison
at equal conditions. The paper focuses on production and health aspects in the different
systems while the economic effects of the techniques used is less commented on due
to very different marketing situations in various parts of the world.
CONVENTIONAL CAGES
A large proportion of the ñndings when studying commercial national and international
cage equipment for layers (Tauson, 1986a), came as a surprise to many manufacturers.
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However, through active contacts and regular presentation of results obtained, these
studies considerably increased the awareness, involvement and responsibility of the
industry.
Severe damage to exterior parts of foot digits (hyperkeratosis/inflammations) was
found in more than 60 per cent of birds housed in cages having floors with an
unnecessarily steep slope (>20%) and poor galvanising quality as compared with
only 1-3 per cent damage on lower sloped floors (<14%) with plastic-coated wire.
Today, we normally cannot see clear differences in foot condition between hens kept
on a well-galvanised floor or on a plastic floor.
A great variation among birds within the same cage suggested that there were
individual differences in sensitivity or differences in behaviour in terms of standing
posture on the cage floor (Hughes and Black, 1974). The maximum floor slope
allowed today in Sweden is 12 % and in the rest of EU it is 14%. In a special study
it was found that at the stocking density of 480 cm^ per hen the optimal cage floor
slope was about 10% both for egg quality traits (cracks and dirties) and for foot
condition. Before a significant further improvement of foot condition could be detected
the slope was down to 3%. However, as expected, at that slope egg out-rolling
efficiency was too poor and egg quality could not be retained. Due to deep (14 cm)
feed troughs with sharp lips which were installed too high, a majority of birds in a
very well-known cage design developed severe neck skin atheroma. The manufacturer
justified this trough design as a way of keeping feed wastage low when using a
travelling feed hopper system. However, by using a flat chain feeder and a shallower
and more convenient trough only 10 cm deep, a lower level of feed was obtained.
These measures prevented flicking, and feed wastage was reduced by 50 per cent
while neck skin atheroma disappeared (Tauson, 1978). Hence, this defect was easily
corrected and should no longer be a problem in modem cage design.
Depending on feed trough design, the quota between feed flicked outwards, which
can be checked, and inwards from the feed trough ranged from about 0.1-0.5. Feed
wastage varied between 0.6-2.7 g/hen day between 6 feeders. A difference in feed
wastage of 2 g/bird/day in a 10,000 layer unit corresponds to a loss of about 8 metric
tonnes of feed per batch.
Due to complex and faulty cage design, especially involving the cage fronts, the
frequency of accidentally trapped and often killed hens in some cage designs reached
more than 3.5 per cent of hens housed (Tauson, 1985). Apart from being an obvious
welfare problem, such figures imply considerable losses in production capacity of
the flock, especially since most cases of trapping occur at a young age. Today,
accidents normally should not exceed 0.5 per cent in modem designs, primarily due
to simplification of the cage design. This also results in a saving of material and
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facilitates removal of hens from the cages. The latter is important since it reduces the
risk of broken bones in spent laying hens (Elson, 1992).
The use of solid side partitions (sheet metal or plastic) instead of wire partitions
reduced feather damage due to wear and pecking between cages by 15-20 per cent.
This damage involved mostly wing-, tail- and back feathers (Tauson, 1984a). The
effect of solid side partitions was similar to reducing stocking density by 25%. A
further reduction in deterioration of plumage was found in cages with a semi-solid
rear partition letting ventilation through slats.
Also, in large-scale comparisons reduced stocking density has been shown to decrease
mortality, increased production but also feed consumption, implying a total better
economic result (Bell, 1995). Reduction of stocking density has also been shown to
reduce toe hyperkeratosis in caged hens (Tauson and Abrahamsson, 1994a). Since a
reduced stocking density improves locomotor activity, it may also contribute to a
stronger skeleton.
The introduction of shallow cages instead of deep ones, implying a wider feeder
space, was shown to improve production (Bell, 1972). Hughes and Black (1976)
suggested that some of the advantages that they could show - higher production, less
feather pecking and a lower proportion of cracked eggs - were related to the better
feeding pattern and greater accessibility to the wider feed trough space in the shallow
cages. Hence, effects registered in shallow cages vs. deeper cages are likely to
depend also on what feed trough space is compared with.
Unconventional Design Features in Conventional Cages
It was found that up to 30 per cent of the caged SCWL layers had broken claws after
one production cycle. The excessive growth of claws due to lack of natural wear can
cause trapping and bleeding at breakage as well as scratches. By introducing a claw
abrasive strip at the egg guard deflector on the inside of the feed trough, the scores
for claw condition improved dramatically and claws became short and blunt (Tauson,
1986b). Medium heavy hybrids have been found not to show severe problems of
excessive growth of claws as the SCWLs. Recently other materials and methods
have been developed by the industry with the same idea in order to get a similar
effect but eliminating the problem of wearing down the tape. This includes use of a
mixture of paint/glue and sand or the pressing of indentations into the sheet metal of
the e^gg guard.
The introduction of a perch in conventional cages provides hens with an opportunity
for an enriched behavioural repertory as shown, e.g. by Luesher et al. (1982), Tauson
(1984b), Hughes and Appleby (1989) Braastad (1990), Duncan et al. (1992) and
Abrahamsson and Tauson (1993). These studies show that the perch is used very
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intensively, particularly at night. Luesher et al. (1982), in a pilot experiment, studied
a perch which remained flush with the cage floor during the day, allowing eggs to
roll over it, but which was raised during the night.
Feed consumption is reduced in perch cages (Tauson and Jansson, 1988; Braastad,
1990), probably due to better insulation of the hens' bodies at night when "clumping"
(Lili, 1968) on the perch, as well as by increasing the amount of resting behaviour
occurring in the cage. Also, the breaking strength of parts of the skeleton increases in
cages with perches by about 15% (Duncan et al., 1992; Tauson and Abrahamsson,
1994a) reducing risks of bone breakage when handling/processing birds (Gregory
and Wilkins, 1989). Depending on cage floor designs used, a slight increase in the
proportion of cracked eggs is registered. Hygiene may be somewhat impaired in
parts of the cage because it is more difficult to effectively trample manure through
the cage floor at the rear and under the perch. Because of this there may be more
dirty eggs and the perch cannot yet be given a general recommendation for all cage
floor designs.
Regarding condition of feet and keel bone, the perch, depending on the shape and the
hygiene of the cage respectively, may negatively affect these traits (see later). However,
in some studies the perch is reported to improve foot condition, e.g. Appleby et al.
(1992). The use of special designs of perches for different purposes and recording of
different kinds of foot and keel bone defects, may explain differences in findings
(Appleby et al., 1992; Tauson and Abrahamsson, 1994a)
NON CAGE SYSTEMS - TRADITIONAL FLOOR KEEPING AND FREERANGE
The keeping of medium heavy brown hens especially, in traditional floor systems (79 birds per m^ ground floor) is increasing in some European countries today. However,
the market for these eggs is limited and varies. Hence, the premium for such eggs to
cover extra production costs is difficult to keep when over- production of these eggs
occurs. The keeping of layers also in free range, sometimes in order to produce socalled öecological eggsö, has increased in countries like Denmark, France, the
Netherlands and Switzerland. In Denmark it is estimated that in 1998 about 25 % of
the production may originate from some kind of non-cage production (1993, 12%),
(Lysgaard, 1995). This is a high figure and about four times higher than in other
Scandinavian countries at the moment. In Switzerland, where conventional cage
keeping is banned, 47 % of the consumption of eggs comes from domestic production
and 53% as imports of cage eggs (Mettler, 1995).
In larger parts of the Nordic countries as compared to in warmer climates the possibility
for free range production is limited because of the long periods of cold and wet
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weather. This keeping requires large areas of land in order to fulfil the requirements
put on area per bird to get a premium for the eggs but also because of the necessity
to change yards regularly in order to limit hygienic problems like parasites
(Morgenstern and Lobsiger, 1993). Another critical aspect is to avoid salmonella
infection through wild birds. The environmental effect may also be discussed in this
production since 10-15 % of the manure is calculated to be left in the open field
which then, through rainfall, may increase pollution of neighbouring waters (Meierhans
and Menzi, 1995).
In a Danish report from practice during 1992-1994 (Danish Poultry Council, 1994),
the average mortality was 35% higher and production 8% lower in floor systems
than in cages. Gunnarsson and Algers (1994), reports from an experimental study to
80 weeks of age that mortality in two flocks in a traditional 9 birds per m^ floor area
system with manure bins in the middle were 8.6-11.6% and in the conventional cages
5.0-6.7%, while the feed conversion ratio was 2.50-2.55 and 2.19-2.22 kg of feed per
kg of eggmass and production 20.3 and 20.9 kg per hen housed, respectively. The
percentages of birds with naked areas of the body were 83% and 28%, respectively.
The lower production and inferior feed conversion ratio can probably be largely
explained by higher mortality and higher heat losses but also more movement in the
floor-kept birds.
AVIARY SYSTEMS - GENERAL ASPECTS
In Europe there are about 4-5 multi-tiered aviary systems used, of which some will
be illustrated in my slides. The main differences between traditional floor keeping
and aviaries are that the stocking density is higher by using wire net tiers, normally
2-3, and that manure is regularly removed by scrapers or belts under each tier, like in
cages. Normally, also automatic egg collection by belts in front of the laying nests
are used. Thus, stocking density in aviaries varies from 14-25 birds per m^ ground
floor, i.e. about 8-12 birds per m^ available area. Hence, from an energy balance
point of view, most of these systems do not need extra heating like low stocked
traditional systems do.
However, as pointed out by Oester (1995) pullets for these multi-tiered systems must
be reared in a similar way as in the laying pens, i.e. on floor with elevated perches
and feed and water on elevated tiers in order to spread in the system and find feed
and water and the nests.
Ammonia in the air is very much reduced compared with when the manure is stored
inside the house. As litter is used it can not be avoided that emissions of nitrogen
from these systems still are higher than in cages (Koerkamp and Bleijenberg, 1995).
However, the lower the moisture content in the manure or litter the lower the emission
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into the surrounding air (Koerkamp and Montsma, 1995). The levels of dust, in litterbased systems are generally higher than in cages (Häuser, 1988; Tauson et al., 1992;
.Kangro, 1993; Koerkamp and Drost, 1993). The movement of birds and the activities
in the litter are important causes.
The main advantages of an increased behavioural repertory, lower level of fear
(Hansen, 1993) and increased bone strength (Abrahamsson and Tauson, 1995) in the
aviaries may often be outweighed by drawbacks like outbreaks and spreading of
cannibaUsm and often feather pecking (Hansen, 1993; N°rgaard-Nielsen et al., 1993;
Abrahamsson and Tauson, 1995). This is especially apparent in countries where beak
trimming is not allowed. This measure, which is now being severely criticised in the
EU and thus possibly facing a ban because of evidence of suffering to the bird
(Hughes and Gentle, 1995), is almost regularly carried out in larger groups of birds.
The causes of both feather pecking and cannibalism are probably multifactorial and
have been occupying poultry scientists for decades. Both behaviours may appear in
cages and in large groups of litter birds. However, the main and very important
difference for the birds and the producer is that especially cannibalism does not
normally spread within the flock, as it most often does in large groups. One of the
most important factors believed to cause cannibalism is the difficulty for birds to
create stable pecking orders in large groups (Keeling, 1995). Hence, until now the
only measures of reducing the problem are to beak trim, dim lights and try to use
hybrids where this behaviour is less prominent. However, in some countries like
Sweden and Switzerland there is a directive on the requirement of natural light in
new buildings. Since the light level is crucial for the risk of outbreaks of pecking,
this decision is very difficult to cope with in practice and farmers often close the
windows to their bams.
When discussing the appearance of cannibalism and directives on natural light it is
interesting to note that the origin of modem layer hybrids, the red jungle fowl, is
normally living in very small groups (5-10) (Nishida, 1993) and to a considerable
extent of time in rather dim lights in low vegetation. Hence, it seems that the selection
of modem hybrids has not changed their preferences very much.
AVIARIES - RESULTS COMPARED WITH CONVENTIONAL CAGES
With non beak-trimmed birds, Hansen (1993) found in an experimental study of
three batches of birds that production in three aviary models (öTiered wire floor
systemö, öVoletageö and öMarielundö) was being, on average, 4% lower, feed
consumption 4% higher, mortality 5% (units) higher and plumage condition 18%
inferior to the cages. However, results between aviary models and years varied
considerably and the best aviary in this study (öMarielundö) although, also showing
inferior results compared with cages, had levels of production and plumage condition
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considerably closer to the cages. Similar results from experimental studies were
reported by Tauson et al. (1992) and Abrahamsson and Tauson (1995). As reported
by Engström and Schaller (1993), bumble foot syndrome as affected by the use of
perches and poor hygienic conditions, and keel bone deformation by use of perches
are present to a considerable extent in birds kept in aviaries but not in conventional
cages. Hyperkeratosis on the digits of the foot appear in cages but not in aviaries
(Tauson and Abrahamsson, 1994a). In their study, it was also found that, regaiding
egg quality, aviaries may give lower proportions of cracked eggs but higher proportions
of dirty eggs. It was also shown that breaking strength of the tibia bone was 30% and
the humérus bone 115 % higher than that of birds in the cages.
The proportion of eggs not laid in the nests (litter or on wire tires) has been shown to
vary considerably between systems and hybrids used. Normally, the heavier hybrids
have more mislaid eggs than the light white birds. However, as with many results
from the aviaries the variation between batches may be as great as or greater than
between bird materials used. An acceptable level of mislaid eggs is below 2% which
can be achieved at optimal conditions. However, fairly frequently they may reach 45% or more (van Niekerk and Elhardt, 1994).
In Switzerland, where beak trimming is allowed and often practised, Meirhans et al.
(1992) calculated from a study in practice that the mortality rate in aviaries was 8.0%
and in cages 5.2% and production 2.5% lower in the former system. From a large
Dutch study in practice on beak-trimmed birds, it is reported that an aviary system
may give production results that are similar to those in conventional cages but most
often higher feed consumption (van Niekerk and Elhardt, 1994). However, medical
treatment against parasites is common (Bosch and van Niekerk, 1994). In this
connection, the withdrawal time of eggs for human consumption and their economical
as well as health aspects should be taken into account. As shown by Morgenstern
and Lobsiger (1993) and Bosch and van Niekerk (1994) fatty liver syndrome was
more common in cage kept birds than in aviaries.
Blokhuis and Metz (1994) .conclude that provided improvements of working
conditions, reduction of floor egg laying and feather pecking can be obtained and the
extra costs for the production is accepted, aviaries may become an applicable animal
friendly husbandry system.
MAJOR ALTERATIONS TO CAGES IMPROVING THE BEHAVIOURAL
REPERTOIRE OF THE HENS - THE LARGE GET-AWAY CAGE
Mainly because of unpredictable problems of cannibalism and hygiene in larger
flocks of litter-kept birds, as partly described above, attention has been drawn to
fully furnished cages including features intended to increase behaviours expected to
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be of major importance to bird welfare. These include access to a nest, a perch and
litter material for scratching and sand bathing. One of the first designs of a cage to
match this was the so called Get-away cage. This model was first described and
studied by Bareham (1976) and Elson (1976) and has then been further studied and
the results reviewed by, among others Wegner (1990). A great variety of models of
this design as well as of stocking densities have been presented through the years,
e.g. by Brantas (1978), von Kleist (1985) and Rauch (1994). Today, such models
used in studies are approximately 1 m^ where normally 15-40 hens are kept (Wegner,
1990; Tauson et al., 1992) using time monitored opening/closing of nest and sand
baths in order to avoid defecation and misplacing of eggs. Unlike when a conventional
cage is fitted with one perch, this design has perches at two levels, which increases
bird movement and wing flapping and which has been shown to increase skeleton
strength by about 50%, which is more than in the conventional cage with a perch
(Tauson and Abrahamsson, 1994a). Also tibia shows an increase of about 15%
compared with conventional cages. The use of perches during daytime has also been
shown to be considerably greater than in a conventional cage with a perch. The
drawbacks of the Get-away cage mostly concern the possibility for birds to defecate
on each other (perches at two levels), the inferior egg quality and the inferior inspection
possibilities, including also inferior ergonomie properties (Rauch, 1994; Abrahamsson
et al., 1995a). Production and mortality rates in these models have not always reached
the levels in conventional cages or in cages featuring a perch (Abrahamsson et al.,
1995a), possibly because of the larger group size and, hence, probably greater
difficulties in creating a stable pecking order. As in other systems, e.g. litter floor
systems including perches, the Get-away cage has also been shown to cause bumble
foot syndrome and keel bone deformation but no toe pad hyperkeratosis (Tauson and
Abrahamsson, 1994). However, the design of the perches in this model has a significant
effect on the degree of foot damage and also on keel bone deformation (Siegwart,
1990; Oester, 1994; Tauson and Abrahamsson, 1994a). Claws have been found to be
more naturally worn in Get-away cages than in conventional cages due to the scratching
in the sandbath (Tauson and Abrahamsson, 1994a).
SMALL FULLY-FURNISHED CAGES
Small group cages (5-10 birds) including nests, perches and sandbath have been
studied with increased attention during recent years, originally and in smaller scaled
studies in Great Britain (among others Sherwin and Nicol, 1992 and 1993; Appleby
et al., 1993; Appleby and Hughes, 1995) but later also in more appUed studies in
Sweden (Tauson and Abrahamsson, 1994b; Abrahamsson, et al., 1995a and b) and in
the Netherlands (van Niekerk and Reuvekamp, 1995). The intention with a small
group-modified and enriched cage is to overcome the problems of cannibalism,
hygiene, working conditions and labour requirement in aviary systems for large
groups of birds on litter and of the poor hygienic conditions and inspection possibilities
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in the Get-away cages. In a preliminary study of some prototypes, Sherwin and Nicol
(1992) reported that these radical modifications to cages might provide a suitable
alternative housing system which satisfies both welfare and production considerations.
Appleby and Hughes (1995) reported production from 20-44 weeks of age in one
specified model of a small furnished cage The Edinburgh Modified Cage to be
similar to that in conventional cages and that the use of nests was between 95 and
100%. Studies of pre-laying behaviour have shown that in these cages this behaviour
was much more settled than in conventional cages (Appleby et al., 1993).
At the moment, studies are also being carried out in Germany and in Australia and
further larger scale studies are presently running in Great Britain. Recent
comprehensive reports from seminars on these keeping systems were edited by
Sherwin (1994) and Kronägg (1995).
Studies of more or less commercial models in several tiers during full production
cycles are reported by Abrahamsson et al. (1995a and b). Hence, in order to get an
indication of how far one such model has reached in relation to other keeping
systems, like Get-away cages, conventional cages and to a certain extent also aviary
systems, let us have a look at some results from very recent studies where these
models were compared using both SCWLs and a medium heavy brown hybrid
(Abrahamsson et al., 1995a and b;. Tauson and Abrahamsson, 1995). Two kinds of
furnished cages including nest, perch and sandbath were used; 1. Modified and
enriched small cages (MEG) with 5 light white hybrids (LSL) or 4 medium heavy
hybrids (ISA-brown), 2. Get-Away cages (GA) with 15 birds of the same hybrids.
Controls were two commercial cage models; 3. Conventional cages with 4 birds (C)
and 4. Conventional plastic cages with solid side- and slatted rear partitions with 3
birds (PLC), see earlier. The study comprised 1,455 non-beak trimmed cage-reared
birds housed at 16 weeks of age. Records were kept from 20 to 80 weeks of age.
There was also the possibility to compare results with a parallel study with aviaries
at Funbo-Lövsta using the same hybrids (hatching) with floor reared hens from the
same farm. Cage floor space per bird (nests and sand baths excluded) was 600 cm^ in
MEG and GA for LSL nests and sand baths excluded and 800 cm^ with these
features included, i.e. the latter figure being about 35% larger than a conventional
cage (C). Stocking density in PLC was 720 cm" due to the implementation in 1989 to
remove one hen from existing cages at 480 cm' in order to achieve the stipulated 600
cm^ per bird.
Production was higher and mortality lower in LSL hens (22.3 kg egg mass/hh and
3.2%) than in ISA birds (20.8 kg and 7.7%). The average for the two hybrids in
MEG (22.3 kg and 2.6%) competed well with the conventional cages (21.8-21.9 kg
and 4.9-5.8%) and was better than the GA (20.2 kg and 8.6%). In the aviaries.
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production varied between 20.8 kg and 22.5 kg (LSL) and 14.8 kg and 17.0 kg (ISA)
and mortality between 3.1% and 4.9% (LSL) and 30.0% and 45.3% (ISA). Proportions
of cracked (after candling) and dirty eggs were higher and lower, respectively, in
MEC (9.2% and 2.0%) compared with C (5.0% and 6.0%) and PLC (8.6% and
6.3%), both traits being lower in MEC than in the GA (18.6% and 4.9%). The
increased proportion of cracked eggs in fully furnished cages agrees with early
results by van Niekerk and Reuvekamp (1995) and may be due to accumulation of
eggs outside the nest.
Plumage condition was similar in all models except PLC, where it was better, probably
due to the rear partition with slats and the lower stocking density. Hygiene of plumage
was inferior in GA than in all other models and in the aviaries. Birds in GA and in
th® aviaries had inferior foot condition regarding the bumble foot syndrome which is
believed to be a perch/design hygiene related defect. In an introductory trial of the
MEC (Tauson and Abrahamsson, 1994b) breaking strength of humérus was clearly
affected by the furnished cage designs and found to be considerably higher in the
modified cages MEC and G A than in conventional cages. Hens in GA and MEC
developed keel bone lesions but of a less severe nature than in aviaries due to use of
perches. Incidence of pecks as wounds on the skin of the comb and rear part of the
body were more common in the aviaries than in the cage models. Use of Astro-turf
(artificial grass) lined nests in MEC was 92% and 65% and in GA 95% and 75% in
LSL and ISA, respectively. Astro-turf nest linings were used more than welded wire
linings, indicating a preference for the former material of these two. This agrees with
the results of Hughes (1993) and Sherwin and Nicol (1993). The latter authors also
reported that cage reared hens housed at early age (16 w.) lay fewer floor eggs than
litter-reared birds housed later. However, unlike the case in aviaries, where mislaid
eggs cause problems of inferior egg quality, extra work and inferior working conditions,
such effects can be neglected in modified cages, at least in a system like the MEC
where cage floor hygiene is similar to that in a conventional cage.
Eggs laid in the sandbath, however, may cause problems even in a cage. The average
proportion of eggs laid in the sandbath in the present study was lower in MEC
(0.1%) than in GA (1.7%). Age at the first opening of the sandbath in MEC (16 w. or
26 w.) did not affect egg location. Opening at 16 w. compared to 26 w. increased the
frequency of birds visiting the bath from 5% to 11% of observations per day between
30 and 70w. Use of perches in MEC averaged 96% during the night.
An earlier study of three different SCWL hybrids (Tauson and Abrahamsson, 1994b)
revealed that genetic x environment interaction is considerable even within such
birds. This applied to traits like production as well as health parameters like foot and
plumage condition.
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Thus, fully furnished cages for small groups of birds (<10 per cage) may compete in
production and mortality with conventional cages. The smaller group size and hence,
probably more stable rank order, the improved hygiene with the presence of perches
at one level only, and easier inspection possibilities, imply benefits of MEC compared
with GA cages. Results from MEC-models so far have also shown a higher
predictability and achievement of normal production and mortality rates than normally
found in aviaries, e.g. when using non-beak trimmed brown medium heavy hybrids.
The MEC system needs some further development regarding the design of the perch
and possibly the egg cradle, egg collection procedure and management of the sandbath.
Also, a slightly larger group size would reduce the investment cost per hen (nest and
sandbath) as well as increasing the total available area per bird, although it is already
35% larger in the present model than in a conventional cage sized 600 cm^. This is a
very important issue since the restricted area in a cage will remain a critical point.
Such studies are under way.
FUTURE OF ALTERNATIVES TO CONVENTIONAL CAGE KEEPING
The main problems with alternative litter floor systems are that behaviour (cannibalism
and floor laying) animal health and egg production are more difficult to predict and
that production costs are higher than with cage systems. Hence, a compromise between
the behavioural needs and improved environmental control will have to be found
(Gerken, 1994). Apart from the degree of success in development, the possible use
and acceptance of alternative housing systems for layers similar to those described
above will probably be highly influenced by several factors. These include size and
structure of farms, policy and veterinary legislation with regard to the egg trade
between countries, interpretation of scientific results by politicians, legislation, and
acceptance of higher food CQSts in various countries. The experience so far is that it
is difficult to tell if and when modern litter floor alternatives, considering bird health,
working environment and general predictability, will become similar to conventional
cages in larger scale. Certainly, the cost of eggs from such systems will be considerably
higher, especially when the factors of labour costs and general unpredictability are
included. The fact that production in aviaries, even when the problems mentioned
above do not appear, is reported to be 3-5% lower than in .cages (Tanaka and Hurnik,
1992; Hansen, 1993; Abrahamsson and Tauson, 1995) must also be taken into
consideration. Future consumer preferences for eggs is also a very important issue
which will affect certain markets (Gerhardy and Ness, 1995).
In countries where conventional cages may have to be altered or alternatively be
prohibited, a future alternative might be a system similar to the MEC, where the
advantages of hygiene and small group sizes in cages can be combined with increased
behavioural repertoire and the increase in skeletal bone strength found in hens kept
in loose-housing systems. Such improvements will also have associated costs, but
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may be less expensive than more radical alternatives, while having more predictable
benefits for welfare (Duncan et al., 1992).
CONCLUSIONS
Considering details of design in equipment used for egg layers may result in
considerable effects on health characters like foot, plumage and skin condition, and
mortality, but also production traits like feed wastage and egg quality traits. Keeping
the plumage of hens as intact as possible decreases feed requirement due to reduced
heat losses in temperate climates. Hence, these are examples of requirements to
consider in countries where conventional cages still will be the main keeping system
in the future. Unconventional features of design has lead to proposals for cage
modifications and to the introduction of extra features in cages such as claw abrasive
tapes which eliminate excessive growth of claws and perches, which will considerably
increase bone strength. In countries where conventional cages are becoming the
subject of intense discussion, and especially in places where beak trimming is not
allowed, it is difficult to predict if and when an accepted alternative for aviary litter
birds will be ready for practical use on a scale comparable to conventional cages.
Until now, furnished and modified cages for small groups of hens where measures
have been taken in order to optimise details of designs introduced earlier, seem more
realistic as alternatives in large-scale production than litter-kept birds in larger groups.
This is due mainly to the reduced risk of spread of cannibalism and parasitic disorders
within a flock and because of a more acceptable working environment. Effects on the
environment as regards both dust inside the house and ammonia emission into the
ventilated air in litter systems must also be considered.
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EFFECTS OF HOUSING SYSTEMS ON PERFORMANCE
OF BROILER BREEDERS
A.H.Ramlah and L.S.Ang
Department of Animal Sciences, Universiti Pertanian Malaysia, 43400
UPM Serdang, Malaysia

A study on broiler breeder performance was carried out for 35 weeks production
period under three different housing systems at a commercial broiler breeder
farm. Three open-sided houses were selected with different flooring systems namely
full slat (S), full litter (L) and combination 2/3 slat and 1/3 litter (SL). Each housing
system provided the uniform floor space of 0.20 m^ per bird or 5 birds per m^ with
male to female ratio of 1:8. There were no differences in terms of hen-day egg
production (56.5%, 54.6%, 55.5%), feed conversion ratio expressed as feed per
dozen eggs (3.95,4.07,4.16) and hatchability of fertile eggs (93.1%, 92.5%, 91.1%)
for the three housing systems. Differences were observed in term of hen-house egg
production (48.4%, 42.3%, 44.3%), percentage settable eggs (95.5%, 92.8%,
92.1%) and mortality (29.8%, 43.6%, 32.3%) between the three systems, S, L, SL
respectively. The percentage culled eggs was higher in the SL (7.95%) and L
(7.23%) than the S (4.54%) housing systems. This study indicated that hens on
full slat house have better performance in terms of higher hen-house egg
production, settable eggs and hatchability with low mortality rate and total cull
eggs than full litter or combination of slat-litter housing.
INTRODUCTION
Day-old chick production by the broiler breeder sector of the poultry industry in
Peninsular Malaysia was 317.9 million in 1994 (Cha, 1994). The floor system commonly
practised by the broiler breeder farms were the 1/3 litter and 2/3 raised floor system.
Deep litter as well as 1/2 litter and 1/2 raised floor systems were also used.
Early studies on the effects of all slat or litter floor and combination of slat and htter on
egg production have been carried out with varying floor densities with varying responses;
deep litter (Yao, 1959; Andrews et al., 1988) and the combination slat and deep litter
(Cooper and Bamett, 1972). Higher fertility was obtained from the deep litter and on the
combination 2/3 slat and 1/3 litter (Nordskag and Schierman, 1965). There were no
differences between the deep litter and combination 2/3 slat and 1/3 Htter in term of egg
production (Cooper and Bamett, 1972) and hatchability (Andrews et al., 1988).
Presently, there is no report on the performance of broiler breeders under different
types of floor systems in Malaysia. Therefore, the objective of this study is to compare
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the performance of broiler breeders housed on different types of floor systems.
MATERIALS AND METHODS
The study was carried out at a commercial broiler breeder farm. The three different
types of open-type houses were identified which are [i] All slatted (S), [ii] 2/3 slatted
and 1/3 litter (SL) and [iii] All litter (L). The wooden slatted floor was raised 0.92m
from the ground with slat size of 2.5cm x 2.5 cm and spaced 2.5 cm apart. The deep
litter floor was made of concrete and wood shavings were used as litter material. The
slat area of the combination slat-litter house was the same as the slatted house but the
litter area was raised 0.61m off the ground and the floor made of plywood with wood
shavings as the bedding materials.
The normal recommended management practices for broiler breeders of the Arbor Acre
breed were adopted for the three housing systems. The birds were housed at 0.20mV
bird. The ratio of males to females was 1:8. Each house was provided with 2 rows of
nest boxes along the side of the houses. The size of the nest was 30cm x 30cm x 40cm
and was made of plywood and wire mesh. Eggs were collected 4 times a day and
transferred to the hatchery where selection and fumigation were carried out. Cracked,
very small, dirty, irregular shape and large sized eggs were not selected for hatching.
The eggs were set twice per week. Following incubation for 18 days, candling was
done to remove infertile eggs before the eggs were transferred to the hatcher.
Farm records of the flocks for a 35 weeks production period from the three types of
houses were maintained for analysis. Data on Qgg production, total cull eggs (including
percent crack), mortality rate and feed/dozen eggs were analysed. Hatchery records of
the selected flocks were analysed for fertility and hatchability of eggs. Parameters
evaluated were percentage of hen-day egg production, cull eggs, crack eggs, settable
eggs, mortality rate, feed efficiency in terms of feed/dozen eggs, fertility and hatchability.
All data were calculated by using Quattro-pro computer software programme.
RESULTS AND DISCUSSION
A summary of the performance of broiler breeders under the three types of housing
systems is shown in Table 1. There was no difference in the average percentage of henday egg production between hens on slat (S), litter (L) or combination 1/3 litter and
2/3 slat (SL) floors. Similar findings were reported by Parkhurst (1974) and Andrews
et al. (1988) between hens on slat or combination slat-litter floor in terms of Qgg
production. Egg production of hens on litter (L) is contradictory to the findings of Yao
(1959) and Andrews et al. (1988) who reported higher hen-day egg production for hens
on deep litter with floor space of 0.27m^ per bird. The poor egg production of birds
on litter in this study is probably due to high stocking density of 0.20m^ per bird.
Similar results were reported by Murray (1970).
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Table 1. Performance of broiler breeders under three different housing systems
Parameters

Slatted
(S)

Deep Litter
(L)

Combination
(SL)

Hen-day egg
production (%)

56.5

54.6

55.5

Hen-house egg
production (%)

48.4

42.3

44.3

FCR (feed (kg)/
dozen eggs)

3.95

4.07

4.16

Cumulative
mortality rate (%)

29.8

43.6

32.3

Settable eggs (%)

95.5

92.8

92.1

Total cull eggs (%)
crack eggs (%)
dirty eggs (%)

4.54
2.15
2.39

7.23
1.99
5.24

7.95
3.28
4.67

Fertility (%)

93.6

91.8

86.2

Hatchability (%)
fertile eggs
settable eggs

93.1
87.0

92.5
84.8

91.1
78.0

The average percentage of hen-house egg production was higher on slatted floor than
combination litter-slat and deep litter, with 48.4%, 44.3% and 42.3% respectively. The
hen-house egg production was closely related to mortality rate. Low niortality rate was
observed on slatted floor (29.8%), followed by 32.3% on combination slat-litter and
the highest mortality rate on deep litter floor with 43.6%. The higher mortality rate of
hens in combination slat-litter than the completely slatted floor is in agreement with
the findings of Cooper and Bamett (1972) with 0.167m^ of floor space per bird. Poor
hen-house egg production and high mortality rate of hens on deep litter flooring were
also reported by Murray (1970) in which a reduced floor space per bird from 0.30m^
to O.lOm^ caused reduction of hen house egg production by as much as 31%.
There is no difference in feed per dozen eggs recorded during the 35 weeks of egg
production between hens on slat (S), litter (L) or slat-litter (SL) floor. Hens in slatted
housing had a higher percentage of settable eggs and lower percentage of cull eggs
than hens on any other floor type. There were no differences in term of settable eggs
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or cull eggs for hens on deep litter or combination of slat-litter housing. The percentage
of crack eggs was the lowest on deep litter housing with 1.99% followed by slatted
floor with 2.15% and the highest recorded in the combination slat-litter housing with
3.28%. The figure for dirty eggs was highest under deep litter housing (5.24%) followed
by combination slat-litter (4.76%) with the lowest value in the slatted housing (2.39%).
The higher percentage of dirty eggs found in the deep litter housing system was most
likely due to higher density of hens as also reported by Cooper and barnett (1972).
No differences were observed in the mean hatchability of fertile eggs from the different
floor types. Hatchability of all eggs set and percentage of fertile eggs of hens on slatted
floor were higher. The combination slat-litter had a poor fertility and hatchability of
settable egg with only 86.2% and 78.0% as compared to the slatted floor with 93.6%
and 87.0% respectively. This is in contrast to the study by Andrews et al. (1988) whereby
no significant differences were observed for hens on fully slatted, 2/3 slatted and
1/3 litter or completely litter floors in term of fertility and hatchability of all eggs set.
Results from this study showed that the performance of broiler breeders with floor
space of 0.20m^ per bird would be acceptable on full slatted floor as reflected by the
lower mortality rate, lower total cull eggs and higher fertility rate than birds on deep
litter or combination slat-litter flooring.
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COMPARATIVE PERFORMANCE OF VARIOUS
REARING SYSTEMS AND IT'S IMPACT ON
ECONOMICS IN COMMERCIAL LAYERS.
>|?|

K.R.Rao and D.Ravindra
National Bank for Agriculture and Rural Development, Mumbai, 400
018, India

The rapid development of poultry in India had led to various innovative housing
management techniques. Different introduction schedules in batches has become
an important tool for poultry business management to maximize the benefits after
considering the demand patterns. The present study is designed to analyze the
effect of 1:1:5 (1 Brooder: 1 Grower: 5 Layer houses), 1:1:4 , 1:1:3 systems of
rearing on percent space utilization, egg production per day, project cost per bird,
labour requirement, Net Present Worth (NPW), Benefit Cost Ratio (BCR), Internal
Rate of Return (IRR) and repayment schedule. Flock projection schedules were
prepared by considering 8 weeks brooding, 8-10 weeks growing in grower shed
and 2-4 weeks growing and 52 weeks of laying in layer shed with minimum of 4
weeks cleaning period for each shed. The analysis is made over a period of 7 years
by applying standard techno-economic norms and interest rate atl8%. The unit
size is 30,000 layers. The major observations of the study are: i) The Per cent
space utilization in brooder and grower houses are maximum under 1:1:5 system
and minimum under 1:1:3 system. The same in case of layer house is in decreasing
order with increase in number of layer houses, ii) The average per day egg
production are 18388 , 19154 and 19273 under 1;1:5 , 1:1:4 and 1:1:3 systems
respectively. The increase in egg production under 1:1:4 system is sizable over
that of 1:1:5 system where as the increase in egg production with 1:1:3 system
over that of 1:1:4 is very small, iii) The labour requirement is maximum in case of
1:1:3 system and is same in other two systems, iv) On considering essential
investment items , the project cost per bird works out to Rs.245.86 , 252.96 and
264.34 under 1:1:5,1:1:4 and 1:1:3 systems respectively . The NPW is maximum
with 1:1:3 and is in decreasing order with increased number of phasings. The
BCR and IRR are maximum in case of 1:1:4 system and minimum in case of 1:1:3
system. In all the cases the loan amount at the rate of 75% of project cost is
repayable in 7 years with one year grace period. Overall, it is observed that 1:1:4
system of rearing is more economical for egg production compared to other systems
studied.
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INTRODUCTION
The rapid development of poultry in India has led to various innovative housing
management techniques especially in case of commercial layer farming. The efforts to
strike balance between scientific recommendations and profitable layer farming have
led to invention of number of housing systems like deep litter, deep Utter cum flat
system and cage system. The commercial layer farmers within the above systems, have
tried over a long period, introduction schedule in batches with the different combinations
of grower and layer houses keeping in view the environmental suitability, demand for
eggs, required level of efficiency of operations and also expected returns. However,
very few attempts were made in a systematic manner, to study the impact of various
types of introduction schedules. Therefore, the present investigation was planned for a
comprehensive study of the different rearing systems and their impact on economic
parameters in commercial layers.

METHODOLOGY
The present study was conducted on a commercial layer farm with a capacity of 30,000
birds in lay. The various systems of rearing selected for the study were 1:1:5(1 Brooder
house: 1 Grower house: 5 Layer houses), 1:1:4 and 1:1:3 systems which are in vogue
among the commercial layer farmers. Standard techno-economic parameters under cage
system of rearing (Table 1) were considered for analysing the relative efficiency of the
various systems. The investment for 30,000 layer farm under each system of rearing
was worked out by considering the bare minimum requirement of infrastructure which
was supportive in nature (Table 2). Flock projection schedules were prepared for all the
systems of rearing for a period of 7 years. On the basis of standard field practices, 8
weeks of brooding was assumed for all the systems. In case of 1:1:5 system, 8 weeks of
growing in grower shed and 4 weeks growing plus 52 weeks of laying in layer sheds
were considered. Whereas under 1:1:4 and 1:1:3 systems, 10 weeks of growing in
grower sheds and 2 weeks of growing plus 52 weeks of laying in layer sheds were
considered. Four weeks cleaning period for each shed was kept as minimum under all
the systems.
The summary of the brooding weeks, growing weeks (in grower and layer sheds) and
layer weeks under all the systems of rearing was given in Table 3. The investigation
was designed to analyse the fallowing economic parameters under each system : (i)
Percent space utilization of brooder, grower and layer sheds (ii) Egg production per
day (iii) Labour requirement (iv) Project cost per bird (v) Cash flow analysis comprising
of Net Present Worth (NPW), Benefit Cost Ratio (BCR), Internal Rate of Return (IRR)
and profitability analysis over a period of 7 years by assuming interest rate at 18%
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Table 1. Techno-economic parameters
1.

space requirement, constructin cost and cage cost:

a) BroodenHouse
b) Grower House
c) Layer House

^quirement
(sfl./bird)
0.25
0.60
0.80

Construction cost
(Rs. /sft.)
90.00
102.00
105.00

Chick cost(Rs. per chick) :
Feed requirement:
a) Chick mash
b) Grower mash
c) Layer mash

Cage cost
(Ri>./bird)
19.00
30.00
38.00

13.60
Quantity
(Kg./bird)
1.80
5.20
39.00

Cost
(Rs./Kg.)
5.50
4.40
4.60

Medicines and vccination charges(paise per week per bird)
a) Growing period
15
b) Laying period
10
Electricity , Water and
misc. expenses:
(paise per week per bird)

5

Number of Labourers required ( one labourer for every 2000 growers
or 3000-4000 layers)
a) 1:1:5 system
16
b) 1:1:4 system
16
c) 1:1:3 system
19
d) Labour charges(Rs.)
1000 per labourer per month
Egg production per layer:
Sale price of eggs(Rs./egg)
Price of culled birds Rs.
9.

10.

11.

12.

13.

35 per bird

Income from manure
a) Rs. per grower(20 weeks)
b) Rs. per layer(52 weeks)

1.50
6.00

Income from gunny bags:
a) Number
b) Sale price Rs.

13 per tonne of feed consumed
5.00 per bag

Mortality (%)
Growing period
Laying period
Depreciation ( % per year):
a) Civil structures
b) Equipments

5
6
5
10

It is assumed that the required infrastructure (feed godown ,stores,
borewells , water tanks etc., ) will remain constant in all systems
of rearing.

14. Interest rate (%)
15.
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Closing stock value:
a) 1:1:5 system
b) 1:1:4 system
c) 1:1:3 system

18.00
Avg. value
(Rs./ bird)
42.00
46.00
46.00

No. of birds
36000
30000
30000
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Table 2. Capital costs statement
(Rs. lakhs)
Sr. Particulars
No.
Civil cost
1. Land & land development
2. Cost of brooder house
3. Costof grower house
4. Cost of layer house
5. Office cum store room
6. Feed mill, Godown &
feed store
7. Well

1:1:5

Systems of rearing
1:1:4
1:1:3

500 sft.
1200 sft.

1.500
1.350
3.672
25.200
1.250
2.100
0.500

0.500

0.500

Total of (A)

35.572

36.828

38.920

1.140
1.800
11.400
1.423
1.067
1.500
2.500
0.500

1.425
2.250
11.400
1.473
1.105
1.500
2.500
0.500

1.900
3.000
11.400
1.557
1.168
1.500
2.500
0.500

21.330

22.153

23.524

4.284

4.284

4.284

3.119
7.207
0.945
0.315
0.960

3.119
7.207
0.945
0.315
0.960

3.119
7.207
0.945
0.315
1.140

16.830

16.830

17.010

Total cost of the project (A+B+C)

73.732

75.810

79.454

Bank loan ( 75% of the project cost )

55.299

56.858

59.591

Cost per bird

245.77

252.70

264.85

Equipment cost
1.
Brooder cages
2. Grower cages
3. Layer cages
4. Electrification @4% of (A)
5. Water pipelines etc. @ 3% of (A)
6. Feed mill-1 ton/hr capacity
7. Generator set-62.5 kva
8. Misc. assets
Total of(B)

1.500
1.688
4.590
25.200
1.250
2.100

1.500
2.250
6.120
25.200
1.250
2.100

Recurring cost capitalised:(For first
3 batches upto the point of laying)
1.
2.

3.
4.
5.

Chick cost
Feed cost
Chich mash
Grower mash
Medicines & vaccines
Electricity , water & mise exp.
Labour cost
Total of (C)
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Table 3. Flock projection chart
Sr. Particulars
No.

I

II

III

Years
IV

V

VI

VII

1:1:5 system :
Brooding (Weeks)
Growing (Weeks)
Laying (Weeks)
No. of batches pure
No. of batches cull

36
44
60
5
0

36
52
216
4
3

32
52
228
4
5

36
52
224
5
4

36
52
224
4
4

32
52
228
4
5

36
52
224
5
4

1:1:4 system :
Brooding (Weeks)
Growing (Weeks)
Laying (Weeks)
No. of batches pure
No. of batches cull

32
46
54
4
0

24
36
182
4
3

24
38
186
2
3

32
48
184
4
4

32
42
190
4
4

24
42
186
4
3

32
44
188
3
4

1:1:3 system :
Brooding (Weeks)
Growing (Weeks)
Laying (Weeks)
No. of batches pure
No. of batches cull

24
30
45
3
0

24
30
138
3
2

18
36
138
3
3

22
31
143
2
3

24
30
139
3
2

19
35
138
3
3

21
32
142
2
3

Table 4. Cashflow and Profitability analysis of commercial layer farming under
different systems of rearing
Sr. Particulars
No.

1:1:5

1:1:4

1:1:3

33.411

35.604

32.388

1.

NPW (@15%DF)

2.

BCR (@15%DF)

1.118

1.121

1.107

3.

IRR

32.120

32.762

30.354

4.

Percentage recovery to
gross surplus

72.455

70.749

74.764

5.

Gross surplus
(Rs. Lakhs)

141.912

149.433

148.211

6.

Net surplus
(Rs. Lakhs)

39.084

43.709

37.407

689

OBSERVATIONS
Space Utilization : The brooder sheds under 1:1:5, 1:1:4, 1:1:3 systems , are found to
be utilised for 244 weeks, 200 weeks and 152 weeks respectively over a period of 7
years (364 weeks), the percent space utilization in brooder house is 67.03, 54.94 and
41.76 respectively. Thus, the percent space utilization in brooder house is in decreasing
order from 1:1:5 system to 1:1:3 system. In case of grower house, the occupancy during
the period under study is found to be 240 weeks, 248 weeks and 188 weeks under
1:1:5, 1:1:4 and 1:1:3 systems respectively. The space utilisation in percent terms is
found to be 65.93%, 68.13% and 51.65% respectively. In layer houses it is observed
that the occupancy period (grower+layer weèks)as 1520 weeks, 1218 weeks and 993
weeks under 1:1:5 ,1:1:4,1:1:3 systems respectively. Thus the percent space utilisation
is in decreasing order with the increase in number of batches introduced from three to
five in case of layer houses.
Average egg production : By taking egg production at 290 eggs over a period of 52
weeks, average egg production per day per bird over a period of seven years was
calculated. Maximum production of 19,273 eggs/day is observed with 1:1:3 systems
followed by 1:1:4 and 1:1:5 systems with an egg production of 19154 and 18388 per
day respectively. The increase in tgg production with 1:1:4 system is 4.17 percent over
that of 1:1:5 system. Whereas the same is observed to be 0.62 percent more in 1:1:3
system over that of 1:1:4 system. These observations amply indicates that the increase
in egg production under 1:1:4 system is sizable and the same with 1:1:3 system is very
nominal.
Labour requirement : Keeping in view the number of birds need to be served by one
labourer and the total number of sheds, the number of labourers required works out to
16, 16 and 19 for 1:1:5, 1:1:4 and 1:1:3 systems respectively. The labour requirement
for 1:1:3 system observed to be higher whereas, the requirement of labourers remained
same in other two systems of rearing.
Investment cost : Considering the minimum requirements of commercial poultry of a
selected size, the investment cost is found to be in increasing order with the decrease in
number of phasing due to high investment required during brooding and growing stages.
The project cost per bird observed to be Rs.245.77, Rs.252.70 and Rs.264.85 under
1:1:5, 1:1:4 and 1:1:3 respectively. The per- cent increase in investment cost under
1:1:4 is 2.82 over that of 1:1:5 and the same under 1:1:3 is 4.81 over that of 1:1:4
system.
Cash flow analysis : Cash flow analysis (Tables 4) envisages that the NPW, BCR and
IRR are found to be maximum under 1:1:4 system and are minimum under 1:1:3 system.
In view of the above, the 1:1:4 system can be considered superior in relative terms.
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Profitability : The Profitability analysis (Tables 4) indicates that the loan amount is
repayable in 7 years with one year grace period. Interest only can be recovered during
first year. Under 1:1:4 system of rearing,the average percentage recovery to gross surplus
is found to be minimum and gross surplus and net surplus is maximum.
CONCLUSIONS
On considering the various parameters and their relative contribution to profitability
the 1:1:4 system observed to be more economical in comparison to other two systems
studied.
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3. ENVIRONMENTAL CONTROL HOUSING
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ENVIRONMENT CONTROLLED HOUSING FOR
POULTRY
Harish Garware
Garsons, 64,Rajani Bunglow, Shivaji Housing Society, Senapati Bapat
Marg, Shivaji Rd.,Pune 411053,India

You are all aware that India is emerging as one of the world's largest producers of
poultry products, viz. chicken meat and edible eggs. However we rank very low down
in term of per capita consumption. Poultry Industry in India has tremendous scope for
expansion. However Indian poultry farmers have been facing several problems due to
unpredictable market conditions, frequent outbreaks of diseases, high mortality, poor
feed conversion ratios, poor growth rate, severe sub-clinical infection levels, ever
increasing feed cost and other inputs including overhead expenses. Hence the production
cost goes up leaving the farmer with wafer thin profits or even losses. However, the
situation is not so grim. Advent of environment controlled housing has improved things,
substantially.
AUTOMATION IS A MUST
We have identified below in the comparison chart the crucial factors which distinguish
between existing conventional methods of rearing poultry birds,as compared with the
"Protected Farming Technology". We have given comparison of methods/results of
conventional methods, with the methods/results employed and obtained by farmers
who have employed this technology, and the actual potential possessed by this
technology.
Environment Control Technology (ECT)
Brief description of E.C.T. factors is given hereunder.
a) Temperature, b) Humidity, c) Light, d) Ventilation, e) Feed and f) Water
The highlight of this technology is the yield that one gets. As compared to 8 Kgs/sq.ft./
year in conventional poultry methods , we get a yield of 27 kg/sq.ft./year with this
technology. The investment per bird that is required is only marginally higher @ Rs.200/
-bird as compared to Rs.l75/bird with conventional methods. Because of the tremendous
savings in the feed inputs,and elimination of most of the stress factors, the cost of
production comes down by as much as 25-30% with this technology.

695

Comparison of Conventional Methods with Modern Methods of Environment
Control Technology (ECT)
Results of
Conventional
Methods

Present
E.C.T.
Results

Potential
of E.C.T.
Results

A) Feed conversion
ratio
b) No of flocks harvested
per shed in year

2.5

2.0

1.7

5

6

7

c) Average mortality

8%

3%

1.5%

35

44

8

24

34

1300gm

1650gm

1875gms.

50days

42 days

35 days

High

Low

negligible

d) DensityOive birds) 18
Kgs/sq.mtr.
e) Production Kgs/sq/ft./p.a
f) Live weight in 6 weeks
g) 1500gms
h) Medication cost
J) Capital investment to
produce IKg./p.a.

Almost similar or 10 to 15% more than conventional

The livestock rearing methods as they exist in India today, are extensions of backyard
livestock rearing which is done, at best on a subsistence level. Considerable advances
have taken place all over the world depending upon the local weather and other
requirements. We are yet to absorb the right technology and modem commercial poultry
management, where the yield can be as high as 30 kg/sq ft /p.a. as compared to mere 8
kg/sq ft / p.a. in convetional methods.
Every living being on earth, depending upon their age require certain environment and
climatic conditions for survival and healthy growth, let it be crops, birds oj; animals.
Just like human beings every crop,bird or animal needs proper surrounding climate in
their early stages of germination or brooding.
In fact during these times warm conditions with humidity in the range of 60-70% is
ideal, which is reduced gradually with the age. But again the environmental requirements
might vary according to the species. For some crops temperature conditions may be
required to go up rather than reduce. This means that every species requires climatic
conditions to best suit its pattern of growth.

696

The crops may be of high yielding variety and the animals and birds of high genetic
potential but only on providing them with the needed environment and climatic
conditions, do they achieve their true genetic potential.
Environment Control System helps to achieve optimum utilization of Space, Equipments,
and the Capital. This in turn results in higher productivity .
Highlights of Environment Control Technology
1.

Per square foot yield can be improved upto 24 kg. per annum ascompared to 8 kg.
per annum in conventional systems.

2.

The mortality can be reduced from 8% - 10% to a mere 2% - 3% in environment
controlled houses .

3.

Feed Conversion Ratio is substantially improved to 1:2.0 as compared toi:2.5 in
conventional farms, which results in substantial savings in feed costs.

4.

Return on investment is 3-4 times vis-a-vis conventional farms .

5.

Number of birds that can be housed in Environment Controlled houses is 3times
that of conventional open houses.

6.

The final produce of Environment Controlled houses i.e. the broiler birds are of a
very good uniformity. The range of weight variation is quite narrow as compared
to conventional farms.

7.

The production cycle in Environment Controlled houses is quite regular throughout
the year, without any breaks, unlike in open sheds where cycle breaks due to
number of reasons like onset of summer etc.

Operational Aspects of Environmental Control Technology
Following are the salient features of the Protected Farming Technology,
1)

Feeding System.

2)

Drinking System.

3)

Environment Control System
a)

Cooling system.

b)

Heating system (brooding).

c)

Humidity control.

d)

Light control.
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1)

Feeding System

Automated feeding systems are used to provide birds with the correct amount of energy
they actually require according to their age, development, performance and the precise
climatic situation in the house. No less...and certainly no more. Feed consumption by
the birds is continuously monitored by Electronic Bird performance monitoring system.
In conventional feeding system, the feed is kept in open trays/pans. This feed often
gets contaminated with foreign bodies,dust,disease carrying organisms etc. Birds tend
to play with it and hence cause considerable wastage. Moreover there is absolutely no
control on feed dispensing.
It is advised to feed the birds 7 to 8 times instead of 3 - 4 times as is done in conventional
methods. As a result there are times when the birds are hungry, but there is no feed in
the pans and hence, they are starved. For this you should have feed dispensing equipment
which will give the right amount of feed at specified time intervals.
Reasons for the Loss of Energy or Feed
1. Luxury Consumption : If birds receive more energy in the form of feed than actually
is required for maintenance and production it is called "luxury consumption". Excess
energy is converted into undesirable fatty tissues which also damages the bird's health
(fatty liver syndrome).
2. Technical Feed Losses : If the design of the feeding system is wrong, i.e. feed level
too high in the pan or unsuitable pan shape, the birds "play" with the feed which is
subsequently lost. Thus, technical losses are caused by mistakes in the feeding
equipment.
3. Feed Losses Caused by the Birds : These are the losses caused by the condition or
behavior of the birds, e.g. damaged feathers, diseases, feeding habits etc.
4. House Climate : Birds require a specific climate in order to feel well. Feeling well,
in turn is reflected in performance. In a cold house, birds try to compensate for lack of
heat by a higher energy consumption.
Every breeder sets standards for his breed which must be met in order to obtain optimum
results. Feed consumption has to be comensurate with the age of the bird.
Even if a good farm manager constantly tries to follow the breeder's recommendations
on feed consumption he can never be sure whether the quantity supphed actually matches
the quantity recommended. Feed requirement and the growth rate of birds are directly
related. Consequeixtly, the recommended daily feed ratio varies by few gm. This clearly
shows the importance of accurately establishing the weight of birds. The feed is rationed
at this point according to the age and weight of the birds.
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The calculated quantity for the daily feed ration can be linked accurately to the actual
weight of the birds by round the clock monitoring of feed consumption. Since the
weight of the birds is an important indication of their state of health, the daily average
weight results recorded by the system allows conclusions to be readied immediately
on the health of the flock.
Apart from the weight of the birds, other parameters have an influence upon the actual
energy/nutrient requirements in the daily feed ration, viz.
(i)

House climate.

(ii) The energy content of the feed.
With automated Feeding System the feed will be dispensed automatically as and when
required. Moreover the equipment will dispense only that much quantity, as will be
consumed by the birds, preventing wastages. Another advantage of this equipment is
that there is no human movement inside the sheds, causing stampede and panic among
the birds leading to stress conditions. It also reduces probability of bacteria/viruses
being carried inside the sheds, leading to spread of diseases.
2)

Drinking System

Water is the most important input in poultry production. Birds can live without feed for
some time, but non- availability of water adversely affects their growth and viability.
Higher the temperature, higher is the water consumption. The temperature of the water
being supplied also plays a critical role. If the water being supplied is too cold, birds
tend to avoid it. And if this happens then birds will have a feed choking problem. At
the same time during hot climatic conditions if the water supplied is sufficiently cool,
then it reduces the heat stress to a great extent.
In the conventional methods water is supplied in open water troughs, kept inside the
sheds. Birds have to bend down on these, lift water in their beaks and then turn their
heads high up in the air, and gulp the water by sUding it down their throats.
This is a most un-natural way of drinking for the birds, since they cannot suck water,
the way other mammals can do. In modem methods, the water is supplied through
closed pipelines, and stainless steel nipples, connected.to the pipeline, at regular intervals.
The nipple is nothing but a small valve, which releases water flow, when hit by the
beak of the birds. This is a natural way of drinking for the birds, since they have a habit
of pecking and the height of the nipples is continuously adjusted to suit the growing
height of the birds, birds do not have to frequently bend down, and lift water through
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their beaks, as typically these nipples are placed at a level which is slightly more than
the height of the birds. Hence all that the birds have to do is come exactly below the
nipple, and capture the flow of water, into their beaks, which automatically slides
down their throats.
Since the supply of water to these nipples is through closed pipelines, there is no question
of this water getting contaminated. Birds tend to spill it over, onto the surrounding
litter, and also contaminate it with the litter, which gets tossed in the air, whien the
birds move around.
Vaccination is also carried out by mixing the vaccines, in the water supply, in the
required proportion. The feeding line is stopped prior to adding vaccines to water.
Birds are starved for a reasonable period, and the drinking line is opened to the birds.
Since the birds are deprieved of water for substantially long, they immediately approach
the drinking lines and consume enough quantities of water to fulfill their thirst. In this
way uniform vaccination is ensured to all the birds.
In the conventional methods, a man has to move around in the shed to fill up the waterers.
His movement inside sheds can cause stampede. With nipple drinking system the
water will be dispensed automatically as and when required by the birds. Moreover the
equipment will dispense only that much quantity, as will be consumed by the birds
preventing wastages. It also reduces probability of bacteria/viruses being carried inside
the sheds, leading to spread of diseases.
3)

Environment Control System

Environment controlled farms are monitored by a micro-processor based Electronic
System. The cardinal principle is all the important parameters like feed consumption,
water consumption, weight gain of the birds, light intensity, mortality electricity
consumption, temperature variation, humidity variation, air displacement etc. are
constantly measured/tracked with the help respective sensors.
This measuring system converts and quantifies the analog or digital signal into data
and conveys it to the central computer. This communication of quantified data is done
by means of either analog or digital signals. Availability of the data,at the right time is
very important, for the purposes of converting it into information. Availability of
information in real-time is of paramount importance for the purposes of taking corrective
actions. This information should be made available in real-time i.e. while the event is
happening. Otherwise it has only historical value after the event has taken place.
How a bird should perform is known from the recommendations of the breeders. So
how much a bird should be given and how much it should consume is also pre700

determined. These pre-determined figures are fed to the cHmate computer. This forms
the basic premise, against which all the comparisons with actuals are to be made, variance
arrived at and decisions of altering the parameters are taken during day to day
management.
A high powered Micro-processor System is the heart of this system. This is connected
to the various performance measurement systems like light measurement, temperature
measurement etc. There are different sets of sensors installed in the sheds which measure
these parameters. The sensor measures the parameter and convey it to the respective
process controller which have the pre-set values.
a) Cooling System : Air circulation in terms of cubic meter of air displaced per second,
inside the shed as well as wind speed outside the shed is measured with the help of
wind speed and wind direction measurement meter.
Batteries of specially designed, high displacement capacity fans with low noise levels
are used, for air/temperature. These are specially designed fans with stainless steel
blades and automatic louver opening devices. These fans are fitted with shutters which
are closed tightly when not in operation. This not only prevents wild birds and insects
from entering but also avoids loss of inside warmth during winter.
These fans effect complete air change in poultry house in less than a minute, thereby
keeping a growth promoting healthy environment. These fans are controlled by special
electronic thermostats. The special auto-cool device ensures that the inside temperature
is lowered gradually as the outside temperature falls, which prevents unnecessary
droughts. A number of sensors can be installed at various points in the house to measure
the average temperature. These fans are fitted at one end of the house, whereas the
other end is enclosed by cooling pads.
Water is circulated over these pads to cool the incoming air. This is nature's own way
of cooling e.g. the hot wind passing over sea water immediately cools down due to the
process of evaporation. In this process heat is taken off from air to evaporate the water
causing the air to cool. This same principle is used to cool the incoming air. These
pads are impregnated with special chemicals which increase their water holding capacity
and life.
The air can be purified to a certain extent by adding disinfectant in the recirculating
water. These pads act as air washer and conditions the incoming hot,dry and dusty air.
b) Heating/Brooding System : The temperature of the house needs to be varied depending
upon the age of the birds, as recommended by respective breeders.
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The inside environment needs to be kept warm during brooding period. The temp, of
the house is required to be maintained at 30 degree centigrade plus. Temperature has a
direct bearing on the feed and water intake and the feed conversion efficiency of birds.
Maintaining correct level of in-house temperature is very essential. The temperature
needs to be gradually lowered as the birds grow. If the temperature varies, from the
reconmiended levels, the feed consumption gets affected and hence the weight gain.
Optimum feed efficiency is seen at about 24^C. Above 30°C broiler is unable to dissipate
surplus body heat, water consumption increases and feed intake is depressed.
Maintenance of temperature humidity and air quality go hand-in-hand.
Brooding is a period of first 2-3 weeks, in the life of a chicken. It is during this phase
that sound health of the birds has to be ensured by taking proper care. Like any other
new bom, the young chicks need to be kept under comparatively warmer environment
conditions.
The brooding methods used presently are absolutely primitive. Incandescent bulbs are
used for providing the heat required. And as is well known incandescent bulbs give
more light, than heat. With these bulbs instead of getting required amount of heat,
unnecessarily large light is obtained, which is not desirable. The heat is obviously not
sufficient to keep the birds warm and healthy and thus it may cause chilling.
On the other hand the extra amount of light increases the birds activity and lead to
increased amount of mortality. The importance of proper ventilation inside the sheds
should never be lost sight of, otherwise ammonia and carbon dioxide level will go up
to abnormally high levels.
The fresh air that is brought in has to be pre-heated and then mixed with inside air,
otherwise if it is introduced directly into the house, it will cause chilling to the birds.
Hence maintaining right amount of ventilation inside the house besides providing right
temperature and light intensity is absolutely essential.
Environment controlled farms use infra-red brooders operated either on LPG or Biogas
or any other suitable fuel which give right amount of heat to the birds. Advantage of
Infra-red Gas brooders is, they don't heat the surrounding air, causing wastage. They
give heat where it is required and that is to the bird itself. Fuel is directly used for
heating as a result considerable amount of energy is saved while converting one form
of energy into another, which is used for obtaining heat. Hence the requirement of
energy for heating is very much less compared to conventional methods.
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c) Humidity Control
Control of Relative Humidity inside a poultry house is absolutely critical. The entire
ventilation system is pre-programmed to maintain and/or vary according to the weather
and as the bird grows. The air in the broiler house absorbs moisture from droppings
and exhaled air. This surplus humidity has to be removed by the ventilation system.
The system should maintain recommended humidity level depending upon the age of
the birds.
If the humidity falls below these levels, it may promote respiration disorders as well as
feather pecking and the birds will experience stress. If it goes above recommended
level, then it will result into wet litter conditions. Wet litter conditions are extremely
dangerous as it increases disease risk and may reduce growth rate and impair feed
conversion by increased ammonia formation. Since the birds are made to rest for
longer durations, if the litter is wet, it will cause breast blisters to the birds. Wet litter
conditions also leads to Coccidiosis, which is a very expensive disease to contain.
The quality of air is also required to be maintained as per specific recommended levels.
The oxygen percentage in the air should never go below 16% and that of ammonia and
carbon dioxide should be kept below 0.022%, and 0.3 % respectively. For this adequate
amount of ventilation is to be given. As a thumb rule roughly 0.034 Cubic Meter of air
should be given per minute.
d) Controlled Lighting : The light factor is given absolutely no importance in
conventional methods. It is very important to give 23 hours of light per day at a intensity
of 25 lux, to enable the chicks to get acquainted with the surroundings and locate feed
and water.
During 5 th day to 20 th day this intensity should be reduced by half gradually and
from thereon it should be maintained at 5 lux level. However, in conventional methods
a pattern of providing light for 24 hours is followed. The light in this case is derived
from direct sunlight (intensity of around 800 lux), which is many times more than the
required level.
Moreover, the intensity of the light is same during the complete life cycle of the bird,
which is not at all desirable. The intensity of light is very important. Keeping too
bright, or too dim lights is damaging. Too bright a light increases the activity of birds
and hence more stress. This arrests the rate of weight gain. Reduced activity means
birds will spend more time resting.
The conventional houses being open ones, there is no direct control over light factor.
Environment controlled poultry sheds are totally closed ones. The light inside the shed
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is monitored as per the birds requirement. Intermittent light programme is followed in
such closed sheds (These houses are called darkout houses).
The lights are put on for a period of one hour at an intensity of 5 lux followed by two
hours of complete darkness. During this one hour birds are fed. Following which they
are subjected to complete rest for the next two hours, because in darkness they cannot
see and in the nice, cozy environment they sleep. This helps in proper digestion of the
amount of feed consumed by them during one hour's time. Cyclic feed intake delays
the feed passage and improves the utilization of nutrients.
If there is continuous Ught, there is unnecessary activity which causes stress and reduced
weight gains. The feed energy is thus wasted which otherwise can be used for producing
meat. Wastage of feed is a very costly affair, as feed accounts for more than 60% of the
cost of the bird. There is a drastic difference in conversion efficiency between
conventional methods and the intermittent light method.
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MAXIMIZING POULTRY HOUSE VENTILATION
Robert Barnwell
Environmental Specialities Incorporated, Pittsburg, Texas, USA

Over the years we have made improvements in genetics, feed systems, water systems,
houses and food products, but have failed to make the same improvements in the
condition of the environment that the birds have to hatch and perform in. As the
genetics of the birds has improved and the growth rate has improved, the requirements
of oxygen and air quality have increased tremendously and if we have not kept up
with the requirements we may have fallen behind the industry standards on
performance. There is nothing else we can do in the area of production today that
will give us more return on investment than improving the air quality from the twelth
day of incubation all the way through the production cycle. The first seven days in
the brooder house is the most important period of the birds life for the development
of the respiratory, cardiovascular and the immune systems. There are two things we
need to always keep in mind when we are dealing with chickens. One is, we don't
raise them outside or up in the top of the house but inside down at floor level,
therefore that is the place we need to be concerned with the most. The other is that
heat rises and cold air falls, thus we have to make the air do what we want it to and
dictate where it enters and moves within the building. The type, design, installation,
control, and maintenance of the ventilation system used is the key to the success and
results you get from your investment. Every hour of every day we deal with four
things that are essential to the performance and life of all things. These are oxygen,
air, temperature and relative humidity. Since we cannot see any of the four they
cause a great deal of concern and problems that are hard to control without knowing
what they are at the time. We have to have the ability to measure all of them and use
them to our advantage and not let any of them become an uncontrollable problem.
For example we don't loose birds in the summer from heat alone, but from the
combination of heat and humidity. We must be able to control all four of these areas
in order to maximaise the performance of the birds we deal with today. We only have
three types of ventilation systems available to us that we use in the production of
poultry. The design and capacity of all these systems is based on an air exchange of
some rate, based on the volume of air that is inside the building you are trying to
ventilate. These are negative systems, positive systems and natural systems. When
we talk about a negative pressure system it means we take more air out of the
building than we allow to enter. The positive system means we put more air into the
building that we allow to go out. When we use the term natural ventilation system
we simply open the house up and depend on the outside conditions to control the
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conditions inside the building. The last option is the one we least want to use. With
this method we have very little control over the temperature and very little control of
the relative humidity. It almost has to be an emergency before we want to use this
method alone. The most widely used system in the world today is the negative
pressure system. I think the reason for this is because we have better control of this
system and the conditions in the building year round. We can pull air through the
building much easier and control it much better than we can push it. Negative
pressure or positive pressure, neither one really does anything for us besides determine
where the air enters the building and how we are able to use the air once we get it
inside and the results we get out of it. The level of pressure we use should be
determined only by the distance we want the air to travel once it enters the house, or
the amount of air we want to force into the machines in case of the hatcheries.
The use of pressure whether negative or positive is one area that confuses people
who used it in the area of ventilation. The air velocity coming into the building in a
negative pressure operated building is determined by the negative pressure level. The
air velocity going through the building is determined only by the volume of fan
capacity vs the volume of air to be moved in the building. Many people think if we
increase the pressure we will increase the speed of the air going into the building.
This works just the opposite. Any time we increase the negative pressure we increase
the air speed coming into the building, but reduce the volume of air coming in and
reduce the air speed through the building. The reason this happens is, the higher the
negative pressure is the lower the volume of the fans become, and anytime we
reduce the fan volume we reduce the volume of air moving into and through the
building. The type and efficiency of the fans we use determine the number of fans it
takes to get the required rate of air exchange we need to do the job we want. In our
industry every building should have two separate ventilation systems installed in it.
The first is the minimum ventilation for air quality and some temperature for control
during the brooding and cold weather. The second is summer ventilation for the
control of heat prostration in the sever hot weather. We have several designs of each
of these systems available to us today. There are some of them that do an excellent
job, others that do a fair job and some that will hardly work at all. Once we decide
which one of the systems we are going to use we cannot compromise on the control
or installation or we will not see the results we expect from the installation. The
average environment and the use of the facilities should determine the type of system
we use and the volume we need. There are times that one type of design will do a
better job than another, and there are times that a design will do an excellent job but
we can not justify the investment based on the return we get. We have people today
who will still say that a system that will work in Texas will not work in Germany or
Panama or other parts of the world or even in different areas of a given state or
country. This is another area that is just not true. It doesn't matter where you are the
principles of air movement and ventilation are the same. Sometimes we just give to
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use more or less of the system. The critical area is to have control over what we are
trying to do with the system that we are using. Any of the systems we use will not do
the job if we don't control them properly and maintain them on a regular basis. We
have to understand what makes each system function and why at times they will
work and at other times they won't. There is not a single system you can put in a
building that will work the same every day, because of the variables that are always
present, except combination refrigerated cooling and heating units and we can not
justify these systems most of the time. Lets take evaporative cooling and foggers for
example. If the humidity today is high and tomorrow it is low, the system will
operate completely different therefore we have to have a way to control what it does
from one condition to the other.
I will cover the two types of systems that we use in the production of agriculture
animals and fowl in this paper. To figure any ventilation system in any building, the
first thing you always have to know is the volume of air you have to move in the
building itself. To find this volume you take the length, times the width, times the
average height, and this will give you the cubic volume of air in the building you are
trying to ventilate. Once you know this you can determine the volume of ventilation
you have to have to get the air exchange you want and the velocity of the air going
through the building.
MINIMUM VENTILATION
On the minimum side of this system we want an air volume equal to one air exchange
every eight minutes operated on a cycle timer and run a minimum or 20% of the
time. This is the minimum we can have and keep the oxygen level in the building up
where it has to be at all times, keep the house dry and keep the air quality good. The
fan volume that operates on this stage should be operated also on an over ride
thermostat. The next stage should go up to an air exchange of one air exchange ever
5.5 minutes and be operated on a thermostat only. The same fans that operate on the
cycle times should never be the same fans that operate first on the over ride thermostat.
The fan that has only a thermostat should be the next stage after the cycle timer, then
after this fan is operating at 100% and the temperture is not controlled the timer fans
should operate on the over ride on them. The inlets have to be designed and installed
based on the volume of the fans and the stages you want them to operate with. Any
time the fan volume increased the inlet space must increase in the same portion to
keep the volume of the fans and the inlets matched. You have to know the volume of
the fans in order to size the inlets properly. For example if you want to operate the
building with a .05 negative pressure it takes one square inch of opening for every
five cfm's of fan capacity to accomphsh this and this takes all the openings into
consideration, including leaks in the building. The width of the building should
determine the amount of pressure that you use. For example with a 40 foot building
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we want a .05 negative pressure so as the air enters the building it will go 1/2 way
across the building before it falls. We want the first stage of the inlets to direct the air
up into the peak of the building so we can utilize the temperature in that area of the
building to keep the house, warm, dry and the keep the utilities used for heating
down as low as possible and still keep the oxygen up where it has to be and the air
quality good at all times. As we increase the volume of air we have some temperature
control. We can and should allow the air to enter lower than the first stage. For this
reason we like to use air cannons for the first stage and second stage inlets for the
second stage and more. It is also good to use at least one variable speed fan in the
minimum vent system so you can have complete control of the volume of air you
need at the time. This will allow you to control the volume of air to match the inlet
volume as well as the pressure to a very close tolerance.
SUMMER VENTILATION
There are several ways to ventilate poultry houses for summer to prevent heat
prostration. Some of the methods do a good job, others do a fair job, and there are
others that will hardly keep the birds alive and will not allow the birds to perform
during the hot weather. As I have already stated we do not have high mortality in the
summer from heat alone, but a combination of heat and relative humidity. Since this
is the case we must have a method of controlling both as the conditions change
during each day and time of the year. The only way to accomplish this is to create
enough evaporation of the air inside of the house to reduce the humidity or do it as
we bring the air into the house from the outside. Two of the summer ventilation
systems we use will allow you to do this and the rest will only give you a little
control of the humidity. These two are tunnel ventilation with evaporative cooling
pads and the other is tunnel ventilation with foggers through out the house. Open
houses with fans in the side wall at a 60 degree angle or fans down the center of the
houses as long as there is one fan next to the outside to bring fresh air into the house.
We still have people today that will say that pad cooling will not work where there is
high humidity present. This is not the case at all. If we will operate the pumps on the
pad units based on the level of humidity instead of temperature alone it will work
and be very efficient. Anytime we over run our pumps, whether on pads or foggers,
it will cause problems we can not live with and will kill more birds at times than it
will save.The only question the becomes whether or not we can justify the investment
of pads, or not, based on the type of birds we are producing in the house at the time.
There are three things that will create this evaporation and they are heat, air velocity
and breaking the particles of the water down small enough to get the evaporation we
have to have to do the job we want. Any time we add more water to the environment
in the house than we have the ability to evaporate out of the air we will only create
wet litter problems, high humidity and create high heat indexes that the birds can not
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handle. Relative humidity is already in that form and thus we have the ability to
evaporate it from the air and reduce the temperature as well as the humidity level.
Pad cooling for example will do a good job of cooling as long as the humidity in the
air entering the pad is high enough without adding more water to the pads. The
pumps should run only as needed to keep enough moisture on the pads to create the
evaporation rate high enough to reduce the temperature. The pads are designed to
create a restriction of the air entering the house and evaporate the moisture out of the
air. By operating the pumps on any type of cooling system with a humidistat instead
of a thermostat we can control the amout of moisture we have available and prevent
the humidity from going very high anytime the pumps are operating and creating a
heat index that will cause severe heat prostration for the birds. On the pad cooled
houses we must make sure the pad space and the fan capacity match so that the air
flow through the pads will be proper and we can get the evaporation rate up high
enough to reduce the temperature to the level we want. There are times when we can
use curtians and a photohelic control to limit the amount of pad space used so we can
make the pad system efficient with any amount of fans in operation. With the tunnel
ventilated houses with fogger nozzles we also have to adjust the inlets as the fan
capacity goes up and down in order to maintain the proper negative pressure to
maintain an even air flow through the house and create enough restriction in the inlet
to create the evaporation. In some instances evaporative cooling will do a better job
and in other cases we can do a better job with tunnel ventilation with foggers. If we
allow the air through the evaporative cooled houses to be too high we can have a big
difference in temperature from one end of the house to the other and cause severe
bird migration and heat stress just in front of the pads. For this reason we want the
average air flow through the evaporative cooled house to be approximately 350 feet
per minute and through the fogger houses to be approximately 400 feet per minute.
When we do this it will give us a more uniform temperature and air quality throughout
the house. We get no cooling out of water at all. We only get our cooling out of the
evaporation of the water and therefore the higher rate of evaporation we can create
the more we can reduce the temperature. This is the reason we don't want to add
more water to the environment when the humidity is already so high we can not
evaporate it out. The air will only hold so much moisture at a given temperature and
once it reaches the saturation point or dew point any added moisture that is made
available just drops out of the air and creates problems for us in the form of wet
litter, bacterial growth, higher humidity and sever heat indexes. When we are measuring
the conditions in the building to control the ventilation, we need to measure the
humidity close to the inlet end of the house and temperature close to the fan or the
exhaust end of the house. In any case we can not allow the probes on the humidistat
or the thermostat to get wet or you will get a reading that is inaccurate and can create
bad control problems. If we start reading a wet bulb the thermostat will show a much
lower temperature than is actually present.
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If we are operating an evaporative cooled house and the humidity is high the pumps
need to run for a short time then go off until the pads begin to dry then cycle again
and again depending on the needs, and as the humidity begins to go down the pumps
can run more often and run for a longer period of time. If the humidity is very low
and the temperature is high and you are getting a high level of evaporation the
pumps may run most of the time. There is never a time in any type of house or with
any type of ventilation system when the pumps need to run 100% of the time. If we
ever allow this to happen, sooner or later the air becomes saturated and the evaporation
rate will begin to reduce and the temperature will begin to go back up. We deal with
two temperatures in the poultry industry. One is the dry bulb or temperature you read
on a thermostat and the other is the effective temperature the birds actually feel. The
effective temperature is the temperature the birds actually feel with the chill factor
taken into consideration. The temperature, relative humidity, combined with the air
velocity on the birds is what creates the chill. This is why during the summer time
hot weather we want high air velocities and during cold weather or brooding of the
birds we want the air velocity at bird level to be low. With the open wall houses and
fans either in the side wall or down the center of the house the reason we don't get
the same results as we do with tunnel ventilated house is the difference in air flow.
With either of the closed tunnel ventilated houses all the birds are able to feel the
same air flow anywhere in the house and what ever the air flow is, it is the same. In
the open wall houses some of the birds are exposed to 1800 fpm, others 1000 fpm,
others 400 fpm, and there some that don't feel any air at all. Since we get the highest
level of evaporation at between 350 and 450 fpm it is what we want to try and get
through the tunnel houses. If the air flow gets too slow we don't get enough of a chill
factor and if we get the air speed too fast we lose our evaporation and carry the
moisture along through house with the air and decrease the efficiency of the chill
factor. We can utilize the use of the air for our benefit as long as we have control of
the direction, flow and speed of it.
In the open wall house with the fans in the side wall we can get the same air
exchange as we can in the tunnel houses provided we have the same fan capacity but
we cannot even come close to the same as we need. In the open wall house with the
fans down the center, if we do not at least install one fan within three feet of the
outside, we don't get any air exchange unless the wind is blowing pretty hard outside
and we cannot always count on this happening. The air exchange rate would only be
at the rate volume of the fan that brings the air into the house. For example if the
tunnel houses have 160,000 cfm's of fan capacity and this was equal to a one minute
air exchange you would be exchanging the air at a rate of 160 000 cfm's. If you had
the same volume of fans in the house with the fans in the side wall at an angle you
would have an air exchange of 160,000 cfm's but with much less control and
uniformity therefore not as much control of humidity, evaporation or temperature,
because all the fans are within three feet of the outside. In the house with the fans
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down the centre you could have the same volume of fans in the house but only one
within three feet of the outside the air exchange rate will be only the capacity of the
one fan. A fan blowing air at no pressure and no restrictions will only draw air from
three feet behind it and blow air 40 feet in front of it. If the fans are down the center
and they are not within forty or forty three feet of each other one fan doesn't move
the air through the house properly. When we figure the capacity of fans we need in a
house if we are using negative pressure we have to use the entire volume of the
house, but when we are blowing air with fans we only have to use a height of seven
feet because we will not move air more than seven feet high. When we install fans in
the side or down the center of the house they need to be installed approximately 36
to 42 inches from the floor. We always need to make sure the fans are straight up and
down when they are in operation. If they are angled down they will only blow the air
about 10 to 15 feet and will tend to move the hot air from the higher part of the
house down on the birds and the birds will migrate away from the high hot air flow.
If we angle them up they will blow air up into the peak of the house where it is hotter
and again move the very hot air down on the birds. If we install the fans too high the
evaporation created from the air movement can never get down to the birds because
of the heat rising up up from the birds at all times. With the fans too low the air will
not move far enough to get the total benefit of the air movement. Probably the most
important part of summer ventilation is to prevent the sun from shinning into the
house on the litter and equipment and creating radiant heat in the house. We have
two very high sources of heat to deal with. One is the radiant heat from the sun and
this is why we have to insulate the roof of the house to break the radiant heat from
the sun. The other is the btu load created from the energy from the birds. For
example, once the birds reach 28 days of age they generate 6 btu's per pound of body
weight, therefore if you have birds that weigh 4 pounds you have 24 btu's per bird
generated every hour and with 23,000 birds in the house you have 552,000 btu's per
hour you must do something with. This is the reason we have to have a short air
exchange in the summer to remove the heat generated from the house. This is also
the heat used to help create the evaporation to lower the humidity and the temperature
as long as we have plenty of air movement. Once we open the building and turn the
fans off to save energy we stop the air exchange and the birds can not deal with this
kind of heat without increased respiration and at the same time going off feed and
water and the performance stops and if we aren't careful the mortality will start.
We lose 85% of all the birds we lose in the world in the summer from heat prostration
just before dark when the temperature starts down and the natural humidity starts up.
This is the time of the day that it is most important for us to be able to control the
introduction of added moisture to the environment. If we allow the pumps to run
during this time based only on temperature we can kill more birds with a cooling
system than we will save or allow to perform. It is also the time of the day to make
sure all the fans are in operation and you are getting all the air to the birds you can.
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This is also the most important time of the day for someone to be on the farm and in
the houses. If the birds sit down and dont' move the btu load will get so high they
cannot handle the conditions, so if all the fans are running and humidity is high you
need to keep the birds moving so the btu load can rise away from the birds and get
away from the floor so you can move it out of the house with the air exchange. Too
many times we try to make ventilation complicated or hard to manage and all we
have to understand is why all these things happen and how much control we have
over them. Once we understand the principal of air flow and what it takes to make
the right things happen then we can create a better environment for the birds to
perform in.
CONCLUSION
With all areas of management, house, and equipment specification and conditions we
have to deal with today there is nothing more important to the well being and performance
of the birds than making sure we have the best environment we can provide for them.
The best return on investment we can make today is providing the proper oxygen and
air quahty for the birds in the hatcheries, chick trucks and the rearing or production
houses. Over the years we have built our houses better and tighter and at times have
failed to provide the proper ways to get the fresh air in and out of the houses to enable
us to control the conditions in the environment inside the house. We also must have the
proper instruments to measure the conditions with so we will know what is going on
and how we need to make the necessary changes to improve the environment down at
the floor level where all our money is being spent. It does't matter how much management
people, sales people and field people know about ventilation and air movement, if we
never get the message down to the worker level on the farms we will never get the
results we have for the birds to maximize their performance. Every one needs to be
comfortable enough with what they are requiring or selHng to be able to explain to the
uses what and why we are doing things the way we need to get the proper job done.
Most of the time all the production people and the farm people need to try to do a better
job is a good explanation of what we want done. The other thing we need to do is make
things uniform so everyone will be talking about the same thing instead of changing
things weekly. There is no reason today for people to try and invent the wheel. Everyone
has made enough mistakes in the past for us all to learn by and today we can look back
an see what it takes to do the job required and make the corrections necessary to
accomphsh that. The first thing we need to do is try and help people to do a better job
with what they presently have and explain to them the improvements that can be made
to make things even better. Once they can see improvements taking place fhey will see
that they can invest the money to make the improvements and realise a return on that
investment. Sometimes we can pay for our ventilation system every year with the
improved performances alone not even having to take the mortaUty from heat into
consideration.
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MODERN VENTILATION AND CLIMATE CONTROL
SYSTEMS FOR BROILERS
Ing.AJ.Hulzebosch
IPC-D Livetsock Barneveld College, Wesselseweg 323771 PC
Barneveld, The Netherlands
In 1994 a field study was done to find out which ventilation systems where used in
broiler industry in the Netherlands during the last 25 years. This study gives an
answer to the above question and investigates the reasons for broiler producers
to switch over to other systems and also the advantages and disadvantages of
different systems. In conslusion, we see two sophisticated and integrated ventilation
and climate control systems that are already used in the Netherlands and that will
be (with some adaptations) the trend for the rest of the world, certainly in areas
with temperate, desert or continental climates.
Natural ventilation 1960-1975
The first broiler houses in the Netherlands had natural ventilation with flaps on the right
and the left side that where used as the air inlet and with a flap in the ridge that was used as
an air outlet. This system was used extensively from 1960 till about 1975. First the flaps
where opened and closed manually, later controllers were developed which could open
and close the flaps automatically. The ventilation system was based on the principle that
warm air goes up and cold incoming air blows down. The second principle was the venture
effect of the wind over the roof. The advantages of this system were that is was cheap (no
electricity and no fans), simple and there was no risk of technical failures. The disadvantages
were that it was difficult to adjust the amount of ventilation because the system depended
on the weather outside. Li winter often there was too much ventilation. And in summer
when there was no wind and the temperatures outside (and inside) was high (30 degrees of
more), the natural ventilation did not work at all. So during the period, good ventilation is
needed . The system did not work.
Mechanical vantilation 1975-1985
To solve these problems farmers switched to a system with fans in the ridge instead of
a flap. Especially the adjustment of the amount of (minimum) ventilation in winter was
easier now. And also in summer on hot days ventilatio was still possible, hi the beginning
the speed of the fans was adjusted with thermostats. Later electronic controllers were
used to control the fan speed.
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In the beginning of the eighties the delivery weight of the broilers went up from 1600
gm to 2000 gm and more. The number of birds per m^ remained more or less the same
so that the total density in the house increased, the density at the end could go up to 35
-40 kg/m^. Because of these high densities in summer some farmers had very high
mortality when there was a combination of high outside temperature and high bird
weight in the shed.Under these circumstances the fans were on full speed and the flaps
100% open, but the air did not go to the birds but went directly from the flaps to the
fans, so that there was no ventilation at bird level and thus high mortality.
Mechanical ventilation with flaps that can overturn 1985-1990
The first solution to this problem was to construct flaps that could overturn so that at
high temperatures the air was directed downwards to the birds. The effect of this system
was not what we expected. The total opening of the air inlet was so large that the air
even at maximum ventilation capacity came in at a relatively low speed, so that the
birds near the side walls did have advantage of this system but in the middle of the
house the effect of this system was low.
Mechanical ventilation with small air inlets 1985-1990
To bring the air to the middle of the house small directional air inlets where introduced,
because the surface of the total opening of the inlet is much smaller now the speed of
the incoming air was much higher. The advantages of the small air inlets are : in winter
a very exact adjustment of minimum ventilation is possible. Because of the special
construction and the high air speed a good control in the way the fresh air moves
through the shed is possibe. In summer there was the possibility to direct the air down
to the birds. The high airspeed gives a cooling effect for the birds.
Length ventilation 1990 Now-a-days the most installed system is length ventilation with big low speed fans,
sometimes in combination with some smaller fans in the ridge for the ventilation in
winter. In the past length ventilation was not used because we were too much afraid of
draughts at bird level and temperature differences in the house, but now-a-days with
the small directional air inlets and the climate computers and good management we are
able to solve these problems. The advantages of length ventilation are : comparative
economy (lower electricity consumption, cheaper fans, and ease of installation) easier
to clean and in summer on hot days high air speed at bird level is possible and so, lower
mortality.
An example of a modem computer controlled ventilation system for broilers is the
system plus with small air inlets, winter flaps, recirculation shafts, exhaust ducts and a
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poultry computer. Another modem and integrated ventilation and climate control system
is the exavent system with small air inlets on both sides , length ventilation, exhaust
ducts in the ridge, vortex dampers and an airflow transmitter and a poultry computer.
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EARTH PIPE HEAT EXCHANGER FOR AIR
CONDITIONING OF POULTRY HOUSES
B. K. Shingari, Amarjit Singh, Jagjit Kaur and
K. L. Sapra
Department of Animal Science, Punjab Agricultural University
Ludhiana-141 004 India

Study, spread over three years, was undertaken to develop a low energy
consuming air preconditioning system suitable for a poultry house which is
workable throughout the year. In the first year, the depth at which the soil
temperature stabilizes was determined to be 1.7 m. In second year, three PVC
pipes, each of 0.20 m dia and 13 m length were laid at 1.7 m below the ground
level and connected with a 1 kw blower. The air was drawn through one of these
pipes at velocities of 0.5, 1.3, 4.5 or 10.5 ms"^ and temperature changes were
noted during summer and winter seasons. The maximum efficiency of this system
was observed at 0.5 ms^ for two hours. In third year, 800 egg laying hens of 72
weeks of age were reared from April through September. There was a drop of
S.l^C in air temperature from 38.6^C to 30.5^C and average egg production
was 60.20% with a peak of 72.5%. The average egg size was 58.8g and feed
intake 135g. In winter season (December through February), 1600, one-week
old broilers were reared. There was a rise of 9^C in air temperature from
7.6^C to 16.5^C. The average weight gain was 1350g and Feed Conversion
Ratio was 2.81. The mortality in hens was observed to be 12.5 and in broilers
13.5%. This system has the feasibility of use through out the year with low
energy consumption.

INTRODUCTION
An earth tube heat exchange system involves the heat transfer between soil, tubes
and air flowing through the underground tubes. The ambient air is drawn through the
tube end exposed to the atmosphere. As the air travels through the length of the tube,
it is conditioned before entering into the poultry house. Since tubes are laid sufficiently
deep in the earth, where soil temperature variations are small, ambient air gets heated
in winter months or cooled during summer months. Therefore, an earth tube heat
exchanger has the potential of being used throughout the year. This system has very
low energy consumption and economical to use in large poultry houses. The
installation of the earth pipe is the only additional capital cost.
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Heat flow through the soil takes place primarily by conduction and moisture migration
(Puri,1987). Francis (1981) has found that the successful operation of the cool tubes
as space conditioning device in a farrowing house is economically viable as an
alternative to the common vapour compression type of air conditioning equipment.
The installation of this system and its performance for livestock housing has been
reported by Goetsch et aL(1985). Information for the poultry houses is not available
and hence this study was undertaken to develop a suitable earth tube heat exchanger
to enhance the performance of tgg laying hens and commercial broilers.
MATERIALS AND METHODS
The study was spread over a three year period. In the first year, the temperature of
the soil was measured at fortnightly interval for the whole year, at different depths.
To measure temperatures at different depths in the soil, thermocouple (copperconstatan) were positioned at 6, 12, 24, 36, 48, 60, 72 and 84 inches depths below
the ground surface and 5.7m and 9.8m away from the poultry house. The entire
length of 31 m of poultry house was scanned at distance of Im from each measurement
point. This data was used to determine the depth at which a constant temperature of
soil could be achieved. In. the second year, the galvanized iibn and PVC pipes of
varying diameter (0.1, 0.2, 0.3 and 0.4 m) were buried at that depth (1.7 m) below
the ground level. The length of each pipe was 13 m. These different materials and
diameters were used to study the effect of pipe material and diameters on the heat
transfer from the air. The temperature was measured using thermocouples, a selector
switch and a digital thermometer. The thermocouples were attached in the centre and
at the top of the pipes at Im distance. An adjustable speed blower was connected to
one of the openings to pull the air through one of the pipes. The data of ambient air
temperature, and through the pipes at air velocities of 0.5, 1.3, 4.5 and 10.5 (ms \)
was measured for whole of the year. The heating efficiency was measured as
Heating
Efficiency =

Temperature of heated air -Temperature of ambient air
Soil temperature - Temperature of ambient air

In the third year, three PVC pipes each of 13 m length and 20 cm dia were laid at 1.7
m depth. These pipes had one inlet each for drawing in the ambient air and were
connected to a Ikw blower. The air flow of the blower was varied by adjusting the
position of the damper located near the suction end. The blower was connected to 4.5
m long pipe which entered into the poultry shed (3 Im X 8m). The schematic of Earth
Pipe Heat Exchanger is shown in Fig.l. This whole system was adequate to meet the
ventilation requirement of 1700 broilers or 800 egg laying hens-capacity of the
house. The temperature of the ambient air moving through the pipe was recorded at
i) inlet, ii) at the exit of the blower and iii) in the shed at one hourly interval.
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Points for temp, measurement
-Kl-Ambient air temp.
M2-0utlet of the blower
^3-Air inlet of the pen
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FIG. 1. SCHEMATIC

FOR SUPPLYING AIR FROM EARTH PIPE HEAT EXCHANGER

In April, 800, seventy two-week old white leghorn laying hens were put in the
house in pens measuring 81 sq.ft. each. The hens were provided 2 sq.ft. of floor
space/bird on deep litter system. The birds were housed for 6 months up to end of
September. The feed intake/bird/day, the egg production, egg size and FER/dozen
eggs and per kg egg mass were recorded for this period. The temperature prevailing
at these points was also recorded from 10.00 A.M. to 6.00 P.M. (the high temperature
time) during this period.
In December, 1600, one-week old commercial broilers were housed on deep litter
system, providing 1 sq.ft. floor space/bird, the air temperature at different points was
recorded for the rearing period of 8 weeks from 00.00 to 0800 A.M.
RESULTS AND DISCUSSION
The data on the undisturbed soil temperature at or below 1.7 m was recorded to be
20°C throughout the year. At an air velocity of 0.5 ms ', the gap between the soil and
air temperature was minimum at 13 m length of pipe. This gap widened with the
increase in air velocity, the difference being the maximum at 10.5 ms^ air velocity. It
is shown in Fig. 2. It was observed that 13 m long pipe was adequate at an air
velocity of 0.5 ms ', whereas, to achieve higher velocity, pipe length should be
correspondingly increased. The contribution of the first 6 metre pipe length on heating
the air was more in comparison with next 7 m pipe length.
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The data on temperature change and heating efficiency are given in Table 1. The
ambient air temperature ranged between 5.0 to 9.0^C during the period of experiment.
At a velocity of 0.5 ms ' the temperature gain at 13 m pipe length remained at 11.011.5^C although heating efficiency dropped from 95.8% at the beginning to 79.7% at
the end of two hours of operation. Thus it can be seen that at velocity of 0.5 ms \ the
heat gain and heating efficiency values dropped, but still upto 2 hours, a constant
amount of heat can be extracted from the soil.
Since 0.5 ms ' air velocity was found to be the most efficient, it was adopted in
winter season. The temperature prevailing at the entry of ambient air i), at blower ii)
and inside the poultry pen iii) during summer and winter seasons is given in Table 2.
The respective values during winter season were 7.61^C ±0.22, 16.6^C ± 0.19,
16.5^C ± 0.26 and 6.6°C ± 0.20 indicating a rise of 9°C inside the poultry shed. This
experiment was conducted during the months of December, January and February,
when the temperature outside the poultry shed drops to even freezing point.
In summer season these values were observed to be 38.6°C ±0.18 at points 1, 2, 3
and 4 respectively indicating a fall of 8.1^C in air temperature. Sinha et al.(1981)
have indicated that a passive summer cooling and winter preheating seems feasible
because it utilizes the underground temperature which stays fairly constant at about 2
m depth throughout the year. Puri (1987) has indicated that winter application of this
system for preheating the ventilation air for green house showed that the system had
a payback period of less than three years. The energy consumption is only at the
blower level.
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Table 1. Temperature gain (**€) for an earth heat exchanger.
Time after
operation
Just after
start

1
hour

Air velocity(ms-l)

Difference between
ambient air and
soil temp.(°C)
Temp.gain at
3m
6m
12m
Difference between
ambient air and
soil temp.(°C)
Temp, gain at
3m
6m
12m

2
hours

Difference between
ambient air and
soil temp.(°C)
Temp.gain at
3m
6m
12m

0.5

1.3

4.5

10.5

12.0

11.0

11.5

12.2

4.8(40.0)*
10.0(83.3)
11.5(95.8)

2.0(18.2)
3.8(34.5)
6.2(56.4)

1.8(15.6)
3.0(26.1)
5.0(43.5)

1.0(8.2)
2.5(20.5)
3.8(36.2)

12,0

13.2

12.5

12.5

3.89(30.4)
9.5(76.0)
11.0(88.0)

2.8(22.4)
5.5(44.0)
8.0(64.0)

0.8(6.7)
2.5(20.8)
4.2(35.0)

0.8(6.1)
1.8(13.6)
3.8(28.8)

13.8

15.0

12.0

11.0

3.8(27.5)
9.2(66.7)
11.0(79.7)

2.2(14.7)
5.8(46.4)
8.8(58.7)

1.2(10.0)
3.2(26.7)
4.2(35.0)

0.0(0.0)
0.5(4.5)
1.0(9.1)

* Figures in parenthesis are heating efficiency values

The average egg production during the experimental period was 60.20 % with a peak
of 72.5 %, whereas, the mortality during the period was 12.5 %. The egg size was
58.8g and feed intake/bird/day was 135g. The efficiency of feed utilization per dozen
eggs and per kg egg mass produced were 2.773 kg and 3.939 respectively.
The average body weight gain of broilers during winter season over 7 week period
was 1350 g with a mortality of 13.5 %. The FCR obtained was 2.81. The data on egg
production and broiler production indicated that this system can be used throughout
the year. Diener et al.(1983) have also observed the feasibility of this system in
poultry houses.
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Table 2. Ambient air temperature (^C) measured at different points of earth
tube heat exchanger in summer and winter season at different air velocities.
Season

Air
velocity
metre/sec.

Summer

0.5
1.3
4.5
10.5
0.5

Winter

Ambient air
temp.(«C)

Air temp.
at blower (^C)
ii)

Air temp.
in experimental
shed (^C)
iii)

Air temp.
in contol
shed («O
iv)

i)
38.6 + 0.55
38.6 + 0.79
37.5 + 0.89
39.6 + 0.56
7.64 ±0.22

30.3 + 0.65
31 1+0.32
33.5 + 0.45
35.6 + 0.54
16.6±0.19

30.5 ± 0.74
31.3 + 0.47
33.1+0.59
35.8 + 0.33
16.5 ±0.26

36.5 ±0.18

6.6 ±0.20

Number shown as i), ii), iii) and iv) indicate points of temperature measurements in the earth pipe
heat exchanger.

It can be concluded that this earth pipe heat exchanger can be economically used in
poultry houses for chick rearing, egg laying and broiler production. The only cost is
the laying of pipes and an air blower.
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COMPARISON OF ENERGY EFFICIENT LIGHTING
SOURCES FOR POULTRY HOUSES
G. B. Havenstein^ and N. G. Zimmermann^
'Department of Poultry Science, North Carolina State University,
Raleigh, NC 27695-7608, USA
^Department of I^oultry Science, University of Maryland, College Park,
MD 20742, USA

Wavelength and intensity are components of light that must be considered when
selecting an energy efficient light source for poultry. Poultry growth is enhanced
by blue and green wavelengths whereas reproduction is enhanced by red
wavelengths. Illumination must exceed the threshold for reproduction, but must
remain below levels that cause hyperactivity and cannibalism. Light sources may
be categorized into incandescent, fluorescent (F), and high intensity discharge
(HID) types. F and HID light sources require ballast that consume energy and
may not be dimmable. Ballast quality affects bulb and ballast life span, energy
efficiency, starting time, flicker, and hum. Mercury vapor, metal halide, high
pressure sodium (HPS), and low pressure sodium (LPS) are types of HID light
sources. Most HID light sources are high wattage fixtures resulting in light intensity
that exceeds desired levels for poultry. F light sources are particularly suited for
poultry and are available in a wide range of wattages and can provide desired
intensity without dimmers. F light sources can be constructed with a variety of
phosphors to provide almost any wavelength of light desired. Compact fluorescent
(CF) light sources can be retrofitted into incandescent fixtures. High frequency,
solid state ballasted CF placed within diffusing globes provide energy efficient
lighting and provide the necessary intensity and spectrum of light required by
growing and breeding poultry.

INTRODUCTION
Artificial lighting with incandescent bulbs has been the most common method of
providing lighting needs of poultry. Poultry require specific duration, intensity, and
wavelength of light at various stages in life to achieve their genetic potential for growth
and reproduction (Ernst et ai, 1987). Technology has provided many energy efficient
light sources. Care must be taken when selecting energy efficient light sources to insure
they meet the lighting requirements of poultry.
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LIGHT SOURCE REQUIREMENTS FOR POULTRY
Light sources that are adequate for human use may not be optimum for poultry growth
and reproduction. Light is a physical stimulus in terms of wavelength and intensity
which visual sensors translate into color and brightness. Electromagnetic energy is
perceived as light by the human eye. Electromagnetic wavelengths between 380 and
770 nm are perceived by humans as the colors violet, blue, green, yellow, orange, and
red, respectively. Birds perceive light via the eye, pineal gland, and hypothalamus (Famer
and Gwinner, 1980), and they detect a wider range of the light spectrum than do humans.
Birds can detect ultraviolet (UV) wavelengths below 350 nm (Kreithen and Eisner,
1978; Wright, 1979). Most energy efficient light sources generate UV light at
wavelengths discernible to pigeons and perhaps other fowl. The human eye is most
sensitive to light of 555 nm wavelength, whereas the bird eye is most sensitive at 570
nm. Critical fusion frequency (CFF) refers to the frequency at which a strobe light
must flash to be perceived as continuous light. The CFF in humans is 60 to 70 hertz
(Hz) whereas CFF in chickens is 105 Hz and in pigeons is 140 Hz (Ulf and Burandt,
1984). All hght sources flicker at 100 and 120 Hz when powered by 50 and 60 Hz
current, respectively, and the flicker is most apparent with fluorescent light sources.
Some birds, and perhaps poultry, can see this flicker. Although much variation exists,
humans and birds obviously perceive light energy differently.
Intensity is a component of light that can be measured in physical units of watts/cm^
(irradiation) or photopic units of a lux (illumination). Irradiation measurements are
especially useful for evaluating the effect of different wavelengths of light on
reproduction or growth performance (Foss et al, 1972; Osol et al, 1984; Wabeck and
Skoglund, 1974; Woodward et al, 1969). Photopic units are based on the visual acuity
of humans, not poultry. Wineland and Slopes (1992) have suggested that units of
irradiation are most applicable for measuring light intensity for poultry. The goal is to
select an energy efficient light source that provides uniform intensity, exceeds the
threshold for reproduction, and remains below levels that cause hyperactivity and
cannibalism.
The color or wavelength emission by light sources is important when selecting energy
efficient light sources for poultry. Three different ways to describe color emission from
a light source are used. The first is the Color Rendering Index (CRI). CRI is a numeric
value (100 is excellent and 0 is poor) that relates how well a light source compared
with sunlight renders color for humans, and has little relationship with poultry
performance. The second method is to use a spectoradiograph that shows irradiation
output at specific wavelengths across the visible spectrum. A spectoradiograph is the
most accurate and precise measure of wavelength emission. The third method is to use
the color temperature of the light source as an indicator of wavelength emission. Light
source manufacturers specify CRI and color temperature in their literature. Color
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temperature ranges between 1500 and 9000° K. A light source is considered to be
"warm" if its color temperature is less than 3100°K and "cool" if above 4000°K. Growth
performance of young chickens exposed to blue and green wavelengths (cool) is more
efficient than with red wavelengths, but red wavelengths (warm) are more effective in
maintaining reproduction in young and old birds (Foss et ai, 1972; Osol et ai, 1984;
Wabeck and Skoglund, 1974; Woodward et al, 1969; Harrison et al, 1969; Pyrzak et
al, 1986). Layers and breeders must receive much of their illumination from the yellow,
orange, and red regions of the spectrum for optimum performance. Light sources with
color temperature below 3100" K (i.e. warm) will provide this spectrum of light.
LIGHT SOURCE CHARACTERISTICS
The types of light sources currently available may be grouped into three categories.
Incandescent (IN) Ught sources are least efficient for converting (approximately 10%)
energy into visible light. Fluorescent (F) light sources are available in a variety of
forms including strip, circle, and compact fluorescent (CF): F light sources are
approximately 20% efficient. F light sources that have high color temperature tend to
be more energy efficient than those with low color temperature. High intensity discharge
(HID) light sources include mercury vapor, metal halide, high pressure sodium (HPS),
and low pressure sodium (LPS). LPS light sources are the most efficient and convert
approximately 35% of the energy used into visible light. Table 1 shows the operational
characteristics of these light sources. Some energy efficient light sources do not provide
uniform illumination due to the fixtures construction characteristics. The light source
should be enclosed in a light diffusing globe.Other energy efficient light sources are
being developed.(Table 1.)
Issues that should be considered when converting from IN to an energy efficient light
source are cost, durability, wavelength, intensity, light pattern, flicker, and warm up
time. The initial cost of energy efficient light sources is higher than IN but is usually
offset by a longer life span and reduced labor for changing bulbs, dependent upon the
cost of electricity. IN bulbs have the advantage of being inexpensive, they are available
in a wide range of wattages, and they have variable intensity output when used with
either resistor or solid-state dimmers. F and HID light sources require ballasts to generate
an excitation wavelength (mostly 254 nm UV) which is converted to visible wavelengths
by interaction with the vapors inside the bulb and with the phosphors lining the inner
surface of F tubes. Wavelength output of F bulbs is a function of the ratio of phosphorus
types lining the bulb. Specialized ballasts and dimmers are required to enable dimming
of F and HID light sources. The disadvantage of most energy efficient light sources is
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Table 1. Comparison of incandescent and energy efficient sources.
Light
Source

Lumens
per
watt

Rated
life
(hrx 1000)

Lumen
maintenance

Color
temperature
(K)

Color
rendition
index

Oper
ating
cost

Incandescent

15-20

.75-2

Fair to
Excellent

2750-3400

98

High

Halogen
incandescent

18-25

1 -3.5

Very good

2850-3000

98

Above
Av.

Fluorescent

55-100

7.5-24

Fair to
Excellent

2700-7500

51-95

Av.

Mercury
Vapor

40-60

16-24

Very good

3000-7000

20-60

Av.

Metal halide

80-125

5-20

Good

3200-3700

60-80

Below
Av.

High pressure
sodium

75-140

10-24

Excellent

1900-2700

20-80

Low

Low pressure
sodium

up to 200

14-18

Excellent

1700

20

Low

that most commercially available fixtures are high wattage and the light intensity
generated is too high for poultry. F fixtures, particularly CF fixtures, are most suited to
cage layer house lighting because they are available in small watt sizes (as low as 5 w)
that can be retrofit into existing IN sockets. Laying hens prefer the illumination provided
by CF compared with IN Ught (Duncan, 1994). Dimmable, enclosed, strip fluorescent
light sources designed for poultry houses are also available. The light intensity and
light pattern of energy efficient light sources enclosed in globes can be adjusted by
applying masking tape to the globe.
All light sources have decreased lumen output as they age. It is important to select a
light source that will provide the minimum threshold of light intensity for poultry up
until the time of complete failure. Reputable manufacturers will report lumen
maintenance in their literature. Compared with IN light sources, energy efficient light
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sources produce little heat. This is an advantage when temperature is high, because less
heat must be removed by the ventilation system. However, energy efficient lighting
sources can be cool enough to allow insects to alight on them and leave fecal deposits.
Therefore, an insect control program and a light source cleaning program should be
implemented to prevent excessive insect droppings from reducing lumen output below
the minimum threshold of light intensity for poultry.
BALLAST EFFECTS
The quahty of the ballast affects energy efficiency, how well the bulb maintains intensity,
how quickly the bulb lights, ballast hum, and the life span of bulb and ballast. It is
important to consider that the wattage listed on a light source does not include the
power consumed by the ballast. Greatest efficiency occurs when the ballast and bulb
are matched. The number of CF bulb manufacturers is limited. However, many ballast
makers are producing ballasts of variable quaUty. Andrews and Zimmerman (1990)
reported that a 20-w strip F, a 22-w circle F, a 5-w CF, and an 18-w LPS Ught source
consumed 31, 20, 11, and 33 w, respectively, when used 23 hours/day over a six week
period. They concluded ballast quality contributed to the differences between rated and
actual power consumption. Reputable manufacturers will report ballast energy
consumption in their literature. Standard and high efficiency electromagnetic ballasts
operate at the same frequency as the input power. Electronic solid-state ballasts may
distort the input power frequency. Although this is not considered to be a negative
factor, electric utility companies recommend selection of electronic ballasts that have
less than 20% total harmonic distortion of amperage (low power factor). Electronic
ballasts are the most energy efficient and can increase the flicker frequency (up to 60
KHz) to exceed CFF in birds. Electronic ballasts have shorter warmup times, ignite
more readily in cool temperatures, and have less hum. Dimmable electronic ballasts
are also available.
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ENERGY EFFICIENT LIGHTING FOR POULTRY
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Department of Animal Science, University of Connecticut, 3636
Horsebarn Road Ext. Storrs, CT, USA

INTRODUCTION
Lighting chicknes has become a Uttle more complex in the last 10 years than just screwing
in the bulb and flicking on the switch. Now there are a wide variety of lighting devices
available to poultry producers, each with its own characteristics and applicability to
rearing chickens. However, I have found that most people are slightly confused about
what light is and what aspects of it are important to rearing poultry. I would therefore
like to elaborate on this just a little.
WHAT IS LIGHT ?
Visible light is just a tiny portion of the total electromagnetic spectrum, which includes
radio waves, microwaves, x-rays and gamma rays. The light environment can be
classified in three ways, wavelength, intensity and duration. Each of these aspects
will be discussed relative to rearing poultry.
Wavelength or Color of Light
Research has shown that the color of light can have many different effects on growth
and reproduction in poultry. It has been reported that blue-green light stimulates growth
in chickens while orange-red stimulates reproduction. (Harrison, et al., 1969 ; Pyrzak,
et al., 1986, Pyrzak, et al., 1987) Red light has also been shown to reduce cannibalism.
(Darre, 1977). This is important when selecting a light source for illuminating poultry.
The lighting industry uses four methods to describe light color but only one really
applies to selecting lighting for poultry : Chromaticity.
Chromaticity is the measure of a light source's warmth (warm light) or coolness (coll
light) expressed in degrees Kelvin. The scale runs from 2000 to 7000K. Chromaticity
values of 4000K and higher are considered cool (mostly blue light), those around 3500
K or 3600K are called "balanced" or "neutral" and those of about 3000K or lower are
considered warm (more red light). A color temperature designation is truly accurate
only for an incandescent lamp because it produces a continuous spectrum. Fluorescent
and HID (high-intensity discharge ; HP Sodium and Metal Halide lamps) lamps are
said to have a "correlated" (apparent) color temperature and are thus always described
using the term correlated color temperature (CCT) (Knisley, 1990).
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WHAT KIND OF LAMPS ARE AVAILABLE TO POULTRY PRODUCERS ?
Incandescent, Fluorescent, Metal Halide and High-Pressure Sodium lamps are currently
being used in poultry production facilities for laying hens, breeder flocks and growing
meat birds. Th&incandescent bulb is the current standard by which others are compared,
relative to poultry production.
Incandescent bulbs produce light by passing an electric current through a tungsten
filament, heating it to incandescence. These lamps provide light energy over entire
visible spectrum, however much of the electrical energy is converted to heat energy as
infrared. They have a light efficiency of about 8-24 lumens per watt and rated life of
about 750-2000 hours. A tungsten-halogen incandescent lamp will last about 3000
hours with an efficiency of about 20 lumens per watt.
Fluorescent lamps produce light by the passage of an electric current through a lowpressure vapor or gas contained within a glass tube. The ultraviolet radiation given off
by the mercury vapor are stream produced along the length of the tube is absorbed by
the phosphor material coating the inside of the glass tube, causing it to fluoresce at
wavelengths that are seen as visible light.The wavelengths emitted depend upon the
phosphors used in coating the tube. The new CF lamps all use a special triphosphor
coating, resulting in light emitted in discrete wavelengths from each of the primary
colors, red-orange, green and blue,giving an appearance of balanced white light. There
are two styles of the CF lamps, "twin" and "quad" tube. They come in 5,7,9,13,16,22
and 28 watt sizes with efficiencies of 50 to 69 lumens per watt and rated lifetimes of
greater than 10,000 hours. Recent research has demonstrated that some may last more
than 20,000 hours under poultry house conditions. However, these lamps will decrease
their light output by about 20% - 30% over their lifetime, (Darre and Rock) and this
must be considered upon initial installation. All fluorescent lamps require a ballast.The
CF lamps have been used successfully in all types of poultry operations, including
caged layers, (Darre, 1986) breeder flocks, growing broilers (Andrews and Zimmerman.
1990 ; Scheideler, 1990), growing pullets and tukeys. Research by Widowski, et al.
1992) indicated a preference for CF lamps over incandescent lamps by Leghorn layers.
High Pressure Sodium (HPS) lamps discharge an electric are through a concentrated
sodium vapor producing energy across the entire visible spectrum, but with the highest
intensity in the yellow,orange and red regions. These are considered warm lights at
about 21OOK color temperature. They run at about 51-132 lumens per watt and come in
wattages ranging from 35 to 1000. They have the longest rated life of all the lamps
discussed, at about 24,000 hours.All HPS lamps require a ballast.These lamps require
a warm up time to full illumination of between 5 and 15 minutes, which means that
after a power outage, backup lighting may be necessary until full illumination has been
achieved again. These lamps have been used successfully in poultry facilities, mostly
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in breeder houses and turkey facilities, with peaked roofs so that Hght distribution is
more easily controlled (Andrews and Zimmerman, 1990).
MetalHalide (MH) lamps have ratings from 32 to 1500 watts and come in three different
outer bulb finishes, clear, phosphor coated and diffuse. The MH lamps emit light across
the entire visible spectrum, but are considered a cool light, having a lot of blue. They
have efficiencies of about 80 to 100 lumens per watt and are rated at about 10,000 to
20,000 hours of life. MH lamps require a ballast also. Because these lamps must be
mounted in a specific orientation (vertical or horizontal ) they are not used much in the
chicken house, but have been used in warehouse areas and egg handling rooms, where
ceilings are high and efficient, bright lighting is required. These lamps also have a
warm up period of between 5 and 15 minutes to achieve full illumination.
HOW BRIGHT AND HOW LONG ?
Now that the physical aspects of the lamps have been discussed, it is time to turn our
attention to intensity and duration.
What intensity should be used with chickens ? This depends upon the age of the chicken
and type of housing you use.With blackout housing both males and females can be
exposed to 3.5 footcandles(fc) (1 fc = 10 lux) from day one to day six and then placed
on 1 fc to 19 or 20 weeks. After 19-20 weeks the birds can be exposed to between .5 to
5.0 fc during the entire production period.In natural light housing (window or curtain
houses ) then the natural light is supplemented with 1.5 - 5.0 fc for the period when
supplemental lighting is used.
The next important aspect is duration of light stimulation for layers or breeders. Two
rules exist for this.
1. Never Increase the duration or intensity of light during the growing period.
2. Never Decrease the duration or intensity of light during the production period.
To be most effective, lighting programs for growing birds must be correlated with the
lighting programs for production birds. (Leeson and Summers, 1980 ; Leeson and
Summers, 1985). When birds are moved from the brooder/grower house, the lighting
must already be in synchrony with the lighting in the layer/breeder house. Most breeding
companies have specified Ughting programs that work well with their birds. In general,
for chick and pullet growth of layers, the duration of the light period should be 24
hours for the first one to three days and then reduced to 6-8 hours per day until the first
egg is produced and then jump to 13 hours and increase the light by 30 min per week
until 15-16 hours per day is reached, for windowed or open-sided housing. However,
according to Lewis et al. (1992) the sensitivity of the young pullet to an increase in
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photoperiod varies with age and is at a maximum between 9 and 12 weeks of age and
thus increasing the photoperiod at or soon after 18 weeks has little effect on age at 50%
lay. Therefore, the use of step-down - step-up lighting programs should be timed to
bring the birds into lay at the age you wish, either early lay or late lay, starting the
programs between 9 and 12 weeks. With early lay you will get more, smaller eggs and
with late lay you will get fewer, larger eggs, but the total tgg mass at the end of lay will
not be much different. Breeder flocks should follow the schedules provided by the
breeder company.
Broilers are normally provided with 24 hours of Ught for the first day or two and then
reduced to 23 or fewer hours of light. Classen and Riddell (1989) reported that the use
of lighting programs that start with short (6L:18D) and increase in either one step or
gradually to a long day (23L:1D) resulted it an improvement in broiler health without
loss of growth and performance. However, blackout housing is required.
WHERE SHOULD THE LAMPS BE PLACED IN MY BUILDING ?
The distribution of light within your poultry facility will depend upon placement of the
lamps. The lamps should be placed so that the maximum illumination valus is spread
over the largest area. Normally, in a 2/3 slatted floor breeder house HID lamps are
placed in the center of the building, at about 12' from the floor. With the use of proper
reflectors, the light should be sufficient to illuminate the next box areas as well as the
litter floor area. However, many have found that adding a row of low wattage CF lamps
over the nest box areas guarantees even lighting. If CW or Incandescent lanips are
used, a row of lights over both slatted areas in addition to the center row will be necessary
to maintain adequate lighting. This all depends upon the physical dimensions and
equipment in your building.
In cage layer facilities, it is best to place the lamps such that the darkest areas have at
least .75 fc of light. The number of feet between lamps will depend upon the size of the
lamp and the physical surroundings of the cages, ceiling, etc. Just remember, your goal
is to achieve even lighting throughout your building, at the desired brightness level for
your birds. Lamps should be placed so that the minimum lighting desired is found at
the darkest point (usually midway between lamps on the floor). The bright spots must
not exceed the maximum illumination required. One last point, all the lamps described
above, except the incandescent, will lose up to 20% of their original light output during
their rated life, and must be considered in lamp placement (Darre and Rock, 1995). For
example, if you desire no less than 0.5 fc at the darkest point and you use a CF lamp,
at the end of the lamp life, or when dirty you may only have .4 fc or less. (If a lamp is
rated at 100 lumens, it will have only 80 lumens toward the end of the lamp life).
Dirty lamps will also decrease light output, by as much as 15 to 20% (Darre and Rock,
1995), therefore it is important to clean the lamps off at least once per week.
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THE DOMESTIC HEN'S RESPONSE TO
PHOTOPERIODIC INFLUENCES
P.D. Lewis
Dept. of Clinical Veterinary Science, University of Bristol, Langford,
Bristol, BS18 7DU, UK

Since the introduction of intensive housing it has been common practice to provide
laying hens M^ith daylengths of about 17 h, and in the open-housing conditions of
tropical poultry industries birds frequently receive a supplementation of artificial
light M^hich creates a daylength in excess of 17 h. Whilst there has been a tendency
(at least in the UK) in recent years to limit the maximum daylength in the laying
period to about 14 h, this review suggests that, subject to considerations for egg
weight and food intake, many aspects of the laying hen's performance and welfare
could be improved by using a photoperiod of shorter duration.
INTRODUCTION
Whilst Morris (1967) concluded that domestic fowl respond more to a change in
photoperiod than to the photoperiod itself, the effects of photoperiod/7^r se cannot be
ignored. In non-controlled environment housing, the daylength is principally dependant
upon season and latitude, and manipulations of the photoperiod are restricted to
supplementation with artificial illumination. However, in controlled environment
housing it is possible to provide a photoperiod which is both independent of the natural
daylength and specific to the needs of a particular flock.
This paper describes the influence of photoperiod per se upon sexual development, egg
production and associated traits of the domestic hen.
REARING PERIOD
Age at sexual maturity
Morris (1967) produced a cubic model to describe the effect of constant photoperiod
on age at first egg (AFE), which suggested that the earliest AFE would be achieved by
rearing birds on 16-17 h photoperiods. However, recent trials at Bristol University and
a re-examination of the earlier published data suggest that the most stimulatory
photoperiod is much shorter than 17 h. Lewis et al (1996a) suggest that the best model
for predicting AFE involves the fitting of separate linear regressions to photoperiod
above and below an optimal 'hinge' point. Analysis of the 12 sets of data from Morris
(1967) and 3 sets of data from Bristol University (Lewis and Perry, 1994: Lewis et al.,
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1996b) indicate that the earliest AFE will be produced by rearing birds on 10 h
photoperiods, and that AFE will be delayed by 1.73 d/h for decreases in photoperiod
below 10 h, and by 0.30 d/h for increments in photoperiod above 10 h (Figure 1).
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Figure 1. Effect of constant photoperiod on age at first egg. Data from Morris (1967)
and Bristol University
However, most hens will not be kept on constant daylengths, but given an increase in
photoperiod sometime prior to sexual maturity. The amplitude of the response to an
increase in photoperiod will be dependent, in part, upon the age at which the increment
is given (Lewis et al. 1992a), but for a given age the advance in AFE is curvilinearly
related to the final photoperiod. The following equation, derived from data (adjusted
for age at photostimulation) collected from brown and white-egg hybrids which had
been given an initial 8 h daylength, predicts that the maximum advancement in AFE
will be achieved by increasing the photoperiod to 14 h.
-108.7+19.08P-0.682P2 + k

(R2 = 0.876, P = 0.074)

where y = advance in AFE (d), P = photoperiod (h) after an abrupt increase from 8 h
and k = 2i constant for differences between trials.
Body weight at sexual maturity
Body weight at sexual maturity is influenced by both AFE and the quantity of food
consumed to first egg (and therefore also by the photoperiod). Mean body weight at
first egg may be predicted by the following equation :

y = -\91 +\6.^V+\\nA + k

(R2 = 0.949, P = 0.028)

where y = body weight at first tgg (g), P = photoperiod (h), A = AFE (d) and k= a.
constant for differences between trials.
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Food intake
During the rearing period, food intake to a given age increases almost linearly with
photoperiod (Table 1). However, the quantity of food consumed to sexual maturity is
influenced by both the daily rate of food intake and by the AFE. Accordingly, the
prediction of food intake to first egg is described by an equation which includes both
photoperiod and AFE as variables.
y = -11982 + 221P + 133A + k

(R^ = 0.979, P = <0.001)

where y = food consumed to first egg (g), P = photoperiod (h), A = AFE (d) and /c = a
constant for differences between trials.
Table 1. Prediction equations for mean cumulative food consumption of ISA Brown
and Shaver 288 pullets to 4, 8,12,16,18 and 20 weeks of age. Data from Bristol
University.
Age
(weeks)

Prediction equation*

4

value

P
value

y = 495 + 20P

0.864

0.033

8

y=1307 + 96P

0.871

0.030

12

y = 2988 + 126P

0.937

0.007

16

y = 4605 + 179P

0.947

0.005

18

y = 5527 + 204P

0.967

0.002

20

y = 6712 + 213P

0.973

0.001

* where y = cumulative food intake (g/bird) and P = photoperiod (h)
LAYING PERIOD
Rate of lay
Data from McCluskey and Parker (1963), Morris (1979), Lewis et al. (1996d) and
unpublished data from Bristol University indicate that when birds are kept on constant
photoperiod from 1 d of age, or given a single increase in photoperiod prior to sexual
maturity, mean rate of lay increases by about 2% per 1 h (of the photoperiod in the
laying phase) up to about 9-10 h (Figure 2). When the day length exceeds 10 h there
appears to be an interaction between photoperiod and genotype. The data from Morris
(1979), McCluskey and Parker (1963) and for Shaver 288 birds in the Bristol trials
suggest that rate of lay plateaus, and may even decline, when birds are given day lengths
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which are longer than 10 h. However, four sets of egg production data for ISA Brown
hens in the Bristol trials and data reported by Morris et al. (1995), for two brown egg
hybrids, suggest that the response of egg production by these particular genotypes to
photoperiod continues beyond 10 h; possibly up to 16 h. However, rate of lay appears
to be adversely affected by exposure to photoperiods of 18 h, irrespective of genotype
(Figure 2).
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Figure 2. Effect of photoperiod in lay on mean rate of egg production (100-504 d of
age). Data from (♦) Morris (1979), Bristol University trials: (ik) ISA Brown, (A)
Shaver 288 and (O) Morris et al. (1995).
Whilst food intake is positively correlated with photoperiod (Figure 3), the lack of data
from trials in which birds were pair-fed precludes the partitioning of the effect of
daylength into the direct effect of photoperiod per se and the indirect effect via changes
in food intake influenced by the photoperiod. Nevertheless, data reported by Lewis et
al. (1996e), for birds which had received a change in photoperiod at 215 d of age,
suggested that the changes in food intake, which were associated with the change in
photoperiod, were responsible for up to 40% of the effect upon egg production. The biphasic effect of photoperiod upon AFE, which causes the earliest maturity to be achieved
by rearing birds on a constant 10 h daylength, must also affect egg production to a
given age, as this trait is negatively correlated with AFE (Lewis et al. 1996d).
Egg weight
Mean egg weight to 72 weeks of age, of birds given a single increase in photoperiod at
the end of the rearing phase, increases by 0.1-0.2 g/h of final photoperiod. Data from
Lewis et al. (1996d) showed that the rate of egg weight increase per 1 h increment is
greater in Shaver 288 than in ISA Brown hens, and this is probably due to the continued
response, in terms of rate of lay, by the ISA birds beyond 10 h.
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Figure 3. Effect of photoperiod on mean daily food intake between 98 and 504 d. Data
from Bristol University.
Egg output
The combined effects of photoperiod upon AFE, rate of lay and egg weight result in a
positive correlation of egg output with photoperiod. The data reported by Lewis et al.
(1996d) and unpublished data from Bristol University indicate that, with an adjustment
for AFE, mean daily Qgg output (from 98 d of age) increases by about 0.4 g/h of
photoperiod, and can be predicted by the following equation:
y = 35.0 + 0.375P + 0.056A + k

(R2 = 0.596, P = <0.0001)

where y = mean daily egg output between 98 and 504d (g), P = photoperiod (h), A =
AFE (d) and k = a. constant for differences between genotypes.
Shell quality
Egg shell quality is negatively correlated with photoperiod, with shell weight decreasing
by about 0.06 g/h after adjustments have been made for age and genotype (Lewis et al.,
1994b). This decrease in shell weight, which coincides with an increase in egg weight,
results in a highly significant decline in shell thickness index (mg/cm^) with increase in
photoperiod (Figure 4). Differences in egg weight, rate of lay and mineral intake have
been discounted as possible reasons for the poorer shell quality of hens kept on longer
photoperiod, and temporal relationships between the shelling process and feeding, and
between hormonal secretions associated with ovulation and the shelling process
suggested as causal factors (Lewis et al., 1994b). Body-checked eggs have also been
positively linked to photoperiod; with the incidence falling from 18.3% to 1.0% when
the day length was reduced from 19 h to 14 h (Roland and Moore, 1980).
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Figure 4. Effect of photoperiod on mean shell thickness index (mg/cm^) between 196
and 504 d.
Food/energy intake
Lewis et al. (1996d) reported that the mean daily food intake, of ISA Brown and Shaver
288 hens between 98 and 504 d of age, increased linearly with photoperiod by about
1.3 g/h of photoperiod (Figure 3). Under short daylengths birds consume more food in
the period before dawn and maximise their rate of ingestion during the photoperiod,
and under longer photoperiods birds reduce their hourly rate of feeding during the
photoperiod, but not in proportion to the increase in daylength. Feeding activity during
the last 6 h of the day is similar under all photoperiods (Perry and Lewis, 1992).
The 1.3 g/h increase in food intake correlates well with the 1.2%/h increase in
metabolisable energy (ME) intake reported for ISA Brown hens by Lewis et al. (1994a),
where the rate of increase in daily ME intake (9.3 kJ/kgW°^%) was reflected in a 7.8
kJ/kgW^^^ increase in daily heat production. This increase in heat production, as
photoperiod increased (approximately +l%/h photoperiod), was similar to that which
would have been predicted from calorimetric measurements of diurnal variation in
heat production reported by Berman and Meltzer (1978).
Food conversion efficiency
Data from Morris et al. (1995) and three sets of unpublished data from trials conducted
at Bristol University indicate that food conversion efficiency is curvilinearly related to
photoperiod (Figure 5). Conversion efficiency is maximised by the provision of a 10 h
photoperiod, but it then deteriorates by about 0.0034 g/g for each 1 h increase in
photoperiod.
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Figure 5. Effect of photoperiod upon efficiency of food conversion into egg output.
Data from (cp) 3 trials at Bristol University (mean of ISA brown and Shaver 288) and
(O) Morris et al. (1995) (mean of 2 brown egg-laying hybrids).
Tlie relationship is described by the equation:
y = 0.369 +0.008P - 0.0004?^ + k

(R2 = 0.588, P = 0.005)

where y = food conversion efficiency (g/g), P = photoperiod (h) and k = â constant for
differences between trials.
Time of egg laying
The pre-ovulatory rise in luteinising hormone (LH) can only occur in an 8-10 h period
of the light-dark cycle called the Open Period (OP), and its location is determined by
dawn and dusk, ie., photoperiod duration (Bhatti and Morris, 1978). As the time required
for egg formation is relatively constant, changes in the location of the OP will result in
corresponding changes in the time of egg laying. Each 1 h increase in photoperiod (and
corresponding 1 h decrease in scotoperiod) will result in the birds laying their eggs
later in the day. Although not all breeds of hen lay at the same time of day, for a given
light-dark cycle, the rate of change of mean oviposition time measured from "sunset"
is 26-27 minutes/h of photoperiod increment irrespective of breed (Lewis et ai, 1995).
Mortality
Mortality rates in laying hens during the first year of egg production are linearly
correlated with daily hours of illumination (Lewis et ai 1996c). In the trials conducted
at Bristol University, increases in daylength from 8 h resulted in mortality rates during
the laying year increasing by about 0.8% per 1 h increment. Whilst reasons for this
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adverse effect of light upon mortality are unclear, it is possible that the higher food
intake of birds exposed to longer periods of illumination leads to a higher incidence of
physiological disorders associated with an over-consumption of energy. This is supported
by the evidence that skeleton photoperiods which induce the same rate of lay as long
days, but not the same food intake, do not cause increased rates of mortality (Lewis et
al 1992b).
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THE APPLICATION OF INTERMITTENT LIGHTING
SCHEDULES FOR BROILER REARING: A REVIEW
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of Animal Production, K.U. Leuven, K. Mercierlaan 92,3001 Heverlee,
Belgium.
*P.D.L.T. Leyland 1,2860 Sint-Katelijne Waver. Belgium.

INTRODUCTION
It is a common practice to raise broiler chickens in (nearly) continuous illumination
e.g. 23 h light (L) : 1 h darkness (D) (23L:1D). It is advisable to include a short dark
period in order to accustom the birds to darkness and hence to avoid panic in case of
power failure. As broiler chickens are photoperiodic eaters, the use of such a continuous
lighting program (CL) is preferred because it is believed that under these lighting
conditions feed intake is maximum and hence also growth rate. However, it must be
recognized that this not necessarily corresponds with the highest biological production
efficiency and hence not with the best financial returns.
Moreover, intensive selection for growth rate is accompagnied with an augmented fat
deposition, an increased incidence of leg problems and metabolic diseases as sudden
death syndrome and ascites. Therefore, a renewed interest in alternative lighting
programs such as intermittent lighting schedules and increasing photoperiod Ughting
schedules (Gordon, 1994) for broiler raising has occurred.
This paper reviews the effects of intermittent lighting schedules on the performance
and welfare of broiler chickens. In addition, causal mechanisms for the observed
phenomena are proposed.
EFFECTS ON PERFORMANCE
In many experiments, we have compared the effects of intermittent lighting schedules
(IL) consisting of repeated short L:D cycles such as 1L:2D, and 1L:3D and imposed at
young age (usually after one week of continuous illumination) on final body weights
and feed conversion of male and female broilers with the performance of broilers raised
in (nearly) continuous illumination (Table 1). Final body weights of IL broilers were
equal to or even superior than those of their CL counterparts. When Uterature is also
considered, only in a few cases, a slight decrease in body weight with IL was reported.
However, it must be recognized that endogenous factors as genotype, sex, and age
747

interact with the imposed lighting schedule with respect to body weight. Indeed, Cave
et al. (1985) observed that not all the investigated broiler genotypes responded in the
same way upon IL. The age at which body weights are evaluated is of particular
importance as changing from CL to IL at young age initially reduces body weight gain
but this is then followed by a period of compensatory growth in such a way that at
commerial slaughter age, a similar body weight as that of their CL counterparts is
attained. However, in a recent study (Buyse et al, 1996; Table 1), it was observed that
male broilers reared under 1L:3D attained similar body weights as their 23L:1D
counterparts by 41 days of age whereas 1L:3D females did not. The ability to manifest
complete catch-up growth within the commercial rearing period is dependent on the
sex of the bird as well as on its genetic background.
Table 1. Effect of intermittent lighting schedules compared to nearly continuous
lighting 23L:1D on final body weight at market age and feed conversion of broiler
chickens
Sexl

Final body
weight

Feed
conversion

IL schedule

Period

1L:2D

d 7 - d 49

f

+ 0.4 %

- 9.0 %*

1L:3D

d 7 - d 47

f

+ 6.9 %*

- 4.4 %*

1L:3D

d7-d42

m

+ 0.3 %

- 6.2 %*

U.:3D

d 7 - d 42

m

+ 0.6 %

- 2.8 %

1L:3D

d 7 - d 42

m

+ 2.2 %

- 4.5 %*

1L:3D

d 7 - d 49

f

+ 3.2 %*

- 9.6 %*

1L:3D

d7-d41

m

+ 0.9 %

- 7.4 %*

1L:3D

d7-d41

f

- 6.9 %

- 2.6 %

1L:3D

d 7 - d 39

mixed

+ 1.6%

- 0.2 %

1L:3D

d 3 - d 39

mixed

-1.0%

- 0.2 %

1L:3D

d 5 - d 39

mixed

+ 0.3 %

-1.5%*

Values represent % differences between ILand CL: (IL-CL)*100/CL
*Significant differences between IL and CL (P<0.05)
lm=males, f=females
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TABLE 2: Regression of weights of fat depots (Y) on body weights (X) according
to In Y = In a + b In X of male broiler chickens reared under the continuous
lighting schedule 23L:1D or under the intermittent lighting schedule 1L:3D
Continuous lighting
23L:1D

Intermittent lighting
1L:3D

Y

Ina

b

Ina

b

Sartorial fat

-6.983

1.137

-6.967

1.119

Scapular fat

-6.315

1.171

-5.530

1.042

Heart fat

-9.705

1.284

-9.017

1.182

Abdominal fat

-8.937

1.615

-8.631

1.577

Stomach fat

-9.856

1.623

-9.040

1.491

In contrast to the 'variable' effect of intermittent lighting on body weight at market
age, in all our studies as well as those reported in literature, a considerable improvement
in feed efficiency with XL was found.
In most studies, a reduction in (abdominal) fat content at market age with IL was observed
(e.g. CawcetaL, 1985; Buyseet aL, 1996). Recently, we have investigated the allometric
growth patterns of several fat depots of male broilers reared under 1L:3D or 23L:1D
(Table 2). For both lighting programs, the allometric coefficients of all fat depots were
significantly higher than unity, which implies that fat is a late developing tissue. In
addition, it is also clear that the deposition of fat in different body sites is not synchronous:
the allometric coefficients of abdominal and stomach fat were significantly higher than
those of the other fat depots. It must also be noted that with CL, the allometric coefficient
of stomach fat exceeded that of abdominal fat whereas the opposite was true with IL.
For the 1L:3D broilers, the allometric coefficients of all fat depots were smaller than
those obtained from their CL counterparts. It is therefore hypothesized that - as a
consequence of the altered growth trajectory by imposing IL at young age - both the
onset and the full manifestation of the fat growth wave is postponed, at least temporarily.
This corresponds with the observed reductions in abdominal fat pad content at
commercial slaughter age with IL.
Slaughter yield is apparently not affected by IL but it is claimed that carcasses from IL
broilers have more breast blisters than those from CL chickens. This may be caused by
the fact that IL broilers rest for longer times on their breasts on wetter and more caked
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litter, especially around the drinkers. These problems can be avoided by using drinking
nipples instead of rounddrinkers, provided that a sufficient number of nipples are
available.
CAUSAL MECHANISMS
It is generally accepted that broilers reared under intermittent lighting are more efficient
convertors of feed into body weight gain. This results mainly from the considerable
improvement in feed efficiency during the period of compensatory growth (Buyse et
al., 1994a; Buyse et al., 1996). It is also argued that due to the more concave growth
curve of IL broilers, cumulative maintenance needs are reduced which evidently
contributes to the improved feed efficiency. As demonstrated recently, IL broilers also
retained dietary nitrogen more efficiently during the phase of compensatory growth
compared to their CL counterparts (Buyse et al, 1996). This also imphes less N excretion
and hence N pollution.
Moreover, IL broilers deposit less body fat. As fat deposition is highly efficient in
energetic terms but contributes marginally to body mass increase, a reduction in fat
deposition with a concomittant increase in protein accretion, will improve feed efficiency
to a great extent.
Imposing intermittent lighting is also associated with changes at the endocrine level
(Kühn et al., 1996; and unpublished results). In particular, elevated levels of growth
hormone (GH) and insulin-like growth factor-I levels in the plasma during compensatory
growth of IL broilers compared to those of their CL counterparts of the same age were
observed. Moreover, GH is known to be secreted in a pulsatile fashion by the pituitary
somatotrophic cells, a process which is dependent on endogenous and exogenous factors
(Buyse and Decuypere, 1994). Consequently, we have investigated the pulsatile GH
release of cannulated, 35-day-old male broilers manifesting compensatory growth due
to imposing the intermittent lighting schedule
1L:3D at 7 days of age. In accordance with previous observations, the overall mean
GH concentrations were higher for IL than for CL broilers (93.6 ± 12.0 vs 150.8 ±11.6
ng/ml; P<0.05). The burst frequency was not different between both hghting treatments,
but during each GH surge, IL broilers released a significantly higher GH mass (287 ±
64 V5 531 ± 50 ng/ml; P<0.05). This resulted in higher GH amplitude values with IL
(21.5 ± 3.8 vs 43.4 ± 6.0 ng/ml/min; P<0.05). As a consequence, GH production rates
of IL broilers during the entire sampling session were markedly elevated compared to
those of age-matched CL broilers (1239 ± 209 vs 1983 ± 120 ng/ml/5 h; P<0.05). As
argued previously (Buyse and Decuypere, 1994), it is hypothesized that the pulsatile
GH secretion is more related to protein retention efficiency than to body weight gain.
In view of the enhanced pulsatile GH secretion with a concomittant improved protein
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conversion efficiency during catch-up growth, this hypothesis can be corroborated again.
Whether this is a direct effect or mediated by insuUn-Uke growth factor(s) remains to
be clarified. In addition, testosterone levels in the plasma of 41-day-old, male broiler
chickens reared in 1L:3D were twice the levels found in CL broilers (Kühn et al.,
1996). This observation suggests a positive role for androgens in compensatory growth
as well as in GH secretion.
EFFECTS ON BROILER WELFARE
Besides the favourable effects of IL on feed efficiency and fat deposition, the application
of intermittent lighting schedules significantly reduces the incidence of leg disorders
of both broilers andmeat-type turkeys (Simons, 1988; Hester, 1994). Several hypotheses
are currently put forward in order to identify the underlying causal mechanisms. The
increased physical activity of IL broilers during the photoperiods may favour bone
strengh development and hence reduces lameness. Secondly, altering the growth
trajectory by changing the lighting schedule at young age induces a temporary reduction
in muscle deposition without affecting bone development. In this case, the skeleton is
developed proportionally more before it is 'loaded' with muscle tissues. The involvement
of androgens in bone metabohsm is tempting but has to be proven yet. It is clear that
the reduction in lameness due to intermittent lighting has not only considerable
economical implications but also markedly improves bird welfare.
Recently, we were able to demonstrate that the intermittent lighting schedule 1L:3D
reduces the incidence of hydropericard and ascites in broiler chickens to a large extent
(Buyse et aL, 1995; Buys, N. personal communication). For this purpose, three
consecutive trials, involving in total 2100 male broiler chickens from a commercial
strain were conducted. In each experiment, chicks were reared in two light-proofrooms
under 23L:1D until 9 days of age. Water and a commercial broiler diet were presented
for ad libitum consumption. The next day, the intermittent lighting schedule 1L:3D
was imposed in one room whereas in the other room, 23L:1D was maintained. In
addition, half of the chickens from each lighting schedule received the same diet but
now supplemented with 1.5 ppm triiodothyronine (T3). The other chickens remained
on the control diet. As shown previously (Decuypere et al., 1994), dietary T3
supplementation increases ascites mortality markedly, and this model of functional
hyperthyroidism is therefore accepted as an adequate and sensitive testing system for
discerning the effects of endogenous as well as of exogenous factors on ascites incidence.
Dead chickens were collected daily and autopsied for hydropericard and ascites
afterwards. As expected, dietary T3 supplementation increased mortality due to
hydropericard and ascites to a large extent. However, this increase was much less with
intermittent lighting. Indeed, compared to CL, 1L:3D reduced the incidence of
hydropericard and ascites respectively with 75 % and 50 % in Trial 1 ; with 52 % and 50
% in Trial 2, and with 14 % and 57 % in Trial 3. Several causal mechanisms for the
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beneficial effects of intermittent lighting schedules on ascites mortality are proposed.
The primary cause in the development of ascites is a relative oxygen shortage as a
consequence of reduced oxygen availability or increased oxygen demands by body
tissues. With IL, heat production and hence oxygen consumption are markedly decreased
during the dark periods of each L:D cycle (Buyse et al, 1994b). The shift of the growth
curve to the right as a consequence of the temporary reduction in growth rate is also an
important causal factor. In normal circumstances under CL, heat production per kg
metabolic body weight is maximum at about two to three weeks of age. When the
growth trajectory is shifted, the metabolic stress is reduced at this particular age when
birds are most susceptible for ascites development. It was also found that the proportional
growth of heart and lungs was not affected adversely by the altered growth trajectory
as even higher proportional weights of heart and lungs were noticed during the period
of growth depression. It is believed that these causal mechanisms act synergisticaly in
the reduction in ascites incidence.
Finally, it has also been demonstrated clearly that continuous illumination induces severe
eye abnormalities as buphthalmia, glaucoma and even blindness (Whitley et al, 1984).
It is concluded that IL schedules are beneficial for broiler production not only in order
to improve the performance and hence monetary returns but also in terms of broiler
welfare.
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EFFECT OF INTERMITTENT LIGHT-PERIOD
LENGHT ON BEHAVIOR AND PERFORMANCE IN
MALE BROILER CHICKENS
S. Ohtani and K. Tanaka
Faculty of Agriculture, Gifu University, 1-1 Yanagido Gifu, Gifu 50111, Japan

The objective of present resarch was to examine the effect of intermittent light
period lenght as light dark ratio 1:3 on the performance and behaviour of
broiler chickens. The chickens were reared until 56 days of age under one of
four light treatments: 1) continuous light; 2) 0.5 hr light and 1.5 hr dark
repeatedly; 3) 1 hr light and 3 hr darkl repeated; and 4) e hr light and 6 hr
dark. The performances of male broiler chicken reared under intermittent
lighting regimes of light-dark ratio 1:3 were not improved as compared with
chickens reared under continuous lighting regime, although these chickens
appeared more active and the leg abnormalities were reduced.
INTRODUCTION
As a result of genetic selection for rapid growth and heavy body weight, broiler
chickens develop the problems with weak legs and excessive fad accumulation.
There are a number of reports to solve these problems through diets, lighting regimes,
stocking densities and feeding space levels. In general, a high incidence of leg
abnormality ana a excessive fat accumulation were reported in the broiler chickens
grown under the situations which reduce their activités, simons (1988) pointed out
that twisted legs, especially in males are observed when the birds do not have
enough exercise, and the intermittent lighting regimes (Ihr light/3 hr darkness) affected
the movement of birds and have the addtional advantage of higher weight gain and
better feed conservation. Little research has been conducted to investigate the period
of intermittent lighting cycle with the performance and bahaviour of broiler chickens.
Ohtani and Tanaka (1994) reported that the intermittent hghting regime of 0.5 hr
light followed by 1 hr dark improved the growth rate without excessive fat
accumulation and leg abnormality, however, the longer period of light-dark cycle, as
2 hr dark, reduced the activity of chicken and increased the fat accumulation.
The objective of present research was to examine the effect of intermittent light-peiod
lenght as hght-dark ratio 1:3 on the performance and behavior of broiler chickens.

755

MATERIALS AND METHODS
For this experiment, one hundred and forty male day-old broiler chickens of
commercial strain (Chunky) were used. The chickens were reared on litter foUors in
a windowless poultry house through the experiment. Temperature was maintained at
32^C for 5 days by electric brooder and gradualUy reduced in keeping with usyual
brooding practice. The commercial starter diet was fed from 0 to 21 days of age at
which time the commercial grower diet was fed until 56 days of age. Feed and water
were available ad libitum through the experiment. At 14 days of age chickens were
randomly divided into four groups of 35 brids, and reared in one of four hghtcontrolled chambers (1.8x1.8x2.4 m) until 56 days of age. The chambers were assigned
to one of four hght treatments : 1) continuous Hght (CL); 2) 0.5 hr Hght (L) and 1.5
hr dark (D) repeated (IL0.1:1.5); 3) 1 hr hght and 3 hr dark repeated (IL1:3); and
4) 2 hr Hght and 6 hr dark (IL2:^). The beginning time of the hght period was 10:00
hr., and light intensity measured 10 cm above the Utter was 35 to 40 Ix. Body
weights and feed consumption were measured at 21,28,35,42,49 and 56 days of age.
On 56 days of age, the incidence of leg abnormalities was scored in each chamber.
Incidence was defined as the percentage of chickens in each chamber demonstratiing
at least some degree of leg disorder (enlarged stifle joints, roated tibia, valgus or
varus toe). Then, 6 birds per chamber were randomly selected and sacrificed. At
necropsy, all birds were plucked, and meats of right leg and right breast without skin,
liver and abdominal fats were immediately removed and weighed. Leg and breast
meats and livers were stored at -30^C until chemical analysis. These fozen samples
were ground by mincer and analyzed for moisture, crude fat and crude protein
according to a procedure described by Ellis (1984).
Five birds were randomly selected form each group, marked and observed their
behavior, using video cameras and a time-lapse video recorder, for light periods at
26, 40 and 54 days of age. The variables recorded were the posture and the ingestive
behavior at 10/3 second intervals.
RESULT AND DISCUSSION
The body weight gains and the feed consumption of chicken reared under intermittent
light (IL) from 15 to 35 days of age were lower than the chicken reared under
continuos light (CL), probably in these days chickens had to adopt to the change in
lighting regime. After 36 days of age, however, the body weight gain of IL chickens
were higer, and the body weight of IL chickens at 56 days of age were equivalent
to these of CL chickens. The intermittent Ughting regimes have no significant effect
on feed conservation ratios from 15 to 56 days of age.
The weights of meats, liver and abdominal fat at 56 days of age were expressed as
proportion of body weight. The breast meat weights were similar for all treatments.
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The leg meat weight of IL chickens were sUghtly heavier than IL chickens. The
abdominal fat weight of IL chickens tended to be heavier than CL chickens and be
proportionally heavier by the prolong of intermittent light-period length. Although
no difference was noted in the fat contents in breast and leg meats, the fat contents
in liver of IL 2:6 chickens were significantly higher than other chickens.
The total duration of ingestive behavior for lighting periods of IL0.5:1.5 and IL2:6
chickens was significantly longer than CL chickens at 26 and 40 days of age. At 54
days of age, however there was no difference of the total durationm of ingestive
behavior among lighting regimes. The total duration of standing posture and 40 days
of age, but that of IL chickens declined with increasingly age which is in agreement
for previous finding for the activity of chicken (Newerry et al. 1988). Therefore, the
intermittent lighting regimes had no significant effect on the total duration of standing
posture at 54 days of age. It is considered that the intermittent lighting regime
stimulated the activity of chicken for lighting period at an early stage of growth, but
could not stimutale at a late stage.
The incidence of leg abnormalities in IL chickens was lower than CL
chickens. Among^ IL chicknes, there was no different in the incidence of leg
abnormalities.
The performances of male broiler chicken reared under intermittent lighting regime
of light-dark ratio 1:3 were not improved, although those chickens appeared more
active and the leg abnormalities were reduced. The longer Ught-dark cycle, as 2 hr
light and 6 hr dark can not be recommended, on account of the excessive fat
accumulation.
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EFFECT OF LIGHT INTENSITY ON INCIDENCE OF
FLOOR EGGS, MORTALITY, EGG PRODUCTION AND
FOOD CONVERSION IN A DEEP LITTER SYSTEM FOR
LAYING HENS
J.B. Kjaer
National Institute of Animal Science, Research Centre Foulum, P.O. Box
39, DK-8830 Tjele, Denmark

The aim of this study was to investigate the short and long term effects of light
intensity on floor laying, mortality and egg production parameters. In a 2x2
factorial design birds (N=450) were subjected to 3 lux or 30 lux during rearing
and laying respectively. Birds reared (0 to 15 weeks) in 30 lux had a higher incidence
of floor eggs than chickens reared in 3 lux (57% vs. 27%; P=0.009). Birds kept in
3 lux during laying (16 to 44 weeks) had a higher incidence of floor eggs than those
in 30 lux (53% vs. 32% ; P=0.026). Cannibalistic pecking during laying was a major
problem in 30 lux but not in 3 lux. Birds in 30 lux might have had beneflt from
using the nests as a kind of shelter from being pecked, therefore seeking nests to a
greater extent than birds in 3 lux. Birds reared in 30 lux had a much higher
mortality from 16 to 44 weeks (21.9% vs. 13.1%; P=0.027). An explanation can
be, that birds learning to peck other birds at an early age keep on doing so later,
independent of the environment. The higher light intensity during laying also had
a very dramatic effect on mortality (30.1% vs. 5.5%; P=0.001). Light intensity
should, from welfare reasons, be kept lower than 30 lux when rearing and keeping
medium heavy strain hens in deep litter systems at about 5 hens per m", even in
flocks of less than 50 hens.
INTRODUCTION
The light intensity in poultry houses is a very important management tool. It is well
known, that bright light increases the risk of cannibalism in young (Hughes and Duncan,
1972) as well as in adult domestic fowl (Allen and Perry, 1975). If cannibalism is a
problem in a flock, light intensity and/or debeaking is the most reliable measures to
stop it. Debeaking should be avoided for reasons of welfare (Hughes and Gentle, 1995).
One of the reasons to keep a high light intensity in non-cage systems is to secure a good
rate of lay and to avoid floor eggs. However, a generel relationship between light intensity
and floor laying could not be found by Dorminey (1974).
Morris (1968) reported, that egg output increased with increased light intensity with a
response plateau at about 30 lux. More recent. Tucker and Charles (1993) found no
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consistent response, if anything, egg production was highest at 2 lux. This was attributed
to the modem highly prolific layers predisposition to ovulate, whatever the environment,
provided that it is above the darkness threshold estimated to 0.4 lux by Morris (1968).
Physical activity is closely and positively correlated to light intensity (Boshouwers and
Nicaise, 1987). These authors also showed, that higher activity corresponds to higher
energy expenditure.
The aim of this experiment was to study short and long term effects of light intensity on
floor laying and egg production parameters. More precisely it was investigated how
light intensity during rearing would affect floor laying, mortality and egg production
under low and high light intensity during laying.
MATERIALS AND METHODS
The experiment was carried out during 1995 at Research Centre Foulum in a climate
house divided in 8 pens, each pen measuring 2 x 4 m and equipped with two round feed
troughs and one round waterer. Standard poultry mash and water were provided ad
libitum during the whole experiment. The feed had the following contents of crude
protein (CP) resp. energy : 0 to 5 weeks 20.5 % CP and 11.60 MJME per kg; 6 to 15
weeks 13.2 % CP and 11.90 MJME per kg; 16 tb,44 weeks 16.4 % CP and 1110 MJME
per kg.
A total of 450 beak trimmed ISA Brown chickens were reared in a single pen for the
first week. The chickens were reared in two pens in weeks 2 to 3, in 4 pens from the
fourth to the sixth week, and finally, from the 7th week and to the finish of the experiment
at 36 weeks all 8 pens were used. At 16 weeks, the number of pullets were adjusted to
approx. 40 per pen (5 per m").
In a 2x2 factorial design birds were subjected to 3 lux or 30 lux during rearing (LI) and
laying (L2) respectively. This gave 4 replications for data up to 15 weeks and 2
rephcations for data from 16 to 44 weeks. Light was provided by adjustable incandescent
bulbs (2 per pen). Intensity was measured with a Gossen Mavolux Digital luxmeter 20
cm above the floor. The experimental design is shown in Table 1.
At 16 weeks of age a total of 9 single nests in three tiers were installed in each pen, the
lowest tier being not more than 30 cm above the floor.
Egg numbers in the respective nests on the litter were registered in each pen 5 times a
week and egg weight 3 times a week. Floor eggs were collected 3-4 times a day, exept
during weekends. The experiment was terminated at 44 weeks of age.Analysis of
variance was performed using the model: Y = L1+L2+(L1 *'L2) + e where LI was the
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fixed effect of the i'th light level from 0-15 w, i = (3L, 30L), L2 was the fixed effect of
the j'th hght level from 16-44 wj = (3L,30L), L1*L2) was the fixedeffect of the ij'th
interaction between LI and L2 and finally e was the random effect of the k'th pen,
I=( 1,2).Percentage floor eggs were transformed to the arc. sine before analysing. Softare
form SAS Institute Inc. was used (SAS Inst. Inc., 1987).
Table 1. Lightning patterns and light intensity imposed (lux). In a 2x2 factorial design birds
were subjected to 3 lux or 30 lux during rearing (LI) and laying (L2) respectively.
Pen no.

21

Weekl

30

Week 2-3

30

23

25

27

22

24

26

28

3

Week 4-5

30

30

Week 6-15 (LI)

30

30

30

30

3
3

3

3

3

Week 16-44 (L2)

30

30

3

3

30

30

3

3

3

RESULTS
Effects of light treatments on incidence of floor eggs, mortality and production
parameters are shown in Table 2.
The incidence of floor eggs was higher in chickens reared in 30 lux vs. 3 lux (57% vs.
27%; P=0.009). Opposite to this chickens kept in 3 lux during laying had lower incidence
of floor eggs (53% vs. 32%; P=0.026).
Mortahty from 16 to 44 weeks was affected by light intensity during rearing and laying
(P=0.027 resp. P=0.001). There was an interaction between LI and L2 (P=0.011),
because of a larger effect of light during laying. The main cause of mortality was
cannibalism.
Body weight at 11 weeks was higher in 3 lux (1224g vs. 1194 g; P=0.019).
There were no signiñcant effects of the treatments on other parameters studied.
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Table 2. Floor eggs, egg production, feed intake, mortality and body weight as affected by light
treatment during rearing (0-15 w) (LI) and laying (16-44 w) (L2). Different subscript
indicate sign, difference (P<=0.05)
LI

Treatment

L2

F-test

Light intensity, lux

3

30

3

30

LI

L2

Ll*2

Floor eggs, %
Eggs/bird per day
Egg output g/bird
per day
Egg weight (g)
Food intake 0-15w
g/bird per day 16-44w
Mortality 0-15w
% 16-44W
Body weight (g)
llw
28w
46w
Feed efficiency
kg feed/kg eggs

27b
0.81

57^
0.79

53
0.79

32
0.81

0.009
ns

0.026
ns

ns
ns

50.9
62.1"
71.7
140
3.5
13.1

50.5
63.0^
71.2
139
2.5
21.9

50.2
62.3

51.2
62.7

ns

ns

—

—

—
—

—
—

138

ns

ns

5.5

140
ns
30.1

ns
0.011
ns
ns
0.024

0.001

0.011

1224=^
1947
2015

1194"
1910
1978

—

—

—

1928
2012

0.019
ns
ns

—

1930
2012

ns
ns

ns
n

2.75

2.74

2.76

2.73

ns

ns

ns

DISCUSSION
In the present experiment the incidence of floor eggs was high. This might be attributed
to the fact, that the hens had no access to perches during the experiment.
The effect of low hght intensity during rearing resulted in to reduction in the incidence
of floor eggs, was surprising. No other research workers have reported this. No clear
explanation 6an be found at this moment. The fact that only 8 pens was used, and that
the incidence of floor eggs can be very variable (Apple by, 1984) suggests that
reservations should be taken in account before drawing conclusions. The effect of light
intensity during laying was on expected line. Cannibalistic pecking was a major problem
in 30 lux but not in 3 lux (se below). Birds in 30 lux had benefit from using the nests as
a kind of shelter from being feather pecked and/or cannibalised, therefore using nests
to a greater extent than birds in 3 lux.
Mortality was high as can be seen in medium heavy strains in floor systems (N0rgaardNielsen et al., 1993), even in beak trimmed birds. The effect of light intensity on mortality
during rearing and during laying was quite clear. One explanation can be, that birds
learning to peck other birds at an early age keep on doing so later, independent of
environment at that time. However, the light intensity during laying also had a very
dramatic effect on mortality as expected from experimental evidence (Tucker and
Charles, 1993) and ad hoc experience. Light intensity must be kept lower than 30 lux
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when rearing and keeping medium heavy strains in deep litter systems at about 5 hens
per m", even with a flock size less than 50 hens.
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EFFECT OF INTERMITTENT
PERFORMANCE OF BROILERS

LIGHTING

ON

J.S. Bhatti, M.L. Kansal and Parminder Singh
Department of Animal Science ,Punjab Agricultural University,
Ludhiana 141004, India

This study was planned to measure performance and carcass yield of broilers who
were provided with continuous light and intermittent light on deep litter and wire
floor. One week old 720 female chicks were divided equally in deep litter and wire
floor. There were four light regimes : continuous light (Tj); one hour light (L) :
one hour dark (D) (T2); XL : 2D (T3) and IL : 3D (T4) The experiment was
conducted in triplicate for both the systems. The effect of lighting regimes on
overall body weight, growth rate, feed consumption, feed efficiency, mortality and
carcass quality was not significant. The broilers raised on wire floor had
signiflcantly higher body weight (-7.0, 65.0, 46.45 and 91.77 g), gain in weight (5.78,62.28,46.72 and 95.23 g), feed consumption (0.173,0.195,0.196 and 0.129 kg/
bird) than the broilers raised on deep litter under Tj, T2, T3 and T4, respectively,
but feed efficiency was not affected. The dressing parameters like carcass weight,
liver weight, gizzard weight, heart weight and keel length were not affected by
different lighting regimes and floor systems. However, percent dressed weight (64.00
vs 66.35), abdominal fat (2.45 vs 1.93) and shank weight (6.45 vs 6.72) was
signiflcantly (P_0.05) differed in broilers raised on deep litter and wire floor,
respectively. These results indicated that broilers raised on wire floor under
intermittent light had better performance. The broilers kept under T4 regime
were more profitable due to lower electricity expenditure.

INTRODUCTION
The use of intermittent lighting for rearing broiler chicken has been reported to improve
body weights (Barrott and Pringle, 1951 ; Hooppaw and Goodman, 1972, and McDaniel,
1972), feed efficiency (Buckland, 1975; Deaton et al, 1978 and Cherry et al, 1980)
decrease in abdominal fat (Cave, 1981) and mortality (Buckland^i a/., 1971). Intermittent
lighting has no effect on carcass quality (Buckland et al, 1971; McDaniel, 1972 and
Be2imetal, 1979).
Some studies have been conducted to test the effect of intermittent lighting by using
different strains, rations, housing densities (Buckland, 1971 and Renden et al, 1992),
type of feeder, feeding space (Nakue, 1981). However, there is limited information
about the effect of intermittent lighting on the performance of broilers on raised flooring
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systems (Kansal and Bhatti, 1995). They reported non-significant effect, whereas some
studies on raised floor (Andrew, 1972; Andrew et al, 1990; Gill, 1992 and Sahoo and
Shingari, 1993) reported superior to or non-significant effect than deep litter under
continuous light.
The objectives of the present study were to determine the effects of intermittent lighting
regimes on broiler performance and carcass yield, raised on deep litter and wire floor.
MATERIALS AND METHODS
Seven hundred and twenty day-old IBL-80 broiler female chicks were brooded for one
week on deep litter. At the age of one week, the chicks were divided into two equal
groups and kept on deep Htter and wire floor. Each group had four pens assigned to four
lighting regimes : continuous light (Tj), one hour light (L): one hour dark (D) (T2),
1L:2D (T3), 1L:3D (T4). Each subgroup had three replicates. Day light was controlled
by fixing black sheets on windows and at partitions, providing space for ventilation on
the door of each pen in the corridor. Broilers were provided 600 sq. cm. floor space in
each floor system (Gill, 1992). Feeding space per bird was provided 6 cm up to 3
weeks of age and afterwards it was increased to 8 cm/bird. All other management
practices were kept constant for all pens.
Broilers were provided a starter ration containing 22% CP and 2700 KCal ME/kg up to
four weeks and finisher ration containing 21 percent CP and 2800 KCal ME/kg from
5th to 8th week (Gill, 1992). Broilers were weighed individually at weekly intervals.
Feed consumption was recorded weekly. Daily mortality was also recorded. The feed
efficiency was calculated on weekly basis. At the end of experiment ten broilers from
each replicate were randomly dressed for carcass quality. Feed was removed 12 hrs
before slaughtering. The head legs and skin were removed and carcass weight was
recorded. After removing viscera the different parameters like dressed weight, liver
weight, heart weight, gizzard weight, keel length, abdominal fat and shank weight
were recorded.
Data were analysed according to split-plot design (Mead and Camow, 1983).
RESULTS AND DISCUSSIONS
The body weights, gain in weight, feed consumption, feed efficiency and mortality was
not affected by lighting regimes. The relative growth was significantly (P_0.05) higher
in broilers at 3rd and 7th week of age who were provided with intermittent light. There
was a significant (P<0.05) improvement in body weight of broilers raised on wire floor
(990.67,1009.45,995.78 and 1006.44 gm) than the broilers raised on deep litter (997.67,
944.45, 949.33 and 914.67 gm) in Ti, T2, T3 and T4, respectively (Table 1). Under
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lighting regimes broilers gain (-7.0, 65.0,46.45 and 91.77 gm) higher body weights on
wire floor than deep litter. Same trend was observed in gain in body weights and broilers
attain (-5.78, 62.78, 46.72 and 95.23 gm) higher gain in body weights on wire floor
than deep litter. It may be due to combined efl^ect of floor system and intermittent
lighting. Better effects of intermittent light were reported earlier (Hooppaw and
Goodman, 1972; Buckland et al, 1973 and Cain, 1973) and improvement in body
weights and gain in weight in broilers, grown on wire floor than deep Utter was reported
by Gill (1992).
Table 1. Effect of lighting regimes under different flooring systems on broiler performance.
Flooring
system

Lighting regimes
Continuous light
(Tj)

ILID
(T,)

1L2D
(T3)

1L3D
(T,)

Body weight (g)
Deep litter
Wire floor

997.67^
990.67^

944.45=»
1009.45''

949.33"
995.78^

914.67'»
1006.44"

Gain in weight (g)
Deep litter
Wire floor

926.72a
920.94a

878.39^
940.67b

881.89a
928.6lb

843.44a
938.67b

2.78ia
2.954b

2.717a
2.912b

2.698a
2.894b

2.737a
2.866b

Feed efficiency (kg feed consumed/kg body weight)
Deep litter
2.787
2.877
Wire floor
2.982
2.844

2.843
2.906

2.992
2.849

6.6
1.1

7.7
2.2

Feed consumption (kg)
Deep litter
Wire floor

Mortality (%)
Deep litter
Wire floor

9.9
11.1

4.4
7.7

Means bearing different superscripts in the same column differ significantly (P<0.05).

Broilers raised on wire floor significantly (P<0.05) consumed more feed than deep
litter, however, their feed intake was sHghtly less under intermittent Hghting compared
to continuous light in response to increasing dark period. Higher feed consumption on
wire floor may be due to higher body weight of broilers and some spillage of feed.
Results are in accordance with Gill (1992). There was a non-significant effect of lighting
regime and flooring system on feed efficiency, as reported by McDaniel (1972), Nakue
(1981) and Gill (1992). MortaUty was not affected significantly by lighting regimes
and flooring systems, however, it was lower in intermittent lighting as compared to
continuous light which may be due to lower stress of light. Similar results have been
reported by Hooppaw and Goodman (1972) and Cain (1973).
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Table 2. Effect of lighting regimes under different flooring system on carcass yield of broilers.
Flooring
system

Lighting regimes
Continuous Ught

Carcass weight (% of live weight)
Deep litter
Wire floor

ILID

1L2D
(T3)

1L3D
(T,)

81.25
80.47

82.84
83.21

82.72
82.52

81.29
83.10

62.51^
65.65^

64.57a
66.80b

64.25a
66.03b

64.66a
66.9lb

Heart weight (% of carcass weight)
Deep litter
Wire floor

1.06
1.14

1.28
1.12

1.40
0.95

1.22
1.14

Liver weight (% of carcass weight)
Deep litter
Wire floor

3.07
3.37

3.10
3.13

3.37
3.13

3.58
3.08

Gizzard weight (% of carcass weight)
Deep litter
Wire floor

3.43
3.63

4.07
3.90

3.55
3.57

3.93
3.76

6.21 a
6.50^

6.48a
6.92b

6.52a
6.49a

6.58a
6.97b

7.30
7.33

7.36
7.41

7.49
7.52

7.66
7.82

2.14^
1.94^

2.80a
1.72b

2.50a
2.10b

2.36a
1.98b

Dressed weight (% of carcass weight)
Deep litter
Wire floor

Shank weight {% of live weight)
Deep litter
Wire floor
Keel length (cm)
Deep litter
Wire floor
Abdominal fat (% of carcass weight)
Deep litter
Wire floor

Means bearing diñ"erent superscripts in the same column differ significantly (P<0.05).

There was a non-significant effect of lighting regimes on carcass quality parameters as
shown in Table 2. Similar results were reported by many authors (Buckland et ai,
1971; Cain, 1973 and Renden et ai, 1991). However, there was a significant (P<0.05)
increase in percent dressed weight, shank weight and lower abdominal fat (66.35, 6.72,
1.93) than deep litter (64.00, 6.45, 2.45), respectively. The higher dressed weight may
be due to higher body weight, whereas higher shank weight and lower abdominal fat
may be due to more activation of broilers on wire floor. Broilers under intermittent
lighting had higher dressed weight and shank weight than continuous hghting. A nonsignificant effect of intermittent lighting on abdominal fat has earlier been reported
(Renden et al, 1991). The percent carcass weight, heart weight, liver weight, gizzard
weight and keel length were not affected by floor systems.
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This study indicates that intermittent lighting has non-significant effect on broiler
performance and carcass quality as compared to continuous light, but broilers raised on
wire floor has significantly higher body weight, gain in weight, feed consumption,
dressed weight, shank weight and lower abdominal fat than deep litter. In all these
characters a better trend was observed in intermittent lighting compared to continuous
light. So raising of broilers on wire floor under intermittent lighting may be more
beneficial than deep litter. The broilers who were provided with T4 may be more
profitable due to lower electricity expenditure.
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DEVELOPMENT OF AN AUTOMATED ON-FARM
LACTIC ACID FERMENTATION SYSTEM TO
CONVERT POULTRY CARCASSES INTO VALUEADDED PRODUCTS
P.R. Ferket^ and L.F. Stikeleather^
^Dept. Poultry Science, N.C. State University, Raleigh, NC 27695-7608.
2 Dept. Bio & Agr. Engineering, N.C. State University, Raleigh, NC 276957625.
Lactic acid fermentation is a feasible method of preserving and storing poultry
mortalities on the farm for extended periods of time without risk to the worker,
the environment, or biosecurity. The poultry silage is a microbially and chemically
stable product ideal for subsequent conversion into a feed ingredient. Our research
and developmental work demonstrated that an automated fermentation system
reduces labor and process variation is attainable. Currently, a commercial system
is being tested in the field to determine functional and economical feasibility.
Based on the results thus far, this system is an effective means of disposing
mortalities on large poultry farms.
INTRODUCTION
Modem animal agriculture generates a great amount of protein by-product waste due
to normal mortality and processing. These by-products have the potential of contributing
to environmental pollution, public nuisance odors, or the spread of disease agents.
Because of the public demands for a clean environment, both current and pending
government regulations will place additional cost on the food animal industries. These
problems are especially evident with the disposal of tons of poultry mortality carcasses,
which account for at least 10% of all birds raised. For example, a flock of 25,000
broilers averaging 0.1% normal daily mortality will produce about 1.5 tons of mortality
by the time it is marketed at 49 days of age. A flock of 10,000 turkeys averaging 0.5%
normal weekly mortality will produce about 4.5 tons of mortality by the time it is
marketed at 18 weeks of age. In the United States alone, approximately 840,000 tons
of poult mortality and hatchery waste were produced and disposed of primarily by
means of on-farm burial in pits, incineration, or burial in landfills (Council of Agricultural
Science and Technology (CAST), 1995). Ho we ver, most of these wastes could have
been recycled as nutrient resources for animal feeds or crops.
Currently, the main methods for the disposal of poultry farm mortalities include landfill
and on-farm burial, in disposal pits, incineration, composting, and rendering. Although
environmentally acceptable when conducted properly, these methods could threaten
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environmental quality as a result of mismanagement, especially in nutrient-sensitive
watersheds, areas near wells and water supplies, areas with surface water runoff, or
areas with high water tables. Other than rendering, these disposal practices do not
allow for efficient resource recovery or nutrient recycling. When properly done,
rendering poultry mortalities into protein feed ingradients is the most efficient means
to recycle nutrients into the food chain with minimal threat to the environment. However,
wide-spread use of this method of mortahty disposal is greatly limited by collection
and storage problems, government regulations, and risks of spreading disease. Moreover,
high capital costs often prohibit the use of conventional rendering to convert poultry
farm mortality into good quality feed ingredients.
The limitations of recycling poultry mortalities as feed ingredients has encouraged
many researchers to develop low-cost methods by which to preserve mortality carcasses
at the farm where they can be collected on a scheduled basis and transported to a
processing facility. The different preservation methods studied include freezing, mineral
acid solutions (Malone, 1990), alkaline solutions (Shafer and Care, 1994), proteolytic
yeast culture (Malone, 1990), and lactic acid fermentation. Lactic acid fermentation is
most universally accepted because the production of poultry silage can be done
economically with minimal risk to workers, the environment, and biosecurity.
Lactic Acid Fermentation to Produce Poultry Silage
Lactic acid fermentation of mortality offers a method for the on-farm preservation of
dead livestock for subsequent recovery and recycling into feedstuffs. The product
exhibits long-term chemical and microbial stability at a low pH (4.0 to 5.0), which
eliminates the risk of pathogen transmission and minimizes the frequency of farm-tofarm collection. In general, poultry mortality can be ensiled by grinding the carcasses
into <1 cm diameter particles, mixed with an appropriate amount of invert carbohydrate
and placed into a sealed, but vented container to encourage and maintain anaerobic
conditions. Invert cabohydrate sources used successfully for ensilage of poultry
carcasses include, but are not limited to, lactose, glucose, sucrose, whey, whey permeate,
condensed brewers soluble, and com meal (Parsons and Ferket, 1991 ; Murphy and
Silbert, 1992; Cai et al., 1994). A minimum of 6% invert sugar (w/w) is required for
proper ensilage of ground poultry carcasses. Higher levels of invert sugar may be
necessary at less than optimal fermentation temperature (<35 ^C) or if the product is
stored for prolonged period of time (>14 days).
Endogenous gut micro-flora within the carcasses are primarily responsible for the lactic
acid fermentation process. Supplemental microbial cultures may induce an accelerated
rate of fermentation as well as provide a margin of safety under diverse fermentation
conditions(Parsons and Ferket, 1991). Most pathogenic microorganisms (i.e. coliform,
salmonellae, clostridia) associated with the carcasses are effectively inactivated during
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the lactic acid fermentation process (Dobbins, 1988; Murphy and Silbert, 1992, Parsons
and Ferket, 1991; and Cai et al.» 1994). Cautions have been issued against the potential
of some spore-forming microbes and viral pathogens that remain viable in the silage
(Urlings et al., 1993a, 1993b). However, any pathogens that survives the ensiling process
can be heat inactivated by subsequent extrusion processing or steam cooking necessary
to convert the product into a feed ingredient.
The practical application of fermentation technology for daily on-farm preservation of
poultry mortality requires the development of a system that will successfully and
economically grind, process, handle, ferment, and store various quantities of poultry
mortality carcasses. The fermentation and storage components of such a system can
be done with materials and equipment currently available to the poultry industry.
However, a grinder capable of reducing whole carcasses to particle sizes less the 10
mm diameter is not readily available, especially when requirements for low cost, ease
of maintenance, and ease of cleaning are necessary. The remainder of this paper concerns
the development and testing of a grinder system suitable for poultry (and swine) which
will: a) grind carcasses to small particle sizes (<10 mm), b)automatically meter in the
correct amount of liquid carbohydrate, and c) dispense the mixed material into a sealed
container for anaerobic fermentation. The automation of the fermentation process will
not only reduce labor input, but it will also help produce a more consistent, higher
quality product for subsequent utilization.
Grinder Design and Development
A relatively simple rotar}^ grinder was conceived, built, and installed into a prototype
unit. The unit was a single shaft design and makes a novel application of chain saw
chain. A cylinder (drum) approximately 152 mm diameter was mounted on the shaft.
This rotating cylinder had a helical groove just wide enough to accept a continuous
strand of chain saw chain. Groove depth was such that the chisel points of the chain
were nominally 6 mm above the surface of the drum, though this could be changed to
suit the aggressiveness and particles size requirements of the application. The chain
was anchored by studs placed radially into the drum near each end of the drum. Groove
pitch could also be varied to modify aggressiveness and power requirements among
machines. A pitch of 25 mm was used in our first prototype. The grinder drum rotation
speed was at motor speed (about 1800 RPM), but would function over a wide range
of speeds. This chain saw rotary drum concept was believed to have several advantages
for this apphcation : 1) low cost to manufacture because of minimal machining and
tooling requirements; 2) ease of on-farm maintenance ; 3) ease of cleaning ; and 4) size
and capacity of the grinder can be easily scaled up or down by changing the design
parameters, such as chain height, pitch, drum length, diameter, and circumferential
speed.
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Dispensing and Mixing of Carbohydrate
The grinder is integrated with a fermentation tank which can be temperature controlled.
Prior to entering the fermentation tank, however, liquid carbohydrate is metered and
mixed with the ground poultry. Carbohydrate is pumped by a peristaltic pump through
a flow meter and enters a pipe placed parallel to the underside of the grinder cylinder.
This pipe has small holes spaced along its length which act as nozzles that spray the
Hquid carbohydrate onto the ground material as it exits the surface of the grinder cylinder.
Pump speed is calibrated to deliver sufficient amount of carbohydrate relative to the
total weight of the poultry carcasses ground. The poultry/carbohydrate mixture is then
conveyed to sealed, but vented tank for anaerobic fermentation.
System Performance
Power requirements to grind turkeys and broilers were computed from the instantaneous
torque and speed data read by the digital data logger. The data logger was sampling
at 8 Hz and the plotted curves were smoothed by applying a moving average to data
points. The results indicated that a 9 kg turkey hen required an average power of 1.8
kW with an energy input rate of 4.9 KW-h/t (6 hp-h/t). A 3 kg broiler chicken required
an average power of 2 kW with an energy input rate of 1.7 kW-h/t. Turkeys required
more energy input because they were tougher and more heavily feathered than broiler
chickens.
Although there was some variation in the amount of carbohydrate source (condensed
brewer's solubles) mixed with poultry mortality, the proportion averaged over several
days use was approximately 28% condensed brewer's soluble (w/w). A successful lactic
fermentation was evident by a drop in pH from 6.5 to below 4.5 within 24 hours at
temperature > 30 *^C. No coliform or salmonellae were detected after 2 days of
fermentation, however, total aerobic bacteria was over 2.5 x 10^ per gram and anaerobic
bacteria were too numerous to count. Total ammonia nitrogen content of the poultry
silage was below 1% and negligible amounts of biogenic amine were detected.
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POULTRY BEHAVIOUR AND PRODUCTION
TECHNOLOGY
J.F. Hurnik
Department of Animal and Poultry Science, University of
Guelph, Guelph, Ontario, Canada NIG 2W1
Primary determinants of behavioural activities of animals are their genotypes
and the environment in which they developed and exist. Interaction between
environmental and genetic factors govern animal abilities to detect stimuli, assess
their individual significance and act accordingly. Processes underlying poultry
behaviour vary from simple reflexes to psychologically complex action, dependent
on cognitive capacities to associate, memorize, generalize or discriminate
experienced events. Successful housing designs require a reliable knowledge of
psychological and behavioural tendencies of birds. Poultry management should
take into account high excitability and sensitivity of birds to visual disturbances
and noises. Consistent daily routines and comfortable flooring are equally
important prerequisites for highest individual performance and well-being of
poultry, as are proper nutrition and good quality of drinking water. Housing
harmonized with behavioural requirements of animals increases their
productivity. Calm and contented birds are generally the most productive ones.
Natural tendencies of birds for social synchronization of eating, resting, and to a
lesser degree, egg laying can serve as rational guidelines for space requirements
and housing densities. Psychological and behavioural frustrations generated
through overcrowding and uncomfortable housing seriously interfere with
optimal utilization of production potentials of birds. The search for alternative
housing systems for poultry should therefore not be narrowed down to minimal
building costs. There is an increasing amount of scientific evidence that well
designed, comfortable housing of poultry improves their well-being and benefits
producers.

INTRODUCTION
Behaviour is a common characteristic of living organisms and an essential prerequisite
for their survival. Through behavioural actions, animals are able to utilize life
supporting resources in their surroundings and assure their existence as individuals
and species. At any moment during their life, animals are engaged in one or another
kind of behaviourial activity.
As is the case of all biological variables, the elementary determinants of behavioural
actions are the genetic information represented in the genotype of an organism and
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the environment in which an individual develops from the time of conception and
exists during its lifespan. Behaviourial activities of animals, which show high degree
of genetic variability can be altered by systematic selection. Those activities which
are predominantly triggered by environmental factors can be effectively controlled
through changes in their surroundings.
Processes controlling the behaviour of animals vary from simple reflexes to complex
cognition dependent actions. Reflex actions are mediated by mechanisms known as
reflex arcs which facilitate responses with very little or no conscious control
(involuntary actions). Such responses are generally essential for maintenance of
homeostasis of the organism. Functionally, reflexes can be further sub-divided into
those controUing metaboHsm, protection, locomotion and reproduction. Common
attributes of reflex actions are the operational uniformity among individuals within a
species. Being responsible for the maintenance of homeostasis, reflexes generally
have high adaptive value, i.e. are essential for survival. Since the alteration of reflexes
through selection is very difficult or impossible, the realistic way is to control the
occurrence of environmental stimuli which elicit these reflex actions. For example,
while it is difficult to control high water intake resulting from elevated ambient
temperature or specific dietary components, it is relatively simple to control the
temperature in the pen or diet composition.
Behavioural actions which integrate cognitive capacities of organisms to memorize,
associate, generalize or discriminate experienced events are of a more complex and
less predictable nature. Li contrast to reflexes, this broad category of animal behaviour
includes all actions influenced by learning. Learning is commonly interpreted as a
process of altering existing or forming new associations between experienced events
during an organism's life. The learning process integrates perception, reasoning and
expectations. In contrast to reflexes, whose spectrum is essentially common to all
members of a given species, learned behaviours generate variation in adaptiveness
among individuals. Learned association may benefit chances of survival (positive
adaptation) or reduce such chances (negative adaptation). For example, a breeding
hen, housed in a floor pen or aviary, which learns easier where to find a clean, safe
and protected location for oviposition shows positive adaptation in contrast to a peer
whose eggs are exposed to damage or loss. Learned behaviours can be altered by
artificial selection or systematic environmental adjustments according to the level of
heritability (h^) of the particular trait.
Behaviour and Management of Poultry Operations
Designers of poultry facilities and managers of poultry operations can benefit from
the knowledge of poultry behaviour. Application of behaviourial information could
lead to more efficient utilization of birds' production potentials and improve their
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well being. It is easier and often more economical to design housing and management
routines that accommodate the behaviour and psychological tendencies of animals
rather than forcing the animals to adapt to behaviourally inadequate technology.
Behaviourial responses, particularly responses of a more complex nature, reflect the
organism's abilities to detect events (stimuli) in their surroundings, assess their
significance (using inherited and learned associations), and execute corresponding
action. Detection of stimuh is mediated through receptors of sensory organs such as
eyes, ears, or tastebuds. Familiarity with the sensory capacities of birds enables the
designer or operator of poultry facilities to assess which situation or stimuli may
influence, excite or placate the birds.
There is a substantial body of evidence to suggest that visual stimuli play a very
important role in chicken behaviour. Since visual acuity and chromatic vision seem
to be highly developed in chickens, colours and colour preferences may be used to
diversify internal housing environments and influence their social behaviours. For
example, different colours of feeders or side walls in large floor pens may contribute
to sub-grouping of birds around a given colour, thus benefiting social stability and
lowering the incidence of aggression. Availabihty of coloured nests in floor pens and
aviaries seems to reduce the incidence of floor eggs and soiled eggs. There is evidence
that the use of coloured lights may to some degree reduce cannibalism. Managers
can also effectively utilize diff^erences in the visual adaptiveness between human and
chicken eyes. Chicken eyes have a lower level of adaptiveness to blue lights than
human eyes. The use of low intensity blue lights during catching of birds for transport
or treatment can simplify the operations since humans will see the birds, but the
birds themselves will be temporarily visually impaired. Different light intensities can
be used to increase or reduce the level of birds' activities. In addition to its known
effects on maturation and the onset of the ovulation cycle, high light intensity can
cause hyperactivity and elevate aggression. Abrupt changes from darkness to light
can frighten birds, and in some cases lead to aggression displacement. More gradual
change from dark to light and vice versa extended over several minutes is far less
disturbing. Chickens also have a well developed sense of hearing. Unfamiliar or
surprising noises could be also frightening and should be avoided or minimized.
Disturbances of any kind are not conducive to birds' best performance.
Poultry and other farm animals do not adjust well to irregularities in daily routines. It
is therefore a good practice to conduct all daily tasks at consistent times. Strict adherence
to a regular working schedule tends to placate even excitable birds. Working schedules
of attendants should therefore be consistent over time and harmonized with diurnal
activity cycles of poultry. Pen inspections, unexpected changes in light intensity or
other distrubances should be avoided particularly during the period of high oviposition.
Since birds do respond to changes of caretakers, it is also a good practice to use identical
clothing for all attendants and minimize the présense of visitors.
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One of the distinct behavioural characteristics of domestic birds is the establishment
of socially coordinated circadian rhythmicity in their activities. Probably the best
documented examples of such activities are eating (morning and late afternoon peaks),
oviposition (predominantly in late morning), or floor bathing (mostly in the early
afternoon). Interference with well established rhythmicity is usually undesirable.
Socially coordinated rhythmicity of behavioural activities has stimulating effects on
the group as a whole, energizing those individuals which are behaviourally dependent
on their leading peers and otherwise would be less active or acting in conflict with
others. This well known phenomenon, often called social facilitation, has beneficial
effects on overall feed intake, resting, preening, playing and a variety of other activities.
Housings which frustrate social coordination lead to unnecessary competition, higher
aggression and, in extreme cases, serious deprivation of some individuals. Both the
higher level of aggression and the deprivation of some individuals in the group is
costly to the producer through feed wasted on unnecessary or undesirable activities
as well as reduced production performance of affected birds. On the other hand, to
assure complete social coordination of behavioural activities could increase economic
costs. For example, an undisturbed coordination of eating would ideally require a
feeding space which would comfortably accommodate all birds at the same time, i.e.
about 12 to 15 cm of trough length per mature hen. Obviously, it is the producer who
must weigh the benefits and costs of such adjustments.
An adequate amount of floor space is of utmost concern in battery housing systems.
Increases in stocking densities have been driven by high building and equipment
costs. This trend tends to continue until the cost advantages of high densities are
offset by reduced production output of the operation. Ethical considerations demand
housing conditions which do not violate essential moral standards of humane treatment
of animals. Existing recommendations for housing densities in battery cages are very
broad, depending how much or how little attention is given to the well-being of
laying hens. In some extreme cases, crowding of birds in cages reaches the limit of
how many birds can be physically placed in each unit, with no regard for their
welfare. On the other end of the spectrum, some people are recommending that birds
in battery cages must have enough space to be able to flap and stretch their wings
when motivated to do so. In such a case, the building costs would be much higher. A
reasonable solution would be to provide such an amount of space that all birds can at
least rest comfortably with enough space between their bodies to allow air circulation
for sufficient dissipation of body heat. Resting of all birds at the same time with
essential air circulation around their bodies requires a floor area approximately
equivalent to one half of their body surface. For birds of body weight 1.5, 2.0 and 2.5
kg, the floor space requirement would be close to 660, 800 and 930 cm^ respectively.
These numbers are substantially larger than some of the existing recommendations.
Nevertheless, the ability of birds to rest comfortably is pivotal to the quality of their
life and can not be ignored if claims are made that well-being of animals is considered
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seriously. Proper nutrition, good water quality and superior hygiene are obviously
essential prerequisites for high production. Nevertheless, keeping the birds content
by providing comfortable housing, good ventilation, and consistent daily routine is
also very important for maximal utilization of their production potentials.
Restricted space allowance for hens in battery cages is the single most frequently
criticized feature of egg production systems. As a result, alternatives to battery
housings are being developed. The most promising among them seems to be the
aviary system. The aviary housing incorporates many welfare requirements that are
currently not met by battery cage housing: increased physical space, greater
environmental complexity, litter, perches and nests. Broader acceptance of the aviary
system by producers has been hindered by the perception that hen productivity is
lower and labour requirements higher than in battery cages. However, evidence from
several recent studies indicates that birds in aviaries can be highly productive.
Prerequisites for good egg yields and low incidence of floor eggs (close to 1%) are
proper spatial arrangement of the aviary interior with attention to the dimensions and
the amount of feeders, waterers, nests and perches. Equally important is the choice of
calm and less aggressive commercial variety of birds. Operation of aviaries requires
good management and reliable knowledge in interpretation of poultry behaviour.
Under such conditions, an aviary system has the potential to be a practical and fully
competitive alternative to battery cage housing of laying hens.
Well designed spacial allocation of feeder and waterers is also important in traditional
floor housing. Particularly in the broiler pens, distances between feeders and water
sources could significantly influence the incidence of leg problems, culling rates and
mortality. Moderately increased distances between feeders and water, forcing the
birds to walk seems to have beneficial effects on these traits. However, such benefits
must be assessed if they compensate for potentially lower feed conversion efficiency
and individual body weight.
CONCLUSIONS
In the past, scientists and designers of animal facilities and technologies have not
very systematically utilized the potential benefits of ethological information to increase
the productivity of poultry operations, to safeguard the well-being of farm animals
nor to improve the working conditions for the farmer. Particularly in our time, when
the search for new animal production technologies has become much more dependent
on technical skills and engineering, it is very important to remind ourselves that
successful animal husbandry technologies should respect all the basic biological
requirements of the animals involved. The technical expertise in mechanics, computer
programming, economics and other related fields must be combined with biological
expertise regarding animal requirements for space, air supply, thermal protection.
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nutrition, and behaviour. Familiarity with behavioural characteristics demands not
only a knowledge of the inventory of animal actions, but also an understanding of
the psychophysiological processes underlying these actions.
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ENVIRONMENT - SAFE AND BIOSECURE DISPOSAL
OF DEAD BIRDS
A. Mitra
Central Poultry Training Institute, Bangalore - 560 088, India

INTRODUCTION
Disposal of poultry farm mortalities is a major concern of the poultry industry. A flock
of 50,000 broilers grown to 49 days of age, with an average mortality of 4.9% will
produce approximately 2.2 metric tons of poultry carcasses, requiring safe disposal
(Blake and Donald., 1992). Spread of pathogenic microorganisms from the dead birds
which are potential reservoir of diseases pose a serious threat to the poultry production
operations. Many acceptable methods of disposal have been developed to eliminate
entry of infections to the poultry facilities.
Dead birds constitute huge amount of organic matter. A fresh broiler carcass contains
approximately 34.2% dry matter of which 51.8% is protein, 41.0% fat and 6.3% is ash
(Malone et al, 1987). Hence environmental consequences of dead bird disposal needs
serious consideration. Many of the methods adopted are now under attack from the
environmentalists because of ground water contamination, particulate air pollution and
objectionable odour associated with dead bird disposal. For unlimited expansion of the
future poultry industry environment friendly biosecure method of-dead bird disposal
should be considered as high priority research area.
The review covers the methods of disposal of dead birds and cost effective alternative
developed to meet the future demands of the industry.
METHODS OF DEAD BIRD DISPOSAL
Methods of disposal of poultry farm mortalities include burial, incineration, rendering
and composting.
Burial
Burial is the old and convenient method of disposal of dead birds. Burial can be used in
the phase of an infectious disease outbreak requiring massive depopulation. Deep
trenches are dug and daily mortalities are deposited and covered until the trench is
filled and then finally covered with soil. An open trench poses disease threat and
predators may remove the carcasses.
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Pit disposal is a cost effective, convenient and biologically safe method of disposal of
dead birds (Black and Donald, 1992). A burial pit can be fabricated from concrete
block, monolithic concrete or treated wood (Collins and Weaver, 1974; Sweeten and
Thomberry, 1984). The pit is covered with reinforced concrete and provided with a
drop tube, which is capped off to prevent escape of odours and entrance of flies. The
drop tube should be sealed finally after the pit is full.
Conditions inside the pit favour microbial decomposition of organic matter. Aerobic
fermentation which takes places on the top layer is more effective, does not produce
strong odour and volatilizes carcass solids (Lomax and Malone, 1988). The objectionable
odour associated with pit disposal is due to anaerobic fermentation.
The pit should be located at a place where the drainage is good and the bottom of the
pit should be well above the level of ground water table. Although pit disposal is
convenient, practical and cost effective, the method is not suitable in areas with a high
ground water table or soil type that does not permit good filtration. The residues which
remain in the pit for years after use and subsequent contamination of ground water in
the area where open bottom pit is located are of concern.
Incineration
Incineration destroys pathogens and is one of the biologically safest methods of disposal
of dead birds. The residue does not contaminate water and the process eliminates
potentially harmful substances from food and drinking water chain (Mercer, 1990). A
perfect and effective incineration must ensure complete combustion of carcasses.
Incomplete cremation may create undesirable soil and air pollution. Incineration can
be accomplished by commercial incinerator units using electrical or oil fire technology.
Although incineration is a safe method, it is a relatively slow process and can not be
effectively used when massive depopulation is required in the phase of an infectious
disease outbreak. It is expensive and may produce particulate air pollution. To reduce
objectionable odour given off, the smoke exhaust stack of incinerator should be fitted
with after burner.
Rendering
Rendering is one of the best means of converting dead birds into protein byproduct
meal of high biological value. However, spread of pathogenic microorganisms during
pick up and transportation to a rendering facility is a serious health hazard (Blake and
Donald, 1992).

786

Methods used to preserve poultry carcasses prior to rendering include refrigeration,
acid preservation and fermentation.
Refrigeration. Refrigeration is an effective method of preserving the carcasses for a
short period, prior to transportation to a rendering facility. But this method is expensive
and requires large freezing units to deal with daily mortalities, which may be quite
high.
Acid Preservation.In this method mineral and organic acids are used as preservatives
to check carcass deterioration prior to transportation to the rendering facility. Malone
et al. (1988) compared the preservation efficacy of 1.7% propionic acid, 3.4% phosphoric
acid and 3.4% sulfuric acid solutions. Nutrient preservation was found to be efficient
in carcass preserved in 3% sulfuric acid solution. Feeding of byproduct meal processed
from acid preserved carcasses did not produce any detrimental effect when compared
with conventional byproduct meal (Lomax et al. 1991). Organic acids such as propionic
acid, acetic acid and formic acid are effective as preservatives but high cost is a limiting
factor. Although mineral acids such as sulfuric acid are efficient preservatives and
inactivate pathogenic microorganisms because of safety concerns acid preservation of
dead birds has not been widely accepted.
Fermentation. Lactic acid fermentation of poultry carcasses prior to transportation to
rendering facility preserves carcass nutrients and inactivates pathogenic microorganisms.
Studies on the methods of preserving poultry carcasses by lactic acid fermentation was
initiated by Dobbins (1988). Fermentation proceeds when fermentable carbohydrates
such as sucrose, molasses, whey and ground com are added to poultry carcasses in
specific proportions. Lactic acid producing bacteria ferment the carbohydrate source,
produce volatile fatty acids which lower the PH from initial 6.5 to 4.2 and preserve the
carcass nutrients. Similar findings have been reported by Murphy and Silbert (1990);
Parsons and Ferket (1990) and Conner et al. (1991c). Lower PH during the fermentation
process suppresses the growth of pathogenic microorganisms (Shotts et al., 1984;
Dobbins, 1988; Murphy and Silbert, 1990; and Conner et al. 1991c). Fermentation thus
checks carcass deterioration and eliminates disease threat during routine pick up and
transportation to rendering facility.
Composting
Composting as a method of dead bird disposal has recently sparked new interest in
broiler producing states of USA and other countries. Initial studies conducted at the
University of Maryland, Poultry Research and Education facility (Murphy, 1988;
Murphy and Handwerker, 1988) indicated that composting may be a cost effective
alternative method of disposal of dead birds which is biologically safe and
environmentally sound.
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Composting is a controlled natural process in which beneficial microorganisms - bacteria
and fungi convert dead birds which constitute organic wastes in to an useful end product
called compost. It is a non polluting biosecure method of transforming dead birds into
a product useful for soil enrichment.
A prescribed mixture of carcasses, poultry litter, straw and water is required for
composting (Murphy, 1988). Poultry litter is used as a primary compost medium for
supplying ammonia nitrogen for microbial growth. Since carcass is a rich source of
nitrogen, straw is added to supply carbon and balance the C:N ratio.
The mixture should comprise 10 parts of dead birds, 20 parts of poultry litter, 1 part of
straw and 3 parts of water based on weight. This mixture will have a carbon and nitrogen
ratio (C:N) of approximately 23:1 and moisture content of about 55% (Donald and
Blake, 1990). Composting is optimal when C:N ratio is about 23:1 and moisture content
55%. However, C:N ratio between 15:1 and 35:1 and moisture content between 40%
and 60% are within the acceptable range (Murphy and Handwerker, 1988).
Two types of bins are required for composting of dead poultry; a primary composting
bin and a secondary compost bin (Murphy and Handwerker, 1988; Donald and Blake,
1990). The process consists of layering of daily mortalities in the primary bin with
used poultry litter, straw and water (Murphy and Handwerker, 1988; Ackerman and
Richard, 1990). A layer of Utter (30 cm) is placed on the concrete ñoor of the primary
bin. A layer of straw is then added to help in aeration and to supply carbon. A single
layer of carcass is then placed in the bin and water is added to provide moisture. The
carcass layer is then covered with poultry litter for subsequent layering. The process is
continued till the primary bin is full. A cover of litter is then placed over the carcasses
(Blake and Donald, 1992).
Size of the composter is of major concern for effective composting of dead birds. The
capacity of the primary bin is calculated on the basis of broiler farm capacity, overall
bird size at the end of the production cycle and mortality (Donald and Blake, 1990).
Cubit capacity of _
primary composter

Farm capacity ^^ Bird market
per cycle
weight

^

Q QQ25

A minimum of Im"* of secondary composter bin is required for each Im^ of first stage
composter (Donald and Blake, 1990)
After 7 to 10 days the temperature of the compost in the primary bin reaches 60-70^C
due to microbial action. The rise in temperature accelerates decomposition process and
destroys the pathogens. The temperature decreases in the primary bin after it reaches
the peak after 14 to 21 days. At this stage the compost from the primary bin is transferred
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to the secondary bin. The material which is aerated during the process of transfer is
further decomposed in the secondary bin. The temperature in the secondary bin increases
as the bacterial action proceeds. After the second temperature rise the composted material
can be stored properly for land application (Donald and Blake, 1990).
The heat generated in the primary bin pasteurizes the compost material and destroys
poultry associated bacterial pathogens, while the temperature rise in the secondary bin
inactivates human and avian pathogens (Murphy, 1990; Conner and Blake, 1990; and
Conner et al. 1991 a,b,c)
Composting thus is a cost effective bisecure and environmentally sound method of
disposal of dead birds.
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SEPARATE FEEDING : PART OF A TOTAL FEEDING
CONCEPT
D.HJ. Roumen
Roxell N.V., Maldegem, Belgium

A field test was conducted to study the differences between two different feeding
systems for commercial broiler breeders. In house 1 a traditional chain feeding
system was installed; in house 2 an auger system. Not only the speed of two systems
was different (18 metres/minute versus 30 metres/minute for chain and the auger
system respectively), but also the way of separating the males from the females.
Above the chain feeder a fixed grill was installed to prevent the males from eating
from the female system. The distance between the grill separations was 43 mm.
In combination with the auger system a roller tube was installed, which had a
variation in height between 40 and 50 mm. Depending on the age and development
of the birds the distance was changed during the flock. While the feed with the
chain feeder was given in one cycle, the feed with the auger system was given to
the females in 8 to 10 smaller portions.
The test showed in the first place that when feed competition among the birds is
reduced, it is much easier to obtain a good uniformity just before the production
period starts (70.1 % for the chain, 76.4 % for the auger at 22 weeks of age). That
a higher uniformity results in higher egg production in the peak of lay was
confirmed in this test: 76.7 % versus 79.0 % for house 1 and 2 respectively.
Provision to vary the distance between the feeding system and the roller tube
compared to the fixed grill resulted in a higher fertility, 80.78 % for the roller
tube and 76.87 % for the fixed grill. The higher weight of the males in the last
house (5.4 kg) is attributed to that difference (4.8 kg for the auger system).
INTRODUCTION
In the mid-eighties interested parties (not only research institutes, but also the poultry
industry) developed a serious interest in the separate feeding of broiler breeders. The
loss of fertility results (more specifically at the end of the production cycle) was too
important to ignore.
McDaniel (1986) demonstrated that the the fertility degree was significantly higher
when the sexes were fed separately when compared to the customary mixed feeding of
broiler breeders.Subsequently, others confirmed the poor fertility results, (Meyerhof,
1989; Fontana, 1989) when the sexes have combinedly fed.
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In the last decade, consumption of poultry meat increased very rapidly, particularly in
the USA, where the per capita consumption already exceeds 40 kg per year. In
comparison, Europe remains far behind (about 18 kg). This development was profitable,
not only to poultry meat producers and the related industry, but also to the poultry
breeding farms. The increasing growth allowed them to implement their breeding
programmes more intensively and more rapidly. The end product - the broiler - can
grow very rapidly in an efficient way. This stressed still more the necessity to feed the
females separately from the males.
In the past, practically all tests with separate feeding were run on the basis of limiting
the width of access to the feed because of the different size of the heads of males and
females. In 1990 Hocking advised a distance of 40 mm between the grill separations
above the feed trough; in 1993 he advised a minimum distance of 41-42 mm. Nowadays
poultry breeding companies advise distances between grill fingers of 42 up to 45 mm,
depending upon the decombing of the cocks.
These data lead to the conclusion that the head width by itself is a difficult parameter.
The optimum distance between grill separations remains uncertain until males and
females are actually present in the house. On one hand, if the opening is too wide,
cocks can feed from the troughs meant for hens which has adverse effects on increase
in weight and fertility. On the other hand, if the opening is too small (Hocking, 1993),
heavier hens can be hindered when eating, which causes low feed consumption productivity loss and/or head damages.
Another negative phenomenon : the feed distribution in the house. Because a number
of feeding systems allow birds to eat during feed transport, consulting breeding
companies have insisted upon a fast feed distribution (4-5 minutes). Other commonly
used methods to limit the negative results of an insufficient feed distribution are 1)
installing extra feed hoppers at different locations and 2) splitting up the house into
compartments.
This field test compares an existing feeding system with a new feeding methods. All
the above observations lead to the conclusion that it is not only necessary to find a
solution for the development of head sizes of broiler breeders, but also to guarantee an
adequate feed distribution. So the test results include the fertility results with separate
feeding as well as the effects of correct feed distribution on the uniformity.
MATERIALS AND METHODS
We ran the test in two houses on the same farm, both with 208 Ross breeders.
In house 1 the farmer put 6838 hens of 18 weeks on an area of 1,040 m^ (80 m x 13 m
- 6.6 hens per m^). At the same time, 4700 hens were started up in house 2 on an area of
675 m^ (50 x 13.5 m; 7 hens per m^).
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House 1 was equipped with 3 traditional chain feeding circuits, with a fixed grill on top
- 43 mm distance between grill separations. Speed of the chain : 18 m/minute.
House 2 was equipped with 3 trough feeding circuits, with augers running at a speed of
30 m/minute. On top of the troughs there were so called "roller tubes", adjustable in
height from 40 to 50 mm. Before tgg production started, these roller tubes were set at
40 mm. At the start of egg production (24 weeks), they were adjusted at 44 mm.
Feed requirements of the hens were determined by the so called "challenge feeding",
their weight development and their condition. Cocks were fed according to the norm of
the breeding company. Feed distribution was based upon the instructions of the suppliers
of the feeding systems. The chain feeders in house 1 started at 4 a.m. and stopped at the
moment the central feed hoppers ran empty. The auger feeders in house 2 distributed
the daily feed ration in small portions during 10 meals. At each meal, the augers filled
the circuits completely, allowing the hens to consume all the feed.
HEIGHT

TIME
1 = Feed transport time

2 = Feeding time

Water was restricted, with a feed/water ratio of about 1.9. The farmer kept daily records
of water consumption, number of eggs (hatching eggs, floor eggs, double yolk eggs,
eggs with hair cracks), mortaUty and selection. The uniformity of the hens was mainly
registered during the starting period.
Uniformity (%) was calculated as a deviation of plus or minus 10 % from the average.
RESULTS
Chart 1 shows the percentages of lay in both houses. At top production, the percentage
of lay was clearly higher in house 2 with auger feeders and roller tubes than in the
house with chain feeders and grills. After top production, the percentage was the same.
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Chart 1 : Percentage of lay.
Percentage of lay

House 1
House 2

ir-'^r^OCOCOCT)C\JLOOOi-'^I^O
C\JC\J<MC0C0C0C0'^^'^LOLOLnCD

Age (weeks)

The uniformity was registered during the first weeks after the birds arrived.
The results are shown in table 1.
Table 1 : Development of uniformity (%) between week 18 and week 22.
AGE (WEEKS)

18

19

20

21

22

House 1 (chain)

62.6

57.1

52.6

62.2

70.1

41.9

64.7

62.9

66.1

76.4

iouse 2 (auger)

At the start, average weight of the hens was almost the same : 2,11 kg (house 1)
and 2,061 kg (house 2).
Apart from the productivity (percentage of lay), the cumulative hatching egg production
per hen bred is important, because it reflects the influence of selection and mortality.
These results are shown in chart 2.
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Chart 2 : Cumulative hatching egg production per hen
Cum. egg production per hen bred

House 1
House 2

T-'^I^OCOCÛOîCNJlDOOi-'^t^O
CMCMCMCOCOCOCO-^^^IDLOIOCD

Age (weeks)

The chart shows that the differences steadily increase during the period.
The final difference at the age of 60 weeks varied from 150,38 in house 1 to 157,36
hatching eggs in house 2. The production of hatching eggs was not influenced by the
number of "other" eggs. In both houses, the number of small eggs (< 50 grams), cracked
eggs, broken eggs and double yolk eggs was the same (table 2).
Table 2 : Number of "other" eggs
NUMBER OF "OTHER" EGGS

HOUSE 1 (CHAIN)

HOUSE 2 (AUGER)

Small eggs (< 50 grams)

3.92

3.66

Cracked, broken eggs

1.92

1.75

Double yolk eggs

1.79

1.68

TOTAL

7.63

7.09

Apart from the prodictivity characteristics, there are a number of other characteristics
which are important for broiler breeders. One of the most important is no doubt the
fertility result.
The feasibility of separate feeding is best reflected in the progeny (in this case the rate
of hatching).Also important is the economical indicator, say the feed consumption.
Table 3 gives a survey of the most important results.
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Table 3. Survey of the most important results
HOUSE 1 (CHAIN)

HOUSE 2 (AUGER)

76.87

80.78

320

289

13.36

8.91

End weight hens (kg)

4.1

3.8

End weight cocks (kg)

5.4

4.8

RESULTS
Fertility (%)
Feed consumption per egg (grams)
Mortality + selection (%)

These results are self-explanatory. The fertility results as well as the feed consumption
results (oats included) are clearly in favour of the auger feeding system. House 1 required
more intensive selection because of the varying weights. Hens with a divergent weight
were selected out.
Hens were fed according to a "challenge" principle, not according to weight. Also the
difference between the end weights of the cocks is most significant.
At the age of 25 weeks there was a one-time search for the relation between the uniformity
of the hens and the uniformity of the eggs. Table 4 shows the results.
Table 4. Relation between uniformity of hens and eggs
UNIFORMITY

HOUSE 1 (CHAIN)

HOUSE 2 (AUGER)

Hens (%)

70.1

73.6

Eggs(%)

75.8

80.8

The results show a correlation between the uniformity of the hens and the uniformity of
the eggs. Effects on the hatching percentage or the broiler results afterwards are unknown.
Average egg weights were 47.4 grams (house 1) and 49.7 grams (house 2).
DISCUSSION AND CONCLUSIONS
A number of factors play a role in determining the feasibility of a system for separate
feeding of cocks and hens. First of all : a test gives only a random indication.
When respecting fixed distances (e.g. grills with a distance of 43 mm between grill
separations), one can very well feed a certain group of hens separately. In practice
however, there may be significant differences after some time, within the same breed
as well as between breeds. Most breeding companies now advise 43 to 45 mm distance
between grill separations. The described test not only included a flexible and adjustable
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separation system, but also the separation of males and females by means of height
adjustment. The last method was possible thanks to the fact that feed underneath the
roller tube was available on only a limited surface. Fertility results clearly prove that
there can be considerable differences between one separation method and another.
The high end weight of the cocks on the chain feeding system with fixed grills clearly
indicates that the cocks fed from the feeding circuits for the hens. Both houses had the
same pan feeding system for the cocks, which was out of reach of the hens when winched
high enough. In both houses, the cocks were fed according to the norm of the breeding
company.
Another striking difference between both feeding systems are the egg production results.
The relative (percentage of lay) as well as the absolute (cumulative number of eggs per
hen bred) egg production were in favour of the auger feeding system with adjustable
roller tubes.
There are two essential differences between the feed distribution with this system and
the feed distribution with the conventional chain feeder. First of all : the feed is protected
by the auger during feed transport. The combination with the high auger speed (30 m/
minute) prevents hens from eating during feed transport. Secondly : unlike a chain
feeding system, the feed is spread over 10 meals, rather than being distributed at once.
Hens consumed an equal amount of feed, so there was no problem to achieve the
optimum uniformity, in spite of the fact that the hens in house 2 showed a clearly worse
uniformity at the start.
In practice, not only the egg production and the fertility result determine the success
with a flock, but certainly also the feeding efficiency. Feed represents indeed 60-65 %
of the total cost.
This test showed also big differences in the feed consumption : 9.8 % less feed was
needed per egg produced ! As already mentioned, part of this result can be explained
from the higher uniformity in house 2 with the auger feeding system. Another obvious
explanation of this big difference is the greatly reduced feed wastage.With a chain
feeding system, the feed is available as soon as the system starts. A clear disadvantage
is the limited length of the system where feed becomes available :there is very much
competition between birds trying to get their portion. This competition may cause a
considerable feed wastage. Other important differences between both systems are the
surface of the feeding space and the distance between the feed and the trough edge. In
the auger feeding system, the feed takes much less surface (3.5 cm compared to 8 cm in
the chain feeding system), and the average distance between feed and trough edge is
much larger (3.8 cm compared to 2 cm).
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Demands of the end product (the broiler) are very high already, and they show an
upward trend. So the demand of a better growth potential of broiler breeders (and
consequently of a good system for separate feeding) will certainly increase in the near
future. The test described above shows clearly that one cannot and must not only look
at one characteristic, but also duly consider other factors which determine the result
(uniformity, feed wastage). Also feeding small portions instead of progranmiing only
one meal deserves closer investigation. The indication that a uniform flock of broiler
breeders produces more uniform eggs, automatically leads to considering a closer study
of the effects upon the uniformity of the broiler flocks coming from these breeders. So
it is apparent that "separate feeding is part of a total feeding concept" !
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INTRODUCTION
It is needless to emphasise the importance of biosecurity in the modem poultry world.
The biosecurity concept is diffusing into all aspects of poultry farming. Everybody is
aware that biosecurity is doing every thing possible to prevent the entry, proliferation
and perpetuation of pathogenic microorganisms at the site of poultry farming. Although
the term biosecurity can be defined easily, it encompasses all the poultry operations.
It begins with the selection of a site, bonstruction of houses, selection of the stock and
considers other operations like cleaning,disinfection, feed mill sanitation, water quahty
management etc.
The lack of biosecurity or lapses in biosecurity leads to severe disease outbreaks and
a country like india is no exception to this. In the last three years Indian Poultry farming
has witnessed a major pandemic of Gumboro disease sweeping accross the country
and taking its toll on miUions of poultry birds. The disease spread like wild fire, the
principal reason for the problem being serious lacunae in the biosecurity systems. Certain
natural factors having a direct bearing on practicing effective biosecurity, are highlighted
in the present paper.
Temperature : In tropical countries like India, the ambient temperature fluctuates very
widely in different seasons through out the year. For ex., in North India the temperature
in winter drops to l^C and shoots up to 49°C in the summer season. These extremities
subject the poultry population to a severe stress leading to seasonal disease problems.
In extreme winter season the diseases like Coryza, Chronic Respiratary Disease and
Infections Bronchitis flare up while in the summer season diseases like New castle
Disease and Infectious Bursal Disease (IBD) (Gumboro) gain an upper hand. The
conventional housing system for poultry in tropical countries does not totally protect
the flock from severe cold or hot weather making them more vulnerable to stress. Such
persistant infections raise the level of disease challenge in the particular poultry pocket
causing considerable economic loss.
Humidity : In the coastal regions of tropical countries the relative humidity varies
between 60% to 90% creating ventilation problems. In the rainy season Coccidiosis
strikes as a rule in deep litter systems followed by infections transmitted faeco-orally
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like Colibacillosis and Salmonellosis. Humid environment makes the conditions more
conducive for the perpetuation of pathogens in the environment.
Dust Concentration in the Air : Dust particles are potential agencies for transferring
infections. The dust concentration in tropical countries at times goes as high as 100
times more than what is observed in western countries. Higher ambient temperature
leads to more convectional currents increasing the dust dissemination in the environment.
Dust particles act as fomites for carrying infectious particles on their surfaces causing
diseases to spread.
Drinking Water Quality : Sewage disposal methods and pubUc toilet systems are
very inadequate in certain parts of tropical countries leading to the unhygienic disposal
of human and animal faeces. The water streams like rivers and canals are often
contaminated with faecal microorganisms like E.coli. Similarly the bore well and open
well water sources also get contaminated due to seepage of sewage water. Deep bore
wells are by and large free from microbial contamination,however such water sources
harbour very high levels of iron, nitrates, nitrites and flourides leading to many metabolic
disorders in poultry birds. These four factors together or individually are responsible
for a higher degree of environmental challenge of bacterial, viral and fungal pathogens.
When the biosecurity systems are designed at the poultry site, these four factors carry
great importance because they can shift the balance between health and the disease of
the flock. Besides, these handicaps have to be overcome to establish good biosecurity
standards. Apart from these natural factors there are some man made hurdles in effective
biosecurity.
Multiage groups at one site : All in-all out system of poultry management is not
practised in countries like India where often one farm contains many age groups. This
is an ideal situation for getting recurrent outbreaks of infection.
Inadequately ventilated housing systems: Since the farming practices have been
undergoing transitional stages, there are still many poultry farms where houses are
built and located in an unscientific manner, jeopardising the ventilation. Inadequate
ventilation helps in excessive generation of Ammonia gas in case of the deep htter
system, causing problems of visceral gout. Besides, the over growth of faecal bacteria
also causes problems like,enteritis,colisepticaemia etc.
Uncontrolled and unquarantined movement of vehicles : Outside vehicles and
visitors often enter the farm premises unquestioned and unsprayed with disinfectant.
The main agency for the spread of IBD in southern and western parts of India was the
vehicles of traders who were picking up birds/ eggs from different farms for selling
in the market.
Improper and irresponsible disposal of carcasses and offals: Many a times the
daily mortality offals are just thrown out of the premises creating a serious health hazard
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to the entire neighbourhood. Proper incineration of carcasses or deep burying are not
practiced by all farmers compromising the biosecurity of other farms. In this situration,
stray birds and animals can spread the infectious agents very fast to the neighbouring
farms.
These man made factors together with natural problems complicate the whole system
of biosecurity. One has to take into consideration all these things without overlooking
the vital aspect of economy. The farmer cannot invest a lot of money in taking care
of biosecurity, however he has to strike out the right balance which will ensure that
his operation stands fairly sound in the long run. An appropriate biosecurity system
can be designed which will properly take care of the water quality, poultry house
decontamination, hatchery hygiene and generalised hygienic management. Tips to
achieve the best possible and cost effective biosecurity standards, are discussed below.
BIOSECURITY PLAN
A. Generalised Shed Sanitation : (for a shed of 2500 sq ft)
1.

Manual removal of Htter and manure from the shed followed by washing of the
flooring with tap water.

2.

Sprinkling caustic soda flakes evenly on the flooring at the rate of 1 kg per 1000
sqft.

3.

Soaking caustic soda with water, leave it for 2 to 3 hours to act thoroughly.

4.

Washing off caustic soda with a jet of water.

5.

Roof, beams, cages,side walls and accessories in the shed are subjected to rigorous
washing with a plain water jet spray, the main objective being the removal of
dust, dirt and bird feathers.

6.

Spraying with a 2% solution of washing soda- about 100 lit of
required for thorough soaking.

7.

Flaming the shed with a flame gun.

8.

Accessories like brooders, feeders, waterers after washing with a plain water jet
spray, are inmiersed in a washing soda solution of Diskol, and left to dry in the
sun. About 50 lits of Diskol solution will be required for this purpose.(2 lits
Diskol per 50 Uts water.)

9.

White washing of the shed with about 100 lits of lime (chuna) slurry to which
2 lits of Diskol is added.

water will be
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10. Replacing all accessories like the waterers, brooders, feeders- followed by bringing
in of new litter material, (for deep litter)
11. Environmental spraying of Dis-N-Det or Diskol within the shed- fine spraying
towards the ceiling will ensure that every comer within the shed receives the
spray. Thirty 30 litrs of 4% solution of Dis-N-Det or Diskol is required for this
purpose.
12. Fumigating the shed immediately after spraying. Cover the shed and close
entrances to prevent the leakage of fumes as they are hazardous to neighbouring
sheds. Six kgs of Potassium permanganate added to 12 lits of formalin is Ideal
13. A second spray of Diskol immediately after fumigation followed by closing and
covering of the shed.
14. Washing and disinfecting curtains, gunny cloths before replacing
side walls.

them on the

15. In cases of IBD infected sheds, making a final spray of Chloramine T (one gm/
lit ) in 30 lits of water is advisable.
16. For automatic drinking water system-removing all water from the pipelines is to
be followed by filling the whole watering system with 10% Aquaquat solution
(at least 5 lits). Keep this overnight, and then flushing the system with plain water
to remove the solution. Try keeping the watering system empty till it is to be used.
This shed sanitation programme is designed for all types of houses like brooder houses,
grower houses, layer houses etc.
B. Water Sanitation : Use of Polidine-Aquaquat and Disclor in drinking water
sanitation at the rate of 1 ml/10 lits is recommended. These 3 products are to be used
in rotation, not together in order to avoid the emergence of resistant pathogens. Each
broiler requires 7 hts of drinking water in its Ufe span. Each layer bird requires 100
lits of drinking water through out its Ufe span of 72 weeks. Use of pH-SIX is advisable
to reduce alkalinity and hardness of water. One to 2 ml pH-Six per 10 lits of water
before adding Polidine, Disclor or Aquaquat.
C. Weekly Spraying of a 0.4% Solution of Dis-N-Det or Disliol : When birds are
housed in the shed, very fine spraying is recomemended.
Biosecurity Planning for Breeders (Brooders) Shed (Deep Litter)
1.
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Removal of litter, manure, laying nests followed by the removal of drinkers,
feeders, partitions, brooders, brooder guards etc.

2.

Evenly sprinkle caustic soda flakes on the flooring at the rate of 1 kg/1000 sq ft.
Soak it with water - spreading it over the flooring. Leave for 2 to 3 hours to act
thoroughly, wash it off with a jet of water.

3.

Washing the roof, beams, trusses, side walls and accessories inside the shed with
a jet of hot water is followed by scraping to remove dirt,dust and feather depositions.
Ensure complete removal by washing again.

4.

Alkaline wash of 2% washing soda solution spray-100-110 Hts of water is required
for thorough soaking.

5.

Flame the shed with flame gun.

6.

Clean accessories like feeders, drinkers, nests. Wash with a jet of plain water. Dip
into 3-4% to remove calcium deposits, if any. Wash with washing soda. Disinfect
with Diskol and sun dry.

7.

Flush 10% Aquaquat solution in drinking lines and overhead tank.

8.

Alternate jets of hot and cold water are used to clean the conveyor system followed
by drying. Similarly hoppers are cleaned and dried.

9.

For white washing, 0.5% copper sulphate, 1% Diskol are added to Ume slurry and
applied to the shed from inside-walls, roof, flooring.

10. Replacement of accessories like drinkers, feeders, nests, partition walls and fresh
litter material is brought in.
11. 5% solution of Diskol with 0.5% copper sulphate, around 110 lits for 10,000 sq.ft,
is sprayed such away that the trusses, roof, side walls, chain links etc. get properly
soaked.
12. Distribute 24 kgs potassium permanganate powder in 50 vessels or drums and
then add 48 lits formalin to it in order to carryout effective fumigation.
13. Spray with Diskol again.
14. Make a spray of Chloramine T for the brooder house at the rate of 1 gm/lit of
water. If the house has a history of IBD infection then use 5 gm/lit of water.
Routine Sanitation Plan for the Hatchery
1.

Footbath : Use a 2% solution of is Polidine/ Diskol (20 ml/
change the solution daily.

lit of water ) -

2.

Hand wash : 1% solution of PoUdine or an adequately diluted solution of dettol
or savlon is made in a trough. Hatchery staff must use this routinely during,
before and after working.

803

3.

Daily mopping of the hatchery sections like the fumigation room, cold room, setter
room, hatcher room, with 2% Dis-N-Det solution times a day (3 shifts). Rotation
with Polidine or any other chemical after every 3 months will prevent the emergence
of resistant strains.

4.

One environmental spray of Dis-N-Det/Diskol (4% solution) daily followed by
mopping the side walls and flooring in the setter and hatcher rooms only.

5.

Weekly, mix 0.5% copper sulphate in Dis-N-Det solution before spraying.

Setter Machines
1.

Daily mopping of incubator walls, floor and roof with a 4% solution or 2% solution
of Polidine.

2.

Changing the gunny cloth of setter air-inlets once in 10 days. Disinfection of this
cloth is carried out by dipping in 4% solution of Dis-N-Det/Polidine/Diskol
alternatively each for 45 to 60 mins followed by drip drying.

3.

2% solution of Dis-N-Det/Polidine/Diskol is added in the humidifying tank of the
incubator.

4.

Bursting within the incubator should be closely monitored-removal of burst eggdebris should be prompt, followed by mopping with a disinfectant. In case, it
occurs more in a particular machine, a light spray of Dis-N-Det solution daily will
help.

Hatcher Machines : After the pull out, remove all waste debris from the machine,
clean with a detergent solution or with 4% Dis-N-Det/ Polidine simultaneously to clean
and disinfect machines. Lamps and gunny cloths of air inlets may be disinfected similar
to that of setter machines or replaced.
Setter and Hatcher Trays and Trolleys : Wash all trays^ and trolleys with a jet of
water, preferably hot. Use of detergents, washing soda and scrubbing may be necessary
to remove hardened organic matter.
Dip all the trays and spray the trolleys with 4% solution of Dis-N-Det/ Polidine in a
reservoir. Keep trays for 30 mnts and then allow to drip dry, arrange trays on the trolley
after cleaning interior parts and wheels of the trolley.
Hatching Egg Sanitation
1.

Thorough fumigation of the eggs received.

2.

Scraping off the dirt from soiled eggs.

3.

Mopping all eggs with a solution of 2% Dis-N-Det or Polidine.
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METHODS FOR COMPOSTING POULTRY CARCASSES
J.P. BlakeS D.E. Conner^ and J.O. Donald^
^Department of Poultry Science and ^Department of Agricultural
Engineering, Auburn University, AL 36849, USA

Disposal of poultry carcasses resulting from death by natural occurrences presents
a major problem to the poultry grower and environmentally and biologically safe
disposal is essential for maintaining on-farm biosecurity. Composting is a controlled
natural process in which benefícial microorganisms reduce and transform the
carcasses into a useful end-product. Field and controlled studies have been
conducted to evaluate the microbiological safety of mortality composting. Results
indicate that a well-managed composter will generate temperatures of greater
than 60^C capable of providing the necessary conditions for pathogen inactivation.
Thus, composting poses little risk of disease transmission. Alternative methods
for the disposal of poultry carcasses are limited and composting presents itself as
a desirable environmental and economic option.
INTRODUCTION
Poultry carcasses resulting from death by natural occurrences must be disposed of by
environmentally and biologically safe methods. The traditional methods of burial and
incineration are becoming recognized as less acceptable, because they may impose
environmental concerns. As environmental concerns for air and water quality have
emerged, the need for alternative methods for managing poultry carcasses has also
emerged. Composting, in which microorganisms transform organic wastes into a useful
end product, has emerged as one alternative that provides an environmentally and
biologically safe method of converting daily mortality losses into humus-like material
useful as a soil amendment.
Preliminary studies of poultry carcass composting were conducted at the University of
Maryland's Poultry Research and Education Facility (Murphy and Handwerker, 1988).
For composting of poultry carcasses, a prescribed amount of dead poultry, poultry
litter, straw, and water at a weight:weight ratio of 1:2:0.1:0.25, respectively, provide
the necessary mixture for transformation into compost (Murphy, 1988). Caked or used
poultry litter, comprised of pine shavings, sawdust, peanut hulls or rice hulls, and manure
is used as the primary compost medium to support microbial growth.
The composting process must provide for the inactivation of pathogenic (avian and
human) microorganisms prior to land application. During the prior 4-years, controlled
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and field studies have been directed toward characterizing the microbiology of carcass
composting as well as determining the survival of specific pathogenic microorganisms.
MATERIALS AND METHODS
A 2-stage composting unit was constructed according to published specifications at
Auburn University, Department of Poultry Science Research Farm (Conner and Blake,
1990). The unit consists of three primary bins (1.52 x 1.52 m), three secondary bins
(1.52 X 2.44 m) and a litter storage area (2.44 x 3.96 m).
Challenge Studies
In these studies, specific pathogens were inoculated or placed into the materials used
for preparation of carcass compost; that is, the compost process was "challenged" with
various pathogens. To generate a complimentary microbiological profile, populations
of fungi and coliform, aerobic, anaerobic, thermotolerant, and thermophilic bacteria
were enumerated from samples obtained during typical 2-stage composting in the
research composting unit under conditions similar to those used under field conditons.
Study 1
Carcasses were inoculated with S. typhimurium (10^ CFU/carcass) and placed into the
composting unit with varying amounts (0,10,20%) of wheat straw as a bulking material.
The weight: weight ratio of carcasses, poultry, litter and water were 1:2:0.25 with wheat
straw being 0,0.1 or 0.2, respectively, in one of three available composting bins. Over
the compost cycle, temperatures were determined using a data logger (Grant, SE, Inc.,
Dayton, Ohio) and compost samples were obtained periodically and analyzed for S.
typhimurium.
Study 2
In a similar study using varying amounts (0,10,20%) of wheat straw as a bulking material,
tubes containing cultures of pathogenic bacteria Salmonella enteritidis, S. typhimurium,
S. senfienberg, Pasteurella multocida, L monocytogenes, and Escherichia coli 0157:H7
(10^ CFU) and fungi Aspergillus fumigates or A. flavus (10^ spores) were placed at four
locations into the compost bins during the daily layering procedures: 1.2 m deep (layer 2)
at center, 1.2 m deep at front slats, 0.6 m deep (layer 4) at center, and 0.6 m deep at front
slats. Each test culture was either inoculated directly onto carcasses or into tubes of brain
heart infusion with 0.5% agar, and placed into the composter unit at 4 different, prescribed
locations at the initiation of the composting process.
At the completion of primary composting, culture tubes were retrieved and analyzed
for viability. A duplicate set of tubes of each test organism was initially placed into the
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primary bins; therefore, the second set of tubes was removed with the compost and
placed into the secondary bins at the same relative positions as in the primary bins.
This second set of tubes was removed and analyzed for viability at the completion of
the secondary cycle. For direct carcass inoculation studies (S. typhimurium), compost
samples were periodically obtained and analyzed for the presence of the test culture,
whereas in test tube studies sample tubes were obtained and analyzed for viability of
test cultures using direct plating or enrichment techniques after completion of the primary
and secondary composting cycle.
Field Study
A total of 36 composters were sampled for the presence of viable Salmonella, Listeria
monocytogenes and Campylobacterjejuni as well as for populations of enteric, coliform
and APC bacteria. Compost samples were obtained from the secondary bins of each
unit and were materials that had completed the secondary heating. Samples were obtained
from a depth of ca. .5-.75 m using a soil test auger, then transported to Auburn University
for analysis. Microbiological analyses for the three bacteria were conducted using
standard USD A or FDA detection-isolation protocols.
RESULTS AND DISCUSSION
Study 1
With 20% wheat straw, which is twice the recommended level, temperatures reached
65^C; with 10% wheat straw, 52^C; and with 0% wheat straw, 50^C. Under these
conditions, S. typhimurium were effectively inactivated (Table 1). Although S.
typhimurium were inactivated in compost with no added bulking material, this compost
was of very poor quality as evidenced by a strong putrid odor.
Study 2
None of the bacterial pathogens were recovered following primary (or secondary)
composting with 10 and 20% wheat straw or peanut hulls, while bacteria survived
primary composting when no wheat straw was used (Table 2). However, no viable test
cultures were recovered under any test conditions following the secondary cycled.
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Table 1. Recovery of S. typhimurium From Compost Prepared with Artificially Contaminated
Carcasses
Primary Cycle

Amount
of Straw

Day:

0%
10%
20%

Secondary Cycle

0»

3

6

9

+^
+
+

0^*
+
+

0
0
0

0
0
0

Day:

15

20

26

33

0
0
+

0
0
0

0*
0
0

0
0
0

1 Day 0 = day last layer added to primary bin. Subsequent days from this point.
2 Viable S. typhimurium recovered.
3 No S. typhimurium recovered.

This indicated that composting effectively inactivated tested pathogenic microbes
(Conner et al., 1992a). Futhermore, presumption data from similar challenge experiments
in which carcasses were purposely infected with virulent Newcastle disease virus (NDV)
or virulent infectious bursal disease virus (IBDV), indicated that both NDV and IBDV
were inactivated during typical carcass composting (Conner et al., 1992b).
Table 2. Recovery of cultures places at various locations and subjected to composting with 0,10
and 20% wheat straw (WS)
Primary Cycle

Culture'
ST
SE
SS
EC
PM
LM
AF
API

Secondary Cycle

0% WS

10% WS

20% WS

0% WS

10% WS

20% WS

A^BCD
0'+'+ +
0+++
0+++
0+++
00 + +
0+++
0+++
00 + +

ABCD
0000
0000
0000
0000
0000
0 0 0 0^
0+00
0000

ABCD
0000
0000
0000
0000
0000
0000
0000
0000

ABCD
0000
0000
0000
0000
0000
0000
0000
0000

ABCD
0000
0000
0000
0000
0000
0000
0000
0000

ABCD
0000
0000
0000
0000
0000
0000
0000
0000

1 All cultures placed at composter site at ambient conditions were viable at both sample times. ST =
Salmonella typhimurium, SE = S. enteritidis, SS = S. senftenberg, EC = Escherichia coli 0157:H7, PM
= Pasteurella multocida, LM = Listeria monocytogenes, A¥ = Aspergillus fumigatus, AFl =A.flavus.
2 Letter designate position of cultures in compost bin: A=.6m deep at center; B=.6m deep at 10cm from
bin front; C=1.2m deep at center; D=1.2m deep at lOcm from bin front.
3 No viable cells or spores detected.
4 Viable cells or spores recovered.

Field Study
Moisture content of the compost ranged from 25% to 45%. After the last layer was
added to primary bins, temperatures rapidly exceeded 50*^C and generally stabilized
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until the materials were transferred to the secondary bin where another heating cycle
occurred, generating temperatures in excess of 60^C. Temperatures then remained
relatively constant over the remaining test period. Maximal temperatures (>60 C) were
obtained during the secondary composting cycle.
APC populations remained high, ranging from 10"^ to > 10^ CFU/g of compost throughout
the 30-day sampUng period. Initially high populations of cohform bacteria (ca. 10^
CFU/g) were reduced to nondetectable levels (<10' CFU/g); however, cohform counts
remained high during the primary cycle and inactivation did not occur until materials
were transferred to the secondary bin (Conner et al., 1991).
None of the samples from the 36 composters yielded viable Salmonella, L.
monocy togenes or C jejuni. Again, all samples were from compost that had received
the recommended two-stage process. These data indicate that under the various field
conditions in which these composters were operated, the target bacteria were effectively
inactivated. Furthermore, data suggest that these composters were managed properly
to ensure a biosecure process (Conner et al., 1992a).
When properly managed, composting is a safe (biosecure), relatively inexpensive and
environmentally sound means for managing poultry farm mortalities. A well managed
composter will generate temperatures capable of destroying many avian and human
pathogenic bacteria that may be associated with carcasses. According to various studies,
two-stage composting in which the compost pile is aerated (by transferring compost)
to produce a secondary heat cycle is necessary for pathogen destruction. Therefore,
aeration is apparently an essential component for maintaining the biosecurity of
composting. Furthermore, the field survey indicates that sampled composters are
effectively providing these conditions.
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FEATHER
POULTRY

PECKING AND

CANNIBALISM

IN

W. Bessei
Department of Poultry Science, University of Hohenheim P.O. Box. 70
05 62, 70593 Stuttgart, Germany

Despite extensive research activities during the last decades the problems of feather
pecking and cannibalism still persist in commercial poultry flocks and cause
considerable economic damages through poor feed conversion and high mortality.
Besides the economic losses these behaviours are welfare problems. There are
various hypothesis on the development and causal factors of feather pecking and
cannibalism, but none of them have proved to be reliable to predict their occurrance
or to develop successfull strategies to prevent them. Beak trimming is known to be
an efficient measure to control the problem. This painful procedure it is not
generally accepted for animal welfare reasons. There is a strong pressure by animal
welfare organisations in European countries to ban beak trimming. Therefore it
is necessary to develop alternative methods. Genetic selection may be a useful tool
in this respect. Differences of feather pecking and cannibalism between genetic
strains as well as heritability estimates showed that there exists genetic variability
which may be used in breeding programmes. Problems in observation techniques,
and the susceptibility of the behaviours to a great variety of environmental stimuli
compromise the repeatability, and thus, the applicability of such traits in practical
poultry breeding. With regard of the complexity of this matter, a multidisciplinary
approach comprising environment and genetic studies will be required to solve
the problem.
INTRODUCTION
Deleterious effects of feather pecking and cannibalism in poultry flocks have been
reported more than 100 years ago (Oettel, 1873; Fridrich, 1896), and the problems still
persists. Feather pecking causes progressing deterioration of the feather cover in laying
hens during the laying period. Poor feathering of the birds increases heat loss under
moderate and cold climatic conditions, which in turn worsens feed conversion rate
(Tauson and Svensson, 1980; Bessei, 1984a; Damme and Pirchner, 1984). Also poor
feathering is discussed as a welfare issue in Europe. Cannibalism is an important cause
of mortality in commercial layer flocks. Though this problem has been investigated
extensively during the last decades no progress has been achieved so far. According to
unpublished data of the German random sample tests there is a tendency that the
importance of mortality caused by cannibalism increases continuously (Preisinger, pers.
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communication). The situation is aggravated by the introduction of alternative rearing
systems for laying hens, such as aviaries and free range systems, where the incidence
of cannibalism is generally higher than in conventional cages. Unpredictable outbreaks
of feather pecking and cannibalism increase the economical risk of layer operations
and impair the wellbeing of the birds. The present paper gives the stand of science and
some prospects of further research needed to solve the problem.
DESCRIPTION OF FEATHER PECKING AND CANNIBALISM
Feather pecking is defined as non-aggressive pecking towards the feathers of group
mates. It appears in the young chick at the second day after hatch (Wennrich, 1975),
and various peaks of the feather pecking activity in pullet rearing have been reported
(Hughes and Duncan, 1972). Several authors found that extensive pecking increases at
the age of sexual maturity and decreases after the peak of egg production (Preston,
1984; Eissele-Kraft, 1993). Preferred areas of pecking are the neck, back, cloacal area,
pygostyl and wing tips (Bessei, 1983). The bird which is being pecked often does not
show avoidance or aggression towards the feather pecker. In some cases hens have
been observed to invite pecking behaviour of other birds by taking an immobile, nonaggressive posture. According to own observations White Leghorn hens tolerated even
vigorous feather pulling at the neck without defense reaction. This observation supports
the assumption of a genetically based tendency of "being pecked" in laying hens
(Cuthbertson, 1980; Bessei, 1984b). According to recent findings (Keeling, 1994; Kjaer,
1995a) there are two distinct categories of feather pecking: The gentle and stereotyped
pecking, which is often directed towards the tips of the feathers, and vigorous pecking.
While the gentle pecking may cause some wear of the feathers, vigorous pulling leads
rapidly to feather losses. Kjaer (1995a) assumes that gentle pecking prevails at low
light intensity while vigorous pulling is enhanced by bright light.
Differences in feather pecking and cannibalism among groups of the same strain, age
and in the same environment lead to the assumption that this behaviour may be initiated
by a few "primary" feather peckers, and other birds adopt it by imitation or social
learning (Hughes, 1982). This phenomenon, however, has not been investigated
systematically so far.
Feather pecking behaviour is considered a precursor of cannibalism, and cannibaUsm
may develop when the skin is injured incidentally (Perry and Allen, 1976). Within
cannibalistic pecking Hughes and Duncan (1972) differentiate between "vent pecking"
and pecking to other parts. It seems that vent pecking is connected with the onset of lay.
A prolapse after oviposition may attract the attention of the pecking birds, and pecking
at the highly vulnerable cloacal tissue can easily lead to serious injuries and to the
removal of the productive and digestive tract. The ingestion of blood may reinforce
cannibalistic pecking.
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According to Keeling(1994) the birds which performed cannibalistic pecking are not
the same which perform either severe feather puUing or gentle pecking. This shows the
importance of the differentiation of various types of pecking behaviour in behavioural
observations. The interrelationships between the different types of pecking behaviour
need further investigation.
THEORETICAL ASSUMPTION ON CAUSES OF FEATHER PECKING
Though various hypothesis have been developed on behavioural mechanism which
may cause feather pecking and cannibalism, none of them has been generally accepted
so far.
The most widespread theory is based on the assumption that feather pecking is the
result of disturbed food pecking which occurs under intensive husbandry conditions
and inadequate structure or presentation of the feed. An explaination for a potential
behavioural mechanism in this context was first given on the basis of the Lorenz'ian
theory of instinct. Pecking behaviour in the chicken was supposed to follow an innate
drive and to be released by species specific eliciting factors (Lorenz, 1978). The drive
for pecking, according to Lorenz, is subject to the accumulation of endogenous energy
which is independent of environmental stimuli, and the amount of pecking which a
bird has to perform, only depends on this mechanism. This pre-determined pecking
activity may not be totally consumed by ingestive behaviour under intensive feeding
conditions, and the remaining energy may be spent by pecking to the feathers or the
skin of group mates. The Lorenz'ian approach has been criticized for being too simplistic.
A more complex motivation model which includes the interaction of specific and
unspecific environmental stimuli, endogenous stimuli, innate releasing mechanisms,
learning and experience, has been presented by Baum (1995). Here again these
behaviours were considered the result of disturbed feeding behaviour (feed pecking
and feed searching activities) which may develop in the early life of the chick.
On the basis of motivational studies Blokhuis (1989) came the conclusion that feather
pecking is related to ground pecking. A regulatory motivational model has been
developed which includes the effects of experiences and incentives which different
objects provide to the pecking birds. Under intensive husbandry conditions food is
easily available and may not provide high incentives for pecking activity. There is a
disintegration of consummatory behaviour and satiation which may facilitate the
redirection of food pecking to other objects, such as the feathers of group mates.
Vestergard (1994) confirmed in principle the hypothesis that feather pecking is a
redirected food pecking behaviour. But in contrast to the above theories he suggests a
strong influence of comfort behaviour, in particular dustbathing, on the development
of feather pecking. It is usually observed that dustbathing hens attract the attention of
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group mates which peck to dust particles in the plumage. This behaviour may lead to
an association between pecking and dust bathing, and feather pecking may appear
whenever the bird is motivated to perform dustbathing.
The problem with most of the hypothesis is that they explain why certain environment
factors, such as caging, high stocking density, barren environment, and nutritional
deficiencies, generally increase the risk of feather pecking. But they fail to explain why
these behaviours occur even under conditions such as free range, low stocking density,
enriched environment, complete diet, etc., which are considered to prevent it. It seems
that there are many unknown factors and behavioural processes which make the outbreak
of feather pecking and cannibalism unpredictable.
MAIN ENVIRONMENTAL FACTORS INFLUENCING FEATHER PECKING
AND CANNIBALISM
It is generally acknowledged that availability, quality and structure of food can be
crucial for the development of feather pecking and cannibalism. Feed restriction
increases the risk of feather pecking in pullets and laying hens. Deficiencies in minerals
and amino acids in the feed have been reported to cause feather pecking (Neal, 1956;
Hughes and Whitehead, 1976; Hughes, 1985). Furthermore there are reports which
suggest that nutrient density, fibre content and the energy: crude protein level of the
diet may influence feather pecking (Schubert, 1979; Gerum and Kirchgessner, 1978).
Pelleted feed seems to enhance the development of feather pecking (Skoglund and
Palmer, 1961).
High light intensity and poor climatic conditions in poultry houses are reported to
increase the risk for feather pecking and cannibalism (Hungerford, 1969; Hughes and
Duncan, 1972). Since complete diets and good management do not prevent the outbreak
of feather pecking and cannibalism in all cases, other means have to be sought to solve
the problem. This is particularly important for layers in floor rearing and free range
systems where light and climatic conditions are difficult to control.
MEASURES TO CONTROL FEATHER PECKING AND CANNIBALISM
In line with the above mentioned theoretical considerations means have been sought to
avoid redirection of food pecking towards the feathers. There are various attempts to
increase the time and activity for food pecking by distribution of grain in the litter or
offering green fodder in special baskets. The experience with these measures is that
they are effective for a short time only. The birds get aquainted to the new stimuli and
return to feather pecking soon. The same observations have been made with special
feeding chips which are supposed to control feather pecking in turkeys.

816

As feeding strategies and management tools have failed to prevent feather pecking and
cannibalism so far beak trimming is being applied as a sure and efficient procedure.
The effect of beak trimming on feather pecking was first explained by loss of efficacy
in food pecking and thus, an increase in time spent feeding. But it has been shown in
recent studies that neither time spent feeding nor frequency of feather pecking was
changed by moderate beak trimming (Eissele-Kraft, 1993), and the obvious effect of
this measure on the feathering was only caused by the reduced ability for feather pulling
of the trimmed beak.
In some European countries, however, beak trimming is prohibited, and banning of this
painful procedure is prohibited by welfare organisations in many other countries. As
there is a strong pressure in the same countries to ban battery cages and to replace them
by floor rearing and aviary systems, there is an urgent need to develop alternative
measures which do not harm the birds.
Genetic selection against these behaviours may offer the possibiUty to solve the problem
in the longterm. Comparative studies of feather pecking in genetic Unes have shown
significant differences (Richter, 1954; Bessei, 1984b,c;Kjaer, 1995b), and heritability
estimates for feather pecking have been computed in a few experiments (Cuthbertson,
1980; Bessei, 1984b,c; Kjaer and Sorensen, 1996). The results show that the heritabihty
coefficients were rather low, but there exists genetic variation for this trait, which can be
used for genetic selection. There is a problem in using feather pecking as criteria for
selection because of the high labour requirement for behavioural observations. Correlated
traits for feather pecking, such as feather wear or skin injuries, which are caused by pecking
behaviour may be useful altematives for this purpose (Craig and Muir, 1993). This, however,
requires keeping parental groups in multibird cages. Another approach is the development
of specific short term tests for pecking behaviour which provides information of the tendency
for feather pecking in individually caged breeding stocks (Bessei, 1995). The efficacy of
such methods have still to be proved. The susceptibUty of this behaviour to different
environmental stimuh, and the impHcation of social facihtation and learning compHcate
the observation procedure and compromise the repeatabihty of the results. With regard to
the complexity of the causes of feather pecking and cannibalism a multidisciplinary
approach comprising environment and genetic aspects, behavioural and management
considerations is required.
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This paper reviews the results of a research programme which was meant to further
develop the existing concepts and types of aviary housing for laying hens and to
evaluate them in practice. The programme took an integral approach from different
fields of science: production, animal health, animal welfare, labour, labour hygiene,
ammonia output and economics. Results confirm that aviary housing systems,
compared to the battery cage, are indeed a substantial improvement of bird welfare
from a behavioural point of view. Also, in aviaries, less hens had bone fractures
due to depopulating the house at the end of the trial. Feather pecking was indicated
to be a problem in aviary housing. Zootechnical comparisons showed that in aviary
houses similar production results can be achieved as in a battery cage system. Floor
eggs formed a significant problem during some trials. Mortality was similar in
aviary housing and battery cages. Labour studies showed that collecting floor eggs
and the control work in the house take an important part of the total working time
on aviary farms. During collection of floor eggs and checking the birds unfavourable
working postures occurred, which in the course of time can be harmful for the
worker. By adjusting the design of the house, most of these problems can be solved.
Dust concentration in aviary systems was regularly above the maximum allowed
concentrations (MAC value). However, there were considerable fluctuations. From
a comparative study it turned out that in a battery house the problem of dust is
less serious, but it can not be neglected either. Without taking extra measures, the
average ammonia emission from the aviary houses was twice above the standard
of 35 grams ammonia per bird place per day for battery cage systems. Studies on
the effect of separate factors indicated that there are perspectives to solve this
problem. However, this requires extra investments. Economic studies showed that
cost price per egg is about 10% higher in an aviary system. From the entire research
it is concluded that aviary housing is a bird-friendly alternative for the battery cage
and can be applied in practice. There is one condition and that is that the difference
in cost price can be compensated by a higher market price. It is further concluded
that by research and practical experience the technical development of the system
should be continued, in order to find further solutions for bottle-necks such as
labour conditions, feather pecking and floor eggs.
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INTRODUCTION
In the last few decades research has been done in various countries with respect to
the welfare and housing of laying hens. This research can be divided into a number
of categories:
•

fundamental research into the "welfare needs" of hens and criteria for welfare.

•

research on the welfare of hens in battery cages, often in comparison with other
forms of housing.

•

zootechnical, technical and welfare aimed research in alternative systems, mostly
in comparison with battery cages.

•

fundamental research into the causes and backgrounds of deviating and/or
damaging behaviour of laying hens such as feather pecking, and floor tgg laying.

Especially the United Kingdom, Switzerland, Germany, Sweden and the Netherlands
play a major role in the development of alternative housing systems for laying hens.
The ban on the battery cage that appUes in Switzerland since 1992, has turned out
to be an important stimulus for the development of alternatives. Various types of
aviary housing have been developed, as well as a number of alternative cage systems
with more space per bird and facilities such as nests and litter. In practise, it turns
out that in Switzerland especially the aviary systems are doing well. For an introduction
to the ñeld of research with respect to alternative housing systems, we refer to Kuit
et al (1989), Wegner (1990), Appleby et al (1992) and Blokhuis and Metz (1992).
It is an important policy of the Dutch Ministry of Agriculture, Nature Management
and Fisheries to promote the welfare of farm animals, and therefore also of laying
hens. In the light of this, the development and testing of alternative housing systems
that meet the economic and (working) technical requirements and the needs of animals,
is essential.
In recent years, the DLO institutes IMAG-DLO and COVP-DLO (now called IDDLO) have closely co-operated in this field. Housing systems like the Get-away cage
and later on, the Tiered-Wire-Floor (TWF) system have been developed and tested
(see N.N., 1988; Blokhuis and Metz, 1992). The conclusions from this research, as
well as the results of foreign studies, indicate that designs like the Tiered-Wire-Roor
and other forms of aviary systems, can be a realistic alternative for the battery cage.
However, more certainty about production, health and cost price in aviary systems
had to be obtained through rehable research on a larger scale. Possible bottle-necks
like ammonia emission, working conditions, percentage of floor eggs, labour need
and management had to be evaluated.
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The research programme which is reviewed in this paper, was prepared in the first
part of 1989 and actually started in 1990. Here, we aim to offer an overview of the
results that have been achieved since 1990.

GENERAL ASPECTS OF THE RESEARCH
In an aviary house, hens can move horizontally and vertically through the space. In
this respect, aviary systems differ from the free-range houses, in which the hens stay
on the ground floor only, or on the adjacent bin that is a little higher. In an aviary
house, tiers are constructed at different levels in the hen-house. This offers the hens
extra space and causes a lower density, while the number of hens per square metre
of ground surface is still comparable with cages. The use of vertical space reduces
the difference in production costs between the aviary and battery cage systems.
On the tiers of an aviary system the hens are provided with feed and water. The manure
of the tiers falling through the tier, is collected on the manure belt and can be removed
in this way. The more the birds stay on the tiers, the more manure can be removed
by means of the manure belt, while less manure is left in the litter. The litter may
be important in order to limit the emission of ammonia. By using perches on several
positions and a good positioning of the tiers, the hens can easily move up and down
in the aviary house.
Based on previous research of Het Spelderholt (Blokhuis & Metz, 1992) and experiences
in other countries (especially in Switzerland), it was expected that aviary housing is
the most economic and bird-friendly alternative for the battery cage system.
From 1988 onwards, there had already been a semi-commercial farm available, in
which flocks of 6,500 laying hens in a Tiered-Wire-Floor and in a battery cage system
could be compared (De Wit et al, 1989). On the basis of preliminary results, it was
found justified to make the step to research under practical conditions.
In 1990, three lines of research were started, with attention for both the practical
situations and the solution of specific problems by research under experimental
conditions. The main research took place on three commercial farms. For an immediate
comparison of the Tiered-Wire-Floor with the battery, the semi-commercial farm on
Het Spelderholt was used. Set-ups of the Tiered-Wire-Floor system, the Natura system
and the Boleg II system with about 1,000 hens per flock were available, for smallscale, short-term experiments. In all experiments birds were beaktrinmied.
Contracts were made with three poultry farmers, on the basis of which during three
laying cycles they would make a house available for the research with at least 20,000
laying hens.
One laying cycle had to be set up with white hens, one with brown hens and the third
laying cycle the poultry farmer could make a choice on his own. Two farms worked
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with the Tiered-Wire-Floor and one with the Multi-Floor system for aviary housing.
The spatial structure and dimensions of the systems on the three commercial farms
are shown in figures 1-3.

•
-

litter
nest boxes
perches
drinking nipples
wire floor
manure belt
ventilation shaft
air inlet
feed pan

Figure 1. Cross section of the Tiered-Wire-Floor system, in the original design, on
farm A.

R R

Figure 2. Cross section of the Multi-Floor system on farm B.
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manure drying tunnel
false ceiling
ventilation shaft
air inlet

Figure 3 Part of the cross section of the Tiered-Wire-Floor, with lowered tiers, on
farm C.
ZOOTECHNICS
The production results of hens in aviary housing systems can be very good. In
comparison with caged layers, the energy need of aviary hens will be slightly higher,
because of greater activities by the birds. This higher energy need can be noticed by
a higher consumption of feed, and sometimes by a lower egg weight. The latter will
especially be the case when feed rationing is applied. However, for rationing in
aviaries more skill is needed than for rationing in battery cages.
With respect to the management of aviaries, it can be concluded that this requires more
skill of the poultry farmer, in comparison with the battery cage system. Apart from
the fact that it is more difficult to "steer" the feed consumption and production, the
hens are more sensitive to failures. In such circumstances, the hens react more
vehemently than is the case in the battery (e.g. more decrease in production) and it
takes a longer time before they have been recovered again.
Too little research on brown hens in aviaries has been done to draw other conclusions
than that production in aviary housing systems does not need to be less than in battery
cages. Besides, the division white-brown is not the only one that can be made; also
white hens themselves quite clearly differ in behaviour. However, these differences
are less obvious than the difference between brown (medium heavy) and white (light)
hens.
It is very well possible that a certain breed of hen functions better in aviaries than
another breed. However, this has not only to do with the production, but more with
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the behaviour of the hen (e.g. movement, tendency for broodiness, nest behaviour,
feather pecking). Very few Httle experiments have been done, however, to draw
conclusions about this. Furthermore, it must be kept in mind that a breed of laying
hen is changing genetically all the time by breading programmes, which changes not
only the production, but also the behaviour of the hen.
Floor eggs obviously appear to be a problem. During the study, indications were found
with respect to circumstances that influence the percentage of floor eggs. In this
respect, it is important to rear the hens correctly and to house them in the laying house
at an early age, so they have enough time to explore the hen-house. Furthermore, a
correct distribution of light is very important. Finally, it is very important to put much
energy to decrease the percentage of floor eggs at the beginning of the production
period.
HEALTH
In the aviary research there has been careful registration of the health status of three
flocks in the semi-commercial house on Het Spelderholt, and of 24 flocks on commercial
farms. From this data, it appears that mortality was quite low and that there were not
many serious health problems. The health problems that did occur had for the greater
part a parasitical character. Especially worm infections occurred. This is closely
related to the presence of litter. Although medicines were used, the birds were often
not seriously ill and in general no effect on production was detected. Because of lack
of data with respect to the frequency of health problems in battery and deep litter
housing, no opinion can be formed concerning the rate or frequency of occurrence
of certain disorders in aviary houses, compared to cages or deep litter housing. From
the research in the semi-commercial house, some specific differences can be mentioned
between the two systems with respect to the mortality causes; in cages more cases
of arthritis, osteomalacia, fatty livers and heart failures/anaemia occurred; in the
Tiered-Wire-Floor system there were more cases of egg concrements. Cannibalism
occurred more often in some flocks in the aviary house, but this was not always the
case. The number of accidents was the same in the Tiered-Wire-Floor system as in
the battery cage system. However, both the occurrence of cannibalism as well as the
mortality of the hens will depend very much on the type of system and its design.
WELFARE
The most important background of the research on alternative housing systems for laying
hens is the welfare of the birds. The purpose of the research was to develop an alternative
for the battery cage in which the welfare of hens is better. The improvement of the welfare
of hens in aviary systems is aimed for by giving them about 1000 square cm of ground
floor area per hen and by making laying nests, htter and perches available.
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In the Tiered-Wire-Floor system, research on behaviour was done to see how the hens
use the space and the provided facihties (Utter, laying nests, perches) and to determine
any abnormal behaviour. To achieve this, various flocks were observed and behaviour
observations were done on individual hens.
It turned out from the observations that the hens make good use of the offered space
and facilities in the Tiered-Wire-Floor system. Important behaviour such as pecking
and scratching, dust bathing, laying behaviour and resting and comfort behaviour are
performed intensively and apparently undisturbed. No abnormal behaviour or more
aggression were observed.
The research on behaviour made it clear that the Tiered-Wire-Floor system is an
important improvement of the welfare of hens in comparison to the battery cage.
From measurements of the bone strength it appeared that aviary hens had stronger
bones than caged layers. This resulted also in fewer broken bones due to depopulating
the hen-house.
LABOUR ORGANIZATION, ERGONOMICS AND LABOUR HYGIENE
Working methods and times have been examined by means of time observations and
time registration on the three commercial farms. On these farms and on five battery
farms, an ergonomie problem analysis was performed. In this analysis, the following
aspects were considered: physically demanding postures, layout of the working spot,
illumination, noise and thermal perception.
Further, an oral questionnaire was held on 12 aviary farms and on 12 battery farms.
On the farms with an aviary house one full-time worker looked after an average of
23,250 hens. In the battery houses the average was 28,500 birds. On aviary farms 79%
of the working time was spent on direct production tasks, namely the sorting and
packing of eggs (42%) and the gathering of floor eggs (37%). It turned out that the
use of a trolley, a pick up stick and a litter removal machine are labour-saving and
labour relieving.
In the aviary house, the working postures during the gathering of floor eggs and the
checking of the hens were a very serious bottle-neck. The illumination level in the
house usually did not meet the standards in both the aviary or the battery houses.
Concerning the packing of eggs, the same bottle-necks were found in both housing
systems. These problems concerned lift demands, illumination, working height and
width, foot/leg space.
The oral questionnaire showed two clear differences between aviary and battery farms.
The working environment for aviary farmers appeared to be more risky, which was
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indicated by more injuries during working among the hens in the hen-house. Apart
from that, the poultry farmers Vith aviary houses reported more complaints in the
previous period of 12 months about the locomotion organs than their colleagues with
a battery house.
Research on labour hygiene was carried out on the commercial farms and in the aviary
and the battery compartment of the semi-commercial house. The concentrations of
total dust and respiratory dust, fungi, bacteria, endotoxin, ammonia and carbon dioxide
on these locations were measured. All components, except carbon dioxide, had
significant higher concentrations in the aviary systems than in the battery cage system.
However, on one commercial farm, where the manure belts were running continuously,
the concentrations of ammonia and bacteria were low, even lower than in the battery
cage system.
At a higher ventilation rate, which is correlated with the outside temperature, the
concentration of ammonia and carbon dioxide appeared to decrease. A larger quantity
of litter in the hen-house causes higher dust concentrations.
AMMONIA EMISSION
The ammonia emission from aviary systems for laying hens is compared with the
emission from battery cage systems with manure belts at this moment, which is 35
g NH^ per hen place per year. On two commercial farms, one with the TWF system
and the other with the Multi-Floor system, during some periods emissions were below
the current standard for the battery cage system. This was accomplished by daily
removing the manure from the hen-house.
Apart from that, measurements were performed in the semi-commercial house and
in the small-scale units. The emission from the TWF system in the semi-commercial
house was about 2.5 times higher than the emission from a battery cage system. The
emission from the TWF, Natura and Boleg II systems in the small-scale units varied
generally between 50 and 200 g NH^ per hen place per year. Both in the semicommercial house and in the small-scale units raising the frequency of carrying off
manure turned out not to lead to a decrease of the emission. It was the litter that caused
the higher emission.
Replacing litter by new wood shavings or decreasing the thickness of the layer to a
few centimetres, reduced the emission in all three aviary systems in the small-scale
units and in the commercial house with the TWF system with some dozens of
percentages. However, the reduction only occurred in the first weeks after these
operations. By means of forced drying of litter, the emission from the TWF system
in the small-scale units could be reduced to about 20 g NH^ per hen place per year.
By applying litter drying, regularly removing the manure and controlling the layer
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thickness of the Utter, aviary systems with an ammonia emission that is comparable
to the manure belt battery are feasible.
ECONOMIC EVALUATION
On the basis of the research in the semi-commercial house on Het Spelderholt, the
TWF and the battery cage system were evaluated for comparative economics. The
average production costs per kg of eggs in the aviary system over four laying cycles
was 20 cents (1.2 cents per egg) higher. This is an increase of almost 10%, compared
to the production costs of battery eggs. The variation between the laying cycles was
substantial; the lowest difference was 14 cents per kg (0.89 cents per egg) in the fourth
cycle and the highest difference was 30 cents per kg (1.85 cents per Qgg) in the third
cycle.
The higher production costs for the TWF system can be explained for almost one third
by the higher labour costs (higher labour requirement), while the cost price of the
pullet and the higher feed consumption are also important.
The variation in production costs between the flocks in aviary systems on the commercial
farms was large. The average production costs for one kg of eggs on eight commercial
farms with aviaries was 14 cents higher than on fourteen comparable farms with
batteries. However, it should be mentioned that new aviary farms were compared with
common battery farms.
GENERAL CONCLUSION
From this work it is concluded that aviary housing is a bird-friendly alternative for
the battery cage and can be applied in practice. There is one condition and that is
that the difference in cost price can be compensated by a higher market price. It is
further concluded that by research and practical experience the technical development
of the system should be continued, in order to find further solutions for bottle-necks
such as labour conditions, feather pecking and floor eggs.
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CAN STUDIES OF GENETIC LINES OF QUAIL
DIFFERING IN FEAR OR CORTICOSTERONE
RESPONSIVENESS CONTRIBUTE TO POULTRY
WELFARE ?
R. Bryan Jones
Roslin Institute (Edinburgh), Roslin, Midlothian EH25 9PS, Scotland,
UK

Fear and distress are two of the most serious problems facing the poultry industry.
Inappropriate fear responses, such as panic, can cause injury, pain or death. Fearful
birds are also difficult to manage and they show poorer feather condition as well
as reduced egg production, eggshell quality, growth and food conversion efficiency.
Chronically elevated levels of the stress hormone corticosterone also impair growth
and egg production, alter immune responsiveness, and increase fearfulness. The
reduction of fear and distress is imperative if we are to safeguard and/or improve
poultry welfare and productivity. Environmental enrichment and improvement
of the human>animal relationship are likely to alleviate fear but genetic selection
for reduced fearfulness may represent the quickest, most rehable method. Divergent
Unes of Japanese quail have been selected in France for short (STI) or long (LTI)
tonic immobility fear reactions and, in America, for low (LS) or high (HS) plasma
corticosterone response to mechanical restraint. The two selection programmes
were found to have exerted a number of similar and intuitively beneficial effects.
Firstly, for example, overt fear responses (silence, immobility, withdrawal) were
consistently and markedly less pronounced in STI and LS quail than in those of
the LTI and HS lines when they were exposed to manual or mechanical restraint,
to novel places or objects, to areas lacking in shelter, and to human beings. Secondly,
STI and LS quail generally showed lower adrenocortical stress responses and
smaller stress-induced reductions in productivity and product quality than did
their LTI and HS counterparts. Despite the lack of a simultaneous comparison of
all four lines, these similarities between STI and LS and between LTI and HS
quail suggest that the independent selection programmes may have affected either
the same underlying variable or a set of closely associated ones. While manipulating
narrow stimulus-specific responses would have little practical value, it is
encouraging that both selection programmes have apparently influenced the quails'
responses to a wide variety of stressful stimuli. Collectively, our studies suggest
that simple behavioural responses may have predictive value concerning general
fearfulness and non-specific stress-susceptibility. If so, they would represent
extremely useful selection criteria for future breeding programmes.
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INTRODUCTION
Fear is one of the main emotions that determines how an animal responds to its physical
and social environment. Ideally, fear and short-term pituitary-adrenocortical activation
are daptive; both may serve to protect the animal from damage (Freeman, 1985; Jones,
1987; 1996). How^ever, in reality the restrictions imposed by many farming systems
often prevent the animals from responding in an adaptive fashion, e.g. a caged hen
cannot flee from a frighting stimulus. Fear is now widely regarded as a powerful,
potentially damaging Stressor and a as an undesirable state of suffering (Duncan, 1990;
Jones, 1996). The U.K.'S Farm Animal Welfare Council recommends that there should
be "freedom from fear and distress" (FAWC, 1993).
Many of our poultry species are likely to experience a wide variety of alarming events
during their lifetime. For example, chickens are easily frightened by all forms of novelty,
by social disturbance, and by exposure to people. The harmful consequences of intense or
prolonged fear have been described in detail elsewhere (Jones, 1996). In summary, fear
responses, such as panic or violent escape, are inappropriate and potentially dangerous in
an intensive environment. Not only do they waste energy but they can lead to serious
injury, pain or death when the birds run into obstacles or trample each other. Furthermore,
fear inhibits behaviour patterns generated by all other motivational systems and it may
thereby reduce the bird's ability to adapt to changes in its physical environment, to interact
successfully with its companions, to learn new tasks, and to exploit new resources, e.g.
free range. Fearful birds are difficult to handle and manage; such intractability could place
a greater demand on the stockpersons' time as well as increasing the risk of their injury
and disaffection. Fearfulness (propensity to be easily frightened by diverse stimuli) is also
negatively related with growth, food conversion efficiency, egg production, and eggshell
quality. Thus, apart from reducing the birds' well-being, fear is costly. For example, by
extrapolating from Australian studies of the relationships between fear, egg production
and food conversion efficiency (Bamett et al, 1992; Hemsworth et al., 1994) to the U.K.
situation, we calculate that fear could cost every broiler farm £5000 per year and the egg
industry a massive 60 milhon pounds annually.
Short-term activation of the pituitary-adrenocortical axis, with the release of ACTH
and corticosterone, is generally regarded as an adaptive response to stressful stimulation.
However, chronic elevation of circulating corticosterone levels has many undesirable
effects, including reduced energy retention, growth, egg production and
immunocompetence (Barnett et al., 1992; Jones, 1996). Artificial elevation of
corticosterone also predisposed hens to react more fearfully to alarming stimuli (Jones
et al, 1988).
Clearly, it is imperative that we reduce fear. Environmental enrichment and improved
human-animal interactions are powerful methods of alleviating fear of environmental
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change and of people; these potential management tools have been discussed elsewhere
(Jones and Waddington, 1992; Jones, 1996). While it is true to say that domestication
has been accompanied by decreased fear there is still considerable variation in this
characteristic between and within strains. This suggests that genetic selection is likely
to be the quickest, most reliable method of reducing fear. It also offers a powerful tool
for improving our understanding of fear and other welfare problems.
This article focuses on selective breeding and it highlights two particularly relevant
selection programmes. Both were carried out using Japanese quail and selection was
based respectively on a fear behaviour or the corticosterone response to a standard
Stressor. The Japanese quail was used because it breeds rapidly, it is inexpensive, it is
considered to be a good model for the chicken, and it is an important agricultural species
in many countries (Baumgartner, 1994; Jones, 1996).
DIVERGENT SELECTION OF TONIC IMMOBILITY BEHAVIOUR
Tonic immobility (TI) is an unlearned state of motor inhibition that is induced by brief
manual restraint. The duration of TI is considered a useful measure of the antecedent
fear state; the more frightened the bird is when this anti-predator reaction is being
induced, the longer it will remain immobile upon release (Gallup, 1979; Jones, 1987).
Significant intra-individual correlations have been found between TI and other measures
of fear (Jones et al., 1991; Jones and Waddington, 1992)
Divergent lines of Japanese quail showing short (STI) or long (LTI) durations of tonic
immobility have been developed in France by Mills and Faure (1991). All birds were
tested individually and once only at 9-10 days of age. TI was induced by placing the
bird on its back in a U-shaped cradle and restraining it for 10 s with one hand on the
sternum and one cupping the head. The duration of TI ( latency from release to selfrighting) was used as the selection criterion. Divergence in TI was rapid (Fl) and
progressive; there has been no overlap between the standard deviations of STI and UTI
birds from F8 onwards and the lines have since continued to diverge (Mills et al.,
1993). Gender was not an influential variable. The medium to low heritabilities (0.09 0.23) found are consistent with the hypothesis that TI has been submitted to directional
natural selection in the quail.
SELECTION FOR CONTRASTING ADRENOCORTICAL RESPONSE TO
IMMOBILIZATION
The Japanese quail used in this selection programme originated from a randombred
population of wild-type birds maintained at Louisiana State University. Selection was
initially based on adrenocortical responsiveness to albino quail intrusion (SI-S3) with
subsequent selection for a high (HS, high stress) or low (LS, low stress) plasma
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corticosterone response to brief mechanical restraint (Satterlee and Johnson, 1988).
Each bird was placed in a metal hatching basket and a moveable, close-fitting interior
divider was pushed up against it and fixed in place. A blood sample was collected after
exposure to this selection Stressor for not less than 4 min but not more than 10 min.
Following centrifugation, plasma samples were assayed for corticosterone by
radioimmunoassay (Satterlee et al., 1980). An immediate (S4) and consistently elevated
adrenocortical response to restraint was apparent in the HS line compared with that of
either the control or LS lines whereas a downward trend was not noticeable in the LS
line until S6 (Satterlee and Johnson, 1988).
ReaHzed heritability estimates across 11 generations, calculated by division of cumulative
responses by cumulative selective differentials, were 0.19 for LS quail and 0.33 for birds
of the HS line. Means and standard errors of the plasma corticosterone concentrations in
offspring of the 14th generation of LS and HS quail exposed to the above Stressor were
11.8 + 1.1 and 25.8 ±1.9 ng/ml, respectively (Jones et al., 1992). No sex effects or sex x
Une interactions were evident at any stage of the selection programme.
FEAR AND PHYSIOLOGICAL RESPONSES TO STRESSORS IN THE
DIVERGENT LINES
The genetic manipulation of narrow stimulus-specific responses would have little
practical value. The abihty to modify underlying fearfulness (propensity to be easily
frightened by diverse alarming stimuli) and / or non-specific stress responsiveness is
crucial. Therefore, it was important to determine if the above selection programmes
had exerted only specific effects or more general ones.
Logistical difficulties and quarantine regulations have hitherto precluded a simultaneous
comparison of quail of all four lines. However, discrete studies of STI versus LTI and
of LS versus HS birds have yielded several encouraging findings. Rather than only
affecting the TI reaction to manual restraint in one instance or the plasma corticosterone
response to mechanical immobilization in the other, it became evident that both selection
programmes had influenced the quails' behavioural and endocrine responses to a wide
range of putatively frightening and otherwise stressful situations.
Thus, overt fear responses (silence, immobility, withdrawal) were consistently and
markedly less pronounced in STI and LS quail than in those of the LTI and HS lines
when they were exposed to manual restraint, to novel places or objects, to areas lacking
in shelter, and to human beings (Jones et al., 1991; 1992a; b; 1994a; Mills et al., 1993;
Satterlee and Jones, 1995; Jones, 1996). Striking line differences were also apparent in
the behavioural strategies adopted during mechanical restraint; STI and LS quail
struggled much sooner and more often than did the more fearful LTI and HS birds
(Jones et al., 1994b; Jones and Satterlee, 1996).
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An earlier selection programme for high activity in an unfamiliar cage decreased
fearfulness in quail but also made them more difficult to catch (Bessei et al., 1983). In
contrast, no differences were apparent between LS and HS quail in their ease of capture
by the experimenter from a mixed-line group (Satterlee and Jones, 1996). Collectively,
our observations of LS quail are considered to have positive connotations for both
welfare and management. For example, while selection for reduced adrenocortical
responsiveness has been accompanied by decreased fearfulness in the LS quail it has
not caused a potential and undesirable increase in the difficulty of their capture and
handling.
Line divergence in physiological stress responses provides another potentially positive
feature. For example, elevations in plasma corticosterone concentrations were
substantially lower in LS than HS quail following their exposure to varied Stressors,
including manual and mechanical restraint, cold, crating, social tension, and fasting
(Satterlee and Johnson, 1988; Jones et al., 1994b; Jones, 1996). Exposure to an intuitively
mild Stressor (a small unfamiliar ball placed in the home cage) also induced a less
pronounced adrenocortical response in the low-fear STI quail than in their LTI
counterparts (Launay, 1993). However, mechanical restraint has yielded inconsistent
results; both STI and LTI quail showed similar and extremely high plasma corticosterone
responses in one study (Jones et al., 1994a) whereas a greater adrenocortical response
was apparent in STI than LTI birds in another (Mills and Faure, personal
communication). While there are no obvious explanations for this apparent
inconsistency, differences in the nature and duration of the imposed Stressor may be
influential. Although the catecholamine responses of LTI and STI quail to alarming
events have yet to be examined, brief restraint elicited higher plasma concentrations of
epinephrine and norepinephrine in quail of the LS than the HS line (Satterlee and Edens,
1987).
The divergent lines also differed in the magnitude of stress-induced reductions in
performance and product quality. Firstly, for example, body weight and abdominal fat
weight were lower in HS than LS quail following their periodic and sequential exposure
to a number of stressful stimuli (Satterlee and Johnson, 1985). Secondly, when STI and
LTI quail were subjected to mechanical restraint stress, only the LTI birds showed
significant increases in water-holding capacity and a consequent reduction in meat
quality (Mills, personal communication).
IMPLICATIONS
Simple criteria for assessing and improving the husbandry and welfare of poultry using
behaviour-genetic analyses have generally been lacking (Siegel, 1993). Therefore, the
line differences described here are extremely important. Apart from demonstrating the
value of model species, they are the first to demonstrate that genetic selection for just
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one fear behaviour or one physiological response affected the birds' reactivity to a
wide range of Stressors. Such non-specificity of effect as well as the similarities across
these independent selection programmes suggest that they have both affected either the
same underlying characteristic, probably fearfulness, or a set of closely associated ones.
Encouraging findings have also been reported in turkeys and chickens. Firstly, selection
of turkeys for a reduced adrenocortical response to cold stress was accompanied by
reduced "excitability" (Brown and Nestor, 1974). Secondly, selection of domestic chicks
for high locomotor activity in a novel environment (open field) reduced general
fearfulness and the adrenocortical response to stressful stimulation (Faure, 1980).
Thirdly, heritability estimates involving measures of avoidance and TI in White Leghorn
hens indicated that these fear-related traits should respond to selection (Craig and Muir,
1989).
It is now clearly important to determine whether a bird selected for low fearfulness
would be less likely to over-react to stressful stimuli and thereby be better able not only
to adapt to and exploit changes in its environment but also to cope with psychological,
physiological, and immunological challenge. If simple behavioural tests of fear (e.g.
TI, avoidance, open-field, restraint) were shown to have predictive value concerning
crucial characteristics, such as general adaptability, aggressiveness, productivity, product
quality, and immunocompetence, they could represent extremely useful selection criteria
for future breeding programmes intended to improve welfare and performance.
Furthermore, such tests are rapid, inexpensive and non-invasive, they can be carried
out on young birds, and many of them lend themselves to automation.
Given the apparent conservation of genes and current advances in poultry genome
mapping (Burt et al., 1995), divergent lines such as those described here might also
represent valuable tools in the search for the genes regulating fear and distress. Potential
practical benefits might include the systematic introgression of desirable genes into
commercial lines and marker-assisted selection to either maintain or remove specific
gene alíeles (Burt et al, 1995).
PRACTICAL AND ETHICAL CONCERNS
Two main issues must be considered before genetic selection is accepted or rejected as
a welfare-friendly tool.
Firstly, selection sometimes modifies more than one trait. Therefore, careful monitoring
may be necessary to ensure that selection for low fearfulness is not accompanied by
undesirable effects on other indices of welfare or on the ease of management or
productivity
Secondly, genetic manipulation can cause widespread ethical concern; many people
have profound reservations about changing an animal's genome simply to suit man's
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purposes. However, welfare scientists are increasingly recognizing its potential value
as a powerful tool for reducing the incidence of behaviours associated with welfare
problems (Mench, 1992). We hiust also remember that the domestication process itself
has been one of selective breeding, a comment which applies equally to our farm,
laboratory and companion animals. Furthermore, genetic selection for reduced
fearfulness would not result in zombie-like animals that are generally unresponsive to
environmental change; in fact, that description fits fearful, behaviourally inhibited
animals much more closely than their less fearful counterparts. The ultimate objective
of the selection strategies described in this paper would be to increase the bird's ability
to interact successfully with its physical and social environment and thereby to improve
its welfare, management, and productivity.
CONCLUSIONS
Intense or prolonged fear can seriously damage poultry welfare and performance. It is
imperative that we alleviate fear from the birds', the farmers' and the public's viewpoints.
Genetic selection may offer the quickest, most reliable method of achieving this
objective. For example, underlying fearfulness was reduced in Japanese quail selected
either for short TI fear reactions or for a decreased adrenocortical response to mechanical
restraint. Intuitively desirable effects on non-specific stress responsiveness and on
product quality were also apparent. Our studies suggest that simple behavioural measures
of fear may have predictive value concerning a number of crucial characteristics and
might thereby represent viable selection criteria for future breeding programmes.
Therefore, the answer to the question posed in the title of the present paper is an emphatic
yes.
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ENVIRONMENTAL
PROTECTION,
POULTRY
WELFARE : RECORD KEEPING AS TOOL FOR
MANAGEMENT
S.V. Vaidya
Nav Maharashtra Chakan Oil Mills Ltd., Pune, India

Higher productivity of eggs and poultry meat at most economical cost is the key to
successful poultry farming. Despite better breeding, feeding and better practices,
variation in productivity may lead to losses to the farm. The primary factor that
makes all the difference between the success and failure in the enterprise is
management.
Management is the art, as well as science of combining ideas, facilities, process,
material and labour to produce and market a worthwhile product or service
successfully.
Management is composed of a lot of little things, many of which seem to be
unimportant, individually but put together lead to efficient production. Good
management is the ability to detect the little things that affect production and act
accordingly before trouble starts.
Record keeping is a major management device for assembly and analysing the facts
for minimising errors, reach operating perfections and plan for future activities to
maximise the poultry profits.
The poultry operations include, hatchery, breeding operations, commercial layer and
commercial broiler operation. Generally two types of records are maintained in poultry
operation:
1.
2.

Accounting Record
Technical Record

Technical records are maintained to evaluate the performance of birds.
The present paper will deal with various technical records at commercial layer and
broiler operations. The commercial poultry farming has undergone several changes,
from free range (extensive) system, to semi-extensive to intensive systems. Commonly
seen in developing countries is intensive farming. Environmentally controlled housing
is a new trend and works on different scale of economics. However, with advancement
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of technology, the importance of record keeping has increased furthermore, since the
feed-backs received from the records can be more scientifically utilised for making
sound managemental decisions.
Record keeping and proper analysis of records, are important contributory factors for
the successful poultry operations.
Proper records are helpful in :
- Analysing the results
- Maintaining the nock history.
- Future planning and growth.
- Upgrading and setting new standards for future.
- Investigating the problems at the farm.
Technical records are beneficial for the purpose of judging the performance of birds,
evaluation and guidelines for future developments in poultry managemental systems.
Records must have following qualities.
Record must be maintained in a proper register and not on loose paper. If computer
facility is available, whole programme can be computerised and what one would
need is day-to-day feeding.
Record must be clear, detailed and should consider small little things which are
generally ignored by the management. History sheet must be maintained even after
the flock is disposed off or shed is emptied. Historical facts will certainly help the
management in future.
In the normal circumstances, following types of records are maintained by a poultry
farm.
1.
2.
3.
4.
5.
6.

Housing record
Record for space, feeder, waterer, litter and light.
Feed record,
Sanitation, vaccination, medication and disease diagnosis records.
Visitor's book
Performance record.

The types of records vary from farm to farm and company to company. This paper
shows only a model record. Each management should decide what way the records
are to be maintained.
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I.

POULTRY HOUSING

Depending upon the ambient temperature for zone, it is essential to design a proper
housing. The air flow, humidity control, ammonia build up are important factors,
required to be considered while designing a house.
Maintenance of record for temperature, humidity and toxic gases are essential.
TABLE I - Gives the details of the ideal thermal zone.
TABLE II - Indicates the practical and lethal limits of gases.
TABLE III - Has been designed to show the standard air, temperature chart.

Table I.

Ideal temperature - bird relationship

TemperatureC^'F)

Performance

45 -65

Ideal zone

80-85

No harmful effect, i.e. reduction in feed
intake, drop in egg production, feed
efficiency and shell quality.

85 -90

Panting starts,further reduction in feed
intake, decrease in egg size.

100 and above

Lethal zone

116

Upper lethal temperature,but it is not
absolute.

Table II. Practical and lethal units of gases in a poultry house
Gases

Practical Limit
PPM

Lethal limit

Carbon dioxide

Below 1

Below 10,000

Above 30

Methane

Below 5

Below 50,000

Above 5

Hydrogen sulfide

Below 0.004

Below 40

Above 0.05

Ammonia

Below 0.0025

Below 25

Above 0.05

Oxygen

Below 6
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Table III. Air flow recommendations at 30 to 60% relative humidity
AIR TEMPERATURE
'F
«C

M^ OF AIR PER MINUTE
PER KG OF BODY WEIGHT

40

4.5

0.014

60

15.6

0.020

80

26.7

0.027

100

37.8

0.034

110

43.4

0.037

The record collected in housing could be of use in managemental decisions as follows :
1.
Temperature : Panting, feed consumption, water consumption chilling.
2.
Humidity
: Water consumption, salt content in feed, pelleted diet. Cage vs Litter, low
energy diet, air flow.
3.
Toxic gases : Air flow, replacement of litter, reducing pH of litter to less than 7.0

II RECORD FOR SPACE,FEEDER,WATERER,LITTER AND LIGHT
A. Record for floor space
Enough space should be provided to chicks to enable them to spread out over the
floor area. Piling up of chicks, cannibalism and unhealthy competition can be avoided.
Provision of adequate floor space to the birds, based on scientific data, has proved to
be more beneficial in terms of birds' growth and performance. Hence, it is always
desirable to provide enough floor space to birds proportionally to their growth and
age, and maintain a proper record for future managemental improvements. (Refer
Table IV)
B. Record for feeders and waterers
A proper record of feeders and waterers is necessary to maintain to ensure that the
birds are not deprived of feed and water. Record should indicate the number of
feeders and waterers provided. Distance or space between two feeders and waterers
must be properly maintained for uniform distribution of feed and water. This proper
availability of feed and water is highly essential for uniform growth of birds and also
helps to avoid cannibalism (Refer Table II A).
C. Record on maintenance of litter
Record on litter which can give valuable information on condition of litter, dry or
moist, free flowing dusty or caked, odorless or odor indicating the presence of
ammonia. The record will give guidelines, whether improvement in ventilation is
desired, changes in the formulation of feed required, especially related to salt content
in feed, or else if any change is required to replace litter itself (Table II ).
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Table HA.

Optimum space requirement for various age groups of birds under different
housing systems

Age group
1.

2.

3.

Floorspace

Feeder space

Waterer space

1 in. (linear)

16 nipples
8 nipples
l.Oin.(or)
16 nipples
6 fountains for 1000
birds (0-4 wks)
8 fountains for
1000 birds (5-8 wks)

In cages(l-8 WK)
0-15 days
15 in^
16-60 days
32-37 in^
Deep litter
0-4 wks

0.5 sft.

25gm/bird/cup

5-8 wks

1.0 sft.

Bell in fountain

Growers (9-20 wks)
In cages
60 in'

2 in/bird

8 birds/cup
(2 nipples/cage)

On deep litter

3.0 in/bird

8 birds/cup or nipple
Fountains:8/1000 birds

1.25 sft

Table IIB. Lighting records-a model
Shed No. Total
No.of
Birds

Age
Shed

Total
Bulb/
Area
sft.

No.of

Intensity

Coverage Time
Area
Hrs.

Total
Hours

Tubes
Provided

Reports have shown that intensity, colour, duration of artificial lights and total number
of hours of natural light available to the birds play a vital and important role in the
maturity and production in birds. It has been observed that orange and red light are
most effective. Shorter wavelengths are not effective. Proper lighting records guide
us to rectify the ill effect of faulty light management especially maturity problem,
cannibalism, faulty feeding schedule etc. related to light arrangement.
Ill FEED RECORD
Feed is one of the most important cost consuming items. Feed is also mainly
responsible for productivity. Hence a proper maintenance of feed record is a must. A
theft on the farm can lead to high feed consumption being recorded. Infrequent
feeding or empty trays for long time may lead to low feed consumption. A proper
management supervision and proper record keeping will help analysing any problem
pertaining to feed.
;. of
Tival

No.of
Bags/Tag
No.

Feed offered Feed left
Bags/Kgs

Total feed
over

Remarks
consumption
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IV. RECORD ON SANITATION,VACCINATION,MEDICATION AND
DISEASE DIAGNOSIS
Record on sanitation
Flock no.

Insecticide
name

Purpose

Dose

Application
method

Frequency
or next
application

Remarks

Use of pesticides, disinfectants, used, quantity, frequency, application methods etc.
should be accompained by good sanitation and regular inspection of building and
birds. The proper record keeping is helpful as a major tool for biosecurity in poultry.
Resistance of any particular insecticide in controlling the ectoparasites and selection
of proper insecticide, its proper application method etc. can be judged only through
proper record keeping.
Biosecurity is very important in poultry farming. Regular application of insticides,
disinfectants on the farm is part of normal management practise.
A proper record of type of disinfectant, frequency, quantity, period, purpose of using,
application method employed etc. will be of immense help while analysing the
frequency of eruption of diseases at the farm.
Timely and proper vaccination programme can be designed by keeping proper
vaccination records.
Vaccination records
Date
Time

Age of
Birds

No. of
Birds

Vaccine
Strain

Dose

Route

Batch No.
Vaccine

Remarks

Keeping such record which is indicative of the type of vaccine used, timing dose
etc. will give guidelines to correct the vaccination schedule thus increasing the
possibility of successful vaccination.
Medication Record
No. of
Birds

Age

Symptoms

Drugs
used

Dose

Duration

Mortality

Feed

Remark

Keeping a proper record of medication will be extremely useful in establishing "drug
of choice" in various disease conditions. Accurate and appropriate dose schedule and
treatment period also can be established. Future prevention and or treatment
programme can be designed. This will also be helpful in investigation and diagnosis
of diseases.
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Disease diagnostic records
While going through the investigation process of diagnosing the diseases in poultry
all the records are highly important since these records indicate the possibility of
different factors responsible for disease conditions.
Record on temperature, humidity and litter conditions can indicate the stress conditions,
chances of infections, or suffocation/respira-tory problems due to improper ventilation.
Similarly feed consumption, water consumption, vaccination schedule record, can be
very much indicative of birds' performance and their health condition during the
period. Poor feed conversion is always an alarming situation. Record showing poor
FCR will immediately call the attention of disease diagnostic personnel which would
be helpful in solving the major problems in future.
Disease Diagnosis records - A Model
Flock

Total
Birds

No. of
Birds
Affected

Feed
Con.

Age

Symtpm

Duration
of
Disease

Medic
ation

Dose

Mortality

Diagnostic procedures adopted, clinical symptoms and all the details mentioned in
the above record chart will give enough guideline to face the similar situation if
comes in future.
V. VISITORS LOG BOOK
Although it is always desirable to disallow outside visitors at the farm, concerned
people have to be allowed to come inside the farm. Hence, a proper record or log
book recording the dates and timing of all persons entering the poultry house should
be maintained. By going through these records from time to time,it will be helpful to
scrutinize the entry of visitors who can disturb the poultry management system.

VLRECORDS ON DAY TO DAY FLOCK PERFORMANCE
These records are very much required for the judgement of total performance of the
flock. Such records will help evaluatewhether any change is required in management,
feed, nutritions, breed, medication, vaccination, disease prevention programme and
also other important factors contributing to better performance of birds.
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Performance Records (Model for Broilers)
Chicks hatched date
No. of chicks received .
Broilers marketed on (date)_
No. of broilers marketed
Net weight
Livability %
Av. weight(gm)
Feed used,(Kg) starter

Finisher_

_kg. of feed required to produce

kg.

of broiler.

Regular Performance Chart
Dt.

No. of
Chicks
Reced

No. of
Birds

Age in
Days

Age in
Weeks

AV
Weight

Feed Con
Consumed

FCR

INVESTIGATION AND RECORD
The diagnosis of poultry problems in the field today is not often the straight forward
business. It is multifactorial in nature with nutritional/environmental/managemental/
genetic plus its economic importance.
These are mainly of two catagories.
1. Disease oriented
2. Production oriented
Disease oriented problem could be investigated by referring to records pertaining to
disinfection, vaccination, medication, post mortem lesions. If proper diagnosis is not
made, indepth managemental records must be studied.
Production oriented problem also needs a careful investigation. The first step being
to study the records of weight and conversion ratio, age of appearance, age group
affected, mortality and morbidity percentage levels. Egg production records,
comparision with standard, history sheets of previous records should be referred. The
management records must then be referred to find out real cause of the drop in
production performance.
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FARM RESEARCH ON THE EXCRETION AND
MINERAL COMPOSITION OF POULTRY MANURE
J.A.Voet
National Reference Centre for Agriculture, EDE 6710 BL The
Netherland

There is a lot of misunderstanding about the composition and volume of manure.
Therefore a research on farm level was started in august 1993. The objective of
this project was to get quantified information about the mineral composition and
volume of poultry manure. Within this project 500 poultry farms had been visited.
We got a clear overview of the mineral composition and the excretion of the manure
of laying hens, broilers and turkeys. For a specified number of animals all the
manure of a specific production period had been sampled, weighted and analysed
by a well-established institute. These results were compared with the theoretical
calculations (mineral balance;) and with standards of the Dutch legislation. Mineral
production and excretion according to both methods were also calculated per
compound feed manufacturer and per brand of poultry. Of all the figures, we
have calculated the average, highest, lowest and standard deviation. In this research
the excretion per laying hen per year is 0,50 kg of Phosphate, 0,70 kg of Nitrogen
and 0,34 kg of Potassium. The excretion of broilers is 0,19 kg Phosphate, 0,50 kg
Nitrogen and 0,27 kg of Potassium. T\irkeys: 0,85 kg of Phosphate, 1,88 kg of
Nitrogen and 0,92 kg of Potassium. The results of this research are of main
importance for policy makers, researchers, users of poultry manure, export firms
of manure, transport firms, extension service, compound feed manufacturers and
poultry breeders.

INTRODUCTION
Over the years the Netherlands has developed dynamic agri-environmental policies
with the objective of agricultural production in a healthy and clean environment. These
policies comprise a number of interrelated policy strategies, measures and
implementations.Due to the combination of intensive agriculture and a limited land
base the Netherlands was confronted early with the draw back of intensive production.
This resulted in the nutrient problem caused by excessive animal production and its
application.Therefore, the govemmient began with a three-phase approach to the nutrient
problem.
Phase 1 (1987-1990)[Stabilisation of the problem and prevention of animal manure
production from further enlargement.
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Phase 2 (1991-1994): gradual reduction of the burden placed on the environment by
tightening the maximum application standards. However, manure surpluses problem
remained.
Phase 3 (1995-2000): further reduction of manure and fertiliser applications to realise
a balanced application of fertiliser and manure as regards both phosphorus and nitrogen
by the year of 2000. Initially, maximum fertiUsation levels for animal manure will be
further reduced. In this stage the regulation requires more sophisticated methods than
the generic standards.
Table 1. Generic application of phosphate kg per ha/year
Year

Maize

Grass

Arable

1987
1991
1993
1994

350
250
200
150

250
200
200
200

125
125
125
125

1995

110

150

110

1998

100

120

100

From 1998 ,a standard of maximum nutrient loss will be introduced to replace the
generic application standard. This means that with help of a mineral balance, the standard
of application will be calculated. So every farmer has an individual application standard.
The standard for phosphate loss (P.O^) in 1998 will be 40 kg per her/year and will
reach to 20 kg in 2010. From 1998 there will also be introduced a Nitrogen standard for
nitrogen loss.This will start with 300 kg per her/year and end with 180 in 2010.The
manure production in 1990 was 83,8 milHon of tons. The surplus in total was 13,60
million of tons. Or, in kg phosphate: 214,9 million kg phosphate production with a
surplus of 59,2 million kg. For this surplus, the laying hens were responsible for 30,7
% and the broilers for 1,2 %.
In order to solve the problem of excessive production and application there is a big
need to reduce the excretion of phosphate and Nitrogen per animal. Besides this the
knowledge of the mineral composition of the manure must be upgraded. Therefore, an
intensive farm research is started in 1993 in order to get all this information. This
project succeeded with the support and co-operation of the Ministry of Agriculture,
Nature Management and Fisheries, Poultry farmers, Animal Feed industry, Board of
poultry breeders. Board of Manure Distribution, and the Extension Services.
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METHODS
First of all we have made a desk study to collect relevant information about the mineral
composition and excretion of Phosphate, Nitrogen and Potassium, dry matter, ash,
organic matter and volume per poultry type (laying hens, broilers and turkeys).The
same study was done for minks, ducks, rabbits.Out of several hundreds of poultry
farmers contacted about 500 were willing to participate in this project. Every farmer
was not able to give the required information. Thus after selection, about 250 farmers
were visited and were asked to fill in a questionnaire about their management system,
for example feed system, water supply etc. A mineral balance was made over a well
defined period. For broilers it was a full period of about 6 weeks, for turkeys a full
period of about 4-5 months and for laying hens one week.
The principle of the mineral balance is: Input of minerals via the minerals in the body
mass, eggs, straw, minus retention via the minerals in body mass, eggs,which gives the
excretion.
The result of mineral balance is the surplus of phosphate, nitrogen and potassium per
period. We calculated the surplus in a specific period to a surplus per animal per year.
Theoretically we must detect the minerals of the calculated mineral surpluses in the
manure of the same period and animals. Therefore, we took samples of the manure of
turkeys, broilers and laying hens in the poultry houses; for the turkeys and broilers
after delivering of the animals. The samples of the laying hens were taken during
delivering the manure straight from the manure belt. All the samples were analysed in
a well known laboratory in Oosterbeek. (BLGG). All the manure was weighted.
The samples on poultry farms of laying hens were taken from the gathering belts for
manure, once a week. The samples of the broiler and turkey manure were taken in the
stable just after delivering the birds.
Comparison : The results of the laboratory samples were compared with the theoretical
calculations by means of the mineral balance.We expected that the results of the
calculated surpluses were similar with the results of the samples and weighted
manure.This should apply for the minerals phosphate and potassium.
In the manure there are processes that result in a evaporation of the nitrogen. That
results in a difference between the surplus calculated by means of the mineral balance
and the nitrogen calculated via the weighing, sampling and analysing of the
manure.Evaporation of NH., (ammonia,) for instance is one reason of the difference
between the mineral balance and the mineral composition in the manure. Theoretically
the results for phosphate and potassium should be the same. Most of the samples have
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been analysed in Oosterbeek. But we also used some other labaratories to compare the
results.We experienced a difference in the results from various laboratories. For this
reason the government introduced a system in which all laboratories have to use the
same method of analysing.
RESULTS
During this research we calculated following parameters:The production of nitrogen,
phosphate and potassium per bird per year the weighted feed composition per compound
feed manufacturer and the phosphate production per average bird per year according to
the mineral balance the mineral surplus per bird type, manure and dry matter production
in kg per bird per year,phosphate production in kg per ton according to the mineral
balance and at last the density of manure.
Summary of the technical data
Lump
standard

Production (kg)
/animal/year

Turkeys
(code 23)

Laying hens
(code 32)

Broilers
(code 39)

852

analyse

minbal

total man.
dry matter

45,47

-

nitrogen
phosphate

1,104
0,866

1,875
0,852

0,79

total man.
dry matter

26,25

-

29,50

nitrogen
phosphate

0,620
0,488

0,701
0,497

0,50

total man.
dry matter

10,90

-

10,08

nitrogen
phosphate

0,331

Minerai composition (kg)
per ton manure
analyse

minbal

-

41,87
55,7%

60%

24,72
19,19

41,79
18,81

21,0

52,6%

-

45%

24,48
19,04

27,10
19,26

17,0

60,7%

0,500

Lump
standard

30,73

60%
46,34

"

Table 2. Code 23,32 en 39. Nitrogen (kg N per average animal per year), according
to manure analyses and the corresponding mineral balances, per manure code (n
= number of observations, s.d. = standard deviation). The averages are weighted.
kg N per animal per year
turkeys

n
average
highest
lowest
s.d.

laying hens

broilers

analyse

minbal

analyse

minbal

analyse

minbal

12
1,104
1,439
0,786
0,134

16
1,875
2,237
1,629
0,145

27
0,620
0,765
0,520
0,059

54
0,701
0,857
0,480
0,081

48
0,331
0,475
0,212
0,041

50
0,500
0,605
0,405
0,047

Table 3. Manure code 23,32 en 39. Phosphate (kg N per average animal per year),
according to manure analyses and the corresponding mineral balances, per manure
code (n = number of observations, s.d. = standard deviation). The averages are
weighted and compared with the lump sum of the Dutch legislation.
kg P^Og per animal/year
turkeys

n
average
highest
lowest
s.d.

laying hens

lump analyse
standard

minbal

12
0,866
1,161
0,619
0,145

16
0,852
1,045
0,728
0,101

0,79

broilers

lump analyse minbal
standard

0,50

28
0,488
0,665
0,391
0,071

55
0,497
0,693
0,297
0,075

lump analyse minbal
standard

0,24

48
0,186
0,242
0,133
0,024

50
0,188
0,243
0,146
0,025
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Table 4. Manure code 32. The weighted feed composition per compound feed
manufacturer and the phosphate production per average animal per year,
according to the mineral balance, (n) = number of observations , s.d. = standard
deviation.
average feed compositior
% Raw Protein %grossP
%K

code
compound
feed manufacturer

average
s.d.

1
2
3
4
5
6
7
8
9
10
11
12
13
14

16,48
16,50
16,24
15,93
17,00
16,27
16,68
16,12
17,00
17,14
17,38
17,10
17,37
16,50

0,56
0,67
0,58
0,61
0,61
0,59
0,62
0,61
0,66
0,68
0,64
0,71
0,71
0,70

16,58
0,57

0,63
0,06

0,76
0,06

kg P^Og p.animiil/year

0,434
0,436
0,440
0,454
0,479
0,484
0,492
0,504
0,519
0,529
0,546
0,569
0,598
0,619

0,83
0,79
0,66
0,71
0,78
0,73
0,78
0,74
0,83

(1)
(4)
(5)
(V)
(2)
(6)
(3)
(5)
(1)
(2)
(7)
(3)
(4)
(1)

0,498
0,076

Table 5. Manure code 32 (Laying hens) and 39 (broilers). Phosphate surplus
animal/year and brand of poultry, according to weighted analyses and mineral
balances code 32 en 39. (n) = number off cases.
laying hens

broilers

kg P2O5 per animal/year
brand of poultry
¡0
11
9
1
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analyse
0,483 (1)
0,484 (18)
0,507 (6)
0,515 (1)

brand of poultry

mineral
0,459
0,498
0,510
0,619

kg P^Og per animal/year

(4)
(33)
(11)
(1)

10
5
3

analyse

mineral

0,183 (26)
0,194 (2)
0,183 (16)

0,180 (28)
0,191 (2)
0,192 (16)

Table 6. Manure code 23, 32 en 39. Potassium (kg K2O per average animal per
year), according to manure analyses and the corresponding mineral balances,
per manure code (n = number of observations, sad. = standard deviation). The
averages are weighted.
kg K^O per/year
turkeys

n
average
highest
lowest
s.d.

laying hens

broilers

analyse

mineral

analyse

mineral

analyse

mineral

12
0,818
0,976
0,582
0,105

16
0,918
1,078
0,740
0,092

28
0,338
0,413
0,260
0,033

29
0,343
0,430
0,292
0,033

48
0,245
0,300
0,196
0,024

31
0,274
0,314
0,232
0',018

Table 7. Manure code 23, 32 en 39. Manure production (kg per average animal
per year), according to manure analyses and the corresponding mineral balances,
per manure code (n = number of observations, s.d. = standard deviation). The
averages are weighted.
kg manure per animal/year
code 23
lump standard
n
average
highest
lowest
s.d.

41,87

code 32

analyse
13
45,47
68,16
32,34
8,31

lump standard

29,50

code 39

analyse
43
26,25
35,28
20,40
3,36

lump standard

10,08

analyse
48
10,90
13,58
8,15
1,17

CONCLUSIONS
In this study the average production of manure(Method I) is about the same as compared
to the mineral balance (Method II).The individual farms showed a big differences. Due
to processing in the manure (due to ammonia evaporation), there is a big difference
between the surpluses of Nitrogen according to the analysis and the mineral balance.
We experienced a lot of difficulties in order to get representative samples. In this research
all the manure has been weighted. It is necessary to be very alert to get the right
information about this item. Faults and mistakes are made very easily which affects
results deeply.
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Samples divided in seperate parts were analysed by different institutes. The results
between the institutes differed a lot because of different analysing methods.
There is a big correlation between the input of minerals (especially via animal feed)
and the mineral balance surplusses.
We expected a relation between the management systems (water supply, drying systems),
the surplus of minerals and the production of manure. However, because of the
specification of the collected features (110 in total), those relations could not be detected,
possibly, clustering of features could be the solution.
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ZEOLITE AN UNIQUE MATERIAL FOR POULTRY
INDUSTRY
M. K. Dongare and D. P. Sabde

^*Ä

Catalysis Division, National Chemical Laboratory, Pune - 411 008 India

Natural as well as synthetic zeolites are widely used in animal husbandry,
agriculture and fish breeding. Recently there has been growing interest in the use
of zeolites in poultry industry as feed additive, mycotoxin carrier and for
environmental protection. Natural zeolite clinoptilolite and mordenite have proved
to be an effective feed. Introduction of zeolites in the feed of the chickens has
shown an improvement in the digestion of feed and uptake of nutrients leading to
increase in body weight and enhancement in the survival rate of the chickens.
Sodium zeolite A, as feed additive has shown increase in egg laying, egg shell
thickness, egg specific gravity and also shown improvement in the sodium level,
and calcium utilization and reduction in shell less eggs. Zeolites are being used as
effective toxin binder in preventing mycotoxicosis when the feed is contaminated
with mycotoxins. Consumption of the zeolite granules also aided assimilation of
the food substances in the ration and acted as natural sorbant of heavy metals
decreasing their bioaccumulation in the birds. Zeolites are used to remove ammonia
and other toxic gases from the poultry houses, creating better environment and to
convert hen manure into deodorized fertilizer.
The chemical composition, structural characteristics, ion exchange and adsorption
properties and utility of various natural and synthetic zeolites useful for poultry
industry are overviewed in the present paper.
INTRODUCTION
Zeolites are crystalline microporous solids which are widely used as sorbents, ion
exchangers, catalysts and catalyst supports (Holderich, 1989). They were recognized
as a group of minerals over 200 years ago. In 1756 Cronstdet discovered and
characterized the first zeolite, STILBITE as a hydrated aluminosilicate with alkali metal
and alkaline earth cations. Very little interest was shown until about 1932 when McBain
selectively adsorbed molecules in zeolites, and coined the term "Molecular Sieves".
Barrer (1949) abundantly demonstrated the separation of molecules with zeolites. (U S
patent- 2,306,610; 1942) and derived hydrogen form of zeolites which are strong acid
catalysts. This aroused interest, and a group at Union Carbide led by Milton synthesized
Linde A (U S patent 2,882,243; 1959) which found extensive use as an adsorbent and
later as an ion exchanger replacing phosphates in detergents and Linde X (U S patent
2,882,244; 1959) which was converted by Mobil into a cracking catalyst with tremendous
857

economic impact. This was followed by the synthesis of ZSM-5 (U S patent 3,702,866;
1972) and ZSM-11 (U S patent 3,709,979; 1973) which are extensively used as catalyst
in number of processes.
During recent years several studies have been conducted using natural and synthetic
zeolites to evaluate their utility as an additive to poultry feed, toxin binder, and for
environment protection in poultry industry for commercial exploitation. ( Ronald et al,
1985). The growing interest is seen from the number of patents and papers appearing
every year related to zeolites for poultry industry.
Zeolite structure
Zeolite is an aluminosilicate with a skeletal structure containing voids occupied by
ions and molecules of water having a considerable freedom of movement that leads to
ion exchange and reversible dehydration.
A generalized emperical formula for zeolites has traditionally the form M/ n O. AI2O3. X SiO^. y H,0.
where n is the charge on the cation M, x is greater than 2 since AlO^ tetrahedra are
joined only to SiO^ tetrahedra, and y is the number of water molecules present.
The primary building blocks of zeolite structure is tetrahedron, the center of which is
occupied by a silicon or aluminium atoms, with four oxygen atoms at the vertices.
Each oxygen atom is shared between two tetrahedra which are further connected to
form a wide range of small secondary building blocks. These are interconnected to
form wide range of polyhedra which are in turn connected infinitely to form loops and
chains which are further linked to form three dimensional framework structure with
voids and channels. Substitution of Si^ by Al^^ defines the negative charge of the
framework which is compensated by monovalent or divalent cations located together
with water molecules in the structured channels (Fig. 1)
The channels sizes are determined by the number of oxygen atoms in the ring. The size
of the zeolite pore opening is determined by the tetrahedral units or alternatively oxygen
atoms required to form the pore and the nature of the cation that are present in or at the
mouth of the pore.
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Type A
Fig.l :

Sodalite

Faujasite
(Type X, Y)

An example of three zeolites that have the same structural polyhedron
(cubo-octahedron), but probably form from smaller ring units.

Zeolites are lumped into three classes based on pore size.
Pore size

No. of Tetrahedra

Max. free diameter

Small
Medium
Large

6,8
10
12

4.3 A
6.3 Â
7.5 Â

The structure and pore size characteristics of large, medium and small pore zeolites
are shown in ( Fig. 2.)
859

Y ZEOLITE

ZSM-5

ERIONITE
Fig.2 : Framework structures and projections of zeolites.

OCCURENCE OF ZEOLITES
Natural Zeolites
Zeolites occur in nature in vugs and vesicles of basaltic lava ( in areas such as Havaii,
iceland and Nova Scotia ) in specific kinds of rocks subjected to moderate geologic
temperature and pressure (the metamorphic zeolite facies) and in altered and reacted
volcanic ash deposits. Only the last are of economic importance in the sense of ready
availability in large tonnage at moderate cost in many areas of the world. Most zeolite
deposits are on the surface and are readily mined. Materials from such mines have been
commercialized for such diverse application such as purifications of natural gas
(Chabazite) radioactive waste disposal (Clinoptilolite) ammonia recovery from sewage
effluent (Clinoptilolite) and various petroleum and petrochemical applications (Erionite,
Mordenite). Markets for lower purity zeolite are as extenders, animal feed additives,
and purification agents. There application is also increasing in construction, agriculture
and aquaculture areas.
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Natural Zeolites, Clinoptilolite, Stilbite and Heulandite are found in Ajantha and Ellora
valleys (Aurangabad District of Maharashtra). The ZeoHte named Mordenite is also found
in the deccan tracks ( Pune , India ) in the cavities of volcanic sedimentary deposits .
Synthetic zeolites
Synthetic zeolites are high purity special chemicals that serve a wide range of
applications. Most synthetic zeolite are thermodynamically metastable products in their
preferred synthesis conditions. They are therefore prepared under closely controlled
conditions. Synthetic zeolite such as Faujasite, ZSM-5 and A type are prepared on
commercial scale and are readily available in the market.
Ion Exchange properties
Li aluminosihcate zeohtes, SiO^ is neutral but substitution of A\^^ for Si"^^ results in a
single net negative charge on the framework which is compensated by a "non framework"
cations (such as Na^ ,K^, etc.) located in the pores or cavities ol the structure. These charge
compensating cation are relatively qobile, and in many cases be easily exchanged for
other cations. This ion exchange character adds to the properties of zeolites.
Contacting a given zeolite with a dilute solution of the soluble salt of the desired exchange
cation will usually result in a major exchange of cations. The process being
Na (zeolite) + Ca (solution)
->
Na (solution) + Ca (zeolite).
Most exchanges take place rapidly (5 to 30 minutes) at moderate temperature (20 to
SO^C)
The above reaction with zeolite type A is complete in about 30 seconds and is the key
to the use of this zeolite as detergent builder to soften water in the initial stage of a
washing cycle.
Selectivity of zeolite adsorbents
As a result of uniformity of the micropores, which are of molecular dimensions, zeolite
adsorbents show a rather sharp cut-off with increasing molecular size, thus raising the
possibility of shape selective molecular sieve separation. Fig. 3 shows the effective
pore size of some of the commercial zeolite adsorbents. The molecular sieve effect has
provided much of the stimulus for early research and such effects are today utilized in
several industrial scale separation processes.
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Kinetic Diameter (À)
- (CjFglN
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— Xe
-N2

z^ih- •Ar

-- H I_H70
"~NH3

Decreasing Pore' Size
Fig.3 : Correlation between effective pore size of zeolites in adsorption at
77 to 420 K as determined from the Lennard-Jones force
constants Çy^r-

Zeolites in Poultry
In the 1960'^ research and tests began concerning the use of natural zeoHtes (mainly
clinoptilolite tuffs) as additives to feeds for poultry, cattle and pigs. In one of the first
report ( Onagi, 1965) 48 day old chickens were studied. These were fed for 14 days (30
in a group) with 3-10% clinoptiloUte and mordenite tuff added to the feed.
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Table 1. Feeding results for leghorn chickens using clinoptilolites feed.
Clinoptilolite in
feed ( % w/w )

Average body weight/ g.
'Final

Weight gain

Weight of feed
Conversion
(g)

Feed
Conversion
Ratio (FCR)

10

553.7

795.6

241.9

668

2.76

5

540.7

778.0

237.3

697

2.94

3

556.7

796.0

239.3

748

3.13

0

556.5

789.3

232.8

782

3.36

Later, Mompton and Fishman, 1977 tested the effect of feed containing 5% clinoptilolite
on the growth of broilers. Incorporation of this mineral caused more effective feeding
and an increase in survival rate. The zeolite is superior to the action of antibiotics
(Table 2). Clinoptilolite was added to the feed of laying hens and tests were carried out
(Merabishvili et al, 1980) showing that addition of 1.3% zeolite to whole feed, positively
affect viability and egg laying as well as feeding (protein and phosphorous). Addition
of 3-5% zeolite increases egg laying by 5-7%, preservative quality by 0.4% and strength
of egg shell by 60-80%. Best results were obtained when 5% zeolite was added.
Table 2. Effect of Clinoptilolite Tuff and Antibiotics on the growth of chickens.
Groups

Body weight
(ing)

Feed
consumption
(ing)

F.C.R.

Survival in 48
chickens

Experiment No.l
control
Antibiotics
5% clinoptilolite

730
708
703

1175
1116
1070

1.61
1.58
1.52

46
47
48

Experiment No.2
control
Antibiotics
5% clinoptilolite

1869
1882
1783

3978
3869
3647

2.13
2.06
2.05

45
46
48

Addition of clinoptilolite tuff 1.2 and 5 % to the feed of one day old chick upto 60 days
stimulated growth and enhanced survival. . The higher addition gave an increase of
body mass of 8.8% as compared with controls ( kvshli et al, 1980). It has been reported
that addition of 4% zeolite decreased consumption of feed by 4.2% per Kg of growth,
where as 6-8% zeolite reduced it by 8.3%. Feeding experiments with broilers using
clinoptilolite added feed showed that digestion of feed and uptake of nutrients is
improved .
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Table 3. Effect of Clinoptilolite feed on broilers with respect to digestion of nutrients.
Clinoptilolite Tuff
in feed ( as % w/w )

0

2

4

6

Coefficient of digestion (as % ) of the major nutrients
Organic matter
Protiens
Fats
Nitrogen deficiency Extract

77.4
90.5
63.6
86.2

77.1
89.5
74.7
72.9

78.5
92.0
74.7
85.1

82.5
93.5
76.3
90.2

Digestion of Nitrogen
Consumption of
Nitrogen in feed
Nitrogen released
Nitrogen digested

92.4
47.3
45.1

81.85
39.36
42.59

91.84
41.75
50.09

98.04
36.65
61.39

Kevin et al., (1991) studied the effect of dietary sodium zeolite A, (SZA) and graded level
of calcium on growth, plasma, and tibia characteristics of chicks. SZA has been shown
to increase egg shell specific gravity in laying hens and to improve calcium utilization in
chickens. A 4x2 factorial arrangement of treatment was used to investigate the effect of
dietary calcium (0.6, 0.8, 1.0 and 1.2%) and SZA (0 and 0.75%) on growth, plasma, and
tibia characteristics of chicks from 5 to 15 days of age. Increasing dietary calcium hnearly
increased (p<0.5) calcium and alkahne phosphate (AP) in plasma and increased tibia
shearing force and percentage ash, calcium and phosphorous in tibia. However dietary
calcium linearly decreased (P<0.5) inorganic phosphorous and magnesium and manganese
in tibia. SZA is dietary suppliment that has been reported to improve eggshell quality
(Ronald et al, 1985). However, the mechanism of action is unknown. It is hypothised that
it may be related to the SZAs high affinity for calcium and its ion exchange capability,
because SZA can selectively adsorb and release calcium with change in pH.
Fethiere et al, (1994)) observed that sodium from SZA was utilized by broilers as
efficiently as Na from NaCl leading in improvement in body weight, increase in feed
consumption, and improved feed conversion.
Learch et al, (1990) conducted an experiment with a factorial arrangement of treatment
using five levels of dietary calcium and two levels of zeolite A. When dietary calcium
was deficient or marginal, zeolite A improved calcium utilization, as evidenced by
improved growth rate and a reduction in rachitic leisions. Zeolite A in feed at 0.25-4%
reduces the hyperactivity in laying birds and reduces incidence of egg-bound conditions.
( U S patent 4, 862, 8290; 1989) eggs. Zeohte A containing diet (0.25 - 1%) resulted in
reduced rate of degradation of internal egg quality (Eur. patent - 366,341; 1990) higher
shell thickness, fewer shell-less eggs and reduced chlorine level.
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Zeolites as toxin binder
Use of zeolite for the enhancement of coccidiostatic action has recently been patented
(U S patent 531,700; 1994) . Coccidial intestinal leisons in poultry are reduced and
shank pigmentation is promoted by administration of zeolite preferably in feed. Monesin
(lOOg/ton) added to feed reduced coccidiosis in chicks. Effect was enhanced when
Ethecal (zeolite A) was added as well. Zeolites are being studied as toxin binder for
preventing mycotoxicosis. Kriukov and Fisinin, (1995) successfully used natural zeolite
as toxin binder. Use of natural zeolite constantly produced positive effects if the feed
contained aflatoxin, T-2 toxin or vomitoxin. When the feed contained Img/kg of Bl
aflatoxin, its concentration in the liver was reduced by 30-40% as result of adding 2%
zeolite. The experiments with broiler chicks proved that the application of "Zelogam"
compound which consists of zeolite and gamma aminobutyric acid, considerably
reduced the impact of aflatoxin on the chicks. Zelogam proved to be highly efficient
as the prophylaxis for T-2 and vomitoxicosis.
Zeolite for poultry environment
Environmentally controlled poultry farming is the latest trend in poultry industry. Better
environment in poultry houses as essential as better feed for the health of the birds and
for better productivity. The ammonia as byproduct formed due to the bacterial
fermentation of the fecal matter is detrimental to poultry health leading to respiratory
and other problems. Zeolites, because of their selective adsorption characteristics, are
widely used to remove noxious gases from the poultry houses to protect the environment.
Natural zeolite—clinoptilolite has been used to remove unpleasant smell of poultry
houses and to convert hen manure into deodorized fertilizer. High level of ammonia
(above 20 ppm )in poultry houses leads to irritation in eyes of birds causing ill health,
deterioration of the cilia of the airpassages of the birds making them more susceptible
to airborne diseases to number of bacterial and viral pathogens leading to respiratory
problems in the poultry ( Survashe and Deshmukh 1996).
Control measures to reduce ammonia concentration in the poultry houses are frequent
removal of manure, good ventilation circulating air with fans over the manure pits and
proper treatment of manure. These control measures are effective provided proper poultry
management system is followed. Researchers are trying to find a suitable material which
can selectively adsorb ammonia formed from the houses, and reduce the health hazards,
and for this purpose zeolite seems to be the material which possibly would meet the
requirement (Dongare 1994)
Zeolite are already finding application for adsorption of ammonia byproduct in coal
gassification plants. It is known that synthetic and natural zeolite can adsorb upto 10%
of anmionia (Breck 1996). Rocks of different composition of clinoptilolite, mordenite.
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philipsite, chabazite and ferririte were studied (Torii 1978). Zeolites were activated by
heating at 300°C in vacuum for two hours. Extent of adsorption of ammonia and
methane are given in the Table 4.
Table 4. Equilibrium adsorption capacity of zeolite in relation to ammonia and methane at 25^C
and 100mm( g. per g. sorbent.)
Zeolite

Deposit
Place

Rock content %

NH3

CH,

Mordenite
Chabazite
Philipsite
Chabazite
Ferrierite
Mordenite
Chnoptilolite
Ferrierite

Alaska
Arizona
Oregon
Oregon
S.Koria
Arizona
Oregon
Nevada

95
97
84
62
71
69
94
60

9.65
9.28
8.78
6.94
6.02
5.87
5.23
4.03

0.799
0.785
0.082
0.432
0.460
0.460
0.480
0.346

Of the zeolite considered, philipsite is of interest, since it has the smallest pore diameter
( 0.26 and 0.265 nm ) and therefore, only ammonia and water can penetrate. At 25^ and
65'^C ammonia is adsorbed rather rapidly and in great amounts . Water at room
temperature is not absorbed and so also CO, , CO, CH^, or O^ are not adsorbed on
philipsite. Considering these characteristics philipsite may be the zeolite for ammonia
adsorption in poultry houses. Activated zeolite can be placed in small bags at the places
where the ammonia is formed or a system can be designed where the ammonia formed
is sucked and passed over the activated zeolite so that the ammonia formed would be
adsorbed by the zeolite to maintain better poultry environment.
Since chnoptilolite possesses a high selective adsorption capacity of ammonium ion ,
it was suggested that this mineral be used for the extraction of ammonium ion (Ames
1967). Ion exchange on zeolites proceeds when the NH^^ concentration is equal or less
to the exchangeable cations n the zeolites . With increasing NH^^ concentration,
adsorption becomes predominant. Considering this characteristic property of zeolite, it
can be mixed with fecal matter of the poultry to adsorb ammonium ion as well as
moisture from the fecal matter to keep in dry condition . Chnoptilolite can also be used
to convert hen manure into deodorized fertilizer. Chnoptilolite can remove unpleasant
smell of poultry houses, improve conditions of husbandry and can be used to obtain
organic fertilizer to improve productivity of poultry as well as agriculture.
CONCLUSION
It is seen from the patents and published literature that zeolites are finding applications
in poultry industry as poultry feed additive, toxin binder, environmental protection in
poultry houses as well as it helps to obtain organic fertilizer .Based on the structure and
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ion exchange properties of the zeoUte, it is possible to use zeolites as carriers for
controlled drug delivery systems. However, more work is required to exploit full
potential of zeolites in this area and in future many more applications are likely to
emerge.
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SESSION V
POULTRY PROCESSING,
PRESERVATION, MARKETING

1. PROCESSING, PACKAGING AND PRESERVATION
SYSTEMS FOR EGG AND EGG-PRODUCTS

A NOVEL METHOD FOR THE HEAT TREATMENT OF
LIQUID EGG PRODUCTS
AJ.Ros
Graaf Ottalaan 13, 3843 AK Harderwijk, Netherlands
INTRODUCTION
One of the major problems in the egg industry is the fact that the raw fresh eggs, which
are used as raw material for the production of egg products, are generally contaminated
with pathogenic bacteria. Although most of the contaminating flora is present on the
outer shell of the egg, due to various treatments of the eggs before processing, such as
variation in temperatures during storage, high humidity and bad hygiene in the handling
of the eggs, it is quite possible that the inner membrane and egg contents can also be
contaminated. That means, that although eggs are washed and disinfected before the
actual breaking takes place, there is the possibility that pathogens could occur in the
liquid of the broken and/or separated Qgg content.
For this reason the egg industry must under all circumstances takes measures to eliminate
these pathogens before the product is further processed as an ingredient in various
recipies in the food industry in order to prevent contamination of food reaching the
consumer. The egg industry takes care of that by taking all possible hygienic methods.
In the European Community (EC) a Council Directive No.89/437/EEC is in force on
hygiene and health problems affecting the production and placing on the market of egg
products to ensure the quality of eggs used for human consumption and to ensure that
good manufacturing practise is applied during the handling, production, storage,
tracebility and transport of tgg products.
Under Annex 13 (Chapter V) under (vii) it is stated that after breaking, each particle
must undergo a heat treatment, consisting of treating the product at an appropiate
temperature for an appropiate period in order to eliminate any pathogenic organismi
present. This treatment must be so that in the final product Salmonellae will be absent
in 25 gm or ml egg product, total count less than 100.000/g; enterobacteriaceae less
than 100/g and staphylococcus aureus less than 1/g.
These socalled "pasteurized Qgg products", described by Murdock et al. can be kept in
liquid form only for one or two days at a low temperature. At longer times^ and higher
temperatures the products will deteriorate quickly, because even a few bacteria surviving
"pasterization" will start growing again.
Only by using preservatives (such as sugars, benzoates and sorbates) the storage life of
liquid egg can be extended, however, only at low temperatures (about 2°C).

To extend the shelf life, these products must be concentrated and dried to lower the
water activity considerably. These dried products can be kept at ambient temperatures
for more than one year.
Many efforts have been untertaken to reduce the amount of bacteria, especially the
pathogenic species, in the pasteurized egg products with more or less satisfactory results.
Pasteurization temperatures of egg products are normally in the range of 60-68°C.
Higher temperatures are difficult to use because of the fact that the Qgg will coagulate
at higher temperatures. In U.S. patent 4.808.425 a method is described for the
ultrapasteurization of liquid whole egg products using temperatures up to 72°C with a
slight loss of protein solubility.
As a result of this treatment the total bacteria count is much lower and products can be
kept at low temperatures in liquid form for more than 3-4 weeks in aseptic packaging.
In other treatments electroheating is used to extend the shelf life of liquid whole egg
(U.S. patent 5,415,882) or the product is socalled hyperpasteurised by removing gases
from the product before or after conventional pasteurization (U.S. patent 5,431,939).
This article describes a method to increase the temperature far higher for a short moment
of time in combination with conventional pasteurization in order to obtain a liquid Qgg
product which can be kept at a temperature of 2-4°C for at least 60 days and with
functional properties which are comparable with conventional pasteurized egg products.
MATERIAL AND METHODS
For the experiments liquid whole egg was used from fresh eggs broken on a SANOVO3000 machine, filtered on an SANOVO automatic filter and cooled in plate heat
exchanger to a temperature of 2°C. In order to obtain a very high temperature for a
short time the principle of steaminfusion was used.
Therefore a device developed by Den Hollander Engineering (DHE) was applied using
the technology of steam infusion, called FSH(falling stream heating)-Technology. In
this procès the liquid egg is pumped via a kind of nozzle-device into a reactor vessel, in
which is falls down in small streams. During the normally very short falling time the
product is in contact with steam.
At the bottom of the reactor the product is then flash cooled in by means of a vacuum
flash cooler.
For the conventional pasteurization plate heat exchanger of the type ALFA-LAVAL are
used or preferably tube pasteurizers of the type GEA-FINNAH. After the treatment of
the liquid egg the product is filled in gable top liter packs with an EVERGREEN
experimental filling equipment. The final product was stored at 0-2°C.

DESCRIPTION OF THE EXPERIMENT
Fresh liquid whole egg is preheated via a plate heat exchanger from 2°C to about 5055°C. The product is then pumped to the FSH equipment in which the product is divided
in small streams falling down in chamber heated by steam during which the temperature
of the liquid Qgg product is heated to 78 - 85°C or even higher.The downflow device
used in the FSH heater is patented under US number 1001250. The product reaches the
bottom of the chamber reached by the product in 0.6 seconds or less and the product is
released via a discharge valve into a vacuum flash cooler during which the products is
cooled to a temperature of 35-40°C. Normally this cooling is done in such a way that
the water added during the steam infusion is taken away again during the flash cooling
of the product.
The egg products are then treated in a tube pasteurizer to reach a temperature of 6065°C, a treatment known and generally used for the pasteurization of egg products.
Then the product is cooled to 2°C and filled in 1 liter packs in an aseptic packaging
machine. The final packs are stored in a cool room at a temperature of 2°C. At various
intervals packs are sampled and investigated for bacterial growth.
DISCUSSION OF RESULTS
From the results it is shown that even after 10 weeks storage at 2°C the product is still
in a good condition. During experiments it was however found, that packaging under
aseptic conditions is obligatory otherwise post-contamination takes place with earlier
bacterial growth than that found at 10 weeks storage.
Although the temperature treatment in the FSH equipment is rather high, the effect on
protein coagulation is minor due to the very short treatment. Another advantage is that
during the FSH treatment the product is not in contact with any surface. Therefore
protein damage again is very low.

RESULTS
Table 1. Effect of FSH treatment and cold storage of liquid, whole egg on bacterial
load of the product
FSH-treated material
after 10 week storage at
2°C

Untreated
material (raw)
Total bacteria count, per gm
250000
Coiform bacteria, per gm
5000
Bacillus cereus, per gm
800
Streptococci, per gm
4000
Staphylococcus aureus, per gm
60
Yeast, per gm
1000
Moulds, per gm
300
E.coli
+vein
Salmonellae
+ve in
Listeria monocytogenes, per gm +ve in

10 gram
25 gram
25 gram

<1000
< 10
< 10
10
100
10
10
-ve in 10 gram
-ve in 25 gram
-ve in 25 gram

Following physical properties were found:
Table 2. Physical proeprties of liquid egg before and after FSH treatment and 10
wk storage at 2^^C
Untreated
material (raw)

FSH-treated material
after 10 weeks of
storage at 2°C

Viscosity

11 centipoise

11 centipoise

Solid matter

23.2%

23.3%

Whippability (spec.mas s in g

0.19g/cm^

0.20g/cm^

cm3 of 250g whole egg
mixed with 125g of sugar
and whipped 10 minutes
in a Hobart N50 mixer)
As a result of the high temperature treatment the effect on spore-forming bacteria is
considerably better than under conventional pasteurizing of egg products. It is believed
that during the high temperature treatment the spore-forming bacteria are partly damaged
and later during normal pasteurization treatment more effectively killed.
It is believed that the above mentioned treatment of egg products can be a step forwards
in the production of extended shelf life products.
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NOVEL METHODS FOR THE PASTEURIZATION OF EGG
PRODUCTS TO REDUCE THE RISK OF POULTRY-BORNE
FOOD PATHOGENS
R.W.A.W. Mulder
DLO-Institute for Animal Science and Health, P.O. Box 59, 6700 AB
Wageningen, The Netherlands

Foods as poultry, eggs and egg products are often involved in cases of human foodbome
disease. The presence of SalmoneUa enteritidis in eggs and egg products has caused
a dramatic decrease in the sales of thEse products in several countries of the world.
Nowadays there also is concern regarding the presence of other potentially pathogenic
microorganisms in egg products. listeria monocytogenes is one of these emerging
pathogens, as the organism seems to be able to adapt to the whole egg content and
therefore additional pasteurization treatments are needed for its control. Traditional
pasteurization processes nowadays are followed by an end-product treatment, for dried
products in a so-called hot-room, for dried and üquid products by treatment with ionizing
radiation. Novel technologies are under development and of these ultrapasteurization,
hyperpasteurization and the single use of high pressure techniques or combined with
a heat and ultrasonic wave treatment will be discussed.
INTRODUCTION
Human foodbome diseases are widespread and an important cause of economic loss,
due to hospitalization and absenteism. The foods incriminated are fish, meat, poultry
and eggs. The data of foodbome disease caused by a certain food commodity, differ
between countries. In the WHO surveillance programme for Control of Foodbome
Infections and Intoxications in Europe for instance Spain and France report that eggs
and egg products count for 62% and 37% respectively of the foods involved in foodbome
disease caused by Salmonella and in the same report other countries do not even mention
these food commodities.
In different countries in the developed and developing world, where the demand for
animal protein is high, the production of egg products is different. North America,
Europe and Japan produce approximately 40% of all eggs in the world and some 14%
are cnverted to egg products. Although 60% of the world's egg production is located
in other areas, only 3% of the world's egg products are produced in those countries.
The 300 processing plants in the world are roughly located as follows : 100 in North
America, 100 in Europe and 100 in other countries. Therefore it is not surprising that
the developments for novel technologies for the pasteurization to meet customer and
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consumer demands for microbiological safety of the final products, are initiated in
those countries (Mulder et al 1994).
Salmonella bacteria in general, but Salmonella enteritidis and Salmonella typhimurium
in particular, are often connected with the poultry industry. They are frequently isolated
from eggs, egg and poultry products and therefore it is not surprising that these foods
sometimes are involved in human foodbome disease. Specially the occurrence of
Salmonella enteritidis in eggs has caused considerable sensation in many countries and
resulted in a severe drop of sales. The risk of Salmonellosis through egg products
however is limited. The pasteurization processes as applied give a quarantee for more
or less Salmonella-free products.
Nowadays the presence of other potentially pathogenic microorganisms as Listeria
monocytogenes and Yersinia enterocolitica in these type of products becomes more
important, although the statistical data on their risk to human health in relation to foodbome disease has not been documented.
The worldwide increasing attention for Listeria monocytogenes could be caused by the
fact, that Listeria monocytogenes, as with Streptococcus faecalis var. zymogenes
(Mulder et al, 1975), is known to show adaptation behaviour towards whole egg products
with sucrose (Notermans et al., 1992). There is no evidence that Listeria is found in
the intact shell eggs, it occurs in soil and dust. As Listeria is an organism, which is
endemic in the food industry in general, it is expected that especially in egg processing
plants, endemic strains of Listeria may be present. Adapted strains may show increased
heat-resistance patterns so traditional pasteurization techniques will not assure
bacteriological safe egg products.
In the egg products industry it is mandatory, that the initial raw egg material is
pasteurized. The applied pasteurization times and temperatures are a result of a
compromise between the effect on product quality and the exerted lethal effect on
potentially pathogenic microorganisms. This means that under practical conditions the
possibillity exists that Salmonella contaminated batches are produced. The need for
better or new pasteurization treatments is evident, due to aspects of products safety and
product liability, contaminated products cannot be sold.
This paper gives information on newer technologies : High Temperature Short Time
pasteurization followed by aseptic packaging, a hyperpasteurization treatment and the
use of a single high pressure technique or combined with heat and ultrasonic wave
treatment.
Their effects on the microbiological quality of the final product will be compared with
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the effect of traditional pasteurization processes and the compUmentary use of ionizing
radiation.
TRADITIONAL PASTEURIZATION
Time and temperature applied during the process estimate the lethal effect of a
pasteurization treatment in the egg processing industry. To validate these treatments
a comparative value is needed. This value is the Decimal Reduction Value (D), which
value counts for the time in minutes necessary at a given temperature to destroy 90%
of the initial number of microorganisms present. Table 1 summarizes data of D-values
of several Salmonella serotypes from studies in The Netherlands and the United
Kingdom. From these data extrapolation to higher temperatures can be made. The rise
of 10 degrees Celsius produces a 10 fold decrease in D-value.
Tablel. Decimal reduction values (iminutes) of Salmonella in egg yolk
Serotype

TC

pH

DIO

enteritidis
senftenberg
typhimurium
(van Lith et al, 1995)

57
57
57

6.12
6.12
6.12

3.4
3.6
3.1

enteritidis pt 4
enteritidis pt 8
enteritidis pt 13A
typhimurium pt 141
typhimurium pt 110

55
55
55
55
55

8.2
6.9
4.5
3.3
6.4

(Humphrey et al, 1989)
Generally speaking pasteurization processes aims to destroy potentially pathogenic
microorganisms. The process guarantees a 9 D (D=decimal reduction value; time in
minutes needed to destroy 90% of the initial number of microorganisms present)
treatment : at a contamination level of 100 colony forming units per ml this means that
1 in 10 E-7 can be positive for the microorganisms under study. From the D-values
presented it can be noted that the mandatory pasteurization time-temperature relations
of 3.5 minutes at 64.4 C cannot be sufficient to fuUfiU the requirements.
IONIZING RADIATION
During the last 25 years several research groups have studied the effect of ionizing
radiation on Salmonella survival in liquid and dried egg products.
To produce safe Hquid egg products it proved, that the appHcation of a dose of 3.0 kGy
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proved to be sufficient to eliminate all Salmonella and Enterobacteriaceae. A dose of
6.0 kGy however could not destroy the complete microflora present. So Listeria
monocytogenes could be under the surviving microorganisms (Bolder et al, 1993).
ULTRAPASTEURIZATION
The method for the ultrapasteurization of liquid whole egg products was patented in
.the USA. (US Patent 1989, 4,808,425). By this method liquid whole egg products are
in continuous flow treated by a high temperature during a short period of time. The
process may be followed by aseptic packaging of the products. Nowadays the traditional
pasteurization process for whole egg products uses 3.5 minutes at 64.4 C and this timetemperature relationship assures a 9 log cycle reduction (9D : D=decimal reduction
value) in the number of Salmonella. However heat resistant spoilage and potentially
pathogenic microorganisms survive this treatment and may be of risk.
The method of ultrapasteurization of liquid whole egg uses time-temperature
combinations which are equivalent effective, so also the 9 log cycle reduction of
Salmonella is achieved (at a pasteurization temperature of 67 C a shorter time is needed
to reach this goal; at 60 C less then 10 minutes contact-time against a heated surface
has the same effect). Product characteristics are claimed to be better than those obtained
with traditional pasteurization processes and the refrigerated shelf Hfe of the products
is about 4 weeks.
With respect to product characteristics other claim that functional and organoleptic
characteristics are changed from normal (Anon, 1993).
HYPERPASTEURIZATION
Hyperpasteurization uses the advantages of nascent O, oxygen (02) and ozone (03)
which, when applied under controlled conditions and in appropriate concentrations are
very effective to destroy microorganisms. Selection of the oxygen(s), ratios and
concentrations provide desired levels up to complete levels of microbial sterility usually
starting with anaerobes first, then aerobes and finally, spores thereof. Additions of
oxygen and other conditions can be so made that any food component destruction is
minimal. All possible oxygen species, including those in indigenous dissolved gases
most be removed. Providing inert gases to food interstices can provide vastly increased
stabihty against oxidative processes common to both untreated and/or oxygenated food.
In most cases the process should be followed by aseptic packaging. Useful oxygen
sources are air and purified air in combination with supplemental nascent oxygen (O),
02 and 03. The effectivenes of hyperpasteurization is substantially enhanced when the
foregoing steps are carried out under either hyperbaric or hypobaric conditions.
Effectiveness is maximized when hyperbaric and hypobaric conditions are alternated
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during processing. Oxygen scavengers such as iron and glucose oxidase may also be
used effectively (Anon, 1993).
MANO-THERMO-SONICATION
Ultra-sonic waves induce cavitation which is lethal for many bacteria. The effectivity
of ultrasonic waves is even higher when the temperature during the treatment is increased.
Again improvements can be obtained when the whole process takes part under pressure
(Manas et al, 1995; Wrigley and Llorca, 1992).
In these studies organisms as Salmonella typhimurium and Yersinia enterocolitica were
used as test microorganisms.
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ADVANCES IN THE PROCESSING AND PRESERVATION OF LIQUID EGG
R.P. Singh
Central Avian Research Institute, Izatnagar, 243 122 U.P. India

In the context of spectacular increase in egg production and establishment of egg
processing units, major technological advances in the processing and preservation of liquid egg have been, briefly, presented with particular reference to shell
egg washing, pasteurization and freezing including gelation control. Commercial
extraction of lysozyme and avidin from egg white, egg shell processing and recovery of egg solids from egg wash water have also been highlighted. In addition,
more recent processing innovations like ultrapasteurization combined with aseptic packaging for long life liquid egg products and vacuum concentration-cumquick freezing for the production of frozen egg pellets have been discussed. Suggestion is made for the evaluation of freeze - thaw abuse on frozen egg quality,
irradiation as an alternative to heat pasteurization, production of low cholesterol
and concentrated liquid egg products and establishment of technical and hygienic
practices for manufacturing liquid/frozen egg products conforming to standard
specifications, efficient packaging and cold-chain facilities for promoting egg processing industry.
INTRODUCTION
Production of liquid, frozen and dried egg products is an important outlet for the disposal of surplus eggs in developed countries where about 14 to 30% of the eggs are
currently converted into these products. However, in recent years, there is a shift towards the greater usage of liquid egg in some of these countries. While the egg processing industry in developed countries is diversifying its activity towards value added
Qgg products in order to arrest the declining trend in table egg consumption, some
leading egg producing countries like China, Thailand, Brazil and more recently India
are expanding egg processing units for the disposal of surplus eggs as frozen/dried
products, primarily for export purpose. The global trade in shell eggs had declined
from 821 thousand tons in 1982 to 755 thousand tons in 1993, whereas hquid egg trade
has registered a modest increase from 89 thousand tons to 104 thousand tons during
the corresponding period. The trade in both these sectors is dominated by the Netherlands and the bulk (80%) of liquid/frozen Qgg trade is conducted between European
Union countries (Anon, 1995a).
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Apart from a vast export potential, the domestic demand of liquid, frozen and dried egg
products would grow for use in other food industries, especially bakeries, fast food
outlets, institutional markets, restaurants, military ration and non-food industries by
upgrading the processing technology and creating cold-chain facilities. Keeping this
in view a brief account of development in the processing and preservation of liquid egg
under refrigeration and frozen storage, Qgg shell disposal and some thrust areas of
research and development have been presented. However, developments in egg drying
technology have been excluded from the discussion.
LIQUID EGG PROCESSING
Over the years, considerable improvements have been made in the production of liquid
and frozen tgg products of good functional properties and microbiological stability.
These products include whole tgg magma, albumen, yolk and various blends of whole
egg and yolk depending on the commercial usage. The quality of the product is dependent on the cleanliness and interior quality of shell eggs. Checked or cracked eggs may
be broken separately only if their shell membrane is intact. Leakers could be utilised
for pet foods. Fresh eggs received at the breaking plant may be held refrigerated (1012'^C; 80% RH) for about 7 to 10 days, until broken!
A small, semi - automatic egg breaking machine has been designed and fabricated in
India (Mahapatra and Das, 1983) which can be scaled up for commercial use. The
traditional batch and continuous immersion egg washers have been replaced by in line spray washers. A critical review of developments in egg washing has been presented by Moats (1978). Most egg washing systems are designed to use recycled and
reheated water. In a recent survey of the microbiological quality of egg wash water in
Canada, Bartlett et al. (1993) found that the maintenance of wash water at recommended level of temperature (43±3°C) and pH ( > 10) alone was not sufficient to ensure
acceptable total bacterial counts (< 10^ cfu/ml), unless a minimum total available chlorine
concentration of 0.45 mg per litre of wash water was maintained. Monitoring of wash
water temperature, pH, total available chlorine and turbidity would be of assistance in
maintaining wash water quality. However, Stadelman et al. (1988) suggested higher
levels (100 to 200 ppm) of available chlorine in final rinse water to minimise microbial
contamination from the contact of shell and egg contents during mechanical breaking.
In modem egg breaking plants, eggs are mechanically loaded from the filler flats onto
the conveyor of spray washer, cleaned rinsed, sanitized and flash candled before being
fed to the egg breaking and separating machine. The liquid egg products collected as
whole egg magma, egg white or yolk are then homogenized, ñltered, pasteurized, chilled
and transported usually in ice-cooled cans or in insulated/refrigerated (4 ^C) tankers
to bulk users.

PASTEURIZATION
It is mandatory to pasteurize all liquid egg products intended for human consumption
to make them free from salmonellae and coagulase positive staphylococci and also to
extend the shelf - life. The minimum USDA (1984) pasteurization requirement for
plain albumen, whole egg and yolk is 56.7°, 60°, and 61.PC for 3.5 min each and that
of salted or sugared whole egg and yolk is some what higher. However, the pasteurization requirements of whole egg vary from country to country, viz. 61-62°C for 5 min
in India 64.4°C for 2.5 min in the U.K., 63.3°C for 2.5 min in China and 65-69°C for
1.5-3 min in Denmark. Pasteurization of egg white at temperature above 57°C after
stabilisation with lactic acid - aluminum sulphate solution or by the use of hydrogen
peroxide or vacuum processes has been successfully developed but these processes
have not received much commercial application.
Besides, liquid and frozen Qgg products have also been subjected to gamma irradiation
experimentally in the past at pasteurizing doses (1-4 kg) but it has also not been used
commercially owing to undesirable changes in flavour and reduced functional properties of the irradiated product. However, a renewed research interest in the production
of irradated liquid/frozen egg products is developing in recent years to find technically
feasible doses for pasteurizing egg products (Kijowski et al., 1994, Ma et al., 1994).
ULTRAPASTEURIZATION AND ASEPTIC PACKAGING
Conventionally pasteurized (61°C; 3.5 min) liquid whole egg has a short refrigerated
shelf - life of 12 and 5 days at 2° and 9°C, respectively (York and Dawson, 1973) or
about a week at 4°C. Hence, a combination of ultrapasteurization and aseptic packaging system has been developed for extending the refrigerated shelflife of liquid egg
products for wider distribution in non-frozen form with improved product safety (Essary
et al., 1982 ; Ball et al., 1987). The latter group of workers evaluated nine
ultrapasteurizing temperatures, in excess of USDA requirements, ranging from 63.7°
to 72.2°C for short times (2.7 to 192.2 seconds) followed by aseptic packaging which
resulted in shelf - life extension of liquid whole egg between 4 to 24 weeks or more
under refrigerated (4"C) storage without any adverse effect on its functional properties.
The product is Salmonella free and convenient to consumer and processor because of
the elimination of thawing associated with traditional frozen egg product. In contrast,
conventionally pasteurized and aseptically packaged liquid whole egg spoiled within
4 to 8 weeks at 4°C. In a subsequent study, Martinez et al. (1994) suggested that the
absence of a-livetin band from polyacrylamide gel could be used as an indicator of
the adequacy of ultra pasteurization process (72°C ; 60 sec.) for liquid whole egg.
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LYSOZYME AND AVIDIN EXTRACTION
Both these egg white proteins are of commercial value as food preservatives and several techniques have been employed for their extraction. Among them, cation exchange
column chromatography has been found more effective for the simultaneous extraction due to their charge similarities. Egg white devoid of lysozyme and biotin can be
used for the same food applications as native egg white without any loss of functional
properties in terms of gel strength or whipping characteristics (Li - Chan et al., 1986).
FREEZING PRESERVATION
Freezing has been the primary means of preserving liquid egg as substantial volume
of international trade in liquid Qgg products is in frozen form. Pasteurized liquid whole
egg, albumen and yolk are most commonly blast frozen (-30 to -40"C) in tinplate cans,
drums, cartons and plastic bags and stored ai -IS'' (Singh and Panda, 1986). However
both liquid whole Qgg and yolk, particularly the latter, suffer from gelation upon freezing and thawing because of the interaction between protein molecules following disruption of lipoprotein complexes. This can be averted or inhibited by colloid milling
or addition of sugars such as glucose, maltose, galactose and sucrose or sodium chloride, the last two ingredients being used most commonly.
The only disadvantage of the use of either salt or sugar is that the utilisation of finished
product becomes restricted to specific food products. To overcome this, various enzymes such as papain, bromelin, ficin, rhozyme, trypsin, pepsin and lecithinase were
tried with varying success. However, a level of 0.02 to 0.03% pepsin (Panda and Reddy,
1968) or 10% sucrose, 5% glycerol, 0.5% trypsin or 10%) sodium chloride proved useful
in preventing egg yolk gelation in the stated order (Sahu and Panda 1982). Pepsin
treated yolk had no deleterious effect on its functional property as the volume and
sensory quality of sponge cake made from it were as good as those from fresh egg yolk
(Reddy et al., 1969).
With proper pasteurization, freezing and thawing techniques, no significant damage
occurs to most of the functional properties of frozen egg products. Cakes made from
frozen egg white are quite comparable to those from fresh egg white. However, pasteurization of liquid whole egg at elevated temperature (68"C; 3.5 min) followed by
80 days of frozen storage (-20'C) appeared to have deleterius effect on its protein solubihty and pie filling performance (Herald and Smith, 1989). Incorporation of 5% sucrose
in egg white prior to freezing is reported (Dill et al., 1991) to protect rheological properties (gel strength, elasticity and viscosity index of heat - induced albumen gels) from
deleterius effect of freezing, while sodium chloride at the same level reduced it.
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The microbiological specifications suggested by Stadelman et al. (1988) for pasteurized frozen whole egg, sugared/salted yolk and egg white are 10,000/g standard plate
count (SPC) and 10/g each coliform, and yeast and mould. Moreover, except a few E.
coli (<10/g) in frozen whole egg, all the products must be negative for this bacterium
and also for Salmonella and coagulase - positive Staphylococci.
A more recent development is the vacuum evaporation of liquid whole egg to increase
its solids concentration by 100%, followed by individual quick freezing for the production of frozen egg pellets (Anon., 1956). The product has added advantages of
reduced transportation cost, thawing time and convenience in handling and home use.
EGG SHELL PROCESSING
Egg shell, a by-product of egg breaking plant, constitutes approximately 10% of the
egg weight. As an alternative to the conventional retorting and oven-drying, a satisfactory process consisting of centrifuging the egg shell to recover residual albumen
(technical albumen), followed by wet milling to fine particles, chiUing to 2°C (if not
immediately used), blending with other ingredients (70% wet milled shells, 8% technical albumen, 5% crushed maize, 17% soybean meal and 0.15% propionic acid) and
finally extruding the blended mass as extruded egg shell meal (ESM) has been developed. The finished product is free from potential pathogens including salmonellae and
contains about 9% moisture, 13% crude protein and 24% calcium. Feeding trials with
layers revealed no adverse effect of ESM on egg production, feed conversion and shell
quahty (Froning and Bergquist, 1990).

EGG SOLIDS RECOVERY FROM WASHWATER
During egg washing process, there is a build-up of shell, egg contents from broken
eggs and small amounts of alkaline detergents, manure, dirt and bacteria washed from
shell surface in the washwater. The accumulation of organic matter in alkaline waste
water, which is usually recycled for egg washing, could increase its pH to sublethal
levels (Kinner and Moats, 1981) and increase the waste load of sewer system, if discharged untreated. An efficient process consisting of acidification of waste water to pH
4.7 with sulphuric acid, heating the mixture to 70-75°C for 30 min and then centrifugation to remove the precipitated tgg sohds (mostly protein and lipids) has been developed (Harris and Moats, 1975). The recovered egg solids could be used as livestock
feed and at the same time the waste load in sewer water could be substantially reduced.
The combined effect of acid and heat is sufficient to destroy Salmonella and other
harmful bacteria in recovered egg solids.
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FUTURE THRUST
Notwithstanding the traditional and some innovative technologies developed in recent
years, more attention should be paid towards (i) evaluation of the effects of freeze thaw abuse on functional and microbial quality of frozen egg products (ii) reexploring
the possibility of irradiation as an alternative to heat pasteurization or as a complement
to prevent post - pasteurization microbial contamination (iii) commercial production
of low cholesterol and concentrated liquid egg products for especiality food items and
(iv) aseptic packaging system for liquid egg products with longer shelf - life for marketing under ambient/refrigerated condition. In addition, comprehensive requirements
relating to technical and hygienic practices for manufacturing liquid/frozen egg products and cold - chain facilities need to be established, where these do not exist, for
promoting egg processing industry.
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THE INCREDIBLE EDIBLE EGG - A NEW LOOK
Mike Sebring

^Mài

Food Engineering Service, Iwindale, CA, USA

Before beginning the following discussion, it is appropriate to define the term New
Vistas. A vista may be a point of observation or, used as a noun, the view itself. In
this context, I will proceed to give you my view of egg product processing and
packaging historically and currently in some emerging areas where pioneering is
surely required by people in innate curiosity and vision.
In order to look forward wisely, you must look back to see where you have been, lest
you repeat yourself needlessly. The egg products industry, in one form or another,
has been in existence since the 1800s. Innovations in early packaging followed the
product innovations and development. However, it is currently a game of tag, where
each discipline inspires innovation in the other.
There was a burst of product and process development and innovation in the egg
industry during the second world war, primarily in the form of whole egg dehydration
for use by the military for feeding while in the field. This development was in spray
drying and some packaging technique, mostly vaccum packed tins and gas flushed
tins. However functional this product left more than a little to be desired from the
flavour standpoint. Anyone who participated in any of the theaters of the war will
testify that the flavour left much to be desired. It was during this period that many
individuals became interested in the egg product industry and in particular, egg spray
drying. With the earlier discovery that solubility and colour of egg white was much
improved by desugaring (the removal of native sugar from the liquid by bacterial
fermentation) combined with the development of the packaged cake mix at a somewhat
later date, brought forward a real surge of egg powder production at the conclusion
of the war. It has never really slowed down since.
During the 1950's there was a proliferation of egg product research in both academic
as well as commercial area. Particular emphasis was placed on processing parameters
and microbial aspects of egg and egg products. Around this period, the product
whole egg as a scrambled egg mix in the powdered form gave rise to the gas
packaged individual serving mix. It was produced in both the small package as well
as bulk form for use in school lunch and other governmental provision programmes.
With the fledging foodserving industry moving ahead in the service of the large food
preparation industries, i.e.schools, hotels and other mass feeding institutions, egg
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product companies began to shift some of thier interest to the bakery trade, which
dealt mostly in large bulk quantities of dehydrated and frozen canned product, to the
institutional and food service trade.
It was about this time that the carton milk machine and packaging systems began to
emerge. This carton and the pasteurization of eggs made it a natural for the institutional
user to use in their operations. Many of the egg processors immediately began to
employ the 5 and 10 pound carton for a whole line of special products for institutional
uses. Whole egg mixes were formulated for scrambled with citric acid and salt or
phosphates to eliminate the greening of eggs held for long periods in steam trays.
Sugared whole eggs, salt yolk for use in mayonnaise, egg whites with whipping aids
for angel cake preparation, and so on made their appearance. This packaging innovation
widened the tgg product industry and set in on the course where it is today.
The question then becomes-which comes first (not the chicken or the egg) but the
package or the product. It appears that most of the innovations in packaging up to
this point are the result of innovations in packaging systems and perhaps most of
those have come from the fluid milk or dry mix industry. These fluid aspectic
packaging have brought pasteurized products of all kinds to area of the world where
refrigerated and frozen product were not available because infrastructural deficiencies
prevented it.
With the advant or UHT and HTST pasteurization employing the triple tube
configuration of heating and cooling, the increased utilization of egg products is now
available and safety in the use of egg products is much more secure. The triple tube
allows greater transfer of heat to product in a much shorter duration of time, thereby
allowing much better reduction of microbial population. This fact, combined with a
much better knowledge of sanitation, has given rise to the use of aseptic packaging
systems to produce products with extraordinary shelf life in the refrigerated state and
has greatly expanded the use and safety of tgg products all over the world. In
addition, the resulting time temperature relationships result in much less protein and
emulsification damage to achieve adequate pasteurization.
The utilization of aseptic packaging has given rise to greater utilization in industrial
and fast food markets where shell eggs are difficult to use and health and safety
considerations are of great economic impact as well as humane considerations.
A recent innovation involving the process of cooking broken out whole eggs intact
under the influence of culinary steam followed by chopping and aseptic filling while
the product is hot, sealing and cooling has resulted in a new group of extraordinary
long refrigerated shelf life products with excellent flavor and texture. This product
has met with excellent success in the food service industry.
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In this case, considerable innovation regarding the techniques isrequired to maintain
the sanitary status of the various cooking, chopping, fiUing, seahng, and cooUng
operations, certainly more than that of ordinary vision method. In fact, they created a
New Vista in egg product packaging by producing a product not frozen, which
manages to maintain microbial quality, flavor, and natural character until final use.
Another innovation is the commercialization of the production of boiled eggs for the
food service industry in quantity while retaining quality, uniformity and flavor. There
is also some utilization in the retail trade. This innovation required the cooperation
of several different facets of the industry. First was to devise efficient sanitary methods
of uniformly cooking shell eggs to the proper state. Secondly was to crack and peel
shell eggs automatically without damaging an undue amount of eggs. And last but
not least, to provide a system which would not recontaminate the product. The
product is packaged usually for large institutional users. Utilizing a solution of
hydrogen peroxide or citric acid and sodium benzoate to maintain freshness and
sanitary conditions. The product is packaged in poly bags or in large plastic containers
for refrigerated transport and usage. In some instances, the product is pickled in
brine vinegar solution and sold to the retail trade.
Many other items of interest, such as frozen omelets, hard cooked egg rolls, egg and
fruit juice drinks, and packaged souffles have been introduced to the market utilizing
the conventional packaging for similar product usage.
Back to the beginning : New Vistas. It appears that up to now, as far as the egg
products industry is concerned, products have preceeded package innovation within
the industry.
It is my view that in the next ten years there could be (with some serious consideration
from some of you here) a surge in innovative product development very similar to
that of the soybean of yesteryear. This by moving forward to the fractionation and
modification of the basic components of tgg white, yolk and whole Qgg. There are as
many possibiUties for utiUzation of the many biologicals, enzymes, lipids and proteins
available to us in the egg as in the soybean.
There are many disciplines involved in these studies, both academic and commercial,
which come to play in this future endeavor. The following are just a few :
Continuous column chromatography is a reality in the removal of lysozyme from
egg white on a commercial basis. Avidin, biotin and other fractions are also readily
available using the same continuous process.
Fractionation of the proteins and fat fractions of egg yolk, along with the removal of
cholesterol from egg yolk by supercritical CO^ extraction, may have commercial
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benefits. Phosvitin and conalbumin have antioxidant capabilities. Antioxidants are
indicated in anticancer protective agents.
Restructuring of egg white (as in the soybean) may prove a way to improve its
functional capabilities and increase its value as a food.
The modification of egg yolk powder with the addition of soy oil has been shown to
have a texture of boiled egg yolk but with modified fat content.
Egg product concentration has been shown to provide reduced transportation costs
and reduced drying costs in areas where fuel costs for drying are high.
Whole egg with added sugar and concentrated has been shown to extend refrigerated
shelf life of egg products and is in commercial use.
All of the above mentioned are directly related to new ways of approaching processing
and many require special protection in packaging to maintain their quality.
In the wider scope of the New Vistas approach to egg products and the egg derivative
investigation is found in the peripheral areas.
It is at this point where almost no one gets left out of the picture. The following areas
where vision and creativity are called for are now given consideration. Each person
from a different area of the world or from a different area in the same country may
have a different view of what to do to find the answer.
How is the infrastructural climate to create the utilization of the technology and
equipment already available in your area ? Is there adequate power, water, fuel, etc.
to utilize the sophisticated instrumentation and technical know-how presented ? Is
tansportation, communication, etc. adequate to deal with production, sales, and
movement of product and customers to and from the plant proposed location ?
Where is the market for your produce ? What building design parameters best protect
the product. What building design parameters best protect your environment and will
cause the least waste and undesirable pollutants into your world ? What are the
animal husbandry techniques most conductive to the production of healthful raw
material and finished product.
Almost every scientific, mechanical, electrical and marketing decision is involved in
the production of eggs and tgg products. Every day is a new day with opportunities
and frustrations. Just strive to learn one new item every day, no matter how small or
insignificant. Keep your minds open to the New Vistas of tommorrow.
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EFFECTS OF DESUGARIZATION AND DRYING
CONDITIONS ON QUALITY OF EGG WHITE POWDER
T.C. Chen and Y.P. Tang
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Poultry Science Department, Mississippi State University, Mississippi
State, MS 39762, USA

Experiments were conducted to determine the effect of drying conditions on the
quality of egg white powders, and to compare deglucosing methods on quality of
egg white powders. Liquid egg whites were desugarized by baker's yast, glucose
oxidase, and Enterobacter aerogenes separately and dried either at 105°C for 9
h or at 55°C for 3.5 h. Results showed that egg white powders prepared at
105°C had lower Hunter "L" value, foaming capacity solubility, and FDNBlysine availability than those prepared at 55°C. Solubility, foaming capacity,
and FDNB-available lysine were improved by desugarization and drying at
55°C. In general, color, solubility, foaming capacity, and available lysine of
deglucosed egg white powders were more stable than those of non-deglucosed
counterparts when stored at 37°C.

INTRODUCTION
Dried egg is one way to supply a less perishable product than shell eggs and also
save on shipping. When dried egg whites were heated to 82°C for 2 h, no adverse
effect in functional properties was found. In addition, there is an antioxidant effect in
egg white. Therefore, the extent of rancidity of egg white is very low (Chen and
Negbenebor, 1985).
Removal of glucode in egg whites prior to dehydration has been proven to be a
successful way to produce a stable egg product. There are four methods available for
removing glucose from eggs : 1) spontaneous microbial fermentation, 2) controlled
bacterial fermentation, 3) yeast fermentation, and 4) enzyme fermentation (Ayres,
1957). However, no literature is available for comparing the quality of products from
these deglucose methods.
The Maillard reaction results in changes in the aesthetic, functional and nutritional
properties of the food (Saltmarch and Labuza, 1982). Currently, the most common
methods used for measuring available lysine are direct FDNB (fluorodinitrobenzene)
lysine assay and TNBS (trinitrobenzensulfonic) lysine assay. There are various physical
and chemical factors that can affect in several methods, however, no literature is
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available concerning the effects of drying conditions on the quality of egg white
powders. Therefore, the objectives of this study were : 1) to determine the effect of
two drying conditions on the quality of egg white powders, and 2) to compare three
deglucosing methods (yeast fermentation, enzyme fermentation and controlled bacterial
fermentation) on color, protein functional properties, and TBA values of egg white
powders.
MATERIALS AND METHODS
Sample Preparation : Fresh shell eggs were hand broken and separated for egg
albumen by using a yolk separator. The pooled albumen was mixed thoroughly for
the deglucose study.
Desugarization : For yeast fermentation, dry Fleischmann's yeast were first mixed
with a small amount of water (5 ml/1.2 g yeast) and then added to the egg albumen
at a 1.2% (w/w) ratio. The prepared mixture was then placed at room temperature
(20°C) on an orbit shaker operated at 120 cycles/min.
For enzyme fermentation, the egg albumen was desugarized by using 1.6 mg glucose
oxidase (7200 units/g solid, Sigma Chemical Co., MO) per gram of egg albumen.
The enzyme and albumen mixture was then placed in a beaker with a stirrer for
mixing. The mixture was mixed for 3 h at room temperature.
Enterobacter aerogenes (ATCC #49469) was used for microbial fermentation. Egg
whites were inoculated with the cell mass (5 g cell mass/100 g) and placed in a
shaker/water bath at 37°C for 6h at 120 cycles/min.
Glucose Content Measurement : Glucose content was measured by using a one
touch glucose meter (Johnson-Johnson Co., Milpitas, CA). One drop of egg white
samples was applied to a glucose test strip and read on the glucose meter. The
reading was expressed in mg of glucose/dL.
Dehydration : The desugarized egg albumen was dried at 55 °C in a shaker/water bath
using a pan drying method coincident with air circulation or in 105°C oven. After
drying, the materials were ground through a hammer mill with a 40 mesh screen.
Color Measurement : A Hunter-Lab model D-25 Color and Color Difference Meter
was used. A standard plate No.6274 with "L" of 92.4, "a" of -0.7, and "b" of -0.9
was used as a reference.
Solubility : The method for solubility as described by Thistle et al. (1943) was followed.
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Foaming Capacity : Foaming capacity of dried egg white powder was determined
as described by Khan (1979). Foaming volume was measured after 10 min.
Fluorodinitrobenzene - available (FDNB) Lysine : The procedure described by
Booth (1971) was followed.
2-Thiobarbituric Acid (TBA) Test : TBA value of the sample was measured using
a distillation method (Tarladgis et al., 1960).
Statistical analysis : Experimental data were analyzed by analysis of variance.
Duncan's multiple range test (Duncan, 1955) was used to separate the means when
significant differences (P<0.05) occurred between means.
RESULTS AND DISCUSSION
Deglucose time : Among the three methods, baker's yeast was the most rapid method
for removing glucose from egg whites. In yeast fermentation, glucose levels in the
albumen were reduced to 10 mg/dL within 2 h, and no glucose was detected after 3
h. For glucose oxidase, the glucose content dramatically decreased in the first 3 h,
then the deglucose rate decreased. With Enterobacter aerogenes fermentation,
approximately 8 hr were required for removing glucose from the albumen. Thus, it
was the slowest process among the three methods.
Characteristics of egg white powders prepared with 105°C method : Egg whites
oven dried at 105°C were very dark in color with an average Hunter "L" value of
25.4 (Table 1). This could possibly be due to the Maillard reaction as reported by
Powrei and Nakai (1985). Desugarization before drying improved the color of dried
egg white (Table 1). Among the three deglucose methods, egg white powders
deglucosed by enzyme were darker than those desugarized by yeast and Enterobacter
aerogenes. Knile et al. (1954) reported that the enzyme process removed only 9293% of the glucose from egg whites. The residual glucose in the enzyme-processed
powder may be responsible for lower Hunter "L" readings.
Grinding dried egg white solids into less than 40 mesh particle size powder increased
Hunter "L" values, especially for non-deglucosed controls (Table 2). For uniformity of
samples, grinding was a necessary step in this study. The effects of grinding on egg
solid color were much less for Hunter "a" and "b" values as compared with Hunter "L"
values. The protein functional properties (foaming capacity, solubility, and FDNBlysine) had lower values in non-deglucosed egg white powders than those of deglucosed
egg white powders. Foaming capacity of untreated egg white powders was low, followed
by yeast, enzyme, and bacteria deglucosed egg white powders.
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Table 1. Characteristics of egg white powders as oven dried with 105°C method^
Methods of Desugarization
Control

Yeast

Enzyme

Bacteria

SEM2

Color before grinding
Hunter "L"
Hunter "a"
Hunter "b"

25.4A
-I.IA
lO.lA

50.4C
6.1B
15.6B

43.5B
I.IA
19.0B

53.7C
4.0B
17.6B

2.91
0.79
1.02

Color after grinding
Hunter "L"
Hunter "a"
Hunter "b"

50.5A
-0.8A
17.0A

67.0C
5.8C
19.4B

56.6B
5.6C 3.
19.1B

65.6C
5B
18.7B

1.73
0.69
0.29

Foaming
Capacity (ml)

7.0A

8.0AB

12.8B

19.5C

0.93

Solubility(%)

2.98A

3.96C

3.27B

3.29B

0.09

FDNB-Lysine
Avialability

3.00A

3.73C

3.35B

3.75C

0.10

Mean of 4 replications. ABC-Means within a row not followed by the same letter are different.
Standard error of the mean.
Table 2. Hunter color values of egg white powders
Drying Methods
105°C

55°C

Hunter "L"

Control
Yeast
Enzyme
Bacteria

50.5A
67.0A
56.6A
65.6A

89.5B
84.5B
89.7B
86.0B

Hunter "a"

Control
Yeast
Enzyme
Bacteria

-0.8B
5.8B
5.6B
3.5C

-3.7A
-2.1 A
-3.2A
-2.5B

Control
Yeast
Enzyme
Bacteria

17.0B
19.4B
19.1B
18.7C

16.7A
15.lA
16.7A
16.8B

Hunter "b"

Commercial
Sample

SEM'

92.3C

0.51
0.98
0.95
0.75

-2.8A

0.17
0.10
0.28
0.26

0.44

13.5A

0.62
0.80
1.00

Mean of 4 replications. ABC-Means within a row not followed by the same letter are different (P<0.05).
Standard error of the mean.
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Foaming capacity of egg whites when dried with 105°C method was low. Little or no
effect was observed for yeast or enzyme desugarization on foaming capacity. However,
the Enterobacter aerogenes deglucosed egg white powders were superior in foaming
capacity. Hill and Sebring (1990) indicated that the use of bacterial fermentation
resulted in egg white products with good whipping ability.
Regardless of the treatment method, egg white powders dried at 105°C were low in
solubihty. Desugarization prior to drying improved solubihty slightly. Solubility is
an important factor for food application, since egg white powders are usually
rehydrated before usage. The low solubility of egg white powders prepared at 105°C
may Hmit their industrial appUcation.
Table 3. Functional properties of egg white powders
Drying Methods

Foaming
capacity
(mL)
Solubility

(%)

FDNB-Lysine
availability
(mL)

105°C

55°C

Control
Yeast
Enzyme
Bacteria

7.0A
8.0A
12.8A
19.5A

21.IB
41.5B
42.0B
30.6B

Control
Yeast
Enzyme
Bacteria

2.99A
3.96A
3.27 A
3.29A

31.09B
47.65B
43.37B
41.47C

Control
Yeast
Enzyme
Bacteria

3.00 A
3.73A
3.35A
3.75A

3.98B
3.78B
3.91B
3.98B

Commercial
Sample

SEM'

48.2C

1.01
2.36
1.92
1.51

38.75B

1.824
0.981
1.165
0.953

4.31C

0.082
0.100
0.077
0.456

Mean of 4 replications. ABC-Means within a row not followed by the same letter are different (P<0.05).
Standard error of the mean.

Desugarization of egg whites prior to drying improved lysine availability as measured
by the FDNB method. Available lysine increased by 11.7%, 24.3% and 26.0% for
enzyme, yeast and Enterobacter aerogenes desugarized egg whites, respectively
(Table 1).
Foaming capacity : The foaming capacity of the egg white powders when dried
with 55°C method was lower than those dried with 105°C method (Table 3).
Deglucosed egg white powders prepared by 55°C method had a higher foaming
capacity than those of non-deglucosed counterparts. However, foaming capacity of
deglucosed egg white powders decreased after 3 wk of storage at 37°C before levelling
off. The foaming capacity of non-deglucosed egg white powders did not change
during the storage period.
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Table 4.

Solubility of egg white powders processed with 55°C method as affected by the
methods of desugarization and storage at 37°C
Solubility (%)

Method of
Desugarization
Control
Yeast
Enzyme
Bacteria
SEM

0 wk
31.09Aa
47.65 Ab
43.37Aa
41.71Aa
1.99

3 wk
30.74Aa
45.00Bb
38.98ABa
38.29ABa
1.00

6wk
24.45Ab
38.22ABa
39.77Ba
40.17Ba
1.08

SEM'
1.34
1.40
1.65
0.68

Mean of 4 replications.
'^Standard error of the mean.
ABC - Means within a column not followed by the same letter are different (P<0.05).
ab - Means within a row not followed by the same letter are different.

2-Thiobarbituric Acid (TBA) Value : Non-deglucosed egg white powders had a
higher TBA value than the deglucosed samples (Table 5). Regardless of deglucose
treatment, there was no change in TBA values of tgg white powders throughout the
6-wk storage period at 37°C.
Table 5.

TBA values of egg white powders processed at 55°C as affected by the methods of
desugarization and storage at 37°C
TBA Value

Method of
Desugarization

0 wk

3 wk

6 wk

SEM'

Control
Yeast
Enzyme
Bacteria
SEM

0.073Ca
0.017 Ab
0.036Ba
0.02 lAa
0.017

0.079Da
0.019Aa
0.040Ca
0.026Ba
0.003

0.067Ba
0.039Aa
0.044 ABa
0.019 Aa
0.0134

0.005
0.010
0.003
0.024

Mean of 4 replications.
Standard error of the mean.
ABC - Means within a column not followed by the same letter are different (P<0.05).
ab - Means within a row not followed by the same letter are different.

FDNB-Available Lysine : FDNB-available lysine of the non-deglucosed egg white
powders prepared with 55°C method were higher than those prepared with 105°C
method (Table 3). In general, FDNB-available lysine of deglucosed egg white powder
prepared with 55°C method was slightly higher than deglucosed powders prepared
with 105°C method. As expected, higher drying temperatures and longer drying time
for egg white powders prepared with 105°C method may have a greater interaction
between glucose and lysine than those of egg white powders prepared with 55 °C
method.
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At 37°C, FDNB-lysine availability of the non-deglucosed egg white powders decreased
as storage time progressed. Again, this observation could possibly be due to the
Maillard reaction which resulted in the loss of available lysine. In general, the available
lysine of deglucosed egg white powders was more stable as storage time progressed
than that of non-deglucosed egg white powders.
In conclusion, yeast and bacteria deglucose methods are recommended from the
nutritional standpoint. From economic standpoint, the yeast deglucose method is
recommnded.
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THE METHOD OF DIRECT ISOLATION OF LYSOZYME
FROM EGG WHITE USING CHROMATOGRAPHY AND
ULTRAFILTRATION
Kopec, W., Trziszka, T. and Chrzanowska, J.
Department of Animal Origin Food Technology, Agricultural University,
Wroclaw, Poland

The procedure of a direct lysozyme isolation (without dilution and salt addition)
from hen egg white by ion-exchange chromatography and/or membrane techniques
was investigated. The optimization of a chromatography process, including column
versus batch method, adsorption and desorption time, pH of eluate and its ionic
strength, kind of resin, was done. The process was conducted at pH 6,5 and pH
9,2. The highly efficient method for direct lysozyme isolation from undiluted egg
white was ion-exchange chromatography by batch method with Amberlite IRC
50 (86% of lysozyme recovery) and Duolite C-464 (77% of lysozyme recovery). In
case of 2 stage process the lysozyme of high purity, i.e. -95 %, was obtained. The
possibility of the crude lysozyme isolation from egg white applying membrane
techniques, i.e. ultrafiltration and diafiltration with capillary polypropylene
membranes was verified. The result of 2 stage process, i.e. ultrafiltration followed
by diafiltration, was the isolation of about 20% of active lysozyme.

INTRODUCTION
In recent years lysozyme (E.G. 3.2.1.17 mucopeptide N-acetyl muramyl-hydrolase)
has expanding potential for application in the pharmaceutical and food industries (Proctor
and Cuningham, 1988). The main source of lysozyme is still hens egg white. The classical
preparation method is based on direct crystallization from egg white by the addition of
5 % NaCl at pH 9,5 and enables 60 to 80 % recovery (Alderton and Fevold, 1946). But
to obtain the lysozyme of high specific activity the procedure should be repeated three
times and the functionality of the remaining egg white is destroyed (Li-Chan et al.,
1986). More advanced methods, overcome this drawback, i.e. ion exchange and affinity
chromatography and/or membrane filtration have been suggested (Chiang et al., 1993).
Due to relatively low cost of resin and high lysozyme recovery, ion exchange
chromatography is widely applied (Ahvenainen et al., 1979; Li-Chan et al., 1986).
Membrane filtration has also been studied for lysozyme isolation and diafiltration process
produced crude lysozyme of increased specific activity (Chiang et al., 1993).
The aim of this investigation was to develop chromatography and membrane filtration
for efficient separation of lysozyme from hen Qgg white.
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MATERIALS AND METHODS
Homogenous liquid egg white after separation from yolk and filtration was obtained
at Egg Processing Plant in Nowa Sol (Poland). The range of pH value of whites was
8,5-7-8,9, at times reaching 9,1. Lysozyme was separated from egg white which was
not diluted and without salt and buffer additions.
For chromatography two types of weak acid ion-exchangers were tested: Amberlite
IRC 50 and Duolite C-464 (Sigma Chemical Co.). The conditions for the
chromatography process were worked out in the preliminary studies. Two methods, i.e.
column versus batch were compared using purified lysozyme -100 cm^ of 0,3 % solution
(pH 6,4) and 100 cm^ Qgg white. For resin equilibration 0,05 M phosphate buffer, pH
6,5 or 0,05 M Na^HPO^, pH 9,2 were applied. In batch mode egg white volume of 100
cm- was mixed and stirred with 20 g of resin to adsorb lysozyme for 15, 30, 45, 60
minutes. The elution process was performed with 100 cm- of 0,2M - 2,0M NaCl solutions
with 0,1 M phosphate buffer pH = 6,5 or 0,1 M Na^HPO^ pH = 9,2. After adsorption the
slurry was decanted and resins were rinsed with 100 cm"* water. The chromatography
process was also conducted in continuous mode with prepared pilot apparatus with the
highest volume of 2 kg egg white in the process. In this case only Duolite C-464 was
applied because of higher granulation of the resin than that of Amberlite.
Ultrafiltration was conducted using capillary polypropylene membrane filter (EuroSep Ltd. Poland) in a laboratory and a pilot plant at Egg Processing Co. in Nowa Sol. In
the laboratory 0,1 m^ filter and in the pilot plant 2m^ filter were applied and the process
was conducted at permeate flow of 125 cmV m^ x min under pressure of 700 kPa. The
Ultrafiltration process was continued until the concentration of proteins doubled in the
retenate. Diafiltration was conducted with dilution factors of 0,5, 2 and 4 (egg white :
water) under the same conditions as in the ultrafiltration. The process was continued
till permeate reached 50 % of the initial volume of diluted egg white.
The following analytical techniques were applied: Lysozyme activity was determined
in egg white, eluents and permeates by turbidimetric method of Li-Chan et al. (1986)
using Micrococcus lysodeictus (Sigma Chemical Co.). Samples of egg white were
prepared by the method of Trziszka and Clostermann (1993). Lysozyme recovery was
calculated as the percentage of activity in the fractions compared to the lysozyme activity
in egg white. Proteins were determined by biuret method and ultraviolet absorbance at
280 nm. Electrophoretic analysis (SDS-PAGE) of the proteins was done according to
Porzio and Pearson (1977).
RESULTS
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Batch chromatography was more effective than column method. The elution volume
was almost twice higher and process was twice longer with column compared to batch
method. When homogenous egg white was processed the flow in the column was very
slow and sometimes the process was interrupted. In further investigation only batch
method as the possible one to be applied in industry was investigated.
As a result of preliminary studies, optimum conditions for batch method were worked
out and they were as follows: adsorption and desorption (elution) time - 30 minutes, 2
M NaCl solutions as an eluant. It was also found that buffer conditions in regeneration
and adsorption as well in the elution had the effect on lysozyme recovery from egg
white when Amberlite was used (Fig. 1). The highest values were obtained at pH = 9,2
in the whole process. When elution was conducted at pH = 9,2 from the resin equilibrated
with buffer of pH = 6,5, a decrease in lysozyme activity recovery was observed. The
lowest values were obtained at pH of 6,4 in both processes. The recovery of lysozyme
was lower with Duolite in compared to batch process with Amberlite, and reached -77
%. Non significant effect of pH in equilibration and elution was observed. The isolation
of lysozyme by two stage batch chromatography allowed 69 % of electrophoretic purity
(graph II on Fig. 2) after the first stage and 95 % of purity after second stage (graph III
on Fig. 2) in comparison to about 10 % in Qgg white (graph I on Fig. 2).
It was found that chromatography procedure enabled high rise in specific activity of
isolated lysozyme (Fig. 3). One stage procedure increased specific activity in about 20
times, while 2 stage process even 30 times. The final activity was over 70000 units/mg.
The recovery of lysozyme in permeate after ultrafiltration process in laboratory was
quite small and reached about 5 % (Fig. 4). More active lysozyme was found in permeates
after diafiltration process at low value of dilution factor, i.e. 0,5, but significant increase
in the activity was observed at higher dilution factor, i.e. 2-4 (Fig. 4). Filtration of egg
white in a pilot plant enabled the recovery of about 9 % of active lysozyme (Fig. 5).
Application of a diafiltration process at dilution factor of 0,5, increased lysozyme
recovery up to 12 %, but the combined process, i.e. ultrafiltration followed by diafiltration
allowed the recovery of about 20 %. Specific activity of lysozyme after diafiltration at
low dilution factor, i.e. 0,5 was as twice as that in egg white.
DISCUSSION
The disadvantage of the batch method of ion exchange chromatography could be the
lack of possibiHty for the process in a continuos mode (Li-Chan et al, 1986) although
in one stage process 97 % recoveiy of active lysozyme was achieved (Ahvenainen et
al., 1979). In our own studies at 30 min desorption time and small eluate volume even
88% recovery was achieved with Amberlite. The purification of lysozyme with 2 stage
chromatography process led to specific activity higher than that reported (Chiang et
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Fig. 3.
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al., 1993) providing two techniques, i.e. diafiltration and affinity chromatography. The
process in own studies (SOmin adsorption and desorption) was shortened three times
compared to that described by Ahvenainen et al, (1979) who obtained almost the same
recovery of lysozyme. The probable cause was the effect of pH system of resin and
eluate. The value of pH = 9,2 is closer to isoelectric point of lysozyme which enables
better removal of the enzyme from egg white. Short and simple chromatography process
made a continuos mode possible. In a continuous process a decrease of 30 % in the
recovery was observed. However, the adsorption and desorption time was reduced by
33 %. The membrane technique is not so effective as chromatography, since the highest
value of recovery was about 20 % with diafiltration at low dilution factor. However,
Ultrafiltration is a common technique used for egg white concentration before spray
drying (Tsai and Hudson, 1985). It makes wide application of membranes for lysozyme
separation or purification in egg processing industry easy. A simple and fast diafiltration
process can result in two fold increase in specific activity of lysozyme, and is an
alternative process for second stage of the chromatography. The combined method of
lysozyme purification with ion exchange chromatography and ultrafiltration
(diafiltration) is still being worked on.
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IMPROVEMENT OF PROCESSING PROCEDURE OF
TZAU-EGG
H.P.SU and Y.W.Lu
Department of Animal Science, National Taiwan University, Taipei,
Taiwan

Tzau-egg was one of the traditional Chinese duck egg products. It was characterized
by its abundant nutrient and specific flavor. As far as the production is concerned,
processing method of this product is mainly derived from the traditional method,
the quality of these products is unstable, the processing time is long, hence we
intent to decrease this problem. Fresh intact duck eggs and excellent glutinous
rice (to be fermented by chiu-yao) were chosen to produce tzau-egg. The shell of
the duck egg was creaked (without destroying the shell membrane) before the egg
pickled in lao-chao. In our research, the steamed glutinous rice was inoculated
with the commercial chiu-yao and incubated at 30^C for 7 days. At that time, the
pH and concentration of ethanol of lao - chao was 3.75 and 24.8 g/1. Then the
cracked duck eggs were pickled in the lao-chao for 4 months. Results showed that
the solid content of egg's yolk and albumen increased significantly as the pickling
period proceeded and the final product had particular flavor and sufu-like texture.
INTRODUCTION
The consumption of duck eggs and duck egg products is more popular in the orient
than in other areas of the world. Tzau-egg was one of the traditional Chinese-style
duck egg product. It was characterized by its abundant nutrient and specific flavor. As
far as the production is concerned, the processing method of this product is mainly
derived from the traditional method, the quality of these products is unstable and the
processing time is long. Lao-chao (Chiu-niang) is a well-known fermented rice product
in China and familiar with soft-juicy texture, sour-sweet taste and slight alcoholic flavor.
The traditional lao-chao is produced at room temperature (25-30°C ) for 2-3 days by
inoculating steamed glutinous rice with conmiercial starter, chiu-yao, containing the
organisms identified as Rhizopus oryzae, R. chinesis, Aspergillus oryzae, Mucor sp.,
Amylomyces rouxii and Sacchawmycopsis fibuligera etc. (Ellis er al., 1976; Hesseltine,
1983). During the fermentation of lao-chao, the steamed glutinous rice is Hquefied and
sccharified by the amylase produced primarily by filamentous fungi chiu-yao, involving
the action of mold and yeast. In this study, the selected duck eggs were pickled in laochao ( to be fermented by chiu-yao at 30^C for 7 days ) at 30^C for 4 months. Considering
the microflora of chi-uyao which can not be controlled, some selected mold cultures
isolated from chiu-yao were tested in pure culture fermentation for their ability to liquefy
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steam glutinous rice. Furthermore, the change in pH, tiratable acidity ethanol during
fermentation were determined. According to these results, the authors screened suitable
strains of mold for manufacturing the Tzau-egg.
MATERIALS AND METHODS
Egg samples : All of the fresh duck eggs used in experiment were obtained from a
genetically closed flock of Anas plotyrhyncus (Tsaiya). Each egg was candled just
prior to pickling, and only sound shell eggs were used.
Preparation of lao-chao : Both glutinous rice and commercial starter, chiu-yao, were
purchased from local market. One hundred grams of glutinous rice, which had been
washed with distilled water and drained, was soaked with 75ml distilled water at room
temperature (25-30°C) for 12hr, sterihzed at 121^C for 15 min, and than cooled to
30^C. The steamed glutenious rice was inoculated with 0.5g of chiu-yao powder and
mixed completely followed by incubation at 30^C for 7 days.
Preparation of Tzau-egg : Figure 1, showed the preparation procedures of Tzau-egg.
The selected duck eggs were pickled in lao-chao (WAV=1:1) and 12.5% NaCl at 30^C
for 4 months. The Tzau-eggs were stored at 40^C for further analysis.
RESULTS AND DISCUSSION
Mold were primary microbes in early fermentation, their number decreased gradually
with yeasts (Figure 2) taking the place after 4 days. This phenomenon was attributed
to the change of pH value in the medium (Figure 3). Yield of alcohol tended to increase
immediately following moderate fermentation (Figure 4). There were large amount of
enzyriies in the extract, however the acidity of individual enzyme was not the same.
Firstly, the activities of a-amylase and lipase declined withe fermentation ( Figure 5,6
), though for both maximum activities were on the 4th and 5th day respectively, due
to the performance of yeasts during the later part of the fermentation. Furthermore, the
activities of ß-amylase and protease decreased with fermentation (Figure 7,8 ).
The duck eggs were pickled in lao-chao and NaCl at 30*^C for 4 months. Solid and
NaCl content of egg increased with fermentation. The«phgysico-chemical properties
of Tzau-egg yolk were : moisture 41.58%, alcoholic content 84.5mg/g, pH 5.74 and
with better specific taste.
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RESEARCH FOR FUTURE DEVELOPMENTS IN
PROCESSING OF POULTRY
C.H. Veerkamp
PPC (Poultry Processing Consultancy), Het Pompje 8, 7364 AN
Oosterhuizen, The Netherlands

The main trends in poultry processing are an increase of consumption of products,
sales of more parts, larger volume of byproducts, relative shortage of water and
energy and awareness of consumers for quality aspects. To assure supply to the
increasing number of consumers an increasing volume of products is needed.
Research efforts are required to ensure higher yield of valuable parts of live birds,
better pre-slaughter treatment, efficient usage of water and energy, pathogen free
processing, improvement of shelf life and knowledge about factors related to visible
quality defects ( bruises, haemorrhage and colour) and tenderness of poultry meat.
More efforts should be made to use the existing knowledge about managing and
operating poultry processing plants all around the world in order to guarantee
high quality production and avoid abuses.
INTRODUCTION
There are many changes in the supply of food to humans and in the technologies, to
prepare the different products in various ways. The increase in poultry meat production
and consumption, all around the world is even larger compared with other animal meat
products. The production and processing of poultry are on a larger scale, more
sophisticated and automated. The level of automation mainly depends on the labour
costs in the producing country, to justify the return on investment of equipment. Other
important factors are yield and quality of the products, which can be improved by
using automated processing methods.
Most of the existing equipment for the processing of poultry products is derived from
the manual operations, simulated by mechanical devices driven by the overhead
conveyor or by separate electrical motors. Weighing systems for crates, whole carcasses
or parts mark the introduction of electronic devices into poultry slaughtering. The
computer made it possible to select the products on weight and to present real-time
information about total yield and variability of the production. Video-imaging systems
for quality control and classification were introduced recent years. The on-line process
control of all operations will be a development in the near future.
Research in poultry technology should be earned out to both improve existing production
and processing systems and increase consumer acceptability of poultry products.
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In general, the problems of today must be solved with available knowledge and research
is necessary to solve or prevent future problems. The main social and economic trends
in consumer behaviour and their importance for the poultry industry should therefore
be analyzed and translated into research objectives.
An overview of the trends in the European countries and the impact for the research
programs of the institutes and universities will be presented in this paper.

TODAY AND FUTURE TRENDS
The important developments regarding the production of poultry meat and products
are:
increasing per capita consumption,
larger birds and more fresh meat than frozen,
more sales of parts and products then whole oven-ready carcasses,
increased volume of by-products,
relative shortage of raw materials, water and energy,
awareness of consumers for quality aspects and
attention for animals regarding handling and killing.
The increase in per capita consumption leads to large production and processing facilities
in all parts of the world. Manual processing in small shops or market places, will be
replaced by operations in industrial poultry slaughterhouses. As a consequence, the
industrial product requires a longer shelf-life. Technical knowledge about equipment
and product handling should be available, to operate these premises and to obtain the
necessary yield of products. Good planning of input and production, personnel and
financial management are essential to obtain enough return on investment from the
operation.
Major developments in poultry processing over the last few years have been, the increase
in size of the birds and an increase in portioning of carcasses and further processing.
The processor has become more aware of the quality of the product and of the need to
control both product and processing operations.
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Table 1. By-products of broiler processing in percentages of live weight
By-product (inedible)

Weight

By-product (edible)

Weight

blood

3.1

gizzard

1.4

feathers

5.3

liver

2.1

heads

2.9

heart

0.5

feet

4.6

necks

1.7

10.4

skin

8.6

tails

0.9

backs

13.4

wing-tips

1.0

abdominal fat

intestines

TOTAL INEDIBLE
BY-PRODUCTS

28.2

TOTAL EDIBLE
BY-PRODUCTS

2.6
29.8

The percentage of total by-products in processing poultry is high. The average
percentages of live weight of the by-products for modem broiler processing are given
in Table 1. The yield and use of these by-products will be as important for the total
profit as are those of the main products. The separation between edible and non-edible
by-products is not always identical for different consumer groups and further depends
on market prices. Generally, the total percentage of by-products only used for rendering
is high and has a very low or even negative financial contribution to the whole processing
operation.
During the rearing period, feed has to be supplied, containing all essential nutrients to
optimally use the potentials of fast-growing birds. The raw materials used in feeds are
generally not directly usable in production of human foods, which implies an advantage
in poultry production for those countries where these raw materials are directly available.
However, raw materials for feed have to be imported in many countries resulting in
higher production costs.
The use of water and energy is increased by the introduction of industrial processing.
Good manufacturing practice and optimizing the cleaning operations to guarantee the
hygiene in processing have resulted in an usage of 5 - 10 L water per bird in The
Netherlands. The average energy consumption in the Dutch poultry slaughterhouses is
given in Table 2. Water and energy must be available for starting and continuing the
slaughter processes. On the other hand, getting rid of the waste water and other waste
products (including manure) becomes a serious problem in many countries.
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Table 2. Estimated use of energy in Dutch poultry slaughterhouses
Department

Energy usage (MJ/kg product)
Fresh

Frozen

0.15

0.20

<0.01

<0.01

Chilling/freezing

0.20

0.50

Classification/packaging

0.02

0.02

Cut-up

0.01

0.01

Storage

0.01

0.10

Divers (transport offal, cleaning,
heating, lighting, etc.)
Total

0.90

0.90

1.29

1.73

Hanging and slaughtering
Evisceration

The visual appearance, texture and taste of poultry meat are important quality
attributes for the consumers. Many complaints of consumers about 'bloody' chicken or
poultry meat (Anon, 1994) are related to handUng and processing poultry. Haemorrhages
in breast and thigh meat are induced by electrical stunning in a waterbath (Veerkamp,
1995). The tenderness of breast meat is influenced by the rate of chilling and time of
cutting after slaughter (Jones, 1988; Uijttenboogaart, 1991). The colour of breast meat
is very variable between individuals and sometimes PSE (Pale Soft Exúdate) meat is
observed in poultry.
The increase in further processing of poultry carcasses confronted producers and
consumers of poultry meat with the negative aspects of quality caused by
pre-slaughter handling and electrical stunning. The environmental conditions
during catching, transport, unloading and hanging are completely different
from those prevailing during the growing period. The operations themselves and the
conditions can be very stressful and very often there are severe animal welfare problems,
accompanied by losses of product and quality defects. The large variation in quality
defects of individual birds (eg haemorrhages and colour of meat) can possibly be
explained by different reactions of the birds or by a large variation in individual handling
and environmental conditions.
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Table 3. Standard yield values of male broilers in relation to three main factors of
the ration, slaughtered at 6,7 and 8 weeks (the number of broilers per measurement
is 432)
Factor

Giblets

Carcass^^

Breast meat Thigh

Drumstick

Skin/Fat 2)

Energy (MJ/kg)
13.4

3.43 *

72.67 *

15.24

14.34

10.15*

6.91 *

12.0

3.50

72.25

15.31

14.42

10.41

6.22

32

3.50 *

71.89*

15.14*

14.33

10.40 *

6.16*

22

3.44

73.03

15.41

14.43

10.17

6.98

Protein (%)

Digestible Lysine (%)
1.10

3.40*

72.72 *

15.65*

14.35

10.27

6.49

0.95

3.53

72.20

14.90

14.40

10.29

6.65

1) carcass including neck and neck skin,
2) skin of breast and back, abdominal fat and subcutaneous fat of breast and neck,
*) significaiit difference between yield values, p < 0.05

RESEARCH OBJECTIVES
The fast development in poultry processing requires a lot of research, to obtain objective
data about performance of equipment. Generally, there is a lack of these data. This is
one of the reasons that it is very difficult to get the information necessary to start and
operate processing facilities. The operating instructions of the equipments companies
are restricted to the written guidelines, training periods in industry and start-up
procedures in-plant.
There are no special handbooks or training courses for processing managers and
operators, covering the basics of poultry slaughtering technology. Although, Mead et
al. (1989) published an informative and up-to-date review of the state of art of a variety
of scientific disciplines involved, this is not enough to fulfil the needs of the processing
industry and more has to be done in the future. An international approach is necessary
for raising funds, setting-up of coordination, making programs, bringing scientists and
manufactures together and starting courses. The WPS A can initiate this program by
coordination, promotion and stimulation.
Live weight of the birds in relation to growth rate and feed conversion is still the most
important technical production parameter in many countries. Today and in the future,
the yield of most valuable parts will become number one!
The type of bird, the feed and the rearing conditions have a major influence on the
composition and quality attributes of the live birds and poultry meat. However, not all
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is known about the ultimate effects of these factors. Differences in yield or quality
parameters are often unpredictable when changes occur in 'normal' situations.
Even in apparently normal situations the variability of a parameter is
sometimes much larger then the expected biological variation between individual birds.
From feeding experiments it can proven that several factors will influence the yield
(see Table 3). There are thus possibilities to manipulate yield values of carcass and
parts. The large number of factors and parameters involved are the reason that the
problems are very complicated and it will not easy to find solutions. There is really a
need to develop theoretical models, standardized methods and cooperative research
efforts instead of small scale factorial experiments, which when repeated several times
will give different results.
The pre-slaughter treatments from catching till killing were discussed at the last
International WPS A Congress in Amsterdam (Veerkamp, 1992). An international
research project in this area, started last year, sponsored by the European Union for a
three year period. Electrical stunning of shackled birds causes haemorrhages in breast
and thigh meat (Veerkamp, 1995). Captured bolt stunning of birds in a cone decreases
the number and intensity of haemorrhages ( Hillebrands et al., 1996). Gaseous stunning
(killing) also has the advantage of inducing less haemorrhages, but required highly
controlled equipment and is expensive.
Food-borne illnesses, due to microbial contamination (by example Salmonellae) of the
products are one of the problems associated with poultry meat. It seems to be nearly
impossible to rear poultry without contamination by these microorganisms. The
processing has theoretically the possibilities to produce pathogen-free products. The
main cleaning operations as scalding, plucking, evisceration and in- and out-side washing
have to be considered carefully. Multi-stage counter-current scalding and thoroughly
cleaning of carcasses using a closed-loop washing system during plucking are the first
steps to remove the pathogenic microorganisms from the surface. New evisceration
techniques should be developed to avoid carcass contamination with the content of the
intestines. The in- and out-side washer should be able to remove the last number of
pathogens from the product. End-product treatment by chemicals (e.g. lactic acid) or
ionizing radiation should not be necessary.
The shelf-life of fresh poultry products is increasingly a problem and partly due to the
use of chilling systems that can not really be cleaned and on the other hand due to
temperature abuses during storage, transport and distribution. The shelf-life of a broiler
carcass produced hygienically and stored at 0*^C can be three weeks. In practice it is
normally one week. This means that a real increase is possible. Operations should be
developed to reduce the contamination of the products with spoilage microorganisms
during chilling, cut-up procedures and packaging.
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The water and energy usage of industrialized processing are closely related to the total
management and good manufacturing practice. Recycling water for cleaning purposes
and saving energy in refrigeration offer further possibilities for improvements.
The main quality variables of poultry products are dependent on consumer demands,
wishes and expectations. Only consumer satisfaction can assure future increase of sales.
Main quality problems as indicated by processors and consumers are visible defects
(bruises, haemorrhages and colour differences) and toughness of the meat. The texture
of the meat can be influenced by several factors and operations as ante-mortem stress,
fasting , stunning, scalding, plucking, chilling and cutting. A model that can explain
and control the tenderness of the end product is not yet available.
The first step in the research of quality variables, is the development of methods to
measure them objectively. Visible defects like bruises, haemorrhages and colour
differences can be scored by panellists using scale values as references. Research
workers in the Dutch Institute for Animal Science and Health (Veerkamp et al., 1996)
have developed references scales for haemorrhages in breast and thigh meat and for the
colour of breast meat, using photographs as boundaries between classes. These scales
have proven to be very useful to detect differences of these quality variables due to
processing conditions. However, knowledge about causes responsible for the large
variability of these quaUty variables between individual birds in a flock or between
different flocks is still lacking.
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ASSESSMENT OF PHYSICAL, CHEMICAL AND
MICROBIOLOGICAL ATTRIBUTES IN TRADITIONAL
INDIAN POULTRY PRODUCTS : TANDOORI AND
KABAB
D. Narasimha Rao
Department of Meat, Fish and Poultry Technology Central Food
Technological Research Institute Mysore 570 013, Karnataka, India

Tandoori chicken and Kababs are the popular traditional poultry products.
Attempts have been made to commercialise these products by a few entrepreneurs
but they have met with limited success due to non-availability of standard
processing methods for these products. Studies were conducted at CFTRI on
the standardisation of processing of tandoori chicken and kababs, using response
surface methodology. Optimum levels for marination period, processing time
and temperature have been determined. For tandoori chicken, the optimum
process was to bake chicken for 20 minutes at 280^C after marinating for 120
minutes while the optimum process for lesoni kabab was to bake the product
kabab for 15 minutes at 250^C after marinating for 60 minutes. Microbiological
data provided extra strength in supporting the optimum conditions and in
allaying apprehension about the safety of marinated products.
HISTORICAL BACKGROUND
Over the centuries, human beings have maintained traditionally their food habits.
Man has been engaged in simple food processing practices passed down through
generations of tradition: these processing practices cover fruits, meats, grains and
vegetables. Simple preparations based on meat and chicken, salted meat and dehydrated
meats have been in use since Vedic times. Arabs, Moghuls and Persians have brought
to India many interesting products like Tandoori chicken and Kababs. These products
have become traditional products of India as they have been widely consumed over
the centuries. Tandoori chicken and Kababs are the popular traditional poultry products
in India.
PRESENT STATUS
Indian poultry industry has made rapid strides over the past three and half decades.
In addition to fresh poultry meat, processed products are receiving greater attention
due to convenience they provide. It is estimated that approximately 75,000 MT of
tandoori chicken and 50,000 MT of chicken kababs and produced annually in the
country. These products are prepared at homes, restaurants, star hotels and public
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eating places. These products are much rehshed by ethnic groups abroad and by
people in foreign countries. It is said that tandoori chicken is more popular in many
of the restaurants in London. The prospects for the export of these products are
bright due to economic liberalisation. Thus there is an enormous potential for tandoori
chicken and kababs both in domestic and export market.
Many entrepreneurs would venture to commercialise the traditional poultry products.
Thus there is a need to develop standard technological processes for marketing good
quality tandoori chicken and kabab. It is in tliis context, CFTRI has taken a lead to
understand the traditional processing of tandoori chicken and kabab, and upgrade the
technologies for these products. The results of the studies on tandoori chicken and
kababs conducted at CFTRI are presented in this paper with a focus on future
research needs.
STUDIES ON TANDOORI CHICKEN
The demand for this product is increasing in urban and metrocities. This has created
a necessity for mass scale production of tandoori chicken. Preparation of tandoori
chicken is mainly confined to kitchen at present. There is a need to transfer the
kitchen preparation into a technological process to meet the market demands. When
kitchen preparation is made on mass scale, many technological problems would
arise. Hence, it is essential to understand and optimise the critical factors that control
the quality of tandoori chicken. Marination time, baking temperature and time are the
important factors that determine the quality of tandoori chicken.
Response surface methodology (RSM) is a well-known statistical technique which
provides an optimum for a given set of process conditions. RSM provides enormous
savings in terms of time, money and energy in arriving at optima for the processing
conditions especially when the undenrlying variables are large in number (>2). A
study was designed at Central Food Technological Research Institute (CFTRI), Mysore
to find the optimum duration for marination, baking time and temperature for obtaining
a tender product using the Central Composite Rotatable Design (CCRD) to assess the
flavour intensity, cooking losses, pH, tenderness, microbiological quality, and internal
temperature patterns of the product.
PREPARATION OF TANDOORI CHICKEN
Broilers were purchased from a local commercial farm. The carcasses (600-650g
dressed weight) were kept in chill room (4C) for 24 h in polyethylene bags prior to
experimentation (I) Marination: After deskinning chicken, shallow incisions (20 per
chicken) were made all over the surface to facilitate better contact and penetration of
the marinating mixture. Marinating mixuture contained salt (sodium chloride) (17g),
lime juice (25 ml), garlic (5 g), ginger (5 g), cayenne pepper (10 g), coriander (8 g),
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black pepper (5 g), curd (200 g), all of which were ground to a smooth paste and
rubbed all over the carcass. The birds were allowed to remain in the mixture for a
selected time under ambient conditions (20-25°C). The ingredients used and their
composition represented typical practices at the commercial house-hold level. (II)
Baking: The marinated chickens were baked in gas tandoori oven maintained at
selected temperatures, for selected times, and were turned once during cooking.
Temperature was recorded approximately at the centre of leg muscle with the help of
a metallic probe thermometer. After baking, the carcasses were allowed to cool to
room temperature (20-25oC) and then subjected to physical, chemical, microbiological
and sensory evaluation.
The results of these studies are briefly outlined.
The microbial profile during marination at ambient temperature is given in table 1.
During the marination period of 3h at ambient temperature (20-25°C), the several
groups of micro-organisms did not show any significant increase in numbers.
Therefore, the range of variation in the marination was kept around 3h to achieve the
optimum levels of processing parameters.
The W.B. Shear was affected mainly by cooking temperature and time. It was observed
the shear stress decreased with increase in cooking time and temperature irrespective
of the length of marination. Marination largely influenced the pH followed by the
severity of cooking.
Table 1. Microbial profile during 3h marination of chicken
Marination
time h

Total plate
count/g

0

5.88
5.28
5.75
5.78

1

2
3

X
X
X
X

104
104
104
104

Coliforms/g
2.4
2.8
4.6
2.2

X
X
X
X

101
101
101
101

E.Coli/g

7
7
6
7

S.Aurens
1.8
2.8
3.0
2.8

X
X
X
X

101
101
101
101

In other words, marination and cooking showed decreasing trend in pH. The level of
moisture was affected by cooking time and cooking temperature. It was observed
that the marination was not effective in the retention of moisture during cooking. It
was the cooking temperature and time which largely governed the changes in moisture.
In other words the moisture decreased with increasing cooking temperatures at all
periods of marination.
With regard to sensory profile of the product, marination did provide plus aspects to
color, but the oven temperature being generally high, the cooking time naturally
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became the deciding factor in the color of the cooked product. Cooking temperature
and time influenced the texture cooking temperature, cooking time and marination
improved juiciness and taste of the product.
Marination mixture as such appeared to be restrictive for the growth of microorganisms. The interactions between the main factors further emphasizes that in
conjuction with the factors of time and temperatures, the marination mixture actually
lowered the total microbial level. This aspect is technologically very important, as it
will alleviate apprehensions about keeping poultry in a marinating mixture and its
role in public health. Apart from providing some of the taste properties, the marinating
mixture acts as a bacteriostatic as such, and as a barrier for other harmful microbes
contaminating the otherwise susceptible material. Increase in temperature and time
of cooking has brought tremendous reduction in microbial counts and eliminated
pathogens making the product safe.
The optimum conditions obtained for tandoori chicken, based on minimum W.B. Shear,
were to marinate birds for 120 min and then cook in an oven (280C) for 20 min, by
rotating the product at least once in between. The values for various parameters are
given in tables 2 and 3. Under optimum conditions these conditions were also very
effective in restricting the microbial load within safe limits. Our studies provided a
worthwhile insight into the whole system of traditional processing of tandoori chicken.
STORAGE STUDIES ON TANDOORI CHICKEN
The quality of tandoori chicken is optimum immediately after processing. The studies
at CFTRI revealed that tandoori chicken can be stored at 30oC for 8h, 24 h at 3+loC
and for 15 days at -15oC. It was observed that the product was microbiologically
safe during these storage periods.
STUDIES ON CHICKEN KABABS
There are different varieties of kababs popular in India. Kababs are made either from
mince (Shami kababs) or from chunks (breast or leg). Lesoni kababs (garlic kababs).
Adrakipanji kababs (ginger kababs) are made from breast chunks or leg chunks.
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Table 2. Values of various attributes under optimum conditions
Internal temperature
W.B Shear
pH
Moisture
Color+
Taste+
Texture+
Juiciness+
Overall quality+
Total plate count
Yeasts and molds
Anaerobes
Salmonella
S. Aureus
E. Coll

93 C
2.10 Kg/cm2
5.30
53.48%
8.54
8.88
8.45
8.60
9.03
4131/g
27/g
11/g
absent
absent
absent

+Based on a 10 point scale (10 = very good and 0=undesirable)
Table 3. Proximate composition of tandoori chicken
Moisture
Protein
Fat
Ash

%
53.48
33.72
9.30
3.50

The general ingredients of recipe for the preparation of these kababs include salt
(sodium chloride), lime juice, bengal gram flour paste, egg, garam másala, green
chillies, garlic, ginger and cream. The ingredients vary depending on the kind of
kabab. These ingredients form the marination mixture. The.main steps in the
preparation of kababs are (i) marination (ii) cooking. Lesoni kabab is prepared as
follows: Breast chunks are marinated and inserted in a skewer (iron rod) and placed
in a oven and baked.
There is no standard method of making Lesoni kabab nor scientific studies to get a
product of good flavour, taste and good microbial quality. Studies have been conducted
at CFTRI on the technology of processing of chicken kabab (Lesoni kabab). The
results of these studies are presented briefly. Attempts have been made to optimise
the processing conditions for Lesoni kabab. Series of experiments were conducted
using Response Surface Methodology employing Central Composite Rotatable Design.
Marination time, cooking time and temperature are the critical factors that influence
the quality of chicken kabab. The effect and interactions of these parameters were
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studied in relation to product quality. Data was collected for each experiment as per
the design. Moisture, pH, water holding capacity (WHC), W.B. shear value, colour,
appearance and finger feel of the product and microbial profiles (total plate counts,
cohforms, E. Coh, Staphylococcus Aureus, Salmonella, yeasts and molds, thermophiles
and Lactic acid bacteria) were recorded during processing of chicken kabab (Table 46).
The results revealed that pH decreased slightly with marination time and increased
with time of cooking. Moisture also decreased slightly with marination but decreased
still more following cooking. An increase in WHC after marination and a decrease in
WHC after cooking were observed.
The results on microbial profiles revealed that m.arination showed bacteriostatic as
well as bacteriacidal effects. Thus, during marination, coliforms, E. Coh and salmonella
were decreased while Staphylococcus Aureus remained constant. Total plate counts
remained constant and lactobacilli counts increased during marination. A substantial
reduction in microbial profile was observed at optimum cooking temperature and
time, which ensures the microbial safety of the product.
Table 4. Microbial profiles Lesoni Kabab at optimum processing conditions (Marination time,
60 minutes, oven temperature for baking: 25°C for 15 minutes)
Microbial
profile

Total Plate
count
Coliforms
E. Coli
Staphylococus
Aureus
Salmonella
Yeasts and
molds
Thermophiles
Lactic acid
bacteria
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Fresh meat
chunks
before
marination
/gm

After
marination

After cooking

/gm

/gm

2.5 X 104

2.8 X 104

9.0 X 102

4.0 X 102
0
2.0 X 102

3.5 X 102
0
1.6 X 102

0
0
0

0
9.0 X 101

0
7.0 X 101

0
0

6.0 X 101
2.0 X 102

7.0 X 101
4.0 X 103

1.0x101
0

Table 5. Physical characteristics of Lesoni Kabab at optimum processing
conditions (Marination time 60 minutes, oven temperature for baking 25°C for
15 minutes)
Physical
characteristics
Moisture (%)
pH
WHC
WB Shear

Fresh meat
chunks

After
marination

After cooking

72.40
5.45
58.90
2.12

75.85
5.30
76.73
2.34

64.21
5.70
81.85
4.42

Table 6. Proximate composition of chicken kabab
Moisture
Protein
Fat
Ash

%
60.5
28.5
6.4
4.6

The product was studied for its storage behavior in chilled or frozen state. It has been
1 to assigned the minimum shelf- life expected. Accordingly, chilled (2-4°C) readyto-cook had a minimum shelf-life of 10 days, chilled ready -to - use 30 days while
frozen (-20°C) ready - to -cook had a minimum shelf-life of 90 days, and frozen
ready-to-use showed a shelf-life of 30 days.
FUTURE STUDIES
The areas of research that will have impact on the marketability of tandoori chicken
and kababs are
i)

Studies on the effect MAP (Modified atmosphere packaging) on the product
quality.

ii)

Technological innovations in marinated products and partially baked products.
Mechanisms in biochemistry of meat proteins, and lipids as influence by
cooking.

iii)

Microbiological safety of the products.

iv)

On line gadget systems for large scale preparation of the products.
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QUALITY ATTRIBUTES AND SHELF LIFE OF
CHICKEN LOAVES EXTENDED WITH PEA FLOUR
B.D. Sharma and V.K. Rao
Division of Livestock Products Technology, Indian Veterinary Research
Institute, Izatnagar-243 122, India

Chicken loaves were processed from spent hens using a standardised formulation.
Minced meat was replaced by roasted pea flour (hydrated 1:1) at 0, 10, 15 and
20% levels of formulation as a cost reduction measure. There was a signifícant
(P<0.05) improvement in the emulsion stability and a progressive but nonsignifícant improvement in cooking yield of chicken loaves with successively
increasing levels of pea flour. The sensory attributes of the product were
comparable upto 15% extension with pea flour. General appearance, flavour and
overall acceptability of the product were affected at 20% extension with pea flour,
although sensory ratings still ranged between good and very good. Extended
chicken loaves, could be conveniently packed and stored in low density polyethylene
(LDPE) for a period of 10 days and in Aluminium foil/LDPE laminate under
vacuum for a period of 45 days in refrigerated (4+l^C) condition without any
appreciable loss of sensory and microbial quality.
INTRODUCTION
Chicken loaves are ready-to-eat speciality which offer an alternative avenue for proper
utilization of meat from culled and spent hens. Use of cheap vegetable extenders can
strech the availability of this costly food item to average income meat consumers.
Incorporation of extenders with high starch and crude fibre in meat products is also
beneficial for the digestibility and health up-keep of the consumers. Peas, available in
high quantities as one of the major legumes in the world, are a cheap source of high
quality vegetable protein. Gorbatov et al, (1981) suggested the incorporation of pea
flour in the manufacture of sausages, patties and meat preserves. Our experiments (1994)
showed deterioration in flavour even at 10% extension of meat loaves with pea flour.
Therefore, present study was undertaken to evaluate the quality and shelf life of extended
chicken loaves with flour from roasted peas at higher levels.
MATERIALS AND METHODS
White Leghorn spent hens (> 500 days old) were dressed and manually deboned withing
2 hr of slaughter. Lean meat was minced first through 6 mm and then through 4 mm
plate of a meat grinder. Control or basic fromulation of chicken loaves contained 67
parts of minced meat while roasted pea flour (hydrated 1:1) was incorporated by
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replacing 10, 15 and 20 parts of minced chicken in formulations II, III and IV
respectively. In addition, each formulation contained ice flakes 12, vegetable oil 8,
bread powder 6, salt 2, dry spices 1.75 and condiments 3.25 parts. Emulsion preparation
and stuffing in aluminium moulds were done as per Sharma et al, (1992). Cooking was
done under steam without pressure for 2.30 hr. Three trial were conducted.
Stability of meat emulsion (Townsend et al, 1968), cooking yield as well as shear force
value of loaves were recorded (Sharma et al, 1992). Sensory attributes of chicken leaf
slices were evaluated by experienced panelists using 8-point hedonic scale (8=extremely
desirable and I=extremely undesirable). Representative samples of chicken loaves were
chemically analysed for moisture, protein and fat (AOAC, 1980).
For shelf-life studies, one set of chicken loaves with 20% pea flour extension was
packed in low density polyethylene (LDPE) pouches while the other set was packed
in laminate (Aluminium foil/LDPE) pouches under vacuum, for each storage interval.
Both the sets were maintained under refrigeration at 4+1 ^C. At each storage interval,
TPC and Psychrotrophic count were estimated following method described in ICMSF
(1978). The method of Tarladgis et al, (1960) was followed for estimation of TBA
values. Statistical analysis of data was done as per Snedecor and Cochran (1967). Least
significant differences were calculated at appropriate level of significance.
RESULTS AND DISCUSSION
There was a significant (P<0.05) improvement in the emulsion stability and a progressive
but non-significant improvement in the cooking yield of chicken loaves with successively
increasing levels of pea flour. Sabakov et al, (1983) reported that pea flour bound both,
fat and water and formed a stable dense foam. Verma et al, (1984) showed that albumin
and globulin fraction of chick pea flour formed firm and stable emulsion. Grinding of
peas might have enhanced the absorptivity by increasing the surface area as suggested
by Shaner and Baldwin (1979). Significant decrease in shear force value was recorded
between 0 and 15% as well as 10 and 20% levels of extension of chicken loaves with
pea flour. As structural, myofibrillar and stromal meat proteins, are being replaced by
untextured pea flour proteins, chicken loaves naturally become somewhat tender.
The sensory attributes of chicken loaves were comparable upto 15% extension with
pea flour. General appearance and flavour of the product were significantally (P<0.05)
affected at 20% extension, although sensory ratings still ranged between good to very
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Table 1. Physico -chemical and sensory attributes of chicken loaves extended with pea flour.
Level of pea flour (%)
Parame ters

0

10

15

20

Emulsion stability (%)

94.61 ±0.23^

96.13±0.13^

96.77±0.38t>

97.67±0.32a

Cooking yield (%)
Shear force (kg/cm2)

97.08±0.45
0.95±0.02a

97.35±0.21
0.85±0.01'^b

97.52±0.40
0.74±0.0lt'c

97.54±0.19
0.70±0.0ic

Moisture (%)

62.76±0.1lt'

63.89±0.20a

64.37±0.03a

64.56±0.06a

Protein (%)

15.94±0.18a

15.19±0.12ab

14.61±0.18bc

13.97±0.2ic

Fat(%)

13.84±0.15a

13.45±0.18afc'

I2.98±0.18t»

12.25±0.23C

Sensory Score (Out of 8):
General appearance

7.45±0.12a

7.39±0.14a

7.22±0.14a

6.84±0.13t»

Flavour

7.54±0.18a

7.36±0.15a

7.21±0.20ab

6.98±0.l6b

Juiciness

7.29±0.15a

7.18±0.17ab

7.12±0.14ab

7.03±0.13b

Texture

7.46±0.07

7.31 ±0.14

7.26±0.10

7.22±0.12

Overall acceptability

7.55±0.16a

7.42±0.14ä

7.27±().17ab

6.93±0.15b

Means with different superscripts in each row differ significantly (P < 0.05).
Table 2. Effect of aerobic packaging (LDPE) and storage (4±1 ^C) on some microbial, chemical
and sensory attributes of chicken loaves extended with pea flour.
Level of pea flour (%)
Parameters

0

15

30

Total plate count
(log/g)

1.60±0.02<^

2.40±0.04b

3.25±0.12a

Psychrotrophic count
(log/g)

1.18±0.05b

1.66±0.02ab

2.34±0.0ia

T.B.A.
(mg malonaldehyde/lOOOg)

0.35±0.03C

Ü.53±0.07b

0.72±0.18^

General appearance

7.34±0.10

7.23±0.10

7.00±0.1I

Flavour

7.26±0.11

7.18±0.08

6.96+0.08

Juiciness

7.18±0.08

6.99±0.08

6.87±0.12

Texture

7.24±0.01

7.03±0.1l

6.89±0.11

Overall acceptabihty

7.26±0.09

7.15±0.10

7.04±0.11

Sensory Score (Out of 8):

Means with different superscripts in each row differ significantly (P < 0.05).

good. The flavour score may be affected due to decrease in intensity of chicken meat
flavour and increase in the intensity of beany or creal-Uke flavour as a result of further
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extension with pea flour. The decrease in the juiciness score of chicken loaves at 20%
extension may be due to decrease in the fat contents. It may be mentioned that even
at 20% extension with pea flour, the chicken loaves were adjudged as generally very
acceptable.
Under aerobic packaging, chicken loaves with 20% pea flour extension showed a
significant (P<0.05) increase in TPC and Psychrotrophic count during refrigerated
storage. However, these counts were below the spoilage threshold suggested by Ayres
(1960). TBA values also increased significantly, ostensibly due to oxygen permeability
of the packing material. However, all the sensory attributes remained moderately to
highly acceptable even after 14 days of refrigerated storage.
Table 3. Effect of vacuum packaging and storage (4±1 ^C) on some microbial, chemical and
sensory attributes of chicken loaves extended with pea flour. Storage period (Days).
Level of pea flour (%)
Parameters

0

10

15

20

Total plate count
(log/g)

1.68±0.03d

2.50±0.18C

2.98±0.13b

3.55±0.15a

Psychrotrophic count
(log/g)

l.ll±0.09c

1.70±0.15bc

2.05±0.18b

2.86±0.23a

T.B.A.
(mg malonaldehyde/lOOOg)

0.35±0.15C

0.51±0.18bc

0.64±0.23ab

0.80±0.14a

General appearance

7.32±0.11

7.25±0.08

7.08±0.10

7.00±0.12

Flavour

7.27±0.09

7.22±0.13

7.14±0.13

6.94±0.14

Juiciness

7.11±0.13

7.08±0.11

6.94±0.10

6.86±0.11

Texture

7.22±0.09

7.22±0.10

7.15±0.11

6.91 ±0.08

Overall acceptability

7.27±0.10

7.15±0.10

7.04±0.14

6.98±0.11

Sensory Score (Out of 8):

Means with different superscripts in each row differ significantly (P < 0.05).

Vacuum packed chicken loaves with 20% pea flour extension showed an increasing
trend in bacterial counts during 45 days of low temperature storage, although TPC and
Psychrotrophic count still remained fairly low. It may be due to inhibitory effect of
vacuum packaging on aerobic gram negative spoilage bacteria (Huffman et al., 1975).
TBA values of the product also remained well below the threshold value of 1.0 even
after 45 days of storage. This may happen mainly because of two reasons. Firstly, very
low oxygen content in vacuum packed chicken loaves may slow down the oxidation
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of lipids. Secondly, the presence of pea fibre may act as a source of natural antioxidant
and protect the product against surface oxidation (Bertelsen et al., 1991). Sensory
attributes i.e. general appearance, flavour, juiciness and texture of vacuum packed
chicken loaves were not affected significantly (P<0.05) during 45 days of refrigerated
storage. Even through, sensory scores showed a decreasing trend, still overall aceptability
of the product remained highly desirable.
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3. MICROBIAL CONTAMINATION, PESTICIDE RESIDUES
AND QUALITY POULTRY PRODUCTS
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PROCESSING, PACKAGING AND PRESERVATION
SYSTEMS FOR POULTRY MEAT PRODUCTS: AN
OVERVIEW
G.C. Mead
Royal Veterinary College, Boitons Park, Hawkshead Road, Potters Bar,
Herts EN6 INB, UK

Poultrymeat production continues to expand worldwide and is facilitated by
technological advances that have led to improvements in processing machinery
and a high level of plant automation. Some of the newer developments reflect bird
welfare concerns, while others aim to improve carcass quality and hygiene, but
the modern process is still associated with certain defects in product quality.
Improvements in packaging materials have resulted in better product presentation,
especially for the wide range of value-added items now available. There is also
greater use of modified atmosphere storage to extend shelf-life. With some readyto-eat products, however, extended shelf-life conditions could favour the growth
of any psychrotrophic pathogens such as Clostridium botulinum and Listeria
monocytogenes, and attention must continue to be given to heat-treatment
processes, post-processing hygiene control and recommendations for consumer
handling. Ionising radiation would be an effective means of eliminating pathogens
and extending shelf-life of the raw product, but is unacceptable to many consumers
and therefore is unlikely to be used on a wide scale in the foreseeable future.
INTRODUCTION
In many countries, the poultry industry is renowned for its efficiency and cost-effective
mode of operation, which are associated with the most intensive systems of production
and processing used for meat animals. A key to this success has been the ability of processors
to recognise changes in market demands and rapidly respond to them. For example,
throughout Europe and N. America, new trends in eating habits and life styles have emerged,
and these have clearly influenced the types of product required. The emphasis now is on
convenience foods that are easy to handle and require a minimum of preparation, as well
as items that can be purchased at fast-food establishments. In consequence, a wide range
of value-added convenience and recipe products has been developed by the industry, some
of which are counterparts of those traditionally made from red meats, such as frankfurters,
ham and bologna. The expansion in further processing, reviewed by Richardson (1995),
also has certain commercial beneñts. It leads to better utilisation of the meat, whilst
product appearance and flavour can be varied as required, to suit different markets. The
situation contrasts with that of eggs, where consumption in developed countries has fallen
and relatively few value-added products are available.

73

PROCESSING
The substantial increase in poultrymeat production is linked to continuing technological
advances in primary and further processing. Modem primary processing Unes are
highly automated, throughputs have been raised and even doubled in the last few years,
yet product yield is consistently higher than levels obtained with manual systems.
Cutting operations, too, have become increasingly automated at the larger processing
plants. Some of the newer developments in processing have reflected bird welfare
concerns and fundamental changes have been made in bird harvesting, transportation,
pre-slaughter handhng, stunning and slaughter. However, present processing methods
can still cause quality defects in the product such as muscle haemorrhages, red wing
tips and broken bones. Some of these defects are associated with pre-slaughter handling
and stunning, but controversy continues over the relative merits of different methods
of stunning and killing the birds to satisfy both welfare considerations and meat quality
requirements. Processing also leads to contamination of carcasses with foodbome
human pathogens, as discussed by Mead (1993). In response to the latter problem,
there is a need for more hygienic processing equipment that minimises carcass
contamination and is more amenable to cleaning and disinfection after use (Report
1996). Such equipment is beginning to be introduced, especially for cleaning of transport
crates, scalding and evisceration. With continuing concern about product safety, this
trend is likely to continue, supported by retailer requirements for a low incidence of
carcasses contaminated with pathogens. Hygiene control during processing needs to
be supplemented by effective, commercially acceptable carcass decontamination
procedures (Mead, this congress).
Further processing operations have also increased in sophistication to meet the demands
of product manufacture. Operations now include portioning, deboning, size reduction,
tumbling, massaging, reforming, emulsifying, breading, battering, marinading, cooking
and smoking (see Richardson 1995). Product safety is even more important for those
products that are pre-cooked and may not receive further heating in the hands of the
consumer. Thus, high standards of hygiene control during production are essential
and an effective cold chain is needed to limit growth of any food-poisoning or food
spoilage organisms present.
PACKAGING AND PRESERVATION
The packaging of poultry products was originally intended to reduce evaporative weight
loss and avoid both contamination of the product and transfer of microorganisms from
the product to other foods. Modem packaging films are cheaper and easier to handle
than some of their predecessors and suited to a wide range of applications. It is now
possible to improve presentation and extend shelf-Hfe with certain of these materials.
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Along with better packaging, are requirements for more informative labelling of
products, to include information on recommended storage temperature and keepability.
In the West, consumers are often interested in the systems employed in rearing animals
from which products are derived i.e. intensive or free range production and the type of
feedstuffs used.
The availability of improved wrapping materials has led to more widespread use of
modified atmosphere (MA) packaging and bulk storage for extending the shelf-life of
raw poultry products. This has paralleled an increased demand for chilled rather than
frozen products. In fact, bulk MA packs have been used for distribution of poultry in
the USA for some 25 years and only recently have been adopted elsewhere. There is
also utilisation of retail MA packaging for both raw and pre-cooked items of various
kinds. Shelf-life extension will be less for cooked products where levels of aerobic
spoilage organisms are low and MA conditions, including vacuum packaging, are aimed
primarily at maintaining desirable organoleptic properties, such as colour and
appearance. The preservative capabilities of MA systems depend on the presence of
carbon dioxide within the pack, with or without appropriate amounts of oxygen and/or
nitrogen. The precise composition of the gaseous environment surrounding the product
must be tailored to the product in question. Future developments in MA packaging
(Church, 1993) are likely to include the use of films with better gas-barrier properties,
biodegradable films and materials that change in oxygen permeability under abuse
conditions to allow growth of aerobic spoilage organisms, indicating that the product
has become unfit for consumption.
There has been some concern that the use of anaerobic environments in MA stored
food products may allow growth of psychrotrophic pathogens such as some strains of
Clostridium botulinum (Report, 1992). It is known that clostridial spores may survive
the heat treatments often used for pasteurised poultry products. The organisms grow
relatively slowly under chill conditions but, in certain cases, could multiply and produce
toxin before spoilage is evident. In practice, such products are very unlikely to become
hazardous, provided that adequate chill storage is maintained and the recommended
storage period is not exceeded. However, more information is needed on the potential
growth of pathogens, including Listeria monocytogenes, in the large variety of poultry
products now available.
In relation to raw, chilled products, there are few ways in which shelf-life can be extended
without changing the nature of the product. Apart from MA storage and holding the
product at a low temperature, down to -1°C, there is only the possibility of using ionising
radiation, which is permitted in some countries, including the UK and USA, but is
hardly used because of present consumer resistance. At recommended dose levels,
e.g. 2.5 - 3.0 kGy for chilled chicken, slight organoleptic changes may occur in the raw
product following irradiation, but these are not generally detectable after cooking.
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Nevertheless, not only do many consumers find the treatment unacceptable, but some
retailers are reluctant to risk any perceivable effect on product quality. Thus, the
process is unlikely to be used on a wide scale in the foreseeable future.
With further processed items, heat pasteurisation is sufficient to destroy the aerobic,
cold-tolerant spoilage organisms of raw poultry and usually vegetative cells of any
pathogens present. Other treatments, including curing processes, may lead to products
that mimic those made from red meats, but, in this case, preservation is not normally a
major consideration.
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APPLICATION OF THE HACCP APPROACH UNDER
INDIAN RURAL CONDITIONS FOR QUALITY
POULTRY PRODUCTS
A.A. Sherikar
Department of Microbiology, Bombay Veterinary College, Parel,
Bombay-400 012, India

India is a country of villages, wherein 60% of its vast populace is scattered in
villages of various sizes. Therefore, poultry farming in India is very complex situation, wherein the Hazard Analysis and Critical Control Points (HACCP) approach has to be integrated to suit the geo-chmatic and socio-economic nature of
the region involved. Again, in a rural situation, the HACCP has to be Unked with
the health situation (vaccination/disease control). Those farms with 10,000 birds
and above, supply the city's large processing units for preparation of chicken,
meat products, eggs and egg-products. The smaller units, cater to the local population, producing some indigenous poultry products consumed locally, which need
modification in the HACCP approach. Modifications for smaller poultry units at
production and factory levels connected to the co-operative sectors is outUned and
the shortcomings are discussed in depth.
INTRODUCTION
Poultry farming today is no longer a backyard activity but is rapidly expanding into
an organized industry, of which the co-operative sector forms nearly 40% of the rural
poultry. India is land of villages which lie scattered sometimes in not easily accessible areas. It is these smaller pockets that the co-operative sector attempts to reach
out , to conglomerate together and bring them into the main stream of the poultry
industry. In a typical Indian village apart from cultivating the land, the farmer supplements his income by maintaining either cattle/buffaloes, pigs or poultry. The poultry
is maintained according to the size of the land holding from a few hundred chicken
to a medium sized holding with a few thousand birds and large farms with more than
about eighty thousand birds. In such complex situations, the Hazard Analysis and
Critical Control Points (HACCP) approach has to be integrated to suit the geoclimatic and the socio-economic situations of the regions. Geo-climatic situations
include the location of the poultry farm, i.e. whether located up/down stream, type of
soil and nature of agriculture, whether dry or humid climate, availability of market
and transport facilities, nature of prevalent diseases etc. The socio-economic situation is inclusive of the capacity of the farmer to bear the losses if any, purchase
capacity of the customers i.e. their social standing and lastly the creed of the customers i.e. whether the majority of the consumers are egg/meat eaters or not, e.g. if the

77

majority of the township consists of Brahmins and Jains, the farmers have to seek far
off markets or dress the birds on the farms and store, which means extra expenditure.
Inspite of rapid industrialization of the poultry sector in India and availability of
poultry meat and eggs, the per-capita consumption still remains lower than other
Asian and South Asian countries (vide Table 1).
Table 1. Annual increase in per Capita Poultry Meat Consumption in India as
compared to some Asian Countries in kgs / Capita (Unni 1996)
COUNTRY

YEAR 1992

% ANNUAL INCREASE

India

0.43

14.8

China

3.81

13.1

S. Korea

7.90

10.1

Philippines

4.71

5.1

23.71

3.2

9.46

5.3

Taiwan
Thailand

In India the poultry industry has made tremendous strides inspite of the fact that
poultry are plagued with a variety of diseases and mismanagemental practices. These
can be radically overcome by broadly classifying the HACCP approach into the two
main categories.
*

Control of common sources of infection / contamination at farm level.

*

Control of the common sources of contamination at production levels.

The larger industrialized units have almost totally adjusted themselves to the geoclimatic and socio-economic patterns of the regions in which they are located, but
the smaller, rural units which have mushroomed in the interior regions need to be
educated in the modalities of biosecurity, express need for health cover and
managemental practices applicable directly to their needs. Biosecurity for small units
mainly comprises of hygiene i.e. personnel, of the premises, of equipment used and
decontamination of the farm's environment. The health cover comprises of conveying to the farmer the importance of timely vaccination programmes, increasing flock
resistance and seromonitoring for early detection of disease epidemics. The most
important aspect is reporting to the nearest co-operative or regulating body the type
of disease outbreak faced by the farmer so that it can be recorded for mapping the
disease movement in the country. The Managemental Practices should comprise of
management of feed, water, personnel and maximum attempts at automation should
be encouraged. As it can be seen from Table 2, the hazardous points are pointed out
broadly at the farm level, which are applicable not only for the small holdings but
also for the larger farms. Similarly, Table 3 analyzes the hazardous points broadly at
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the production levels. If these two HACCP approach tables are studied, it is observed
that in case of smaller holdings indigenously developed technologies and strategies
are more appropriate for the developing economy of the resource poor rural people
than those imported high-technologies which may negatively influence the above by
competing and suppressing the utilization of locally available resources.
In France since 1991, a voluntary scheme called the Official Hygiene and Sanitary
Control (OHSC) was started , where of today, 100% of all breeders, 80% of pullet
producers and 50% of all egg production units follow and adhere to the HACCP
rules (World Poultry - 1993 - 11). Under this scheme, the cost of the testing as well
as the slaughter compensation for the whole flock contaminated with S. enteritidis or
S. pullorum strains are met with by The Ministry of Agriculture, Government of
France. In any modem slaughter line which in turn continues with the processing
line, the machines are very fast and have a very high capacity with prolonged working hours. This enhances their economic value. This type of working makes cleaning
and disinfection during processing impossible and it is done only at the end of the
day. Therefore, the amount of water, detergents and other chemicals used should be
optimized. Slow release compounds should be preferred over others. These types of
recommendations are applicable to large processing units wherein microbiological
HACCP approach can be formulated, but in small holdings, it is not possible.. Again
in the above case, the Government compensates for the farmer whose flock is
destroyed, whereas, no such compensatory scheme is available in India, especially
for the small-holding farmer.
The Risk Analysis is a newer concept and development of HACCP system for
poultry meats or at production levels needs to be closely aligned with knowledge of
microbiological epidemiology of that region. To date, it has been proved impractical
to elaborate only on microbial criteria for defining the wholesomeness of raw meats
since the WHO in 1982 and the National Research Council (1987), USA, had concluded that establishment of microbiological criteria for raw meats in general, does
not serve the purpose of protecting the consumer health, since the microorganisms
are in the raw meats and processing does not effectively eliminate or reduce substantially these organisms in the final products.
Some of the poultry products and by-products produced are chicken-meat loaves,
breast slices, gizzard pickles, pickled meat, pickled eggs, chicken nuggets made from
chicken by-products such as skin, gizzard, heart, cooked eggs plus egg liquid, chicken
sausages, chicken chops, legs and whole tandoor. Application of Risk Analysis to
these products and by-products is being actively considered by poultry industry.
What plagues the industry most is the number of traders involved in marketing of
either the live birds, dressed birds, their products or the eggs, as seen from Table 4
and 5. If the co-operatives could play a larger part in the sale of birds, i.e. directly
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collect these at the farm levels and then distribute them directly to the factory, retail
outlets and the consumer, the profitability of the co-operative increases by which
they could help to compensate the farmer in case of infection and total depopulation
on his farm, as well as fetch for the farmer better returns in terms of sale price per
bird. Similarly, as observed from Table 5, if the need for local / wholesale traders is
obviated, the co-operative sector benefits. This cost-effectiveness percolates down to
the farmer who can improve his lot or the co-operative can force him to do the same
by actually giving him the benefits in kind instead of cash. These co-operative
organizations can also enforce the rules and regulatory improvements as pointed out
in the HACCP plans (Table 2 and 3) for an overall improvement in the microbiological quality of raw, poultry meats / products as such. For effective implementation of
the above and formulation of Risk Analysis approach to the whole problem of Health
Cover communication centers would have to be established with the co-operative
organizations so that a disease -movement and vigilance mapping of the geo-climatic
regions would be available. Since India is a vast country with lengthy borders, four
such zonal co-operative organizations would have to be set up to coordinate the
activities of the smaller co-operative network centers. If such an activity can be
established in the next few years, India would be one of the largest poultry and egg
producing nations in the world.
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TABLE.2

FEED CONTMINATION MICROBIAL + TOXINS

WATER HYGIENE MICROBIAL
CONTAMINATIONSTORAGE TANK/
PIPED/RIVER/PONDAVELL
etc.

VERTICAL DISEASE
TRANSFER FROM
PARENTS AND LATERAL
DISEASE TRANSFER
WITHIN FLOCKS

FARM MACHINE
HYGIENE- SHELTERS,
HATCHERS, WATERERS,
FEED AND WATER PIPES,
CAGES, COLD ROOMS

INADEQUATE PEST
CONTROL MEASURES IN
AND AROUND THE
POULTRY FARM - e.g. DOGS,
RATS, SCAVENGERS, BIRDS,
CATS etc

COMMON SOURCES
OF INFECTION AT
FARM LEVEL

INADEQUATE PERSONAL
/ PERSONNEL HYGIENE

FAULTY / INADEQUATE
VACCINE COVER

FAULTY DISPOSAL OF
POULTRY CRAP, FOMITES,
CARCASSES, POULTRY
HOUSE HYGIENE e.g. MEAL
WORMS, MAGGOTS, FLIES,
TICKS etc.
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TABLE . 3
MARKETING LIVE BIRDS
*= STRESS
'=ON ROUTE
COMMUNICATION
^ BIRD HOLDING AREAS

FAULTY POULTRY
WASTE DISPOSAL AND
RECYCLING

SLAUGHTER LINE
CONTAMINATION

COMMON SOURCES
OF INFECTION AT
PRODUCTION
(FACTORY) LEVELS

PROCESSING LINE
CONTAMINATIONCUTTING / CHOPPING /
HLLING
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IMPROPER
DECONTAMINATION OF
MACHINERY DUE
BEFORE SLAUGHTER /
PROCESSING

SICK WORKERS / LATENT
CARRIERS /
CONVALESCENT
CARRIERS - ON - LIVE
PEOPLE

CONTAMINATION OF
RAW MATERIALS SPICES / CASINGS /
FILLERS , BINDERS etc.

COOKING / KITCHEN /
MIXING UNITS AND
PACKAGING MACHINES /
PEOPLE

TABLE 4

SMALL FARMS

LOCAL TRADERS
RETAIL OUTLETS
NEAREST TO THE FARM

POULTRY PRODUCTS
FACTORY / UNIT

MEDIUM & LARGE
FARMS

CO-OPERATIVE
ORGANIZATION

WHOLESALE TRADERS
LIFT BIRDS FROM
FARMS

WHOLESALE TRADERS
IN LARGE CITIES

RETAIL OUTLETS

SMALL MARKET
TRADERS

CONSUMER

83

TABLES

SMALL FARMS

MEDIUM FARMS

LARGE FARMS

DIRECT CONTACT
SMALL TOWNSHIP

LOCAL WHOLESALE

CO-OPERATIVE

WITH LARGE CITY

TRADER

TRADER

ORGANIZATION

WHOLESALE
TRADERS

LOCAL MARKET

EGG PRODUCTS

TRADERS

FACTORY

t ir
CONSUMER
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LOCAL RETAIL

EXPORT MARKET

EGG EXPORT

OUTLETS

TRADERS

INDUSTRY

RESIDUES IN POULTRY PRODUCTS FROM
WESTERN EUROPE; DETECTION, OCCURRENCE
AND CONTROL
C.A. Kan
ID-DLO, Institute for Animal Science and Health, Food Science
Department, PO Box 65, 8200 AB Lelystad, The Netherands

Control of residues in poultry (products) should aid to the prevention of 1) human
health and 2) trade problems. The contribution to human dietary exposure via
poultry products is, however, very low. The present EU proposals for control of
residues in eggs contain a logical choice ("forbidden" substances, antibacterials,
anticoccidials and organochlorine sub-stances) of compounds to be checked. The
proposals for control of poultry meat contain the same groups, but also hormones
and beta-agonists must extensively be checked. The attention to be paid to these
"metabolic modifiers" as well as to non-steroidal anti-inflammatory drugs seems
unnecessary in view of their residue expectation or health hazard. Anthelminthics
and ectoparasiticides should be controlled especially in products from more
extensive production systems, which as a whole, may require a different control
system. Chemical elements and mycotoxins, if to be controlled, should be looked
upon in feeds. On farm control, seems of little value in relation to the control of
residues in poultry production. Resources should be allocated to develop and test,
sensitive and reliable multi-methods. Adequate MRL values for both target and
non-target animals and tissues are indispensable, to prevent certain problems of
occurring.
INTRODUCTION
Residues of harmful substances in poultry products might constitute a threat to human
health. Due to current legislation and control within the countries constituting the
European Union, however, this risk is low. A major threat for the poultry industry due
to residues, is the perception of consumers. These results in a market with considerable
over-supply due sometimes to product avoidance, reductions in sales and consequently
in prices. Residue status of products (real or perceived) might also be used to close
markets for certain suppliers, effectively leading to (financial) protection of other
suppliers.
Any major violation of residue limits has seldom a directly observable consequence
for human health. Any violation of the microbiological standards, on the contrary, will
often lead to directly observable effects on human health. A violation of residue limits
may thus pass undetected, and might result in a long term exposure and related health
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hazard. Therefore a well designed and executed control system is required, to ensure
the absence of excesses, which are known to have occurred in the past and sometimes
unfortunately still are quoted as current practices. The most persisting accusation in
this respect is the implantation in broiler necks of oestrogenic substances and their
consequences for "heavy users". It remains hard to convince people that 1) this
application is forbidden in Europe for more than 30 years, 2) the main effect of these
steroids is fat deposition, which is considered to be a very negative quaUty aspect and
3) it is neither practically nor economically possible to individually treat all 20,00035,000 broilers constituting an average size flock living on a farm for only 5-6 weeks.
The control of red meat for a number of forbidden/harmful substances as required by
EU directive 86/469 during recent years, has demonstrated the relevance of numerous
aspects important in designing control plans for poultry meat and eggs. The present
proposals regarding poultry and eggs (6949/1/95 rev 1), have certainly beneñtted from
this experience. However, the different structure of the poultry industry (included
slaughtering) and the different ways of appUcation of substances to and he reaction of
the birds, have not always been taken into account.
This contribution aims at describing how the different substances can or will enter the
birds, what (quantitative) relationships between intake and residue levels are known
and which residues in poultry and eggs can be expected. Recent residue data will be
discussed and suggestions made for a more effective allocation of resources in the field
of residue controls.
Residues: from mere detection towards relationships, understanding and control.
The analysis of foods to detect (predominantly man-made) chemical substances has
always made use of the possibilities of existing and available technology. In the early
fifties, this included spectroscopy and traditional wet chemical methods but also
biological monitors. The development of chromatographical techniques (thin layer/
gas/liquid) enabled much more sensitive and accurate analyses. During this development,
the attention also shifted from mere detection towards the estabUshment of relationships
between exposure and residue level. This shift in attention occurred in the same period,
that detection levels dropped below the 1 mg/kg level and scientists started to reahze,
that absolute absence of certain substances was no longer a realistic goal.
Kan (1978) showed, that after a certain time an equilibrium between uptake and
deposition/metaboUsm/excretion of organochlorine insecticides is reached. This results
in a plateau of residues in the fatty tissues, enabling to calculate the ratio between level
in the feed and those in the tissues. This accumulation ratio differs among the different
compounds.
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Nezel (1979) reported similar studies on heavy metals and poultry and indicated the
importance of the chemical form (solubility/speciation) of the element on residue
formation. These studies showed, that after exposure to heavy metals no plateau in
residue levels in liver and kidney (the main target organs) occurs,but that residues
generally are the product of magnitude and length of exposure. The studies on occurrence
of these contaminants in feedstuffs indicate, which components are the largest
contributors of these substances to the total diet. The combination of knowledge on
relations and occurrence thus provides possibilities for effective control of contaminant
levels in poultry products (Kan, 1991).
Exposure of poultry to contaminants with an accidental nature such as radioactive
materials or mycotoxins and their toxico-kinetics can to some extent be understood,
but control of the situation is much more difficult. Information on their presence can
reliably be obtained only by analysis of feed components. Prevention of their occurrence
should always be the first option. Exposure can, however, not always be avoided and
reduction of residues is often not possible or feasible (Kan, 1994).
The legal procedures required in licensing a feed additive or drug before it may enter
the market, provide a lot of very useful information on the pharmacokinetics of these
substances. However until now within the European Union, Maximum Residue Limits
(MRL) have not been required for feed additives both for target and non-target animals
and MRL values for drugs are usually limited to target animals only. This vacuum
leaves possibilities for different interpretations of, or judgements on, a residue present.
Furthermore authorities in different parts of the world (Europe, US, Japan) may because
of different legislative procedures and constraints, come to different conclusions on the
basis of identical basic data, providing further space for disputes.
The aims of laboratories, industry or agencies when testing for the presence of substances
in unwanted quantities are - on the short term - not always the same and sometimes
even controversial. This leads to different requirements for the sampling and analysis
techniques used and even to different criteria used to assess the quality of their work.
This may lead to unbalanced attention for speed, costs or sensitivity versus reliability
of a certain method. The application of Integrated Quality Control not only in laboratories
but in the whole poultry production chain (Oostenbach, 1993) requires, that only well
described and adequately (ring)tested methods are used. The aim of Integrated Quality
Control is understanding the processes in the chain from feed components to finished
poultry products and the possibilities to really control (and not only check) these
processes. This should enable to garantee quality e.g. by the absence of residues. The
experience obtained in executing the National Plans for red meat as required by EU
directive 86/469 has shown both the progress and the gaps in such a control process.
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EU CONTROL PLAN FOR EGGS
The EU egg products directive (89/437) originally required according to article 5, that
checks on substances, tolerances etc. should have been realized before January 1992
(Kan, 1991). This has not occurred and during the development of the present proposals
two main changes took place; 1) the number of substances to be controlled was drastically
reduced and 2) eggs in stead of egg products are to be checked. This last change has an
enormous impact on the whole control system. The proposed control system has now
not to deal with a limited number of industrially organized egg processing plants with
homogenous products leaving the enterprises. But, instead an enormous amount of
heterogenous egg packing stations with a very diverging flow of eggs has to be
controlled. The reduction in the number of substances to be controlled, on the other
hand, is really a huge improvement as no absolutely senseless controls have to be
carried out. The present proposal (6949/1/95 rev 1) requires controls on "forbidden"
veterinary drugs, antibacterial substances (including carbadox and olaquindox),
anticoccidials and organochlorine compounds including PCB's. Heavy metals, which
do not constitute a major problem in eggs (Kan, 1991), are not longer included in the
proposals. The recent results of Tahvonen and Kumpalainen (1995) also show in a
carefully controlled study, very low levels of heavy metals in eggs.
"Forbidden" substances
The control on the presence of veterinary drugs not licensed for food producing animals,
is quite logical. A main compound in this group is chloramphenicol, which was recently
banned in Europe due to risks of residues for human health. During the phase-out of
chloramphenicol for veterinary purposes, the availability of extremely sensitive
analytical methods combined with the particular physiology of the (developing) ovary
with numerous very small follicles, occasionally posed some problems. Treatment of
young replacement hens with chloramphenicol might well lead to deposition of minute
amounts in the follicles already present at the ovary. Any drug deposited in yolk is not
redistributed to the body after cessation of the treatment and dilution by deposition of
more (yellow) yolk during the laying period might be insufficient to diminish the residues
below the ppt level, which is achievable by modem analytical techniques.
Assuming that veterinarians and farmers act responsible, the legally required control
on "forbidden" substances should confirm the adherence to legislation by the inability
to detect any residues of these compounds. Recent data from Germany (Petz, personal
communication, 1995) confirm the absence of chloramphenicol residues in eggs.
Antibacterial substances
Antibacterial substances are used in poultry mainly to combat bacterial infections in
the intestinal tract or lungs. Substances licensed for the use - by water, feed, injection

,etc. - in laying hens are (or at least should be) accompanied by adequate MRL values
and corresponding with-drawal periods. Control on the residue status in eggs of licensed
drugs is a logical consequence of the legal framework, especially because adherence to
with-drawal periods for laying hens can be very expensive and impractical.
Control of those drugs allowed only for replacement hens, should pose no problems as
with-drawal times are then quite easy to be obeyed. Only when no (practical) MRL
value has been set, than problems as already outlined for chloramphenicol might occur.
The most complicated problems are caused by of carry-over in feedmills causing crosscontamination between medicated feed batches and following ones resulting in low
levels of drugs in feeds for non-target animals. Administration of these feeds to food
producing animals, will lead to residues to be detected by very sensitive analytical
techniques. The residues in non-target animals or products of them, quite often do not
have a MRL value, so any observable residue might pose problems.
Anticoccidials including nitroimidazoles
Anticoccidials and nitroimidazoles in the broiler/turkey feed are essential to prevent
the occurrence of coccidiosis or "blackhead". The possibility of the occurrence of
residues in eggs of substances from this group has been proven widely during the last
ten years. Their application to laying hens is generally not allowed, so carry-over in the
feedmill is the major or only cause. MRL values do generally not exist for these
compounds, leading to problems in some legal contexts. Nicarbazin residues in eggs
are the first and best documented example in this group. Meticlorpindol residues in
eggs rank second in this group, but the possibility of false positives should not be
overlooked (Keukens, personal communication 1995); a certain amount of false positive
findings is more in line with the Umited use of meticlorpindol in several countries. Kan
(1991) summarized the majority of the then pubhshed experiments on transfer of feed
additives to eggs and the reported field residue data do not indicate the presence of
other substances; this might have been also be due to the absence of suitable,sensitive
analytical techniques for other substances. Kan et al. (1995a) have recently shown, that
low dietary levels of dimetridazole may lead to detectable levels of the parent compound
and a hydroxy metabolite in predominantly Qgg white, confirming the importance of
egg white as a possible source of veterinary drugs in the human diet (Kan & Rump,
1992; Kan et al, 1996). The dimetridazole study, as well as a study with olaquindox
(Keukens et al., 1996) showed existence of an equilibrium between uptake and excretion,
resulting in a plateau in residues in eggs after about 10 days of exposure. This provides
a quantitative relationship between intake and residue levels, enabling the calculation
of Maximum Allowable Levels in the layers feed once the MRL value in eggs is known.
The chemical type coccidiostats seem to pose more residue problems. Partly this is due
to their metabolic/pharmacokinetic properties as higher residues in eggs are observed
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after experimental exposure (Kan and Rump, 1992) than of the ionophore types like
monensin, salinomycin and narasin (Keukens et al. unpublished observations). Partly
this low incidence might also be due to the existence of more sensitive routine type
analytical methods for the chemical type coccidiostats. The very recently reported (Der
Spiegel 15, 1996) monensin residues in German eggs, are hard to explain from both the
low carry-over to eggs and the low incidence of contaminated layer feeds - at least in
Holland - (Keukens et al.unpublished observations). Inadequate methodology in the
analysis seems another likely cause. Toxicologie ally the coccidiostat residues in eggs
seem to be of minor importance.
Organochlorine compounds including PCB's
The lipophilic nature of these substances combined with their relative resistance towards
metabolism, easily leads to residues in the fat rich yolk. The termination of application
of the pesticides on plants and animals in most countries has led to a considerable
reduction in residue levels in poultry (products) (Kan, 1991 ; Ueberschr, 1995). Exposure
of birds is almost exclusively via the feed and the refore monitoring of this group of
substances is most effective in feedstuffs wñh a high fat content before their inclusion
in compound feeds. From the known accumulation ratios (e.g. Kan 1978), the consistency
of residue limits in feed and products can be checked. Exposure of poultry via
(contaminated) soil particles or air-contaminated plant material is considered to be
minimal when compared to grazing animals such as sheep or cattle.
EU control plan for poultry
The original proposals for a control plan of poultry envisaged an almost equal amount
of samples to be analyzed for both broilers and spent hens. Fortunately the present
proposal (6949/1/95 rev 1) relates the number of samples to the amounts produced,
thus ensuring a more relevant distribution of efforts. A weak point is still the definition
of a flock or lot of animals. The present definition of a group of birds on the same farm
of the same age group kept under uniform circumstances, is not very satisfactory.
Group A: Substances having an anabolic effect and unauthorised substances
This group includes stilbenes, antithyrolactones including zeranol, beta-agonists and
"forbidden" substances. The proposals put much emphasis on this group of substances
and the approach taken, is a clear example, that differences between husbandry practices
and physiology of large farm animals and poultry have not been fully understood. For
poultry the present opinion is, that there is: " ...failure to demonstrate a commercial
role for metabolic modifiers in poultry production" (Buttery, 1995). Beta-agonists
generally increase muscle accretion and decrease fat deposition. The observed effects
in poultry are small and it can be further questioned, whether these substances also
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reduce fat deposition in modem broiler lines selected for breast meat deposition and
against fat deposition (e.g. Leenstra & Pym, 1995). Furthermore diminution of
clenbuterol residues in broilers proceeds rapidly (eg.Haasnoot et al., 1991).
The control of "forbidden" substances has of course to be carried out, in order to assure
adherence to legal prescriptions. Multi-methods to detect all these compounds in muscle
tissue are, however, not yet available and development and testing of them will require
considerable effort.
Group B: Veterinary drugs and contaminants
This group comprises antibacterial substances, including sulphonamides, quinolones,
nitrofurans, carbadox and olaquindox, anthelmintics, anticoccidials including
nitroimidazoles, carbamates and pyrethroids, non-steroidal anti-inflammatory drugs,
organochlorine compounds including PCB's, chemical elements and mycotoxins.
Antibacterial substances
Traditionally the control of these substances in milk or (kidneys of) large animals is
carried out by microbiological techniques. The method is also used for large scale
control of residues in muscle tissue. This approach has the advantage of a broad spectrum
of substances which can be detected, but the disadvantage of having high limits of
detection for certain classes of drugs e.g. nitrofurans or chloramphenicol and providing
little or no information on the identity of the antibacterial substance(s) in the sample.
Poultry kidney is not a easily obtainable tissue sample and is usually not consumed.
The choice is thus between liver and muscle, both sample types having advantages and
disadvantages. Concentrations of antibacterials are higher in liver, but interfering
substances are more often present. Residues in muscle tissue (the far majority of human
consumption) are much lower, posing either analytical problems or finding negative
values only (e.g. Kofer and Fuchs, 1995). A further, as yet unsolved, problem in all
analyses is the detection and evaluation of metabolites, conjugates and bound residues.
Antibacterial substances are usually administered orally to poultry - on a nock/house
basis - either by water or by feed. Administration via water is generally preferred as
application can start faster and diseased animals generally are thought to continue to
drink while feed intake might be reduced considerably. The use of antibacterials to
combat certain diseases is necessary, but unfortunately some veterinarians advocate
the use of "strategic antibacterial treatments" hoping/wishing to prevent the occurrence
of certain diseases. This way of administration without a proper diagnosis or doses in
relation to the susceptibility of the micro-organisms involved, poses large risks for the
(unnecessary) induction of antimicrobial resistance. Jacobs-Reitsma et al. (1994) e.g.
demonstrated the easiness of induction of quinolone (cross)resistance in Campylobacter
by an enrofloxacin (Baytril) treatment.
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Recent field residue data from Germany (Petz, personal communication) and the
Netherlands (Frijns, personal communication) confirm, that only the widely used
sulphonamides and tetracyclines are the drugs sporadically found in poultry muscle
samples.
Anthelmintics
The anthelmintics used to combat parasite infections are probably predominantly used
in the more extensive (free range) systems. Increases in production and sales in this
part of the market will also increase use of thesepharmaceuticals. Currently there are
hardly or no screening methods for this type of compounds. It remains to be determined
whether a health hazard might be present; no systematic studies in this area seem to be
available.
Anticoccidials including nitroimidazoles
The use of these compounds in the production of meat type birds to prevent occurrence
of coccidiosis or "blackhead" seems to be indispensable for the near future, as vaccine
development is still on going. This implies large scale use with connected risks for
residues. The occurrence of residues should be prevented by the application of
withdrawal periods prescribed for all these compounds in the current EU legislation
(Directive 70/524). Unfortunately strict adherence to such a withdrawal period does
not exclude the possibilities of residues to be detected by modem analytical techniques,
as recently demonstrated for nicar bazin by Kan et al. (1995b). Proposed changes in the
EU regulations also include the establishment of MRL values for these compounds. A
realistic MRL value will prevent the discussion whether or not products with low
residues, should be allowed to be on the market.
Recent field residue data from the EU (Petz, Frijns, personal communications) indicate
that from the low number of positive tests, the majority are nicarbazin or meticlorpindol
residues. This distribution is certainly partly due to their relative persistence but certainly
also to the absence of sensitive analytical techniques for other substances. The detected
residues are generally considered to represent very limited human health hazards.
Carbamates and pyrethroids
The use of these ectoparasiticides, used to treat birds against fowl mites etc., is generally
restricted to the more extensive rearing systems, which allow extensive contacts with
natural materials, as for the anthelmintics. Pharmacokinetic studies generally indicate
rapid excretion, but adequate screening methods and surveys are absent.
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Non steroidal anti-inflammatory drugs (NSAIDS)
This group of "pain-killing" compounds including e.g. aspirin, is readily available - as
"over the counter" drug - and widely used by the human population. The margin between
effective and dangerous levels is generally quite large. Use in poultry is, due to the
abundant availability outside the veterinary field, not known. A depletion study on
sodium salicylate showed a rapid clearance in broilers after dosing (Nouws et al., 1994).
Residue control studies on this group of compounds, thus seem to be quite superfluous.
Organochlorine compounds including PCB's
The control on this group can, as already stated above for control in eggs, most effectively
be carried out in feedingstuffs. Large risks for human health do not seem to be present,
but some monitoring is necessary to detect deviating trends.
Chemical elements
Heavy metal residues in muscle tissue are in most Western European countries of minor
importance (e.g. Kan, 1991). The diverging data reported by Ueber sehr (1995) are
probably due to inclusion of studies using inadequate method ology. Occasional
problems in excretory organs like liver, make some form of monitoring indispensable.
Screening for the very occasional problems of radioactive contamination, can be limited
to those situations were its execution is indicated, like the Tsjemobyl accident.
Mycotoxins
Mycotoxins generally reach poultry via their (industrially prepared) feed. Residues of
mycotoxins or their metabolites in poultry (products) at allowed exposure levels and
via natural ways of exposure are generally very low and hard to confirm as demonstrated
e.g. for aflatoxin Bl by Kan et al. (1989). Generally those feedstuff(s) being the largest
contributor of mycotoxins to the diet are known, so control - and sometimes adequate
treatment (Kan, 1994) - is most effective there. Some mycotoxins are (suspected) human
carcinogens and others can be physiologically/pharmacologically very active in farm
animals, so adequate control to prevent problems is necessary. The control is hampered
by the very large variety of mycotoxins being possibly present and the absence of
sensitive multimethods. The possible implications of residues for human health are
even more uncertain.
CONCLUSIONS
The present proposals in the EU for control of (noxious) substances in eggs are aimed
at those substances ("forbidden" compounds, antibacterials, anticoccidials and
organochlorine compounds), where control is necessary and logical. The first three
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groups should be controlled in the eggs and the organochlorine compounds in the feed.
Adequate sampling strategies and screening/confirmation techniques have (partly) still
to be developed or tested.
The proposals for control of substances in poultry meat, contain a number of substances/
groups which are probably never used in poultry or their residue expectation/risk is
very low. Control at the farm level - as prescribed - is of very limited use and the
definition of a group/flock must be sharpened. Control on the same four groups of
substances as for eggs is logical. Anthelmintics and carbamates and pyrethroids might
be looked upon especially in products from more extensive production systems, which
may warrant a specially designed control system. Mycotoxins and probably chemical
elements should be controlled in feed(components). The control of non-steroidal antiinflammatory drugs in poultry seems of very little use. Control on "metabolic modifiers"
such as stilbenes, steroids and beta-agonists and samples taken at the farm level can - in
my opinion - be (almost) deleted.
The resources can better be allocated to develop and test, sensitive and reliable multimethods for "forbidden" compounds, antibacterials and anticoccidials. Real control of
residues in poultry also requires more knowledge on quantitative relationships between
(low level - long term) exposure via water/feed and residues in poultry. Prevention of
problems, due to unwanted compounds entering the food chain, should become an
integral part of the control system. While designing and executing control plans, one
should realize that the contribution to dietary exposure of man via poultry products in
the EU with unwanted substances is very low (Tahvonen and Kumpulainen, 1995.
Ueberschr, 1995).

REFERENCES
BUTTERY, P.J., (1995) Pharmaceutical agents as modifiers of broiler production -an
overview. Archiv fr Geflgelkunde, Sonderheft, F. Ellendorf, E. Decuypere, D.
Demeyer, F. Leenstra and R. Pym eds. 44-46.
HAASNOOT, W., HAMERS, A.R.M., SCHILT, R. and KAN, CA., (1991) Immuno
affinity chromatography in combination with an enzyme immunoassay for the
determination of clenbuterol in poultry tissue. Proceedings of Food Safety and Quality
Assurance: Application of Immunoassay Systems, Bowness-onWindermere,Cumbria, UK. 185-188.
JACOBS-REITSMA, W.E, KAN, C.A. and BOLDER, N.M., (1994) The induction
of quinolone resistance in Campylobacter bacteria in broilers by quinolone treatment.
Letters in Applied Microbiology, 19, 228-231.
KAN, C.A., (1978) Accumulation of organochlorine pesticides in poultry: A review.
Journal of Agricultural and Food Chemistry, 26, 1051-1055.
94

KAN, CA., RUMP, R. and KOSUTZKY, J., (1989) Low level exposure of broilers
and laying hens to aflatoxin Bl from naturally contaminated corn. Archiv fr
Geflgelkunde, 53, 204-206.
KAN, C.A., (1991) Residues in poultry (products): A European perspective.Proceedings
of the 10th Symposium on the Quality of Poultry Meat and the 4th Symposium on
the Quahty of Eggs and Egg Products, R.W.A.W. Mulder and A.W. de Vries eds.
vol. 3, 69-77.
KAN, C.A. and RUMP. R., (1992). Distribution of veterinary drugs and coccidiostats
between yolk and egg white. Proceedings of the 19th World's Poultry Congress, vol
3,68-71.
KAN, C.A., (1994) Factors affecting absorption of harmful substances from the digestive
tract of poultry and their level in poultry products. World's Poultry Science Journal,
50, 39-53
KAN, C.A., KEUKENS, H.J. and BEEK, W.M.J., (1995a) Experimentally induced
dimetridazole residues in eggs. Proceedings of the 6th European Symposium on
the Quality of Egg and Egg Products, R.C. Briz ed., 425-429.
KAN, CA., KEUKENS, H.J. and BOERS, E., (1995b) Nicarbazin residues in broiler
muscle, liver and litter/faeces: early exposure or recirculation. Proceedings of the 12th
European Sym posium on the Quahty of Poultry Meat, R.C. Briz ed,. 481-485.
KAN, CA., JACOBS, J.G. and PETZ, M., (1996) The distribution of different
sulfonamides between dichloromethane/water at different pH values and between
egg white and yolk after oral administration to laying hens. Proceedings EURORESI
DUE III, N. Haagsma & A. Ruiter eds.
KEUKENS, H.J., KAN, CA. and TOMASSEN, M.J.H., (1996) Study on the presence
of olaquindox residues in eggs after administration of feeds with low levels of
olaquindox to laying hens. Proceedings EURORESIDUE III, N. Haagsma & A.
Ruiter eds.
KOFER, J. and FUCHS, K., (1995) Rckstandsmonitoring bei Fleisch. 4. Mitteilung:
Arzneimittel, Hormone und Antihormone. Wiener Tierrtzliche Monatsschrift, 82, 3-9.
LEENSTRA, F.R. and PYM, R.A.E. (1995) Genetic hnes in broiler research. Archiv
fur Geflgelkunde, Sonderheft, F. Ellendorf, E. Decuypere, D. Demeyer, F. Leenstra
and R. Pym eds. 3-6.
NEZEL, K., (1979) Carry over behaviour of lead, cadmium and mercury in fowl.
Proceedings of the 2nd European Symposium on Poultry Nutrition, C.A. Kan and
PCM. Simons eds., 79-84.

95

NOUWS, J.F.M., MOUTAFCHIEVA, R., KEUKENS, HJ., KAN, C.A., BEEK,
W.M.J., STREUT JENS, E. and HOOGENBOOM, L.A.P., (1994) Plasma
deposition, metabolism and residue aspects of sodium salicylate in broilers after
water medication. Proceedings 6th Meeting European Association Veterinary
Pharmacology and Toxicology, PI3, 286-287.
OOSTENBACH, P.J.G. (1993) Quality assurance in the Netherlands. Proceedings of
the 11th Symposium on the Quality of Poultry Meat and the 5th Symposium on the
Quality of Eggs and Egg Products, J.C. Blum and B. Desnoues eds. vol 3, 71-76.
TAHVONEN, R. and Kumpulainen, J., (1995) Lead and cadmium contents in milk,
cheese and eggs on the Finnish market. Food Additives and Contaminants, 12, 789798.
UEBERSCHR, K.H., (1995) Rckstnde in Hhnereiern und Geflgelfleisch aus
unerwnschten Stoffen im Futter - Schwermetalle und Organochlorverbindungen.
Archiv fr Geflgelkunde, 59, 342-251.

96

PRESENCE OF BACTERIA IN WHITE, YOLK AND
WHOLE DRIED EGGS PRODUCTS
iRarmen Botka-Petrak, ^T. Petrak, ^A. Jeli'c
^Department of Anatomy, Histology and Embriology, Veterinary
Faculty, Heinzelova 55, 10 OOOZagreb, Croatia
^Faculty of Food-Technology and Biotechnology, Pierottijeva 6,
10 000 Zagreb, Croatia

Quality and hygienic propriety of products made with eggs mostly depend on
the quality of the used raw material. Antimicrobial characteristics of eggs
diminish after being exposed to thermic treatment and therefore, they may
essentially influence the hygienic propriety of products made with eggs. Our
investigations, carried out in plants for eggs products and processing on 450
powder substrates (melange, egg-white and yolk), were based on determining
the hygienic propriety of eggs treated thermically with high temperature
sterilization.Bacteriological parameters included, a total number of aerobic
mesophyllic bacterial contaminators , Salmonella spp., Proteus spp.,
Stephylococcus pyogenes var. aureus^ E, coli^ Clostridium spp., C/. perfngens,
Pseudomonas spp., C jejuni, Y. enterocolitica.

INTRODUCTION
Because of their high nutritive value eggs are one of the most important factors in
human ahmentation. As a food-stuff of animal orgin, they happen to be a source of
necessary nourishing substances, proteins, fats, carbohydrates, essential aminoacids,
minerals and vitamins. However, the same as other food-stuffs, they may be a potencial
cause of human poisoning by alimentary intoxications, the most important of them
being the salmonellae infections (Jones 1990, Cox et al. 1991).
According to Corry and Barnes (1968) and D' Aoust et al. (1980), the genesis of the
ways in which an egg is infected may be due to the interaction and combination of
various factors, such as extrinsic and intrinsic as well as the implicit ones. An initial
infection of the egg-shell and, consecutively, a gradual penetration of microorganisms
into the egg through the egg-shell pores, appear to be a basic infective factor.
It is a well known fact that immediately after the laying, the egg is sterile in 95% of
cases.The egg contamination appears some hours after the laying of the tgg in
external environment, its index being proportional to the environment pollution index.
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The penetration of infectants into the eggs interior is prevented by the structure of
the egg-shell and of the cuticle as well as by the external and internal membranes
beneath the shell serving as a bacteriological filter preventing the infection during
24-96 hours (Belyavin et al. 1991). The investigations by Redfield and Dobson (1988)
and by Van de Guchte et al. (1989) showed that the antimicrobiologic properties of
the egg-white influenced the hygienic quality of the egg. The bacteriological selectivity
within the egg-white is due to a high pH and antibacteriological substances, namely
of the lysozyme, a basic protein lysing the cell wall of gram-positive and gramnegative bacteria. The penetration is stimulated by the humidity, egg-shell
contamination and the air absorbtion while a hot and recently layed egg is being
cooled (Van de Guchte et al. 1989 and Nascimento 1992).
According to Thomas and McMeekin (1980, 1981), the clinging of bacteria to the
egg-shell surface is performed in two phases. In the first reversible phase the bacteria
"dive in" the pores clinging to the surface of the shell owing to their physical power.
The second irreversible phase starts when glycocalix is produced by secretion of
fibrils making possible their clinging to the surface of egg-shells. Of course, it is a
complex process in which the nature of the fibrils, as a bridge between the substratum
surface and the bacteria, depends on the types of bacteria although they irrreversibly
can be clinging even without adhesive fibrils (Hood and Zottola 1987).
The contribution of this paper to the investigation of bacterial contaminants is
applicable to dehydrated products made with eggs (melange, egg-white, yolk). In
order to determine its hygienic propriety, the bacteriological microflora was
investigated in relation with thermical conditions of the technological egg processing
by dehydration. Knowledge of such facts might lead to improve the quality of
thermodynamic procedures aiming to reduce some typical bacterial egg contaminants.
MATERIALS AND METHODS
Dehydration of eggs is based on separation of water aiming to stop the growth and
reproduction of bacteria. The process itself is two-fold as it concerns two basic
categories: production of egg-white powder, and the production of yolk and melange
powder. The input raw material includes fresh liquid eggs as well as frozen eggs.
Separation of water is performed using a spray drying system at temperatures of 178182°C for 3-4 seconds. A filtrated, homogenized, cooled and pasteurized fraction of
liquid eggs, after a continued 1 minute pasteurization at temperature of 60-63°C by
means of a hot air stream drying system, is converted into an atomized egg powder.
The atomized particles of eggs in powder are put in chambers separately, and packed
in sacks for storing or transport.
The microbiological proprieties of eggs in powder being most important in the egg
drying process, the parameters of bacteriological contamination were investigated in
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450 powder substrates (melange, egg-white and yolk). They concerned with total
number of aerobic mesophyllic bacteria. Salmonella spp., Proteus spp., Staphylococcus
pyogenes var. aureus, Escherichia coli, Clostridium spp., Clostridium perfrigens,
Pseudomonas spp., Campylohacter jejuni and Yersinia enterocolitica. The
bacteriological analysis was done with the usual standards prescribed for isolation,
identification and classification of bacteria.
RESULTS
The elaboration of the results of the bacteriological analysis concerning a total number
of aerobic mesophyllic bacterial contaminants expressed by a logarithmic number is
presented in Table 1.
The medium value of a logarithmic number of bacteria within the melange powder
was 4.862, in yolk powder 4.400, and in egg-white powder 3.761. The medium value
difference concerning the total number of bacteria within a group of products, the
melange contrasted with the yolk or the white, is significant and statistically relevant
at the level P<0.01.
Table 1:

Statistical analysis of total number of bacterial contaminants in products made with
eggs.
Melange powder

Yolk powder

Egg-white powder Justified
différenciation

n

310

90

50

X

4.862

4.400

3.761

Xmin ■- Xmax

2.253 - 6.699

3.041-5.301

2.079-4.991

S

0.6160

0.5220

0.7517

Sx

0.350

0.550

0.1063

P<0.01

The results of the analysis concerning the presence of specific bacterial contaminants
are shown in Table 2. The investigations showed that the Salmonellae bacteria were
found 8.7% in melange powder, 6,0% in yolk powder, and 6.6% in egg-white powder.
In the investigated products made with eggs, Escherichia coli was isolated in almost
even proportions (8.3%, 8.0%, 8.8%), which was not the case with the Proteus
bacteria as melange powder (6.1%) contained more numerous than in yolk and eggwhite powder (4%). Bacteria of the Clostridium type were found 19% in melange,
6% in egg-white and 11.1% in yolk powder. Clostridium perfrigens was significantly
present in melange powder (2.5%) and in yolk powder (2.2%). The percentage of
presence of Staphylococcus pyogenes var. aureus was highest in yolk powder (2.2%),
which is almost identical to the findings concerning the Campylohacter jejuni bacteria
(2.0%). Yersinia enterocolitica and Pseudomonas spp. were not isolated.
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Table 2:
Sample

Presence of specific bacterial contaminants in products made with eggs.
Type, number and percentage presence of bacteria

No.
S

%

Stp

%

P

%

E.c

%

Cl

%

Cl.p %

C.j

%

Y.e

%

Ps

%

Melange
powder

310

27

8.7

4

1.3

19

6.1

26

8.3

59

19

8

2.5

2

0.6

0

0

0

0

Eggwhite
powder

50

3

6.0

1

2.0

2

4.0

4

8.0

3

6.0

0

0

0

0

0

0

0

0

Yolk
powder

90

6

6.6

2

2.2

2

4.0

8

8.8

10

11.12

2.2

1

2.0

0

0

0

0

S. - Salmonella, Spp. - Staphylococcus pyogenes var. aureus , P. - Proteus,
E.G. - E. <coli,

Cl.- Clostrid ium Spp., Cl. p. - C. peifingers, C. j. - Campylohacter jejuni,

Y.e. - Yersinia enterocolitica, P.S. - Pseudomonas Spp.

DISCUSSION
Our investigation irrefutably proved that the biggest initial contamination of eggs in
powder was in melange. The logarithmic number of bacteria ranging from 2.253 to
6.699 as well as the highest percentage of specific types may be attributed to the
procedures of breaking the Q.gg, i.e. the contamination of the primary product made
with eggs through the shell. It is a well known fact that the bacterial contanination
starts while the egg is being layed, then during the transport, and especially during
the washing. The eggs from refrigerator being used as raw materials in our experiments,
considering initial bacterial load may be another source of contamination. In melange
samples with a very high logarithmic number of bacteria, (6.000 or more), the
secondary infection is possible due to a hot air stream absorbing some dust particles
(D'Souza and Godbele 1989). Similarly by mixing the yolk and the white, (especially
the egg-white), they lose their antibacterial properties. The egg pH being an essential
factor, it is higher in egg-white than in yolk. In accordance with the technological
procedures for eggs drying, when the processes for production of melange and yolk
powder are totally separated from those of egg-white powder, it was indisputably
stated that the hygienic propriety of the egg-white was significantly higher in
comparison with yolk powder, and that yolk powder itself had a reduced microflora
than the one found in melange powder.
Looking altogether, the specific contaminating bacteria in melange and yolk powder
indicate a significant presence of Salmonella spp., Staphylococcus pyogenes var.
aureus, Escherichia coli, Proteus spp., Clostridium spp., Clostridium perfrigens and
Campylohacter jejuni being higher than in egg-white powder, whose microbiological
status is the most favourable of all investigated products. A significant contamination
by the specific microflora within melange and yolk powder is attributed to the
properties of the yolk as bearing lipids within the tgg. It means that the microflora
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reduction is not entirely efficient because of the interpolation of bacteria within the
drops of fat, thus protecting bacteria and stimulating their thermic resistance, which
was irrefutably proved by our research.
CONCLUSION
Summing up the present experiment, we can irrefutably state that the products made
with dried eggs are submitted to the bacterial contamination which depends on the
way of their primary and secondary technological processing, i. e. on the initial
contamination of the eggs as the original raw material.
A thermic processing of eggs for their sterilization by means of high temperatures
appeared to be justified in order to reduce typical contaminating bacteria within
eggs. As such it is an inevitable factor for the evaluation of their hygiene and
sanitary proprieties.
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Effect of fenvalerate on residual blood concentration, haemogram and certain
blood biochemical changes following dermal application at 0.05% in ethanol once
daily for 31 days in broiler chicks was studied. It did not show loss of body weight
gain, but induced erythrocytosis from day 10 onwards, lymphocytopenia on day
24 and delayed clotting time on day 10 of dermal applications. It was absorbed
rapidly from the skin, reached the blood after day 1, attained the peak level on
day 7; and thereafter showed an alternate increase and decrease pattern till day
31. Biochemically, it produced hypercholesterolemia on day 28, increased serum
alkaline phosphatase activity from day 7 onwards, acid phosphatase activity on
day 21; and decreased aspartate aminotransferase activity on day 21. Intestine
possessed maximum residue (20.55 ± 2.48 m g/g) foUowed by kidney (5.71 ± 1.15
m g/g), heart (5.57 ± 0.55 m g/g), liver (3.06 ± 0.32 m g/g) and brain (2.48 ± 0.3 m
g/g). It appears that continuous dermal application of fenvalerate at 0.05% level
may not have any adverse effect on broiler chicks.
INTRODUCTION
Fenvalerate[(R,S)-a cyano-3-phenoxy benzyl(R,S) 2(4 chlorophenyl)-3 methyl buterate]
is a member of synthetic pyrethroid compounds and extensively used as insecticide for
the control of ectoparasite infestation on domestic animals including fowls (Mumtaz
and Menzer, 1986; Elliot et al., 1978) due to lowered toxicity than that of organochlorine,
organophosphoms and carbamate compounds (Deo and Krishnakumary, 1991). The
normal route of insecticide application is dermal. Therefore, it becomes obligatory to
know the possible adverse effect in the animal system following repititive dermal
administration. With this idea, we explored the possible adverse effect on blood and
residual retention of fenvalerate after short term dermal application at 0.05% level. The
meat of broilers is palatable and popularly consumed by the human beings, and hence
considered as experimental animal of this study.
MATERIALS AND METHODS
Fenvalerate technical grade (90.5% pure) was obtained from M/s. Rallis India Limited
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and further purified by repeated column chromatography to 98.5% purity. Twenty broiler
chicken 12 to 13 weeks old with mean body weight 1.2 (±0.04) kg were procured fi-om
a local poultry farm (M/S, Eastern Hatchery). They were fed with commercial grower's
mash and water ad libitum. The experiment was conducted at 25 ± T'C. The birds were
divided into two equal groups and caged individually. An area of 3 x 3 inches on the
left lateral side of the chest wall of each bird of both the groups were cleaned by clipping
the feathers. Fenvalerate (0.05%) in ethanol and only ethanol were applied by sprayer
on the clipped area of birds of experimental and control groups respectively, once daily
at 10 A.M. for 31 days. Everyday the unabsorbed fenvalerate residue was removed
with soft brush from the applied area of each bird at 9.30 A.M. before subsequent
dermal application. The total amount of fenvalerate solution sprayed on every bird of
experimental groups was 25 ml. The body weights of control and experimental groups
were recorded weekly.
With sterile syringe, 8.5 ml of blood from each of the experimental and 7.0 ml from the
control bird was drawn from the wing vein at 1,7,14,21,28 and 31 days of dermal
apphcation. Out of which, 2.5 ml was collected in heparinized tube and utiUzed for the
estimation of fenvalerate residue (Quistad et al. 1982 modified by Mandai et al. 1992)
and haemogram study like RBC, WBC (Natt and Herrick, 1952), haemoglobin, PCV,
clotting time and differential leucocyte count (Schalm et al., 1975). Blood (1.0ml)
containing sodium fluoride as anti-coagulant was utilized for the estimation of blood
glucose (Nelson and Somogyi, 1969) and inorganic phosphorus (Fiske and Subbaraw,
1969). Remaining 5nil of blood was allowed to clot in the refrigerator, and serum thus
separated was used for the determination of cholesterol (Maclntyre and Ralston, 1954),
protein (Wooton, 1974), aminotransferase (Yatazidis, 1960), alkaline and acid
phosphatase (Kind and King, 1969) and acetylcholonesterase (Augustinsson, 1957).
Aspartate aminotransferase (E.C. 2.6.1.1) (SAST) was assayed in a medium (0.5ml)
containing L-aspartic acid (100 m mole, pH 7.4), a-ketoglutaric acid (1 m mole, pH
7.4) dipotassium hydrogen phosphate (57 m mole, pH 7.4) and the serum source (0.1
ml). Alanine aminotransferase [E.C. 2.6.1.2] (SALT) was assayed in a medium (0.5
ml) containing DL-alanine (100 m mole, pH 7.4), a-ketoglutaric acid (1 m mole, pH
7.4), di-potassium hydrogen phosphate (57 m mole, pH 7.4) and serum source (0.1 ml).
Alkaline phosphatase [E.C. 3.1.3.1] (SALP) was assayed in a medium (2.0 ml) cotaining
disodium phenylphosphate (10 m mole, pH 10.00), sodium carbonate (100 m mole, pH
10.00), sodium bicarbonate (10 m mole, pH 10.00) and serum source (0.1 ml). Acid
phosphatase [E.C. 3.1.3.2] (SAC?) was assayed in a medium (2.0 ml) containing
disodium phenylphosphate (10 m mole, pH 4.9), citric acid (10 m mole, pH 4.9), sodium
hydroxide (376 m mole, pH 4.9) and serum source (0.1 ml). Acetylcholinesterase (AchE)
was assayed in medium (0.9 ml) containing acetylcholine (3.6 m mole, pH 7.4), disodium
hydrogen phosphate (51.8 m mole, pH 7.4), potassium dihydrogen phosphate (45 m
mole, pH 7.4) and serum source (0.05 ml).
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Determination of insecticide residue in tissues : All the birds of control and
experimental group were sacrificed on 32nd day of experiment. The concentration of
fenvalerate was assayed on a piece of liver, kidney, heart, brain, fat and
intestine of birds by the method Marie et al.(1982) modified by Mandai et al. (1992) by
Gas Liquid Chromatography (GLC). Recoveries were determined by
fortification of liver, kidney, heart, brain and omental fat (~2g) with known quantity of
insecticide (0.001, 0.01 and 0.1 m g ml O and the recoveries averaged 88%. The limit
of detection in each tissue was 0.003 m g ml ^ The data was recorded in a HP3392
integrator and subjected to analysis of variance (Snedecor and Cochran, 1976).
RESULTS
Fenvalerate increased the body weight of birds but was statistically non-significant.
The treated birds did not show any clinical signs of toxicity. The mean blood
concentrations of fenvalerate in broiler chicks at 1,7,14,21 and 31 day following
continuous dermal applications (pdd) is depicted in Table 1. In general, blood
concentration showed an alternate increase and decrease pattern.
Table 1. Blood level of fenvalerate (m g/ml) of broiler chicks following sub-acute dermal
application of 0.05% once daily for 31 days. (Mean values of 10 replicates with S.E.)
Days

Dermal concentration (m g/ml)

1.99**

±0.93
±1.79
±0.14

21

8.18

±0.93

31

4.18**

±0.23

7
14

8.48
17.26**

**, P<0.01 compared to 1st day.
The results of haemogram are shown in Table 2. Fenvalerate significantly
increased the total RBC values, clotting time and haemoglobin values (non-significant)
of 10 days of dermal application. It also produced lymphocytopenia (Table 3) from 24
day onwards, however, it did not alter the PCV and TLC values.
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Table 2. Effect of fenvalerate on haematological parameters of broiler chicks following dermal
applications at 0.05% in ethanol for 31 days (Mean values of 10 replicates with S.E.)
Parameters

DAYS
5

17

10
Expt. Control

Expt.

2.72
±0.05

2.80
±0.04

2.70
±0.04

2.98** 2.75
±0.05
±0.06

Haemoglobin (gm %)1 9.73
±0.06

9.46
±0.13

9.74
±0.06

10.06
±0.20

Packed cell volume

Control
Total Erythrocyte
count (lOVCu mm)

24

Control Expt.

Control

Expt.

2.99**
±0.03

2.81
±0.03

3.08**
±0.06

9.78
±0.07

10.12
±0.12

9.80
±0.07

9.98
±0.77

(%)

29.90
±0.85

30.00
±0.93

29.20
±0.77

30.70
±0.64

29.90
±0.85

31.30
±0.87

30.50
±0.49

30.90
±0.49

Total Leucocyte
count (10^ Cu/mm)

25.40
±0.98

24.90
±0.98

25.20
±0.89

26.10
±1.33

25.80
±0.91

26.00
±0.89

26.20
±1.14

27.20
±0.85

Erythrocyte
Sedimentation Rate
(mm/Ist hour)

0.60
±0.04

0.54
±0.04

0.60
±0.03

0.54
±0.04

0.54
±0.04

0.57
±0.05

0.58
±0.04

0.58
±0.04

Clotting time
(Sec)

79.50
±4.36

84.00
±4.40

70.40
±2.67

80.10*
±2.41

73.50
±4.65

85.00
±4.90

70.00
±3.81

66.00
±3.99

*, P<0.05 ; **, P<0.01 compared to control value.

Fenvalerate showed hyperglycaemia (non-significant) till 21 day followed by
normoglycaemia on 28 day pdd. It significantly increased the serum cholesterol level
on 28 day, cholinesterase enzyme activity on 14 day, alkaline phosphatase activity
from 7 day onward and acid phosphatase activity (non-significant) on 21 day pdd. On
the other hand it reduced S AST activity 21 day pdd, but did not alter SALT, protein and
inorganic phosphorus levels (Table 4). The residues of fenvalerate in different tissues
following continuous dermal application (pdd) at 0.05% level is shown in Table 5.
Intestine possessed the highest residue followed by kidney, heart, liver, brain and fat in
sequence.
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Table 3. Effect of fenvalerate on differntial count of leucocytes of broiler chiks following dermal
applications at 0.05% in ethanol for 31 days (Mean values of 10 replicates with S.E.)
Parameters

DAYS
10

3
Control

Expt. Control

17
]Expt.

24

Control Expt.

Expt.

Control

Lymphocyte(%)

55.90
±0.93

56.80
±1.00

57.20
±1.15

58.60
±0.95

54.50
±1.10

56.80
±0.93

57.80
±0.97

50.00
±0.77

Monocyte(%)

2.60
±0.29

2.70
±0.28

2.80
±0.36

2.90
±0.26

2.40
±0.32

2.70
±0.31

2.70
±0.40

2.80
±0.18

Heterophil(%)

32.10
±1.11

32.40
±0.88

31.90
±0.93

33.00
±0.67

32.00
±1.03

33.60
±1.21

32.30
±0.98

34.30
±1.07

Basophil(%)

1.28
±0.11

1.08
±0.12

0.85
±0.06

0.96
±0.19

0.99
±0.07

1.14
±0.08

0.91
±0.06

1.01
±0.04

-

-

-

-

-

Eosinophil(%)
**, P<0.01 compared to control ; -, not detected.

DISCUSSION
Absorption of insecticide through skin depends upon its penetrability and polarity of
solvent. Ethanol is a weak polar solvent. Therefore, presence of fenvalerate in the blood
of broiler chicks after 1 day of dermal application indicates that like other synthetic
pyrethroid compounds (Casida et al., 1983), fenvalerate is absorbed through intact
skin, accumulated in blood till 7 day and thereafter, shows a sharp decline on 14 day of
dermal application. Accumulation of insecticide in blood is possible when absorption
rate is faster than that of tfie rate of excretion and inactivation. Our previous studies
(Majumdar et al. 1994), and the studies of Riviere et al., 1983 ; and Mumtaz and Menzer,
1986 indicate that the birds are* potent in metabolizing fenvalerate through microsomal
system of liver and intestine.
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Table 4. Effect of fenvalerate on certain blood and serum biochemical parameters of broiler
chicks following dermal applications at 0.05% in ethanol for 31 days (Mean values of 10
replicates with S.E.)
Parameters

DAYS
3
Control

Blood glucose
(mg/dl)

Expt. Control

142.00
±4.50

151.20
±6.64

Blood inorganic
phosphorus (mg/dl)

3.43
±0.16

3.73
±0.25

Serum cholesterol
(mg/dl)

123.50
±2.45

137.00
±4.91

5.10
±0.24

4.75
±0.46

Serum Aspartate
amino-transferase
(Unit/ml/hr)

101.00
±3.30

108.00
±4.94

Serum Alanine
amino-transferase
(Unit/ml/hr)

14.50
±1.31

18.00
±2.25

Serum Alkanine
phosphatase

8.20
±0.67

i5.6r*
±1.21

(KA Units/15/min)
Serum Acid
phosphatase
(KA Units/60/min)

1.90
±0.19

1.65
±0.10

Serum protein
(gm/dl)

Serum Acetyl
1.79
1.85
Cholinesterase (micro ±0.10
±0.09
mol Ach hydrolysed/ml/30 mir1)

24

Expt.

Control

Expt.

153.60 159.80
±2.60 ±6.34

154.80
±6.93

170.40
±6.45

3.07
±0.16

3.64
±0.18

4.17
±0.19

3.75
±0.12

3.80
±0.10

121.00 122.00
±5.00 ±3.48

107.00
±3.10

108.00
±3.88

101.50
±3.32

119.0*
±4.73

4.77
±0.16

5.20
±0.20

5.32
±0.13

5.07
±0.16

4.97
±0.16

3.49
±0.15

5.12
±0.20

162.50 156.60
±6.45 ±4.69

183.00 140.00**
±7.22
±9.49

Control

Expt.

153.60 155.20
±3.76 ±6.44

208.00 215.00
±5.97 ±6.52

13.50
±1.23

20.00
±1.73

19.00
±1.37

18.61 10.75**
±1.07 ±1.05

22.10
±0.62

35.45**
±2.16

1.85
±0.18

2.15
±0.17

3.05
±0.17

2.60
±0.24

3.00
±0.22

1.65 , 2.2r*
±0.16 ±0.22

1.61
±0.10

1.93
±0.14

2.04
±0.17

2.07
±0.16

11.50
±0.72

2.25
±0.21

*, P<0.05 ; **, P<0.01 compared to control.
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17

10

21.00
±1.97

19.50
±1.31

22.80 38.70**
±1.40 ±2.09

Table 5. Residual concentrations of fenvalerate in different organs of broiler chicks of following
dermal applications at 0.05% in ethanol for 31 days (Mean value of 10 replicates with SE)
Organs

Concentration of fenvalerate
(micro g/gm wet tissue)

Liver
Kidney
Heart
Brain
Omental fat
Intestine

3.06 ± 0.32
5.71 ±1.15
5.57 ±0.55
2.48 ± 0.30
3.39 ± 0.77
20.55 ± 2.48

Long term dermal application of fenvalerate at 0.1% thrice a week, produced
erythrocytosis, haemoglobinization, leucopenia, lymphocytosis and increased packed
cell volume values in the blood of cockerel after 75 days (Majumdar et al., 1996). The
dermal application of fenvalerate at 0.05% once daily for 31 days produced only
erythrocytosis from 10 days onwards and lymphocytopenia on 24 day in broiler chicken
indicating least alteration of blood picture at this concentration. Hyperglycaemia is the
common phenomenon during stress condition and insecticide-induced hyperglycaemia
has already been reported in Indian desert gerbil (Karel and Saxena, 1977). However,
dermal application of fenvalerate in this study caused a non-significant hyperglycaemia
in broiler chicken. Increase of serum alkaline phosphate activity is probably more related
with the cellular alteration since we have reported earlier (Majumdar et al., 1996) that
continuous dermal application of fenvalerate for 31 days produced aggregation of
mononuclear cells in liver, heart and kidney tissues. Therefore, it is expected that
fenvalerate increased the cellular permeability and consequently caused the leakage of
intracellular enzyme into the blood stream and increased the enzyme activities.
Kidney, being one of the main excretory organ might possess good quantity of residue.
Likewise, heart also contained good amount of fenvalerate residue, but treated birds
did neither show the increase of transaminase activities nor clinical sign of toxicity. In
addition to the above, presence of fenvalerate residue in liver, brain, omental fat and
intestine denotes the ubiquitous distribution of compound in the body of broiler chicken.
Interestingly, intestine contains maximal amount of fenvalerate residue. However, it is
difficult to explain with the present context about the reason of maximum retention of
residue in intestine except attributing to the possibility of undergoing enterohepatic
circulation. Finally, it appears that the birds following continuous dermal application
of fenvalerate at 0.05% for 31 days are comparatively resistant to fenvalerate toxicity.
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4. PROCESSING TO IMPROVE SHELF LIFE AND
QUALITY OF PRODUCTS
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THE QUALITY OF POULTRY PRODUCTS
Reinhard Fries
Institute for Anotomie, Katzenbergweg 7-9, D-53115, Bonn, Germany

The term quality is a sum of various aspects and methods, which may represent
the region of the world where it has to be applied. So, there exists no common
defínition of this term, and in every specific case one has to define the factors,
which are concerned in the actual discussion. Nevertheless, two aspects should be
regarded as essential for developing and developed countries as well:
wholesomeness and availability of food for all. It becomes evident, that poultry
represents a food, which can be produced under acceptable consumption of feed
and which may be acceptable in all parts of the world. Because of its favourable
circumstances of production and the worldwide importance poultry science should
deal with topics like technology of stabilizing foods and prevention of spoilage
during storage. Yet, pollution of pathogens from subclinically, i.e. healthy birds
into the environment is a challenging problem in general and one of the specific
problems in poultry meat production. Nevertheless, the points I selected for this
paper may not be urgent in the same way in the different parts of the world. It is
the task of this subtopic, to present some aspects of food quality applied to poultry
meat production in different parts of the world and from different points of view.
We now are looking forword to learn some various interpretations from the
different contributions.
THE TERM OF QUALITY
"Quality" means the present status of a food without any association to "good" or
"bad". Numerous factors are known as to affect the quaUty of products.
Food should be produced under conditions as follows:
* safe (no health risk for consumers),
* stable for a certain interval,
*
produced under acceptable conditions with respect to
** organoleptic items
** dietary contents
** technical risk for man, animal or environment.
So, aspects of quality of foods cover human, animal, environmental and technical aspects,
and each of them relates to each other (Tab. 1).
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Table 1. Aspects of quality (of poultry meat)
Human Health (safety: freedom of zoonoses and agents causing foodbome infections and
intoxications)
Human Nutrition and Dietary Aspects (availability of foods, composition of ingredients)
Religions and Cultural Aspects (vegetarianism, interdiction of consumption)
Feed Conversion in Animal Nutrition (use of resources)
Animal Health and Welfare (losses because of condemnations and downgradings, ethics)
Technology in Rearing and Primary Processing (macroscopic aspects, costs, hygiene)
Organoleptic Aspects (taste, smell, consistency, appearance)
Usefulness of the Food (shelf life, storability under extreme climates)
Technology in Secondary Processing (safety and control of technologies, dietary losses, costs)
Environmental Aspects (NH3, energy costs of processing, quantity and quality of waste)

Table 2. Feed conversion of broiler chickens (T\iller, 1993)
week
1+2
3
4
5
6
7
Total

feed consumption
368 g
551g
577 g
804 g
950 g
1126 g
4376 g

weight

FCR

298 g
655 g
973 g
1385 g
1806 g
2238 g

1

2238 g

1.95:1

: 2.6

But, every item can be regarded also from contradictory points of view. For instance,
the benefits of automation are obvious with respect to hygiene, so automation is a step
forword. In Western Europe automation is also an important factor relating to the cost
of man power (Veerkamp, 1995), and so it has been preferred to a great extent there.
Yet, in other parts of the world the demand for automation may be less urgent due to
financial reasons.
Our first conclusion therefore is, that aspects of food quality are not as good as one
would expect, and the question is, if factors can be named being commonly agreed to
have a special impact on the decision about the "good" or "bad" quality of a food.
CENTRAL ASPECTS
We are faced with our growing world population, to undemutrition and to a remarkable
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amount of foodbome infections and intoxications; so in my opinion the most challenging
items of food quality are
*

the availability of sufficient food, its distribution and storage and

* the wholesomeness of foods as well.
AVAILABILITY
Rearing of birds: Upon the premise of the need for food of animal origin and regarding
the competition of man and domestic animals for feed, the use of primary resources
becomes an important topic. In comparison to other species the feed conversion rate of
poultry is favourable. Table 2 shows data from modem Western Europe broiler chickens.
Processing: Poultry production is, especially in developed countries, a fast developing
industry. Table 3 shows outstanding technical improvements in the last decade (delivery
of animals, carry over of carcasses from conveyor to conveyor, evisceration techniques
or chilling types).
Yet, there remains a lot of things to do. In the future attention has to be paid to the
machinery in the kiUing line: as an example let me refer to the use of water.
Water is an important process medium in poultry slaughtering. Fig. 1 shows the circuits
of water in an abattoir. Correspondingly the need for fresh water and the amount of
waste water is high. The use of water may be reduced to 200 ml per broiler chicken in
the scalding stage (Veerkamp, 1992).
The bacteriological quality of water is not always good. Table. 4 shows the hygienic
status of different water samples from poultry scalding tanks.
Table 3. Improvements in poultry processing in the last two decades
Stage

Topic

Result

Unloading

transport modules

Conveyors
Evisceration

automatic transfer
development of techniques
* hand made
* automatic devices
* separation of carcass and organs
counter- current system
air- chilling
evaporative chilling

improved animal welfare,
less human fatigue
improved hygiene

Chilling techniques

improvement of hygiene
control of crosscontamination reduced
uptake of water
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Table 4. Scalding water in poultry processing according to various authors (x = mean count)
High scalding, no segments

Low scalding, no segments

x = 4.23
x = 4.85
X = 4.20; 4.13; 3.98
x-6

(Mulder and Dorresteijn, 1977)
(Thompson and Patterson, 1983)
(Fries, 1992 b)
(Mulder, 1985)

High scalding, 3 segments
High scalding, 2 segments

x = 5.40/5.17/4.62
x = 4.95/4.50

(Fries and Graw in prep.)

Low scalding, 3 segments
Low scalding, 4 segments

x = 7.06/6.84/6.61
x = 7.30/7.20/6.77/6.76

Table 5. Factors affecting microbial associations (Mossel, 1979)
Intrinsic Factors

* nutrient composition
* structural barriers
* antimicrobial constituents, naturally occuring or added
*pH

*aw
Extrinsic Factors

Implicit Factors

*Eh
* amount of initial bacteria
* temperature
* type of packaging
* duration of exposure
* antagonosms and synergisms
* generation time of bacteria

Research and practical application is necessary also in water reuse. In a pilot study the
following figures were reached (Dunn, 1990):
Light Transmittance
95-100 %
E.coU
<10
CoHforms
<10
Total germ count
<100
Chlorine Residual
1,0/1 +free
Salmonella
neg.
Storage: Considerable amounts of foods get lost by spoilage in general, which is about
30% of production. Reasons may be inadequate conditions in primary or secondary
processing, conàitions of storage places and of storage as well. This means, shelf hfe
of foods should match the local storage conditions with respect to the climates. So the
question arises, to which extent fresh meat should be stored and distributed in hot
climates. Table 5 gives factors of importance in the survival and the growth of bacteria.
According to Leistner (1985) research in local traditional meats should be enforced.
The goal is, to store meat and meat products with little or without refrigeration: genuine
products as well as the principles of predictive microbiology may be interesting topics
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here and should also be applied in poultry science. Predictive microbiology is based
upon the thesis, that bacterial populations response to factors, which have an impact on
bacterial physiology (Ross and McMeekin, 1994). Table 6 shows bacteria, potentially
present on poultry (of Western European production type) and potentially spoiling meat.
Consumption: Another important and last point: consumer's attitude toward poultry
meat is, as far as I can see, free of religious or traditional restrictions all over the world.
HUMAN HEALTH
Some zoonoses transfered from animal to man by foods are listed correspondingly in
developing and developed countries as well. These arc salmonellosis, brucellosis,
listeriosis, tuberculosis and trichinellosis (Grossklaus, 1985; Raja, 1992).
As far as poultry is concerned, salmonella as well as campylobacter are transfered from
subclinically infected animals to man. These bacteria are present in animals and would
be carried from clinically healthy animals to men. Here poultry is involved to a greater
or lesser extent. Efforts are made in developed countries, but yet this is a severe problem.
Table 7 demonstrates the situation of enteritis causative agents in Germany, in Table 8
the distribution of some important serotypes in red and white meat is presented. Still,
recently in Germany the counts decreased.
Table 6. Taxonomy of aerobic bacteria found in meat production lines
Type

Family

Genus

4. Gram negative aerobic rods
and cocci

Pseudomonadaceae

Pseudomonas
Hanthomonas
Azotobacter
Neisseria
Moraxella
Acinetobacter
Flavobacterium
Alcaligenes

Azotobacteriaceae
Neis sen aceae

other
5. Facultative anaerobic
Gram negative rods
12. Gram positive cocci

Enterobacteriaceae
Vibrionaceae
Micrococcaceae

other

13. Endospore- forming Gram positive
rods and cocci
14. Regular, nonsporing
Gram positive rods
15. Irregular, nonsporing Gram positive
rods (and further sections)

Aeromonas
Micrococcus
Staphylococcus
Planococcus
Streptococcus
Pediococcus
Aerococcus

Bacillus
Lactobacillus
Listeria
Corynebacterium
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Table 7. Human cases of Salmonellosis in Germany in the last decades (Zastrow and Schonberg,
1994; Härtung, 1994)
1965
1993

1970

1975

1980

1985

1986

1987

1988

1989

1990

1991

1992

5 913 12 410 30 728 48 537 30 566 33 271 39 342 49 564 63 600 91 237 135 366 195 378
140 533

Table 8. Salmonella isolates in Germany from samples sent to veterinary Institutes in 1993
(Serovars) (Härtung, 1994)
calves
cattle
pork
hens
chickens

n
57 846
120 573
33 363
23 943
18 882

positive
3.33 %
2.33 %
1.56%
4.57 %
2.33 %

S.typhimurium
86.7 %
75.1 %
50.6 %
10.0%
3.9 %

S.enteritidis
3.1 %
7.1 %
5.4%
49.5 %
67.3 %

Table 9. Starting points for combating salmonellosis in poultry meat production, developed
countries (Fries 1992,a)
Husbandry

Transportation

Slaughtering

Product
Retail

heat treatment of feed and by-products
prolongation of fattening peroid
specific pathogen free herds
immunization of breeder flocks
substitution (probionic acid, probiotics, quartz sand)
good hygiene in management incl. pest control, access control, personal hygiene
and design of buildings
feed withdrawal before transport
reducing of transport time
improving of design of cages
design of apparatus with respect to hygiene
chlorination of water
shifting pH of water
clarification of waste water
organization of cleaning and disinfection
establishing of internal control measures
training the personnel
health control of personnel
use of spray carcasses
gamma-rays
information of consumers
adequate storage conditions
heat treatment

Livestock farming techniques, transportation and slaughtering-techniques are potentially
highly sophisticated and industrialized. From this point of view, philosophy and
management of poultry production are a good starting point for enforcement of control
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practices of pathogenic bacteria on every stage of the production schedule from hvestock
to human foodstuff (Table 9). Every stage may enable improvements for combating
salmonella. As an example, in Fig. 2 some destruction rates of salmonella are presented:
they show the dependence of its destruction on pH and temperature, or both. Even if
the results from a practical standpoint are still contradictory, models like this demonstrate
the philosophy of predictive microbiology.
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NEW DEVELOPMENTS IN POULTRY PROCESSING
AND POULTRY MEAT QUALITY
T.G. Uijttenboogaart
Department of Food Science, DLO-Institute for Animal Science and
Health, Edelhertweg 15, NL 8219 PH Lelystad, The Netherlands

INTRODUCTION
In the past decade poultry meat consumption worldwide has increased rapidly. In the
United States poultry meat has outgrown both beef and pork. In many parts of the
world the per capita consumption of poultry meat will continue to grow far into the
next century. Reasons for this growth are the health image of the product, considered
lean and rich in protein, the increase of the availability of further processed products
and last but not least the relatively low price of this type of meat.
To keep poultry meat attractive for a growing number of people, poultry operations
have to be highly cost effective. An important aspect here is the labour requirements in
poultry processing plants. In Europe, for example, the labour requirements for the evisceration line have decreased. The number of broilers processed per labourer per hour
(without giblet harvesting) increased in the period of 1970 to 1995 from 150 to 1500.
Increase in the US in the same period was much less pronounced due to the high number of people used for veterinary inspection, grading and recovering of B-graded birds.
The high level of automation in poultry processing has contributed to the high increase
in poultry meat output worldwide over the past two decades. Automation has also
resulted in uniformity of end products and upgrading of working conditions. In the
most modem processing plants today, actual labour consists largely of monitoring and
adjusting the process. As many skilled manual operations as possible are integrated in
the processing equipment.Everywhere in the world the poultry processing industry is
increasing its capacity to keep end products competitively priced for consumers. The
cost of labour is increasing, while on the other hand people are less and less prepared to
carry out the required labour, especially when more attractive alternatives are available.
In this contribution I will deal with the consequences of changes in poultry processing
with respect to poultry meat quaüty.
AGING AND MEAT QUALITY
Aging of poultry meat is the name of the total of processes that occurs in muscle after
the bird has been killed. At the moment of killing and bleeding transport to the cells of
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oxygen and metabolites, required for anabolic and catabolic processes, stops. From
that moment the physiological processes use the last glucose/glycogen - at that moment present in the cells - to produce energy rich phosphates (ATP). After exhaustion
of the oxygen the anaerobic glycolysis will continue the breakdown of the glucose and
lactate is formed. At the final state the pH will drop to values around 5.6.
For obtaining an optimal meat quality, especially related to texture, the aging process
has to be advanced to a certain extent before the meat can be processed or eaten.
Many processing factors affect the aging rate of the meat. A very important factor is
the temperature of the muscle tissue and the rate of chilling during processing. Biochemical reactions slow down at lower temperatures. Fast and early chilling procedures cause a decrease in rate of aging during processing.
Other factors like electrical stimulation of the birds increase speed of aging. The energy rich phosphates present in the muscle cells are used during muscle contraction
initiated by the electrical stirnulation. Depending upon the period of time of stimulation, the phase of the processing at which stimulation is applied the energy content of
the muscle is more or less exhausted.
Stimulation normally occurs during electrical stunning or is applied post mortem during or direct after bleeding of the birds. Especially the last treatment, using a special set
up for electrical stimulation of the birds during or after bleeding, causes a rapid pH
decline in the meat to values below 6.0 due to the formation of lactic acid. This lactic
acid is produced by the glycolytic breakdown of glucose in the muscles. Normally this
occurs at a slower rate in post mortem muscle. So electrical stimulation speeds up the
processes related to aging of the muscle. The hypothesis was that this could lead to
shorter processing times, faster chilling, and early boning procedures without running
into problems with toughness of especially poultry breast muscle.
Results of research however show that electrical stimulation in a way can improve
tenderness of early boned breast meat but it can not replace a natural aging process.
Uijttenboogaart and Reimert (1994) studied interaction effects of chilling method,
electrical stimulation and boning time. Table 1 shows some results of breast meat shear
values. The data show the complex interaction effects as found in this experiment. No
effect of electrical stimulation has been found when meat is deboned directly after
evisceration. Electrical stimualtion in combination with a short aging period gives a
beneficial effect on shear development for ice chilled carcasses. This does not happen
in air chilled carcasses. For this group even the non stimulated birds are more tender.
This example illustrates the complexity of the aging process and the interaction with
other process parameters. When changing processes during slaughter of broiler chickens consequences for meat quality characteristics should be considered.
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Tabel 1. Breast meat shear forces (N) of control and electrical stimulated carcases, depending on chilling procedure and aging period of time.
Aging period of
time till boning after evisceration (min)
Treatment

Chilling
procedure

0

ice
Control

60

120

180

60

58

43

38

26

22

17

19

34

33

22

23

36

31

27

23

56
air
ice

Electrical
stim

30

57
air

STUNNING AND MEAT QUALITY
Stunning is also a very important process affecting meat quality characteristics like
haemorrhages and tenderness development in poultry breast meat. There are other factors involved that affect incidence of haemorrhages. Important in this respect are feed
composition, handling, sex, genetic background, period of feed and water withdrawal,
etc. The stunning process however is the major cause of development of haemorrhages.
Depending on the sensitivity of a bird in a certain situation, related to the factors mentioned before, the incidence and severity of haemorrhaging will be more or less pronounced.
Hillebrand et al. (1996) showed that fixation of the birds, and by that prevention of
wing flapping/ free struggle, before and during the stunning operation reduces the number
and severity of haemorrhages. Also the level of the electrical current passing the bird is
related to the occurrence of haemorrhages.
New gas stunning methods using CO^ and argon based gas mixtures can reduce
haemorrhages in breast meat (Raj and Nute, 1995).
Gas stunning using argon based gas mixtures also appeared to increase aging rate (Raj
and Nute, 1995) resulting in faster processing rates. Further research related to these
stunning methods and the consequences for meat quality characteristics is required.
IMPROVEMENT OF QUALITY MANAGEMENT
To improve logistics in the entire poultry processing operation in-line quality grading
and control systems are unavoidable. Weigh stations placed in the processing lines or
in automated rehangers, that send data to a central computer system are widely used in
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the modem processing plant these days. Weight data are used for bird selection and
allocation to the next process. Quality grading is very important for bird selection
during processing. Vision systems and automated computerized image analysis systems have also become available. More and more plants start using these systems,
either separate or in fully integrated plantwide monitoring and control systems. Use of
camera systems for flock quality control has also started. Carcase defects like
haemorrhages in breast, legs or wings and skin defects can now be detected. Automated systems can monitor the whole flock to obtain reliable results on flock quality.
Data can be discussed with the grower to improve quality of future flocks.
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ADVANCES IN POULTRY PROCESSING FOR
IMPROVEMENT OF SHELF LIFE AND QUALITY OF
PRODUCTS
A.T. Sherikar
Department of Food Hygiene and Veterinary Public Health Bombay
Veterinary College, Parel, Bombay, 400 012, India

Poultry meat and meat products are popular food items and play a pivotal role in
human nutrition. They are relished by the meat consuming population by virtue
of their appealing textural and organoleptic properties and a sense of satiety arising
from their consumption. Nevertheless, in its hunger for animal proteins, humanity
is exposed to many foodborne infections and toxications. Most of the reported
outbreaks of food poisoning are associated with food processing and food service
operations. Economic losses are enormous due to microbiological food spoilage
affecting primary production. Many developments have taken place in the recent
past for handling, processing, product development, packaging, preservation and
distribution of poultry products in India. Processing mainly aims at preservation,
development of value added products, production of choice cuts, destruction of
harmful substances and to make a product more presentable and acceptable to
the consumer. Rapid urbanization paralleled with development of quality
consciousness amongst the consumers and rise in per-capita income has made
processing an essential feature of the food production and delivery system.
Processed meat production in advanced countries like USA is nothing less than
30% of the total meat produced, but is only 5% in India. Manufacture of quality
processed meat is only possible from raw material of excellant quality. Unlike
other animals we can assure the quality of raw material in poultry, because of
scientific rearing, proper ante and post-mortem examination, alongwith good
manufacturing practices during slaughter and processing through HACCP
approach. Also, preservation technology cannot be separated from packaging,
storage and marketing of products as far as maintainance of quality and safety of
the processed poultry products is concerned. Improper packaging leads to
significant loss in quantity and quality of meat during storage and marketing.
Modified atmosphere packaging (MAP) like vacuum packaging and gas flush
packaging can be applied for fresh poultry meat as well as poultry products which
substantially extends the shelf life of the product. Thus, for maximum product
acceptance, attention towards raw material quality, sanitation, processing,
advanced food packaging and temperature considerations are emphasised.
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INTRODUCTION
Foodbome diseases have become a major human health problem and an important
cause of decreased economic productivity in both developed as well as developing
countries. According to World Health Organisation (WHO) approximately 1.5 million
cases of foodbome illnesses occur annually. However, there is no systematic surveillance
programme or the reporting system as regards to the incidence of foodbome illnesses.
Like other red meats, poultry meat is also a good medium for bacterial growth and is
therefore a high risk source for meat home diseases (Ingram and Simonsen, 1980).
Many pathogenic species of Salmonella Compylobacter, Clostridia besides many others
have been identified and reported in foodbome outbreaks (Roberts, 1990; Jackson 1990;
Humphrey, 1991). According to the Centre for Disease Control and Prevention (CDC)
in the United States, states, that most of the pathogens enter the food chain at the farm,
with broadening distribution occuring during slaughtering, processing, transportation,
storage and distribution etc.
The present system of meat hygiene programmes do not recognise unseen microbiological
contamination and is thus now considered as an inadequate effort (Anonymous, 1987,
1989 a; Hathaway and McKenzie, 1989; Murray, 1986; Skovgaard, 1981).
FOODBORNE ILLNESSES
The increasing trend in foodbome illnesses is complex and not fully understood. Many
theories and explanations have been putforth (Waites and Arbuthnott, 1990). The fully
immunocompetant persons exposed to certain diseases appear to have little or no
difficulty whereas, immunosuppressed individuals are at higher risks (Russell, 1991).
Raw poultry and eggs may be contaminated with salmonella. Ingram and Simonsen
(1980) and Tauxe (1991) as also Humphrey et al. (1989) have reported that salmonella
bacteria are a major concem as a contaminant of raw poultry. Eggs are also the principal
vehicle for this organism (Altekmse et al., 1993). S. typhimurium and S. enteritidis
being implicated. S. enteritidis was also reported in other westem European countries
particularly in Spain (Perales and Audicana, 1989). The situation, however, is different
with enteritidis phage types 4, 8 and 13a wherein the contents of intact eggs may be
infected by transovarian infection. Thus, cooked eggs with a 'mnny' yolk may contain
viable organisms. It is reported (Todd, 1990) that 65 outbreaks of Salmonella infection
occurred between 1985-1989 in the USA.
Improvement in slaughter hygiene are incapable of removing totally or even reducing
cross-contamination by Salmonella (Mossel and Drake, 1990), though negligance in
hygienic slaughter techniques will again worsen the situation. Thus, Mossel and Drake
(1988) recommended carcase decontamination for reduction in Salmonella spp., whereas
WHO (1990) advocated production of salmonella free birds.
130

Enteropathogenic E.coli 0157:H7 has been reported to be responsible for a number of
outbreaks by consumption of various meat and meat products. Poultry meat has also
been identified as a vehicle for this pathogen (Griffin and Tauxe, 1991).
Poultry meat is an important source of compylobacter infections. C. jejuni in North
America (Forsyth, 1988). E. coli has also been reported from Yugoslavia (PopvicUroic, 1989) and from France (Marinescu et al. 1987), the U.K. (Jones and Telford,
1991) and Australia (Powling, 1990). Recently the organism has been linked to a serious
neurological disease i.e. Guillan Barre Syndrome (GBS) in USA. Cross-contamination
from raw poultry to foods which are not cooked before consumption or undercooked
probably plays a major role in sporadic cases of compylobacteriosis (Coates et al.,
1987). Over 50% of compylobacter isolates from chickens are serovars that are common
in human disease and therefore cross-contamination from raw birds is obvious (Hartog
et al. 1983; Barnes, 1988).
The incidence of Listeria monocytogenes in poultry appears to be high. The organism
was recovered from 57% of fresh and frozen poultry samples (Kwantes and Isaac,
1971) and 15% of oven-ready poultry samples (Gitter, 1976). The organism has a higher
level of resistance than most of the other pathogens and thus cooking may be marginal
for safety. Kerr and Lacey (1988) recovered the organism from 18-25% of ready to eat
meat products and Gilbert et al. (1989) isolated the organism from three cases of
listeriosis who were associated with cook-chill chickens and questioned the reliability
of micro-wave reheating. Thus, cooked and ready-to-eat meat products can present
high risks to susceptible individuals. The organism can grow and multiply at low
temperature and often found from refrigerated meat products (Cox, 1989). Thus the
process control and storage are critical in avoiding the risk of disease.
Clostridium perfringens is a common organism found in soil and in faecal matter. It
can cause food poisoning due to contamination of raw (Roberts, 1982) or cooked poultry
meat but improperly stored at 35-45^C (Ingram and Simosen, 1980) leading to early
spoilage. Cl. botulinum is a serious but rare cause of human illness. Greenberg et al.
(1966) showed a contamination rate of 0.32% of Cl. botulinum from dressed poultry in
U.K. while, Abrahamson and Riemann (1971) isolated the organism from smoked turkey.
Although the risks are small, there has been recent increase in concern due to wider
acceptance of modified atmosphere packaging of fresh meat to inhibit spoilage bacteria
(Gibson and Eyles, 1989).
Staphylococcus aureus is considered as a part of the normal flora of poultry elaborating
a heat stable enterotoxin (Woolaway et al., 1986); (Ingram and Simonsen, 1980). The
organism is fairly resistant to even good processing practices (ICMSF, 1986; Yang et
al, 1988).
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INTERNATIONAL STATUS OF MEATBORNE (POULTRY) DISEASES
Foodbome disease occurrence seems to vary from country to country. In North America
and Europe though the pattern reported to be similar, there have been differences. S.
enteritidis, though has been shown as an important foodbome pathogen in North America
and Europe Phage type 4 has been of major concern in Europe, whereas in North America
it was phage type 8 (Baird-Parker, 1990; Rodrigue et al., 1990). In AustraHa, data on
foodbome disease seems to be incomplete since the activities pertaining to Public Health
are the sole responsibility of the State Govemment and Federal Govemment has little
role to play. Similarly in developing countries like India, there is no systematic
surveillance programme for recording foodbome outbreaks and most of the cases go
unnoticed. As a consequence the data is not available.
SPOILAGE MICROFLORA
Birds have a normal or natural microflora that is established very early in life. Besides,
they tend to harbour various types of organisms found in their environment. Digestive
tract of birds contain numerous microorganisms and is a source of contaminants for
soil, water and food. During slaughtering and dressing, the sphinctor muscles become
nonfunctional and also the intestine may be punctured accidentally. In either case, the
contents and the associated organisms can contaminate the carcass. The microbial
load of the intestine or carcass is very high which varies from 10 ^ - 10 ^' organisms/g
and about the same numbers of anaerobes (Howe et al., 1976 and Linton et al., 1977).
This is likely to reflect on the initial high counts in the meat. Moreover the count
invariably depends upon the sanitary practices in the slaughterhouse, the butchers and
their evisceration techniques, equipments and water used for washing the carcasses,
method of washing, cross contamination occuring during slaughter and processing,
and slaughterhouse and processing room environment (Silliker et al., 1988).
Fresh meats have an ultimate pH around 5.8 and contain enough glucose and other
simple carbohydrates to support the growth of bacteria upto 8 log organisms/cm^ (Gill,
1979). Once simple carbohydrates have been exhausted, bacteria utilize the free amino
acids and related simple nitrogenous compounds as a source of energy resulting into
spoilage of meats with complete discolouration and off odour (Gill and Newton, 1980).
Penetration of meat by bacteria apparently results from the breakdown of connective
tissue between muscle fiber by proteolytic enzymes secreted by the bacteria. The
proteolysis is caused by bacteria at the end of the logarithmic phase which results in
breakdown of proteins to volatile compounds which give obnoxious odour to the meat
(Gill and Penny, 1977).
Studies on the bacterial flora of fresh poultry have revealed over twenty-five genera.
Most frequently reported among these are : Acinetobacter, Alcaligenes, Bacillus,
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Campylobactor, Citrobactor, Clostridium, Corynebacterium, Enterobacter,
Flavobacterium, Micrococcus, Proteus, Pseudomonas, and Staphylococcus. When these
meats are held at tropical ambient temperature storage, members of the genera
Staphylococcus, Micrococcus, Bacillus and Clostridium constitute the predominant
spoilage flora. However, when these meats undergo low-temperature spoilage, the
primary spoilage organisms belong to the genera Pseudomonas -Alcaligenes group
(Ayres et al., 1950; Barnes and Impey, 1968 and Nagel et al., 1960). Fungi are of
considerably less importance in poultry spoilage except when antibiotics are employed
to supress the bacterial growth (Njoku-Obi et al., 1957).
RISK ANALYSIS AND HACCP APPROACH-SCIENTIFIC DEVELOPMENTS
TO CONTROL THE FOODBORNE PATHOGENS
Risk analysis is a significant development in the field of food safety. This is important
from the point of view of a production of safe, healthy and wholesome meat and meat
products. Risk analysis helps in allocation of inspection resources proportional to
public health and animal health hazards, establishing internationally accepted consistent
and scientific guidelines, and improving the safety and wholesomeness of meat and
meat products in local and international markets. A risk analysis comprises three
important branches, viz. Risk Assessment, Risk Management and Risk Communication.
Risk Assessment in turn constitutes hazard identification, hazard characterization,
exposure characterization and risk characterization. Thus the microbiological risk
analysis is important in regulatory programmes by making the best use of available
data and scientific information. Thus Risk Assessment should be used to address food
safety from live animal to the consumption. Consumers also have a specific function
to perform in food safety by proper handling and preparation of foods to avoid
microbiological contamination. However, in the absence of systematic accumulation
of data on potential pathogens & spoilage microflora which to base a complete technical
analysis, no overall assessment of risks and benefits could be made.
The Hazard analysis and Critical Control Point (HACCP) approach in poultry meat
inspection is also gathering momentum all over the world. HACCP is a modem tool in
meat inspection which is employed to identify unacceptable levels of hazards which
can be controlled at different critical control points. The system thus shifts, the present
quality control judgments which is based on the end product laboratory examination to
the field to various production points.
The principles of Risk Assessment and Risk Management are the primary elements in
the design of HACCP system and in the utilization of the data generated by those
systems for regulatory purposes. The HACCP systems may then be tailored to control
those risks assessed which are of greater significance in poultry meat inspection. It is
also assumed that operating procedures and process interventions will reduce overall
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microbiological load on carcasses to reduce food borne illnesses and spoilage losses.
The hygiene control in whole production chain as a preventive quality assurance
programme seems to be important effective means of controlling the microbiological
safety and quahty of the meat which include hatching, grow-out, catching, transportation,
slaughter and processing. The chain also includes rearing a large numbers of birds
with higher stocking density under chmatically controlled housing conditions to fully
mechanised and automated processing lines which runs at a speed of more than 6000
birds/hr. The killing lines which is termed as unclean area constitutes arrival, handling,
stunning, bleeding, scalding, defeathering, automatic rehanging to the evisceration line.
The organisms present on feathers, head and feet cause contamination of equipments
such as machines, transport line, shackles etc. and processed water and air. These are
some of the critical control points (CCPs) reported (Mulder, 1995). The equipments
and machines, containers etc. needs to be washed and cleaned individually using high
pressure water sprays etc., wherein cleaning time, temperature, pH, and dosage of
detergents and disinfectants can be regulated. Technological developments such as
multistage countercurrent scalding, designing of defeathering machines and automatic
machines for cutting operations, development of cleaning-in-place systems for all
machines used during opening and evisceration procedures have helped to a great extent
to control cross-contamination from equipment to product.
A HACCP system can be implemented effectively if the management of the plant is
committed to the system, and the managers and workers look for the benefit in operating
the plant in a way that will give them better control over the process and provide them
with a higher level of confidence about microbiological safety of the products they are
producing. As in any quality system, control of the processed and resultant quality of
the final product has to be made the responsibility of the people involved in production
of a product.
Decontamination of carcasses by various sanitizing agents can also be followed to
reduce the pathogens. Besides, time and temperature need to be maintained during
storages and various processing operations. Modified atmosphere packaging (MAP)
like vacuum packaging and gas flush packaging can be used for fresh poultry meat as
well as poultry products. All these steps would lead to production of safe and wholesome
poultry products and extend the shelflife of meat and for this, mass education of the
personnel engaged in the production chain is a must.
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PIGMENTING EFFICIENCY OF FIVE SAPONIFIED
PRODUCTS FROM TAGETES ERECTA ON BROILER
SKIN
J.A. Castello
Real Escuela de Avicultura. Plana del Paraíso 14. 08350 Arenys de
Mar. (Barcelona) Spain

A feeding trial was conducted in order to compare the pigmenting efficiency of
five different concentrates of Tagetes erecta (Marigold) on broiler skin and the
factors influencing it. Three hundred forty nine day-old Hubbard chicks were
used, being fed a basal wheat-soyabean starter diet up to 21 days and thereafter a
finisher diet (based on the same raw materials) up to the end of the trial at 42
days. The later diet was supplemented with one of the five different pigment
concentrates (A, B, C, D and E) at 25 ppm and one of them (E) also tested at two
lower levels (22.5 and 20 ppm). Pigmenting efficiency, measured in a subjective
way (Rank test) and through the Minolta Chromameter CR-300, was quite different
with the five concentrates. At the same level of xantophylls product E gave the
best results, although not significantly different from D, while the poorest results
were obtained with product C. Product E, used at lower levels, gave results similar
to some other products but the reduction in skim pigmentation was not proportional
to the reduction in the concentration of the product in the same proportion as the
level decreased. The data emphasize the importance of considering not only the
total level of xantophylls in the feed but the proportion of lutein + zeaxanthin, the
saponification degree and the expected losses, considering also that some product
gives better results than others although added at a lower rate in the feed.

INTRODUCTION
Different commercial saponified products coming from Tagetes erecta (Marigold) are
now in the market to be used in order to pigment broiler skin. However, there are big
differences among them regarding the concentration in xantophylls, the degree of
saponification and the loss in xantophylls. Due to this, the pigmenting efficiency of
these products is quite different and this is quite important when least-cost formulation
is done with a fixed amount of xantophylls per kilo of feed.
A recent review of pigmentation for broilers has been published (Pontes and Castello,
1995), summarizing the effects of graded levels of yellow and/or red xantophylls in
order to get different pigmentation scores according to the market preferences. However,
we do not know any comparison of different commercial products on the basis of their
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actual xantophyll contents, its breakdown and the degree of saponification and, according
to it, if a reduction in the amount to be added in the broiler feed could be done.
Considering these facts, an experiment was conducted in order to investigate further
the relative pigmenting efficiency of five different products in the market.
MATERIALS AND METHODS
The experiment was conducted on a 4.80m x 9.40m natural ventilated house, equipped
with a metal battery with 54 compartments measuring 580 cm^.Three hundred forty
nine day-old Hubbard broiler chicks were used, being installed at six birds/cage in 48
compartments and the remaining ones being grown in other six compartments in order
to replace chicks dying during the first 21 days of age.Heating was supplied with six
gas brooders and artificial lighting plus natural one was given 24 hours per day during
the first week and then during 23 hours per day. Feed and water were supplied always
ad libitum. Two basal rations were given, the starter one from day-old to 21 days of age
and the finisher one from 22 to 42 days, up to the end of the experiment. Both rations
were based on wheat and soybean oil meal and they were formulated both to 3100 ME
Kcal/kg and 21.8 and 20.4 % protein respectivelly. After being analyzed, both rations
contained 2.7 mg/kg of xantophylls (being 57.6 % trans-lutein), possibly coming from
wheat.
Five commercial pigmentation products in the market were added to the growing feed,
thus starting the experiment at 22 days. One treatment of growing feed was without
any pigmenting product and other five treatments were made adding the commercial
products (A, B, C, D and E), according to their analysis, in order to get 25 mg/kg of
xantophylls in the final feed (but not considering the xantophylls in the basal feed).
Two other treatments were made using only the product E with a 10 % or a 20 %
reduction.
Each one of the eight different feeds coming from the experimental treatments were
given to the chicks in six compartments of the battery. At 42 days of age all chickens
were sent to the slaughthery plant, duly identified, and after being killed and plucked,
all carcasses were examined on the following day. A score based on the «Rank test»
was given by five observers, looking to the birds independently according to the yellow
pigmentation in the breast skin. Immediately after, using the Minolta Chromameter
CR-300 placed on the sternum skin of each bird, the values of lightness (Lum),
reddishness (Red) and yellowishness (Yel) were taken.
RESULTS AND DISCUSSION
Performances of broilers were good. Average liveweight at 42 days was 2,171 g, feed
conversion 1.919 and processing yield 83.2 %.
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The chemical analysis of the five commercial products is shown in Table 1. The
comparison of scores given by the five observers is shown in Table 2, as well as the
values obtained with the Chromameter Minolta. All these data were subjected to analysis
of variance as described by Steel and Torrie (1960).
Table 1. Chemical analysis of the 5 products used in the experiment.

Product
Commercial guarantee, mg/kg
Total xantophylls (1), mg/kg
Total xantophylls (2), mg/kg
Total xantophylls (3), mg/kg
Loss in xantophylls (4), %
Loss in xantophylls (5), %
Saponification (6), %
Yellow xantophylls, %
(1)
(2)
(3)
(4)
(5)
(6)

A

B

C

D

E

25.0
25.4
9.0
21.7
64.6
14.6
99.0
84.4

30.0
30.5
18.1
25.4
40.7
16.7
98.0
82.1

20.0
21.5
14.4
18.5
33.0
14.0
70.7
80.6

15.0
13.1
12.3
13.0
6.3
0.7
99.0
93.8

20.0
20.6
19.9
20.9
3.5
+1.5
97.9
95.6

Fresh product, immediately after opening the bags.
After 48 hours heated at 75° C.
After 63 days at room temperature (20 ± 3° C)
(l)-(2)/(l)xl00
(1) - (3)/(l) X 100
Measured by HPLC

Table 2. Average scores given by the 5 observers and values obtained with the
Chromameter Minolta (*)

Products Levels in feed , mg/kg

_
A
B
C
D
E
E
E

Visual

Values of
Chrom ameter

calculated

analyzed

score

Lum

Red

Yel

_
25.0
25.0
25.0
25.0
25.0
22.5
20.0

_
22.3
25.9
27.7
22.9
24.0
21.0
16.4

O.O'^
60.6^'^'^
44.8^^^
30.3'^^
66.4^^
87.4^
63.4^^
52.0''^

67.2^
63.9^
64. P
65.8^^
^6.9^
65.4^''
63.9^
65.0^^

6.6^
4.6^
4.6»^
3.5^
3.7^^
4.5^
4.5''
5.0^

9.3^^

22. P
23.0^
22.5^
26.5^
26.8^
26.œ
26.2^

(*) Figures in the same row followed by a different letter were significantly different
(P<0.05)
Lum: Ughtness; Red: reddishness; Yel: yellowishness.
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The first comment on Table 2 is that the basal diet produced the highest Lum and Red
values, as well as the lowest Yel ones.
The best product, in terms of the pigmentation efficiency, was E, although it was not
significantly different by visual score than D and A. E and D treatments were also
identical in the Yel reading with the Chromameter. The worst product was C, both in
the visual score and in the Yel reading, although not significantly different from A and
B. E product at 90 % level (22.5 ppm) was as good as at 100 % level. When used at 80
% level it was performing somewhat lower but better than other competitive products
at 100 % level; however, we must consider that analysed level (16.4 ppm) was 66 % of
all the other products. It seems that, besides the total level of xantophylls in the finisher
feed, other additional factors should be considered:
a) That the proportion of yellow xantophylls (mainly lutein + zeaxanthin) be as high
as possible. This explains the good performances given by products E and D and
the lower ones when using products C, A and B.
b) That the product be very well saponified. All the products used in this trial are
good, but the only one with a low saponification rate was C and this is conspicuous
with its poor results.
c) That the losses by oxidation and/or high temperature be small. According to the
data in Table 1, the lowest ones occurred with products E and D (those giving the
best results) and the highest ones again with C, A and B.
If we think together on all these considerations, results of this experiment can be-easily
explained. At the same time they explain why product E, with a very high contents in
yellow xantophylls, very well saponified and having almost no losses after 2 months,
was performing so well when used at much lower levels. Then, apart from the total
xantophyll contents, all these factors must be considered, as well as the cost of the
«pigmenting efficiency» of the product.
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EFFECT OF SODIUM HYPOPHOSPHITE ON THE
STORAGE STABILITY OF COOKED CHICKEN STOCK
S.S. Verma, A.K. Sachdev, A.S. Yadav and Ram Gopal
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Sodium hypophosphite (SHP) has been reported as most effective chemical in
inhibiting growth of food-borne gram negative anaerobic micro-organisms. Two
replicates were taken to evaluate the performance of different levels (0,1 and 2%)
of SHP on the shelf life of cooked chicken stock subjected to vacuum packaging
in laminated aluminium foil pouches and stored under refrigeration temperature
(5 ± 1"C) upto 28 days. An increase in total plate counts (per g sample) of all the
groups was observed due to prolonged storage. No significant changes due to higher
levels of SHP were observed on pH, shear force, thiobarbituric acid value, moisture,
crude protein and ether extract. Increasing levels of SHP caused gradual reduction
in sensory scores for colour, flavour and juiciness. In general, the control group
was preferred more than the treated samples. It was concluded from the studies
that supplementation of SHP did not render much useful effect on the storage
stability of cooked chicken stock.

INTRODUCTION
Microorganisms play vital role in the spoilage of food products which could be checked
to some extent with the use of different preservatives (Robach et al 1980). In order to
counter the growth of gram negative organisms, being principle factor responsible for
loss of quality in meat, fish and dairy products, Rhodehamel and Pierson (1990)
experimented with different levels of sodium hypophosphite (SHP) and reported it as
potent antimicrobial food preservative. The endeavours of Bater et al. (1993) were
based on the utility of K-Carrageenan and its combination with hydrocoUoids hke locust
bean gum, starch or non fat dried milk in maintaining the quality of turkey meat.
PossibiUty of using SHP in preservation of minced chicken meat was explored by
Anand et al. (1995). However, no information has been available on the performance
of SHP in checking microbial counts of cooked chicken fast foods. The present studies
were aimed at optimization of added level of SHP in retaining quality of cooked chicken
stock during storage.
MATERIALS AND METHODS
In two replicates, 24 kg of dressed chicken was obtained from the pilot poultry processing
plant of this Institute. After deskinning, the carcasses of 6 weeks old broilers were cut
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into medium sized pieces and thoroughly washed before further processing. These
meat pieces were dipped in synthetic vinegar (mixed with water, 1:1 v/v) for 30 min
to attain lower pH of the product. The recipe used for processing cooked chicken stock
contained - table salt 25 g; turmeric, clove, cinnamon and javitri 20 g each; black
pepper, large cardamom and red chilli, in powdered form, 50 g each; ginger and peeled
garlic 30 g each; hydrogenated vegetable fat 50 g; synthetic vinegar and water 70 ml
each; mustered oil 90 ml and dressed chicken 1 kg. Vinegar treated meat was fried with
spice mix and pressure cooked at 15 psi for 4 to 6 min. After desteaming, the pressure
cooked chicken was divided into three groups. Each of the two levels (1 and 2 percent)
of SHP was separately mixed along with hydrogenated vegetable fat in two groups of
cooked meat and the third group without any quantity of SHP was treated as control.
All the three groups were oven dried at 180°C for 20 min. After cooling the product
to room temperature, it was vacuum packed in laminated aluminium foil pouches and
stored for 28 days under refrigeration temperature (5 ± PC). Aerobic counts including
total plate counts (TPC), coliforms, yeast, moulds and anaerobes were taken as log
colony forming units (cfu) on 0, 7, 14, 21 and 28 days of storage in accordance with
the standard procedures (ICMSF, 1982). Three samples from each group of cooked
chicken stock, in each trial, were analysed at zero day as well as on 28th day of storage
under refrigeration and at frozen temperature (-18°C) for pH, moisture, crude protein
(CP), ether extract (EE) as per AOAC (1985) and thiobarbituric acid (TBA) value
expressed as malonaldehyde, mg/kg (Taralagdis et M-, I960). Shear force value (SFV)
was determined in lb/inch^ by using Warner Bratzler shear press (Model 13806, GR
Electrical Mfg. Co., Kansas 66502, USA). Sensory evaluations were made in all the
groups at zero day of storage by using 10 point Hedonic scale (10 = Excellent and 1
= Extremely poor) through minimum of 5 experienced panelists. Means were calculated
as per method explained by Snedecor and Cochran (1967).
RESULTS AND DISCUSSION
Mean observations revealed (Table 1) that the samples containing 2% SHP had minimum
TPC upto 14 days of storage as compared to other groups. Prolonged storage caused
general increase in TPC. No anaerobic organisms were observed in any of the groups
at zero day or subsequent storage. CoHforms, yeast and moulds counts were not influencd
by the used levels of SHP. Ineffectiveness of SHP at higher level 3000/|ig in arresting
the growth of Staphylococcus aureus in liquid media has already been reported by
Rhodehamel and Pierson (1990a). Findings of Anand et al. (1995) were also partially
confirmed in this study to the extent that counts of yeast and moulds were not deterred
by the higher levels of SHP during storage.
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Table 1. Effect of different levels of Sodium hypophosphite on the microbial profile of cooked
chicken stock
Days of storage
(Refrigeration)
Zero
1
7
14
21
28

Zero
1
7
14
21
28
Zero
1
7
14
21
28
Zero
1
7
14
21
28

Levels (%)
TPC (log cfu)
3.55
3.43
3.83
3.26
3.90
3.32
3.96
3.40
4.05
4.15
4.13
4.29
Coliforms (log cfu)
0.33
1.33
1.36
1.06
0.63
0.87
0.38
0.38
0.33
0.43
Nil
Nil
Yeast and Moulds (log cfu)
0.33
0.49
Nil
0.33
Nil
0.33
0.33
Nil
Nil
Nil
Nil
Nil
Anaerobes (log cfu)
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil
Nil

3.26
3.17
3.24
3.24
4.13
4.27
1.09
0.95
Nil
0.76
0.93
0.33
0.33
Nil
Nil
Nil
Nil
0.33
Nil
Nil
Nil
Nil
Nil
Nil

pH and shear force value were not significantly affected by the added levels of SHP
(Table 2). However, the samples containing 2% SHP had minimum moisture content
and greater CP as well as ether extract. TBA value of the product was also not
significantly influenced by the levels of SHP, on zero day. But, on 28th day of refrigerated
storage, the group incorporated with higher level of SHP reflected lower TBA values.
This confirmed the trends reported by Anand et al. (1995). Frozen samples did not
show any utility of adding SHP.

145

Table 2. Effect of Sodium hypophosphite on the quality of cooked chicken stock
Period of storage
pH
Oday
4th week
Refrigeration
Frozen
SFV
Oday
4th week
Refrigeration
Frozen
TBA
Oday
4th week
Refrigeration
Frozen
Moisture
Oday
4th week
Refrigeration
Frozen
CP(%)
Oday
4th week
Refrigeration
Frozen
EE (%)
Oday
4th week
Refrigeration
Frozen

Levels
ABC

5.83

5.73

5.73

5.20
5.10

5.30
6.30

5.20
6.00

1.70

1.61

1.70

1.20
1.63

2.40
2.29

1.12
1.98

0.71

0.81

0.81

0.95
0.76

0.90
0.99

0.82
0.89

55.92

55.05

54.27

55.45
55.12

54.01
55.01

52.81
53.17

25.75

23.69

24.79

26.62
26.45

27.47
25.51

28.34
29.62

9.32

9.63

11.84

9.35
10.77

9.43
10.14

9.36
9.59

A = Control (0%); B = 1%; C = 2%

Sensory evaluations on colour, flavour, juiciness, tenderness, texture and overall
acceptability indicated general preference for untreated product. A decline in rankings
with rise of SHP levels was seen (Table 3) for colour, flavour and juiciness. This showed
that the added levels of SHP had adverse effect on the sensory characteristics of the
product.
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Table 3. Effect of different levels of sodium hypophosphite on the sensory characters of freshly
processed cooked chicken stock
Characters
Colour
Flavour
Juiciness
Tenderness
Texture
Overall acceptability

Levels (%)
ABC
7.24
6.81
6.90
7.20
6.72
6.78

6.82
6.84
6.87
6.81
6.44
6.84

6.72
6.69
6.69
7.08
6.62
6.80

A = Control (0%), B = 1%; C = 2%

It was concluded from the results that supplementation of sodium hypophosphite could
not impart any useful effect on the microbial, physico-chemical and sensory properties
of the experimental cooked chicken stock.
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HURDLE TECHNOLOGY FOR A SHELF STABLE
TANDOORI CHICKEN
Manish Kumar and J.S. Berwal
Department of Animal Products Technology CCS Haryana Agricultural University Hisar-125 004, Haryana, India

A method to prolong the shelf life of traditional tandoori chicken (TTC) at 25° ±
2°C applying hurdle technology was established. In the process pH was decreased
from 6.3 ± 0.001 to 5.1 ± 0.001 using combination of Glucono-delta-lactone (0.2%)
and Lactohacillus plantarum (10^ cfu/g) where as water activity was reduced to
0.862 ± 0.003 from 0.943 ± 0.005 by curing with sodium chloride (3%), sodium
lactate (3.5%) and sodium acetate (0.1%) and spice mix formulated on the basis
of antimicrobial activity. Hurdle technology tandoori chicken (HTTC) had microbial count 3.7 x 10"* cfu/g on 2nd day where as in TTC 3.2 x lO'^ cfu/g on the
same day indicating better shelf life of HTTC.

INTRODUCTION
Tandoori chicken is a delicious non-vegetarian product of India. It is prepared by
roasting a spiced and seasoned chicken in an earthen oven called "tandoor". Although
it is an ancient traditional product but can be classified under the category of the present
day fast foods, the demand for which has been experiencing an increase. This has
been augmented well by an increase in broiler production from 30 million in 1980 to
235 million in 1993. The pace of growth in production and increase in demand is
continuing. To minimise the losses due to high perishability, spoilage and associated
food poisoning with poultry products need was felt to enhance the shelf life of tandoori
chicken to an extent that it can be stored at around 25 °C for about a week.
Hurdles in foods are substances or processes inhibiting deteriorative changes. The
parameters like water activity (aW), high temperature (F), low temperature (t), acidification (pH), redox potential (Eh) and preservatives (près) are called hurdles. Use of
combination of hurdles to disturb the homeostasis of the microorganisms present in
foods intended for preservation has been advocated by several workers world over
(Berwal, 1994; Leistner, 1994; Chirife et al. , 1991; Gould, 1988; Rockland and
Beuchat, 1987; El-Khateib and El-Rahman, 1987 and Bacus, 1984). To meet the above
ends hurdle technology was used for making a shelf stable tandoori chicken which
could remain safe and stable at 25 ± 2°C.
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MATERIALS AND METHODS
Traditional tandoori chicken ( TTC ) was prepared on the basis of information gathered from traditional and commercial caterers of Hisar and its parameters like pH,
aW, près, and shelf life were studied.
Shelf life studies : Shelf hfe of tandoori chicken was evaluated by conducting standard plate count test daily on plate count agar (Harrigan and McCance, 1976).
Measurement of Hurdles : The initial and the marinated pH of the chicken was
measured using pocket pH meter 'Milwaukee pH 600'. aW was estimated by using
Winks' Graphical Interpolation Method (Landrock and Proctor, 1951).The spices (Près)
used in marinating mixture of traditional tandoori chicken were Piper nigrum (0.25%),
Allium sativum (L0%), sah (1.5%) and curd (6%)
Modification of Hurdles : Based upon the shelf life studies and measurement of
hurdles these were modified using following methods.
The pH was changed using Glucono-delta-lactone (GDL)(0.5%) or Lactobacillus
plantarum @ 10^ cfu/g or in combination of 0.2% Glucono-delta-lactone + Lactobacillus plantarum (10^ cfu/g). aW was reduced by using humectants sodium chloride
(3%), sodium lactate (3.5%) and sodium acetate (0.1%). The type of spices used and
their quantity was altered on the basis of their antimicrobial activity The modified
spice mixture used for marination included Piper nigrum (0.5%), Curcuma longa
(1.0%), Capsicum frutescens (0.5%), Trachyspermum ammi (L) sprogue (1.0%)
Cinnamonum zeylanicum (0.5%), Eugenia caryophyllata (0.2%), Trigonella foenum
graecum (1.0%) and Allium sativum (5.0%).
Sensory evaluation : The sensory attributes were studied for both traditional and
modified product by semitrained panel of 15b judges using 9-point Hedonic Scale
(ISO, 1985).
RESULTS AND DISCUSSION
The hurdles, pH, aW and Près in traditional tandoori chicken were measured. The
initial pH of the broiler meat was 6.5 which decreased after marination to 6.3. This
decrease was due to curd used in marination mixture. aW in TTC was estimated as
0.943 ±0.05 (Table 1) Certain spices, Piper nigrum (0.25%) and Allium sativum (1.0%)
possess preservative effect which are included in TTC.
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Table 1.

Water Activity from

replicates.

I

II

III

IV

Traditional (Control)
(Not cured)

0.955

0.935

0.955

0.935

0.935

0.943
±0.05

Curing mixture
Sodium chloride (3%)

0.895

0.890

0.895

0.895

0.885

0.890
±0.05

Curing mixture
Sodium chloride (5%)

0.850

0.860

0.860

0.865

0.865

0.860
±0.0029

Curing mixture
+Sodium chloride(3%)
+Sodium lactate (3.5%)
+Sodium acetate (0.5%)
+GDL (0.5%)

0.870

0.865

0.855

0.875

0.865

0.868
±0.004

Final product
0.865
0.850
Sodium chloride (3%) +
Sodium lactate (3.5%), Sodium acetate (0.1%)
GDL (0.2%) + L. plantarum (10^ cfu/g)

0.870

0.865

0.860

0.862
±0.003

Average

With these hurdles the shelf life of TTC was found to be poor because the standard
plate count on 2nd day was 3.2 x 10^ cfu/g on 2nd day which rose to 1.51 x 10^ cfu/
g on 7th day. ( Fig.l ). Amongst the food poisoning bacteria like shigella. Salmonella and enteropathogenic Escherichia coli do not grow at aW < 0.95 (Gould, 1985;
Leistner et al, 1981 and Leistner and Rode, 1979). Staphylococcus aureus fails to
grow if aW is depressed below 0.86 (TroUer, 1985; Lotter and Leistner, 1978). Staphylococcus aureus does not also grow at pH below 5.0 (TroUer, 1985). If the effect
of aW and pH are combined then at pH 5.1 and aW of 0.88 Staphyloccocus aureus
was unable to grow (Smolka et al., 191A and TroUer, 1985).
Comparing the value of pH and aW (Table 1) with the findings of other workers it
was decided to decrease the pH to 5.1 and aW to 0.862 ± 0.003 in Hurdle Technology Tandoori Chicken (HTTC). GDL and Lactobacillus plantarum were used to reduce the pH. The pH was decreased from 6.5 to 5.6 in 3 hrs with 0.5% GDL and to
5.1 with 0.2% GDL + L. plantarum {W cfu/g) (Fig.2). aW was reduced to 0.860 ±
0.0029 using 5 % sodium chloride in curing mixture but at this level the product
became too salty and therefore 3% sodium chloride was used. To compensate for the
lower levels of sodium chloride, a combination of sodium lactate (3.%), sodium acetate (0.1%) and sodium chloride (3%) was used to decrease the aW upto 0.862 ±
0.003. Sodium lactate apart from having a depressant effect on aW has been reported
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to have an inhibitory effect on the growth and survival of Staphylococcus aureus.
Salmonella typhi and Listeria monocytogenes (Kuo et al., 1994; Baccus and
Bonetenbal, 1991; Unda et al, 1991 and Chen and Shelef, 1991).

Figure 1.
Shelf life HT-TC A consistent decrease in bacterial count was noticed (Fig. 2) as
compared to TTC, i.e. on 2nd day the bacterial count was 3.7 x 10"^ cfu/g and on On
7th day when study was concluded the count was 1.8 x 10"^ cfu/g.
Table 2.

Organoleptic evaluation of product
Traditional product

Improved product

T. value

Appearance

7.44
±0.02

7.954
±0.10

2.4118*

Flavour

7.795
±0.09

7.955
±0.10

1.3453

Tenderness

7.651
±0.12

7.906
±0.09

1.5983

Juiciness

7.355
±0.113

8.043
±0.115

3.1623*

Acidity

7.090
±0.178

7.4
±0.13

1.3201

Saltiness

7.311
±0.11

8.6
±0.086

7.7162*

Acceptability

7.5
±0.08

8.0
±0.10

5.1572*

*P<0.05.
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Time (h)
-°^ L.plantanim - GDL (0.2'=.'o)-^LP "* GDL (0.5%)

Figure 2.

FIG. II Change in pH by Glucono-delta-lactone and LLCtobacilus planîarum

Sensory evaluation HT-TC The sensory performance of HTTC with the consumer
paneHsts when compared with that of TTC (Table 2) showed distinct improvement in
saltiness of the HTTC and this was due to proper salt diffusion during curing of the
broiler tissues where as TTC lacked this. The appearance and overall acceptability
scores 2.4118* and 5.1572*, respectively show better quaUty of HTTC than TTC.
CONCLUSION
Based on the findings of the study the following technique was standardised to prepare shelf stable tandoori chicken.
1.

Make shallow incisions and needle pricks on the surface of deskinned chicken.

2.

Cure the above with a preparation containing sodium chloride (3%), sodium nitrite (0.012%) and Lactohacillus plantarum (10^ cfu/g) for 24 hrs at 25°C.

3.

Marinate it using marinating mixture curd (8%), sodium lactate (3.5%), sodium
acetate (01.%), Pipernigrum (0.5%), Curcuma longa (1.0%), Capsicumfrutescens
(0.5%), Trachyspermum ammi (L) sprogue (1.0%), Cinnamonum zeylanicum
(0.5%), Eugenia caryophyllata (0.2%) and Trigonella foenum graecum (1.0%).

4.

The marinated chicken is roasted in "tandoor" at 82°C for 14 min.

5.

After cooling it at 25 ±2°C a paste of garlic (5%) and potassium sórbate (0.1%)
was applied over the surface. F.E. Cunninghan (1979) and Al-Delaimy and
Barakat (1971) reported that potassium sórbate and garlic paste prevent mold
growth on the surface of the meat.
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TECHNOLOGICAL DEVELOPMENTS IN VALUEADDED POULTRY PRODUCTS IN INDIA
B.Panda
C-6, Palaspalli, Bhubaneshwar 751 009, India

The poultry processing industry, particularly value-added sector in India is in a
nascent stage but has great potential for rapid growth in view of spectacular
increase in both egg and broiler production, large human population with over
300 million middle class people, rising incomes, chaning food habits and
increasing industrialisation and urbanisation. Already about a dozen modern,
mechanised poultry processing plants, a few export-oriented egg processing units
and a multinational fast-food chain have become operational. As a result, the
processing sector has been gaining momentum to meet the growing domestic
demand of processed poultry products. Furthermore, the country has also started
exporting processed products like frozen broiler and egg powder. In this context,
technological advances in the development of value-added egg and poulty meat
products over the last 25 years in India have been briefly presented. Suggestion
is made for the expansion and modernisation of processing sector with emphasis
on development of processing machineries/equipments and newer technologies
for production of a variety of convenience products and their packaging, coldchain and efficient marketing system for accelerating the pace of growth of
poultry industry.
INTRODUCTION
Parallel with the phenomenal increase in both Qgg and broiler production from about
5 billion and 4 million in 1971 to over 28 billion and 330 million, respectively in
1995, concerted efforts have been made towards development of further-processed,
value-added convenience products for catering to the growing demand of consumers.
Poultry meat, which constitutes about 22% of total meat production in the country,
and eggs have great potential of becoming the major sources of animal protein
supply in not-too-distant future.
However, the industrial processing of both egg and poultry is still in its infancy. The
bulk (80%) of chickens are sold as live birds, 15% are dressed in small processing
units only 5% are slaughtered in modem, mechanised processing plants. Likewise,
eggs are generally sold as they are produced and only a small quantity is converted
into egg products. Following the liberalisation of economic policy initiated since
early 1990's, the food processing industry in general and poultry processing sector in
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particular have been gaining momentum with the installation of a number of large
mechanised poultry processing plants, meat and egg processing units, prohferation
of fast-food parlours and entry of multinational food companies, etc. Once set in
motion, the processing sector will catch up and go along with the expected growth in
other sectors of the Indian poultry industry. In view of this, an attempt has been
made to present a synoptic view of the technological progress made towards valueadded egg and poultry products, including thrust areas for future research and
development in this direction.
VALUE-ADDED POULTRY PRODUCTS
The concept of further-processed, value-added poultry products incorporates
convenience to consumers and economic advantages to producers and processors
alike. However, successful development of such products involves sequential steps
like idea generation, screening and evaluation based on consumer's needs, product
formulations, processing technology developmet and testing, packaging, shelf-life
evluation, cost analysis, pilot plant scale-up and market testing prior to commercial
production. The products have to be tailored to individual market requirements and
responsive to consumer's demand. Moreover, the added value to a particular product
in terms of either convenience, cost reduction, improvement in nutritional and
organoleptic quality, improved packaging or shelf-life extension, etc. should not
exceed the cost of adding the value to maintain marketability of the product.
POULTRY MEAT PRODUCTS
Evaluation of some phsico-chemical and functional properties of spent hen meat and
less preferred carcass components (Table 1) has greatly contributed towards
development of comminuted meat products. A variety of processes such as portioning,
deboning hot and cold), grinding (size reduction), massaging and tumbling to increase
myofibrillar proteins solubility and meat particle binding, flaking and dicing for
restructured meat products, chopping and emulsification for comminuted products,
canning, curing and smoking, marinading battering and breading for enrobed fried
products have been successfully attempted to manufacture a variety of semiconvenience to convenience, value-added poultry meat products. These include chicken
essence, dehydrated minced spent hen meat as a base for soup powder, chicken
tandoori (roast) and barbeque, chicken canned in brine, canned, chicken biryani
(chicken-rice meal), canned chicken curry, chicken skin snacks, chicken meat and
gizzard pickles, fried liver and gizzard and comminuted products like
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Table 1. Physico-chemical and functional properties of deboned meat and low value components
from spent WL hens

•

Low value Component s

Deboned meat

Characteristics
Breast

Leg

Wing+back

Skin

Gizzard

52.2
15.2
31.9
6.0
23.1
47
23.1
1.4
2.0
5.2

72.9
20.3
6.4
6.7
31.4
89
27.4
6.7
5.3
2.8

Heart
Moisture (%)
Protein (%)
Fat (%)
pH
WHC (ml/lOOg)
EC (ml oil/2.5g)
Cooking loss (%)
WSP (%)
SSP (%)
Collagen (%)
Source
WHC
SSP

72.1
23.1
3.4
5.9
12.8
131
21.7
7.9
12.1
0.7

69.9
19.5
8.8
6.1
7.2
122
22.8
4.9
7.7
1.0

63.0
17.7
17.8
6.1
2.7
102
21.7
4.7
6.4
1.2

70.6
17.5
10.9
6.5
13.8
94
39.6
5.5
5.0
1.2

: Kondaiah and Panda (1987)
= Water holding capacity; EC = Emulsifying capacity;WSP = Water soluble proteins;
= Salt soluble (myofibrillar) proteins

chicken sausages, patties, nuggets, rolls, leaves, balls, tikkas, steaks and croquettes,
etc. Besides, meats from other avian species like ducks and turkeys have also been
utilised for the preparation of sausages, sticks and pickles. Quail tandoori, pickled
quali meat and battered fried quail are other novelities to the range of meat products
developed.
Table 2. Effect of phosphate (0.5%) and spent hen yolk (3%) on the quality of chicken sausage
containing by-products^
Characteristics
pH
Fat sepration (ml/lOOg)
Emulsion stability (%)
Cooking loss (%)
Shear force (kg)
Flavour score^

Control

Phosphate^

5.9
11.2
26.8
20.0
0.7
4.7

6.2
7.0
20.4
13.4
0.7

Yolk Phosphate
+ yolk
6.0
6.6
24.6
17.1
0.5

6.3
0.8
11.0
6.2
0.5

5.3
4.6
5.1
Overall acceptability"*
5.7

4.3

4.6

5.0

Source : Kondaiah and Panda (1989)
'Skin, gizzard and heart 18.1, 4.0 and 1.0% respectively of meat and by-product components of
sausage formulation.
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Various edible by-products from spent hen carcass such as skin, gizzard, heart, ova
yolk (Table 2) and separable fat along with non-meat binders and extenders (textured
soy, refined wheat flour, gram flour, milk solids, potato, peas and tgg albumen or
whole egg hquid, etc.) have been incorporated in emulsified meat products for reaUsing
higher returns from spent hens, improving quality of the products and reducing cost
of production.
Development of cost-effective, efficient and attractive packaging is an important
consideration in product development and marketing. A number of food grade
packaging materials based on thermoplastics, paper, metal and glass are available
indigenously. Studies carried out in this direction have shown that both chicken
patties and nuggets could be stored for an extended period of 21 days under
refrigeration (5±1°C) when packaged in PFP (12 micro m polyster/90 micro m
aluminium foil/38 micro m LDPE) laminated pouches under modofied atmospheres
(vaccum or nitrogen gas) and for 90 days upon packaging and frozen (-18°C) storage,
in contrast to 8 and 45 days acceptable shelf-life of aerobically packaged products
under respective storage conditions. Similarly, packaging of polyphosphate chilled
battered fried quail in HDPE film (330 G) pouches appeared beneficial in reducing
weight loss and rate of lipid oxidation than packaging it in LDPE pouches during 4
weeks of refrigerated (5±1°C) storage (Table 3).
EGG PRODUCTS
Apart from traditional popular Qgg preparations like omelettes, boiled, poached and
scrambled eggs, formulations and processing techniques for the development of
some value-added Qgg products, such as whole egg, albumen and yolk powder,
albumen flakes, yolk granules, mayonnaise, canned egg curry (peeled eggs to curry
ratio of 55:45;±5%), ready-to-use egg omelette, scrambled egg mix, egg patties and
pickled chicken and quail eggs, etc. have been standardised. Some of the processes
developed have been commercially exploited. As an alternative to conventional metal
cans, dehydrated products hke whole egg powder, scrambled or omelette mixes
could be conveniently and economically packaged in flexible paper-foil-polythylene
laminated pouches with or without nitrogen gas flushing for 12 and 6 months at
mean ambient (27°C) storage, respectively. Similarly, HDPE film (84 um) pouches
have been found to be an economic and efficient alternative packaging to glass jars
for storage of pickled eggs (Table 4) without the pickling solution for upto 4 and 12
months of mean ambient (24°C; 58% RH) and refrigerated (5°C ; 80% RH) storage,
respectively.
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Table 3.

Effect of polyphosphate chilling and flexible packaging on the refrigerated (5±1°C)
storage quality of battered fried quail

Treatments

Weight
loss (%)

pH ,

Shear
force,
(lb)

TBA
value
(mg
malonaldehyde
/kg

oleic
acid)

Overall
acceptabihty
score*

FFA

(%

Chilling
Control
STPP

2.22
1.48

6.27
6.57

4.05
3.63

0.98
0.60

4.43
4.75

4.53
5.63

Packaging
Materials
HDPE
LDPE

1.51
2.19

6.42
6.43

3.43
4.01

0.53
0.80

4.44
4.74

5.23
4.93

Storage
Period, days
0
7
14
21
28

1.11
1.73
2.13
2.42

6.44
6.40
6.43
6.42
6.35

2.70
3.21
3.65
4.46
5.20

0.33
0.54
0.76
1.03
1.29

4.61
4.63
4.57
4.55
4.60

6.25
5.65
5.20
4.40
4.10

Source : Panda et al. _(1995)
* 7-point scale (l=Extremely undesirable ; 7=Extremely desirable)
STPP = Sodium Tripolyphosphate

FUTURE THRUST
Poultry processing sector, particularly value-added segment needs to be vigrously
promoted for boosting production by increasing the domestic consumption of processed
products and also for promoting their export. Family dynamics, rising income, increasing
exposure to various mass media, changing food habits with preference for fast foods
and rapid industrialisation and urbanisation will greatly enhance the demand for fresh or
frozen value-added products. Pohcy makers, poultry producers-cum-processors, food
processors, food scientists and technologies, etc. have to address themselves to transform
this sector of poultry industry into a more dynamic and vibrant enterprise. In this
respect, apart from developing or adopting sophisticated technologies, efforts should
also be made to develop cost-effective, intermediate technoloy for production of processed
poultry products on a small (Cottage) scale in rural areas. The products should be
prepared and marketed to the needs, expectations and acceptance of as large a population
as possible at affordable price.
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Table 4. Effect of packaging materials and ambient (24°C; 58% RH) storage on the quality of
pickled quail eggs
Storage period
(months)

1
2
3
4
5

Glass

PFP laminate

HDPE

PP

Weight loss (%)
0.7
0.1
1.1
0.2
1.6
0.2

0.5
1.4
2.7

3.0
6.6
10.4

TBA (mg malonaldehyde/kg)
1.1
1.0
1.5
1.6
3.2
2.5

1.6
2.1
3.4

1.9
2.3
3.7

Aerobic plate count (log/g)
2.9
2.9
2.8
2.6
2.6
2.5

3.2
2.7
2.5

3.0
2.6
2.5

Overall acceptability score*
5.8
5.8
5.7
5.6
5.4
5.4
4.7
4.9
3.8
3.8

5.7
5.4
5.3
4.7
3.4

5.8
5.4
5.2
4.6
2.9

Source : Singh eLâl. (1989)
* 7-point scale (l=Extremely undesirable ; 7=:Extremely desirable)
PFP = Polyster-foil-polyehylene; HDPE=High density polyehylene;
PP = propylene

Hitherto in India about a dozen chicken preparations and half-a-dozen egg products
are available to the consumers, while over 100 varieties of the same are supplied to
the consumers in some industrialised countries. As such, efforts should be made to
develop some other value-added egg products like scotch and deviled eggs, egg roll
and nog, albumen ring as snack food, egg pizza, egg yogurt and egg based milk
drinks, etc. to widen the outlet for table eggs. Likewise, development of more and
more comminuted, restructured, enrobed (coated) or flavoured value-added poultry
meat products as ready meals, snacks and easy-to-prepare items will add to the range
of poultry products. There is also an imperative need to fabricate processing
machineries andequipments indigenously, establish cold chain facilities, develop shelfstable products for marketing under ambient condition, improve packaging and to
adopt strict quality control measures for ensuring consumer safety and wider
distribution of the products. For export, poultry products must conform to the quality
requirements of the importing countries or to those of the International Organisation
for Standardisation (ISO).
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ACCELERATED PROCESSING OF BROILERS
D. L. Fletcher
Department of Poultry Science, University of Georgia, Athens, GA 30602
USA

Walker et al. (1994) compared various combinations of high and low voltage
electrical stimulation (630 V and 115 V, respectively), high temperature
conditioning (39 C for 45 min.), and muscle tensioning on broiler breast meat
tenderness. They concluded that only high voltage electrical stimulation with
muscle tensioning had a significant positive effect on muscle tenderness, although
it was still tougher than 24 hour control samples. High voltage electrical stimulation
with high temperature conditioning resulted in significantly the toughest meat
compared to 1 hour deboned controls. The other treatment combinations had no
significant benefit. It is apparent from these studies that the muscular activity
during slaughter has an imme4iate effect on early rigor development. Thus, effects
often attributed to electrical stunning may be more an indirect function of a
suppression of muscle activity rather than a direct effect on the muscle metabolism.
It is feasible that the apparent benefit of modified atmosphere killing on breast
meat quality may be more a function of its comparison to high current electrical
stunning rather than an inherent property of the gas. The commercial application
of modified atmosphere stunning and killing systems may depend more on the
economics of reduced carcass and meat damage within the context of specific
stunning and animal welfare regulations. It is an interesting fact that ante-mortem
electrical stunning delays rigor onset while post-mortem stimulation accelerates
rigor development. The application of electrical stimulation immediately after
slaughter is still only in experimental stages. Although it may accelerate rigor, the
impact on ultimate meat texture may not be sufficient to warrant its use at this
time. Further research and development is needed to see if commercial application
of electrical stimulation will result in ability of processors to debone breast fillets
immediately after chilling while retaining an acceptable level of tenderness.
INTRODUCTION
Poultry marketing has changed dramatically in recent years. Where poultry was once
marketed primarily as a whole bird commodity, over 80% of the current production in
the US is now marketed as cut-up, deboned, or further processed poultry products. To
meet this increased demand for poultry meat products, processors have attempted to
optimize processing efficiency and increase product yield by accelerating several
processing steps. One method of accelerating processing is to cut-up and debone the
carcass as soon after chilling as possible, within 1 to 2 hours post-mortem, well before
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the muscles have completed rigor mortis development. The result of this accelerated
processing is an increased incidence of tough breast fillets. Due to the potential economic
benefits of early deboning (energy, space, equipment, and yield savings) scientists have
studied muscle physiology and factors affecting rigor development in an attempt to
develop technologies to allow the early deboning of tender broiler breast fillets. Such
factors as ante-mortem stress, stunning method, muscle tensioning, high temperature
conditioning, post-mortem electrical stimulation, and chilling rates have all been studied
and shown to affect the rate and/or severity of rigor development. To date, the most
effective and promising technology has been post-mortem electrical stimulation, either
alone or in combination with other methods such as delayed picking and/or high
temperature conditioning. Although several of these factors have been shown to affect
early rigor development they have yet to be applied commercially to produce consistently
tender breast meat from birds deboned less than 4 hours post-mortem.
Antemortem Stress
The condition of the bird at time of slaughter has been shown to affect meat quality.
Such antemortem factors as feed withdrawal period, environmental conditions, stress,
and struggle prior to slaughter have been well described' Murray and Rosenberg (1953)
reported that a 16 hour fast resulted in significantly lower chicken breast muscle glycogen
stores than when birds were re-fed for 1 to 10 hours. Mellor et al. (1958) showed that
birds with higher muscle glycogen stores at time of slaughter had lower final muscle
pH values and lower shear values than meat from birds with lower muscle glycogen
stores. Heat stress has been reported to negatively affect meat texture (Simpson and
Goodwin, 1975; Leería/., 1976;Babji^ía/., 1982). Antemortem stress, either naturally
occurring or induced with epinephrine injection, has been shown to effect meat quality
(Wood and Richards, 1975; Fletcher, et al, 1991). Struggle at time of slaughter has
also been shown to result in faster postmortem pH decline and possibly tougher meal
(Ma and Addis, 1973; Lee et al, 1979; Ngoka and Froning, 1982; Papinaho et al,
1995; and others).
The result from these previous studies indicate that stress and/or struggle prior to
slaughter affects muscle glycogen stores and subsequent rate and degree of rigor mortis
development. Depletion of glycogen stores prior to slaughter results in higher ultimate
muscle pH values. Struggle at time of slaughter has been associated with a more rapid
pH drop during early rigor development, but ultimate effects on breast meat pH and
tenderness are not consistent. Possible effects and interactions between antemortem
stress, slaughter, and accelerated processing are not clear.
Electrical Stunning
Electrical stunning is the primary method for the immobilization of birds just prior to

168

slaughter in both Europe and North America. Initially, electrical stunning was used to
immobilize the birds to allow positioning for automated killing, to reduce carcass damage
associated with excessive struggling during slaughter, and to satisfy humane slaughter
requirements. Changes in market demands for further processed and deboned poultry
meat have also resulted in changing expectations of carcass and meat quality. Demands
for defect free and tender breast meat have resulted in an increased focus on the negative
effects of electrical stunning systems on the occurrence of such defects as muscle
hemorrhages, blood spots, broken bones, meat tenderness, and accelerated processing.
In Europe, the concern that birds were being under-stunned resulted in research and
subsequent recommendations to modify electrical stunning, such that animals are to be
instantaneously and irreversibly rendered unconscious. Such recommendations have
resulted in the adoption of high current electrical systems, 100 to 120 mA, designed to
result in cardiac arrest and death of the bird (stun-to-kill). High current stun-to-kill
systems however, have been related to higher incidences of carcass damage and can
result in a significant delay in early rigor mortis development.
Lee et al. (1979) found that at 24 h post-mortem, electrically stunned birds were more
tender, with 30 % lower shear values than unstunned control birds. They also reported
that, during the initial processing steps, breast muscles from electrically stunned birds
had significantly higher adenosine triphosphate (ATP), creatine phosphate (CP), and
pH levels, and lower lactate levels than unstunned control birds. They concluded that
electrical stunning inhibited the metabolism of ATP, CP, and glycogen and, thus, delayed
the onset of rigor until after chilling, when muscle temperatures reached 4"C. Kim et
al. (1988) concluded that electrical stunning may delay post-mortem glycolysis or reduce
early lactic acid accumulation through a suppression of antemortem struggle.
Papinaho and Fletcher (1995) reported that electrical stunning currents from 50 to 200
mA resulted in a significant delay in the onset of rigor mortis. These differences however
disappeared approximately 4 to 6 hours postmortem (Papinaho and Fletcher, 1996).
Papinaho et al. (1995) reported that the effect of stunning on slowing early rigor
development is primarily due to the inhibition of perimortem struggle. These results
indicate that electrical stunning and severity of stunning (high versus low current)
actually delays the early onset of rigor mortis and would have to be considered to be a
negative influence in the development of accelerated processing schemes.
Gas Stunning (Modified Atmosphere Stunning and Killing - MASK)
Carbon dioxide has been examined as a potential for gas stunning systems since the
1950's (Kotula et al., 1957). However, the use of carbon dioxide in combination with
argon as possible humane killing agents has received considerable attention in recent
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years, especially in the United Kingdom. The use of modified atmosphere stunning
and killing systems would have the advantages of reducing carcass damage associated
with unloading and hanging, and reducing carcass and meat defects associated with
electrical stunning (Mohan Raj and Gregory, 1990a; Mohan Raj and Gregory, 1990b;
Mohan Raj et al., 1990).
Stunning and killing with either C02 or Ar gas has been shown to result in lower initial
muscle pH values than muscle from birds killed following stunning at 107 mA (Mohan
Raj et al., 1990). Argon resulted in a dramatic decrease in initial muscle pH and more
tender meat. C02 resulted in a less dramatic difference. It has also been reported that
birds killed with argon exhibited a faster post-mortem rigor development which allowed
early deboning without the excessive toughness seen in breast muscle early deboned
from electrically stunned birds (Mohan Raj et al., 1991).
In the US, argon, C02, and nitrogen have been evaluated in a continuous MASK system
(Poole and Fletcher, 1995a). Initial muscle pH was significantly highest for the C02
killed birds compared to unstunned controls while Ar and N2 resulted in significantly
lower initial muscle pH values compared to the controls. This differences was attributed
to the tendency of the unconscious birds to exhibit violent muscular contractions when
killed with either the Ar or N2 gasses. Differences between these results and those
reported in the UK were attributed to differences in methods of application (immersion
versus continuous flow) and possibly due to differences in the comparison base (high
current stunning versus unstunned birds).
A comparison was made between low amperage electrical stunning (10.5 V, 500 Hz,
approximately 7 mA, for 10 seconds - as commonly used in the United States) and gas
killing using a 30^ Ar, 70% C02 mixture (as evaluated in the UK). In two separate
trials, there were no differences between treatments in breast muscle pH taken at 0, 1,
3, 5, or 24 hours post-mortem. These results directly contradict those reported in the
UK and are most likely due to the differences in electrical stunning rather than gas
stunning-killing conditions. Thus it was assumed that modified atmosphere killing
may only appear to speed rigor development when compared to high current electrical
stunning, which actually delays rigor onset (Poole and Fletcher, 1995b).
Electrical Stimulation
Electrical stimulation has been used in red meat to accelerate rigor development and to
enhance meat tenderness. In poultry, electrical stimulation has been tested by numerous
researchers but its applicability to commercial use is still questionable. Electrical
stimulation appHed shortly after death has been shown to "stimulate" muscle contraction,
more quickly bum muscle energy stores, and thereby accelerate post-mortem rigor
development. By increasing post-mortem rigor development, it may be possible to
harvest breast meat earlier during processing with less adverse toughening.
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Recently, Li et al. (1993) published and extensive review, summary, and evaluation of
electrical stimulation research in poultry. This article is an excellent review of the
history, application of both low and high voltage electrical stimulation, and combined
use with muscle tensioning and high temperature conditioning, and the physical,
physiological, processing, and microbial factors associated with electrical stimulation.
Research conducted to date is inconclusive regarding the applicability of electrical
stimulation in broiler processing. Although electrical stimulation clearly accelerates
early rigor development and results in less tough meat when early deboned, the ultimate
tenderness or frequency of tough meat, may not yet be sufficiently improved for
commercial application. Further research is necessary to better define optimal
stimulation conditions and to determine its relationship to existing stunning and slaughter
techniques.
Wing Restraint and Muscle Tensioning
Wing restraint, as a method of applying tension to the pectoralis major, was evaluated
for its effect on breast meat tenderness and accelerated processing. Papa and Fletcher
(1988) compared different wing restraint methods applied antemortem or following
picking. Results indicated that wing restraint had little effect on ultimate meat tenderness.
In later studies, wing restraints were applied after picking and through chilling prior to
deboning the breast fillets at 2, 3,4, or 24 hours postmortem. Wing restraint resulted in
significantly more tender pectoralis major muscles deboned at 2, 3 and 4 hours
postmortem, but significantly tougher pectoralis minor muscle at the same deboning
times, respectively (Papa et al., 1989). A combination of both electrical stimulation
and muscle tensioning was shown to be more effective in reducing toughness of early
harvested breast meat than either of the treatments independently (Birkhold et al., 1992;
Birkhold and Sams, 1993).
These studies indicate that under normal carcass aging prior to deboning, muscle tension
beyond that of normal skeletal-muscular tension during rigor development does not
result in more tender meat. However, muscle tension during the early stages of rigor
development in combination with rigor accelerating treatments may reduce shortening
and toughness of the resulting meat. It appears that this would be most applicable in
combination with other rigor accelerating processes such as electrical stimulation and
high temperature conditioning.
High Temperature Conditioning And/or Chilling Rate
The temperature of the breast muscle during early rigor development has been
demonstrated to affect meat quality. Both high temperatures (e.g. 40^C) and low
temperatures (e.g. O^C) are both associated with more extreme shortening of the muscle
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sarcomeres and tougher meat. High temperature conditioning, by holding the carcasses
at room temperature or above during early rigor development or by delaying chilling,
has also been associated with accelerated rigor development.
High temperature conditioning in combination with electrical stimulation has also been
evaluated. Clatfelter and Webb (1987) reported that a combination of high temperature
conditioning and electrical stimulation could be used to produce tender early deboned
breast meat. Sams (1990) reported that both high temperature conditioning and electrical
stimulation had no individual effects on early deboned breast meat, but when used in
combination, they resulted in more tender breast meat. The author attributed this effect
to accelerated post-mortem metabolism, prevention of cold-shortening, and myofibrillar
fragmentation.
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In the seventies Asian countries were mainly importers of further processed meat
and poultry products from the West. The early eighties marked the beginning of
international fast food chains establishment in Asia. Research and product
development were limited then to traditional products. Today, Asia is one of the
largest producers of poultry meat, with Thailand, India, China and the Asian
countries accounting for more than 50% of the world production. Value-addedproducts in Asia are different in terms of the physico-chemical, sensory, nutritional
and microbiological aspects when compared to those originating from the West.
Ethnics and cultural demands have resulted in a vast selection of poultry products
that are competitive and more desirable to the consumer's taste. A signifícant
development is the utilization of non-conventional protein resources from the
poultry and animal industry in the formulation of processed meat products.
Mechanically deboned meat, spent hen, skin, fat, chicken trimmings, breeder culls,
surimi and plant proteins have been utilized to achieve the current status of valueadded-products in Asia. Research and development towards the year 2000 focuses
on the commercialization of traditional meat and poultry products to be at par
with the current limited definition of processed meats as viewed by the Western
countries' defination of value-added-products.
INTRODUCTION
Non-conventional raw materials from the livestock industry are defined as animal tissues
that are the by-products of the meat and poultry processing operations. In Malaysia,
Thailand and China, boneless breast and fillet of chicken are exported to Japan and
Hongkong, leaving excess chicken trimmings, skin, and low grade meat which are
suitable for value-added-products (VAP). Currently much of these by-products of raw
materials which have potentiality as VAP are wasted, contributing towards existing
environmental problems. In food product development, Asian countries put much
attention to the processing of raw materials to produce premium products for the export
market. However, little attention was paid in the utilization of the byproducts in research
and development of VAP. Asian poultry industry is large and poultry meat is the most
acceptable source of meat protein for most of the ethnic populations in this region. The
introduction of hamburgers and hot dogs in the early 70's through international fast
food franchises resulted in many entrepreneurs, especially diversified poultry
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manufacturers in the industry to venture into the production of value-added-products.
Asians are now consuming a sizable volume of VAP from poultry meat, although the
exact consumption per-capita is unreported.
Research and development in poultry, beef and fish meat have taken a drastic turn
towards down-stream processing over the last few years. With more demands for fastfood, convenience meals and take- aways, more processing of cut-up pieces, marinated
chicken parts and cooked ready-to-eat products are made available in supermarkets.
Increasing imports of VAP such as hotdogs, sausages, luncheon meat and battered/
coated products resulted in local producers producing similar products to fulfill the
market demand. Malaysia and Thailand recognized the high potential of mechanically
deboned poultry meat (MDPM) in frankfurters being imported from United States,
Holland and Denmark.
Today, Chorean Pokphand (Thailand) and Bindings Poultry (Malaysia) use a substantial
amount of MDPM in many of their VAP. Research is still at the infancy stage of
development, mainly because technology transfer was more conveniently adopted from
the west to produce similar products. However the emphasis of R&D on VAP is
important, especially when Asian standards of living progresses. There is now demand
for more ethnic and exotic products of higher quality. Currently VAP produced in Asian
countries for local consumption are quite different in terms of physico-chemical
properties, nutritional, sensory and microbiological compositions. The inherent high
price for premium quality animal protein have induced local producers to manufacture
VAP of a lower quality for the mass consumption of the local population. This is a very
important factor to note in view of the majority of the population unable to afford the
premium products meant for export.
RESEARCH AND DEVELOPMENT
Research in VAP seemed logical with the rise of demand by consumers for higher
quality products at affordable prices. Therefore, chicken trimmings, spent hen, cull
birds, layers, including low grade surimi and beef trimmings have become useful raw
materials for the processing of value-added meat production. What is considered as
non-conventional raw materials from the poultry industry will soon be classified as
conventional raw materials for further processing with only a low percentage of meat
as the raw material being blended into the VAP formulation. A good example of this is
the use of 80% MDPM with isolated soy protein and potato starch to produce frankfurters
with no intact chicken meat being included at all. In processed meat production, premium
meat cuts are seldom used. The classic hamburger is another example where only beef
chucks, knuckles, neck and thigh meat are minced for the patty production. Lessons
learned from more developed countries on trends in VAP R&D indicate that the use of
conventional animal by-product^ such as heart, tongue, Uver, gizzard and blood are
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restricted to products which serve limited market niches. At the 40th International
Congress of Meat Science and Technology (ICOMST) it is agreed that a major raw
material for VAP R&D came from the usage of connective tissue protein such as collagen.
Collagen derived from lower grade meat cuts are now gaining more importance as fat
replacers in the production of VAP with lesser fat and lower calorie. In the seventies,
raw materials as such were considered as tough and low grade in the Western countries
and were channelled for rendering. Today, connective tissues are being researched to
replace fatty tissues. With more consumer demand on lean, less fat and composite
VAP, the once much favoured well marbled, juicy and fatty meat cuts are now less
popular. What is in demand now are lean, light, low calorie and composite type of meat
products. Thus connective tissues, collagen and gelatinous proteins are now becoming
useful, when at one time, these very same components were considered as obstructive
to a good quality meat cut. Research and development in Malaysia today utilize low
cost materials such as MDPM, skin, spent hen, chicken trimmings and surimi-like
materials to produce VAP
Basic research in meat science is seriously lacking in Asia. There is poorly documented
information on the raw material composition, microbiological status and quality control
aspects, particularly more so on the non-conventional raw materials from the livestock
industry. This is not suprising due to the recent introduction of VAP in poultry processing.
Current awareness have resulted in the R&D on basic meat science which includes
proximate composition, microbiology, physico-chemical measurements (WHC, pH,
emulsion capacity, gelation) and some studies on protein changes in the composite
products. Applied research resulted from product development work with the poultry
processing industry. A series of VAP such as burger, hotdog, nuggets, and chicken
balls are now produced using a substantial amount of the non conventional by-products
from the poultry plant and processing operations. Parameters studied in these products
include colour, textural and physical changes during storage, biochemical changes (TB A,
PV, FFA, pH/Acidity) and sensory evaluation attributes. Market research are carried
out on newly developed products in cooperation with the local producers of further
processed poultry products. The significance of market testing is to detect if consumer
can differentiate between products made form conventional meat raw materials and the
non-conventional raw materials which now substitute the meat component. Thailand,
Malaysia and China have been successful in fully utilizing the MDCM, skin, spent hen
with soy proteins and starches to produce VAP, therefore, fulfilling the demands of the
Asian market.
RESEARCH TRENDS AND PRODUCT DEVELOPMENT
Research development in the poultry products are mainly conducted by large integrated
poultry corporation such as KFC's, CP's and Dindings Poultry Companies in Malaysia
and Thailand. Products developed are based on existing VAP of poultry found commonly
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in Western countries, but reformulated to suit the taste of the Asian consumer. Many
examples of hot and spicy roast chicken, Tandoori pizza and spicy hotdogs and
hamburgers are available in the fast-food outlets and supermarkets. The involvement
of research institutions in poultry products development is minimal due to well-presented
technology and formulations already available from food additives houses as well as
processing machinery suppliers such as Koppens, Tetra-laval, Formax and Stadelman.
However, R&D carried out at some Universities in cooperation with poultry processors
include :1.

Utilization of non-conventional protein sources in processed meat product
development.

2.

Blending of surimi-like materials in VAP and their physico-chemical and sensory
characteristics.

3.

Microbiological status of poultry and composite meat products.

4.

Nutritional evaluation of VAP from non-conventional protein sources.

In the seventies low quality burgers and hotdogs were produced by a few small scale
operators. Traditional products included 'lap cheong', 'bak kwa', chicken floss and
spicy chicken 'rendang'. Most of these products were of poor quality and did not meet
specifications crucial for export market. But in the early eighties, the broiler and fishbased industries have adopted sophisticated processing technologies, combined with
the latest technology in composite and restructed meat to formulate a variety of
convenient food products. In addition, large local processing plants have utilized efficient
processing operations to minimize animal wastes and by-products by further
improvements of their functional and nutritional qualities, to produce economical yet
high quality VAP. Many of these products now utilize low cost raw materials, which at
one time were not available, because of the traditional consumer demands for whole
chicken in the early 60's and 70's.
Bite size chicken nuggets were first introduced in the early eighties. The main ingredient
was breast meat. Today, good quality nugget are made from chicken trimming (CT),
skin emulsion and isolated soy protein (ISP). Chicken balls are a very popular
snack food in Asia. Breast meat used for balls are now partially replaced by CT, but
blended with ISP to retain the same quality characteristics. Lately, efforts were made to
fully utilize non-conventional protein sources from the poultry processing
operations to yield a chicken bologna. Four types of by-products used were MDCM,
CT, chicken skin and spent hen. A combination of 45% MDCM, 15% CT, 10%
skin and 20% spent hen meat resulted in a Bologna comparable to the
original bologna made with chicken meat. This is one example where such
by-products are fully utilized, resulting in a final product that still retain major attributes
of a Bologna.
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Good nutritional qualities in processed meats products represent the ultimate objective
in today's growing demand for food that are high in protein, complex carbohydrate,
dietary fiber, vitamins and essential minerals. Consumers also demand products that
are low in fat, calories, salts and free from contamination of heavy metals and toxic
compounds. Research and development using by-products need to reconsider these
issues when formulating composite products. The rapid expansion of the fast food
industry makes it necessary to reevaluate the nutritional quality of YAP produced from
the non-conventional protein resources. The increasing utilization of food additives is
another concern in VAP. Almost all VAP contained food additives that have specific
functional properties which served the purpose of yielding good texture and acceptable
products. On the other hand, the nutritional quality of such products need to be monitored.
Studies and R&D on nutritional aspects are very limited in this part of the world.
Lastly, Asian countries need to step up efforts of gaining the competitive edge and
commercializing their traditional poultry products to match and be at par with western
based VAP. Tandoori, shiskabab, satay, dendeng, la chung, chicken másala, and many
other Asian recipes should be standardized and commercialized for export market.
Moghul, Thai, Chinese, Malaysian, Filipino and Vietnam types of poultry
dishes are well known but marketing is limited to only restaurants found
around the world. These traditional poultry meat products have the potentials to compete
with current VAP that we normally associate ourselves with. What is also
lacking is the R&D related to processing and preparatory equipments that can produce
these traditional poultry products in large volumes. Packaging technology and
efficient quality control systems are lacking, thus hampering the growth
potentials of such products. Asian poultry meat technologists need to address this
problem.
CONCLUSION
The status of R&D on VAP is still in its infancy stage in Asia, although Thailand and
Malaysia are competitive in comparison to most western countries. Value-addedproducts from poultry meat and by-products are readily available but their varieties
and quality are quite different from similar western style products. There is a serious
need to monitor the quality aspects of non-conventional raw materials which are
increasingly being used in VAP in Asia. There is also a need to look at the long term
effects of food additives from the safety and health point of view and the implications
on the local population. Current demand for more convenient and ready-to-eat chicken
have resulted in an increase in the use of skeletons/carcasses, MDCM, skin, trimmings,
and low grade meat. These raw materials need to be fully exploited through R&D to
carefully blend them with functional food additives to produce good quality VAP. The
task and responsibility lie in our hands as the Asian poultry technologists to take up
this challenge.
179

REFERENCES
BABJI, A.S. and LIM, Y.K. (1993) Some characteristics of MDCM and CT, used in a
local frankfurter formulation of 3rd IFCON International Food Convention, 7-12
Sept. p. 13. Mysore, India.
BABJI, A.S. and GNA, S.K. (1993) Changes on colour, pH, WHC, protein extraction
and gel strength during the processing of Ay ami. Proceeding 1st Asia Pacific
Congress on Meat Science and Technology, p. 273 - 293. Beijing, China.
BABJI, A.S. and SERI CHEMPAKA, M.Y. (1995) The nutritional value of some
processed meat products in Malaysia. Mai. J. Nutr: Vol 1. No. 1: 83 - 94.
TSANG, T.S. and FRONNING G.W. (1992) Changes in myofibrillar protein and
collagen content of mechanically deboned chicken meat due to washing and
screening. Poultry Science Tl: 1221 - 1227.
DARRINGTON, H. (1985) More products from meat. Food Manufacture August, p.p
31-32.
KONDAIAH, N., ANJANEYULU, A.S.R. and LAKSHMANAN V. (1993)
Incorporation of chicken byproducts in mutton nuggets. J. Food. Sei. Technol. Vol.
30, No. 2. 143 - 144.
KONDAIAH, N. and PANDA, B. (1992) Processing and utiHzation of spent hens.
World's Poultry Science Journal, Vol. 48: 255 - 268.
SAHOO J. and BERWAL J.S. (1993) Utilization of turkey fat and skin for production
of sausages. J. Food Sei. Technol. Vol. 30, No. 3. 224 - 225.
SMITH, D.R. (1989) Restructured meat products - opportunities unlimited. Asia Food
Processing Packaging. August. 17-21.

180

TECHNOLOGIES TO MODIFY THE FUNCTIONAL
PROPERTIES AND COMPOSITION OF VALUE ADDED
POULTRY PRODUCTS
G.W.Froning
Department of Food Science and Technology, University of Nebraska
Lincoln, NE 68583-0919, USA

The poultry industry has seen very signifícant changes in the last 30 years.
Consumption of poultry meat has increased because of its healthful image and
new convenience products. The poultry processing industry has fostered this
growth through the utilization of new science and technologies to produce high
quality poultry meat products. As this growth has developed, new challenges have
come to the farefront with continued basic and applied research, consumption of
high quality poultry meat will continue to increase well into the next century.

INTRODUCTION
Poultry meat consumption has grown substantially during the last 30 years. As shown
in Table 1, per capita consumption of poultry in the United States, for example, has
grown to about 43 kg per capita in 1992 (Madison and Perez, 1992). Several factors
have contributed to this increased utilization of poultry meat. First and likely foremost,
poultry meat is considered to be healthy. Poultry meat is low in fat and high in unsaturated
fatty acids. Another factor of prime influence is the growth and availability of further
processed poultry meat items. Poultry meat is offered in many convenient forms at an
economical cost. This is in contrast to 30 years ago when poultry meat was largely sold
in the whole carcass form. Products include emulsified products, restructured poultry
meat items, roasts, skinless breast, various low fat products, precooked fillets, etc. As
further processed poultry grew, new problems have plagued the industry. Color, flavor
stability and textural quality presented new challenges to the poultry processing industry.
Although problems are not completely answered, research has provided new approaches
to maximizing product quality.

181

Table 1. Per capita consumption (Kg) of poultry meat in the USA (Ready to cook
basis)
Chicken

Turkey

Total

Young

Mature

1988

28.2

1.0

7.1

36.3

1989

30.1

0.9

7.5

38.5

1990

31.5

0.9

8.0

40.4

1991

33.0

0.8

8.2

42.0

1992

34.5

0.7

8.2

43.4

Table 2. Functional properties of muscle proteins
Functional Property

Mode of Action

Water absorption and binding

Hydrogen bonding of water;
entrapment

Gelation

Protein matrix formation

Cohesion-adhesion

Protein acts as adhesive
material

Elasticity

Bisulfide links in gels

Emulsification

Formation and stabilization
of fat emulsions

Fat absorption

Binding of free fat

MUSCLE PROTEINS AND FUNCTIONALITY
Poultry muscle proteins and their contribution to functionality have been the subject of
several recent reviews (Acton et al., 1983 ; Jones, 1994 ; Wang and Smith, 1994).
Muscle proteins in poultry contribute many important functional properties (Table 2).
Functional aspects, such as water holding capacity, gelation, fat binding and
emulsification all are important when considering further processed meat products.
Past research has indicated that most of the superior functional attributes are provided
by the myofibrillar muscle proteins (Table 3). Acton et al. (1983) reported that the
emulsification properties of muscle were largely contributed by the myofibrillar proteins
actomyosin, myosin and actin. Sarcoplasmic proteins and stroma were poor emulsifiers.
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Table 3. Muscle proteins physical and functional properties

Protein

Gelation

Water
Binding

Sarcoplasmic

Poor

Myofibrillar
Collagen

Emulsifi-cation

Color

Poor

Poor

Contributes
color

Extensive

Excellent

Excellent

Poor

Poor

Poor

Poor

Poor

Wang and Smith (1994) reviewed the mechanism of thermal gelation and physical
chemical properties of muscle proteins as they contribute to desired properties in further
processed poultry meat products. They described thermal gelation of proteins as a two
step process involving the unfolding of proteins followed by aggregation into a threedemensional network. Optimum gelation was reported at 0.6M NaCl or KCl at about
pH 6.0 for breast myofibrils. Low heating temperature at 44-56°C favored aggregation
whereas high temperatures weakened intramolecular and cross-linking bonds of myosin
gels. Basic information on gelation and binding properties have contributed to improved
textural quality of further processed poultry meat.
NEW PROCESSING AND INGREDIENT TECHNOLOGIES
In the late I960's mechanically deboned poultry meat became a major factor in the
growth of the further processing industry (Froning, 1976). Development of the
mechanical deboner enabled more efficient utilization of residual parts from cut-up
and undergrade poultry meat. Utilization of mechanically deboned poultry in many
emulsified poultry meat items has become a reality. Today, approximately 320 million
kg of mechanically deboned poultry is being used in various applications in the USA.
Several scientists have studied the effect of mechanical deboning on the properties of
the resultant meat paste. Mechanically deboned poultry meat has been observed to
have a lower protein content and higher fat content than that from hand-deboned sources
(Goodwin et al., 1968 ; Froning, 1970 ; Froning and Johnson, 1973; Gründen et al.,
1972). Lipid and heme components from the bone marrow were observed to adversely
affect color and flavor stability of mechanically deboned meat (Janky and Froning,
1975; Lee et al., 1975). Studies have focused on improvement of the stability and
functional properties of mechanically deboned poultry meat. Froning and Johnson (1973)
observed that centrifugation of mechanically deboned fowl meat improved the
emulsification stability of the resultant product. Centrifugation reduced heme and lipid
content of the mechanically deboned poultry meat. More recendy, surimi processing
has been observed to improve functional properties and color characteristics of
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mechanically deboned poultry meat and chicken skin (Dawson et al., 1988; Yang and
Froning, 1992; Froning and Bonifer, 1995). Surimi washing removes undesirable
pigments and lipid components thereby concentrating the myofibrillar protein fraction
and greatly improves the binding and gelation properties of the resultant product (Table
4).
Table 4. Proximate composition and percent myofibrillar proteins in unwashed
and mechanically washed deboned chicken meat (MDCM) (Yang and Froning,
1992)
Moisture
%

Protein
%

Fat
%

Myofibrillar
Protein of
Total Protein %

Unwashed MDCM

68.1c

46.6c

14.5a

18.0c

O.lMNaCl

85.8b

74.8b

1.1b

38.0b

0.5% NaHC03

88.7a

71.2a

0.8b

45.0a

Treatment

abc : Means within columns having different subscripts are significantly different
(P<0.05).
The poultry processing industry has been focusing lately on reducing fat and cholesterol
in processed poultry meat products. Fat reduction is being achieved through fat trimming,
addition of fat substitutes (eg. maltodextrins, soy protein, alginates etc.), and use of
improved cooking methods. The consumer is desiring low fat, or fat free, poultry meat
products that taste good. New processing technologies, such as supercritical carbon
dioxide extraction, has been observed to reduce fat and cholesterol of dried chicken
about 90% (Table 5).
CHALLENGING PROBLEMS
With the increased emphasis on fast growing strains of poultry, recently more color
and textural problems are plaguing the industry (Sosnicki and Wilson, 1991). The
problems appear to be similar to the PSE condition encountered in swine in the past.
Genetics, preslaughter stress and stunning methods may contribute to this continuing
problem. Future research efforts need to be expanded to provide further answers to
these quality defects.
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Table 5. Effect of supercritical carbon dioxide (SC-CO^) extraction of dehydrated
chicken meat at various temperatures on proximate composition and cholesterol
content (Froning et aL, 1994)
Meat

SC-CO^

source

Conditions

Powder

Chunk

Total lipids

Protein

Moisture

Cholesterol

(%)

(%)

(%)

(%)

Control

49.72±1.5P

45.45±2.52'=^

2.89±.27

4.33±.43"

299 atm, 45 C

28.21±2.07^

67.35±2.98^

1.87±.54

1.87±.50^

381 atm, 55 C

5.43±1.74^-

89.30±4.48^

1.27±.59

.42±.14^

28.08±0.46^

64.39±2.11''

4.37±.29

4.96±.27^

299 atm, 45 C

1.91±0.31^

88.28±3.29^

3.55±.75

0.89±.1P

381 atm, 55 C

1.38±0.18^^

92.16±3.43^

1.86±.39

0.54±.16'^

Control

^""^ Means ± SD within columns in the same meat source with no
(P < .05).

common superscript differ significantly

Another issue is by-product utilization. As the industry moves to lower fat products for
instance, fat residue becomes an increased environmental concern. Creative uses of fat
and other by-products needs further emphasis.
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As consumers are more aware of the link between health and diet, poultry
husbandry must actively produce designer or function foods for consumers.
Modification of nutrient composition of poultry products, with emphasis on
cholesterol, fatty acids and certain vitamins, is reviewed in this text. Egg yolk
cholesterol content is reluctant to change with dietary and pharmacological
intervention. A meaningful reduction in the yolk cholesterol content could be
achieved in the future by changing lipoprotein synthesis through genetic
manipulation. Unlike cholesterol, poultry products could be feasibly enriched
with n-3 fatty acids and vitamins such as â-carotene and vitamin E to satisfy
human consumption. As to the stability of n-3 fatty acid modified products,
lipids of the shell egg yolk are quite stable though containing much higher
content of unsaturated fatty acids including more desirable n-3 fatty acids. In
contrast, lipids of the n-3 fatty acid modified yolk powder and poultry meat are
not as stable as those of shell egg yolk. Implication of designing animal products
are also briefly discussed.

INTRODUCTION
Dietary patterns have been changing significantly throughout the 20th century. Today's
consumers are far more conscious of the Unk between health and diet as new evidence
concerning the benefits and risks associated with dietary nutrients emerging in both
the scientific literature and the popular media. In July 1986, the Joint Nutrition
Monitoring Evaluation Committee (JNMEC) reported that the principal nutritionrelated health problems in the United States stem from over-consumption of fat,
saturated fatty acids and cholesterol (Anonymous, 1986). This is also the case in the
many other countries. Numerous studies have put forth recommendations to the
public to decrease their consumption of fat, cholesterol, and sodium, increase their
intake of fibre, vitamins, and minerals, and maintain adequate consumption levels of
protein and calcium (National Research Council, 1988).
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Animal products have always been a mainstay of the Western diet. Because of their
relatively high content of total fat, saturated fatty acids and cholesterol, per capita
consumption of animal products in the United States and Canada has decreased
steadily over the past 20 years (Anonymous, 1992). Such reports challenge scientists
and producers because animal products are major foods contributing these nutrients
in the developed world and some developing countries as well. Thus, animal husbandry
must actively respond to the perceived needs of consumers by producing foods that
reflect the modem nutritional guidelines. It is of great importance with relevance to
the development of livestock production in the future. The purpose of this review is
to examine such efforts in modifying nutrient composition of poultry products with
emphasis on cholesterol, fatty acids and certain vitamins.
MODIFYING EGG CHOLESTEROL CONTENTS
Each egg contains about 200-250 mg cholesterol and the perception of eggs by the
public as a major source of dietary cholesterol is seen as a significant factor
contributing to the overall decline in egg consumption (Yaffee et al., 1991). In the
United States, per capita annual egg consumption has declined consistently since
1940s, from 400 to 260 eggs (Mast and Clouser, 1988). During the past 30 years
there has been considerable interest in the factors that influence cholesterol metabolism
in the laying hen and its deposition in the egg (Naber, 1991). Reduction of egg yolk
cholesterol content has involved in the genetic selection, dietary and pharmacological
alteration.
Genetic means
Although studies have indicated sufficient genetic variability in yolk cholesterol
level to make a genetic selection program possible, selection for lower egg cholesterol
has not been successful or resulted in only slight reductions with an associated
decrease in egg production (Hargis, 1988). All the available evidence strongly suggests
that small reductions in egg yolk cholesterol are only possible by manipulation of
cholesterol synthesis (Griffin, 1992). As yolk cholesterol is determined by the
cholesterol content of individual yolk lipoprotein particles, rather than by the
cholesterol concentration in the bird's plasma, it is concluded that a meaningful
reduction in egg cholesterol content will likely accrue only through the genetic
manipulation of processes involved in lipoprotein synthesis (Griffin, 1992). However,
great efforts must be made by scientists from different fields to cooperate in order to
achieve practical results.
Dietary and pharmacological alteration
Cholesterol synthesis by the laying hen and its concentration in the egg can be
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influenced to a limited extent by several normal dietary constituents and certain
drugs designed to alter cholesterol metabolism (Naber, 1991). Naber (1983) pointed
out that there appeared to be little variation in cholesterol content of eggs from hens
fed the usual commercial diets. However, these deviations may negatively affect the
nutritional value of the egg or the performance of the hen (Gyles, 1988).
Large amounts of dietary fats or excessive energy intake by the hen increase egg
cholesterol (Naber, 1991). Weiss et al. (1964) have shown that diets containing 30 %
fats or 1% cholesterol caused a significant increase in the cholesterol content of eggs.
It was established that high levels of unsaturated fat stimulate the hen to synthesize
more cholesterol in the liver and to deposit more cholesterol in the egg (Naber,
1983). In addition, dietary sitosterol and high fibre diets may marginally reduce egg
cholesterol level (Naber, 1991).
Addition of certain drugs to the hens' diet has caused a significant reduction of
cholesterol in the eggs (Singh et al, 1972; Naber, 1983). It also caused some problems
including possible side effects on the chicken, potential changes in tgg nutrient
composition, drug residues in the egg, and cost of using the drugs. These must be
borne in mind before we put them into practice.
ENRICHING POULTRY PRODUCTS WITH N-3 FATTY ACIDS
Discovery of health effects of dietary n-3 fatty acids has generated much research
over the past decade. The consumption of n-3 fatty acids can lower plasma triglycéride
and cholesterol levels; and modify the quantity and profile of tissue eicosanoid
production (Kinsella et al, 1990). Femandes and Venkatraman (1993) explained that
the protective effects of n-3 fatty acids for human beings by changes in eicosanoid
synthesis and the reduced risk of sudden death from cardiac arrhythmia, increased
protection from ischémie myocardium, improved myocardial function and reduction
of other cardiovascular and autoimmune disease risks.
Recently, efforts have been made to enrich animal products with various sources of
n-3 fatty acids such as flax, canola or fish products (Van Elswyk, 1993) due to the
health benefits of n-3 fatty acid consumption for humans. In chicken, it is feasible to
modify the fatty acid composition of poultry products, eggs and meats, through
dietary manipulation in order to supply n-3 PUFAs with optimum ratios of PUFA/
SFA and n-3/n-6 PUFAs (Van Elswyk, 1993).
Modifying fatty acid composition of eggs
Naber and Biggert (1989) suggested that alterations in fatty acid composition of liver
tissue in response to altered dietary fat were reflected in egg yolk fatty acid
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composition. The egg yolk lipid composition results from a combination of de novo
liver lipid synthesis and hepatic uptake and incorporation of lipid components from
the diet. As early as 1934 it was found that highly unsaturated fatty acids affect the
proportion of fatty acids present in the yolk while high levels of saturated fat in the
diet has less influence on yolk fat composition (Cruickshank, 1934). However, early
work aimed at manipulating yolk fatty acid profile mainly focused on oleic and
linoleic acids (Cruickshank, 1934; Sim et al., 1973). Recent studies have concentrated
on enrichment of egg yolk with different sources of n-3 fatty acids due to their health
benefits (Femandes and Venkatraman, 1993). Some are using fish meal or fish oil
(Hargis et a/., 1991; Van Elswyk, 1993). Because of the association of off-flavours
with dietary fish sources, more researchers have explored terrestrial sources such as
full-fat flax and canola seed and/or oils to incorporate n-3 fatty acids into eggs
(Gaston and Leeson, 1990; Jiang et a/., 1991; Qi and Sim, 1995). They found that
egg yolks can be enriched with n-3 PUFA by feeding alpha-linolenic acid (ALA;
18:3n3) from flax or canola seed to laying hens. Consequently, the ratio of n-3 to n6 PUFA was signiñcantly increased (Jiang et al, 1991). Simopoulos and Salem
(1992) also reported a significant increase of n-3 to n-6 fatty acid ratio in the other n3 PUFA-enriched eggs. Feeding full-fat flaxseeds to laying hens did not affect egg
internal quality in terms of specific gravity and Haugh units (Jiang et al., 1992).
Although ALA was the major n-3 PUFA deposited in egg yolks, considerable amount
of longer chain n-3 PUFAs such as eicosapentaenoic acid (EPA; 20:5n3),
docosapentaenoic acid (DPA; 22:5n3) and docosahexaenoic acid (DHA; 22:6n3)
were also incorporated into the phospholipid fraction of the yolk lipids, indicating
that laying hens can convert dietary ALA to EPA, DPA and DHA via desaturase and
elongase enzyme system. The hens fed flaxseed as a source of ALA produced eggs
enriched with n-3 fatty acids (7 to 12 % of yolk lipids) in order of ALA> DHA>
DPA> EPA. The enrichment of ALA in eggs with flaxseed was mainly in triglycérides
(Jiang et a/., 1991).
The successful incorporation of n-3 fatty acids into eggs may increase the dietary
health quality of shell eggs and result in a shell egg product that has greater
acceptability to the health conscious consumers, thus, increasing per capita egg
consumption. The eggs designed in such a way are proposed as an economical
source for increasing consumption of n-3 fatty acids due to relative availability and
affordabihty (Van Elswyk, 1993). A recent survey in the US shown that 65% of the
consumers were willing to purchase n-3 fatty acid-enriched eggs and of these, 71%
were willing to pay more (Marshall et al., 1994). Therefore, n-3 fatty acid enriched
eggs may have a great potential market for exploitation.
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Modifying fatty acid composition of meat
Miller and Robisch (1969) suggested that deposition of individual n-3 fatty acids in
breast and thigh muscle depended on the fatty acid composition of the diet. The oil
used in their study was herring, menhaden and safflower oil. Due to the same reasons
as occurred in n-3 fatty acid modified eggs, more recent studies are emphasized on
the utilization of plant sources of n-3 fatty acids.
Phetteplace and Watkins (1989) found that supplementation of 5% dietary flax oil
and menhaden oil resulted in significant increases in total tissue n-3 fatty acid content
of broiler tissues. The total n-3 fatty acid deposition was not different between the
dietary flax oil and menhaden oil groups. Feeding flax oil resulted predominantly in
ALA deposition in muscle. Olomu and Baracus (1991) also showed that the muscles
of broiler chickens are enriched with n-3 fatty acids when fed diets containing
flaxseed oil. These results demonstrated that poultry meat may be substantially altered
in the fat composition by feeding specific mixtures of fatty acid sources.
In the past few years, a series of experiments have been conducted using flax or
canola in the diet of broilers, pullet and spent hens to enrich the products with n-3
fatty acids (Ajuyah et al, 1991a, 1991b, 1993a, 1993b; Qi, 1995). The fatty acid
composition of white and dark meat reflected the fatty acid profile of the full-fat flax
or canola seeds, meals or oil that were fed. The fatty acid composition of white and
dark meat lipids of broilers were influenced by dietary fatty acids, but to different
extents among the lipid fractions. Addition of either full-fat flaxseed or flax meal to
the diet resulted in significantly reduced carcass fat. These trends suggest that dietary
full-fat flaxseed or canola could affect total carcass fat and elevate tissue and carcass
levels of nutritionally desirable n-3 fatty acids (Ajuyah et al., 1991a). Live weight
and carcass yield were not affected by the diets fed. However, hens fed flaxseed diets
contained significantly lower level of cholesterol in the dark meat (Ajuyah et al,
1991b).
These results suggest that flaxseed or flax oil containing a high content of ALA may
increase the n-3/n-6 fatty acid ratio in poultry meats. Increased intake of n-3 fatty
acids in human diets from the enriched meats could be achieved by consuming
enriched poultry meat, helping consumers meet current health recommendations.
At present, there are several obstacles to the full exploitation of n-3 fatty acidenriched poultry products, the most being legal restrictions on health claims made on
the products. In spite of this, the n-3 fatty acid modified eggs have already been in
the markets of at least fifteen countries.
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ENRICHING POULTRY PRODUCTS WITH VITAMINS
As consumers concern on the nutritive value of foods, the interest in modifying
vitamin contents in poultry products now extends beyond production considerations
to designing a high quality food for human consumption (Naher, 1993). Factors such
as dietary nutrients, age, and genetic background of the bird may influence the
vitamin content of eggs and meat. After examining factors influencing egg vitamin
contents. Naher (1993) concluded that dietary vitamin content has the greatest and
most widespread influence in egg vitamin content. At one to two time NRC dietary
requirement levels, transfer efficiency to the egg is very high for vitamin A; high for
riboflavin, pantothenic acid, biotin, and vitamin B^^ ; medium for vitamin D^ and
vitamin E; and low for vitamin Kj thiamine, and folie acid. In enriching eggs with
vitamins, vitamin transfer efficiency as well as cost must be considered. Due to the
numerous health benefits associated with consumption of antioxidants such as átocopherol and a-carotene (Diplock, 1993), it is reasonable to increase them in poultry
products.
The fat-soluble vitamin, such as vitamin A and vitamin E, content in egg yolk is
markedly influenced by its dietary level (Jiang et al., 1994; Qi and Sim, 1995). Jiang
et al. (1994) found that á-tocopherol, â-carotene, and retinol content of egg yolk
could be enriched through manipulation of the diet of the laying hen. Egg yolk átocopherol content increased linearly as dietary vitamin E concentration increased
(Jiang et al., 1994; Qi and Sim, 1995), whereas both linear and quadratic effect of
supplemental â-carotene on egg yolk â-carotene content were significant (Jiang et
al., 1994). Up to now, studies on tocopherol enrichment in eggs have mainly focused
on á-tocopherol or its esters. Qi (1995) showed that not only á-tocopherol but also à
and ä-tocopherol could be enriched by dietary supplementation though the lower
transfer efficiencies of â and ä-tocopherol from feeds to eggs. The higher antioxidative
activities of a and ä-tocopherol in vitro compared with á-tocopherol (Duthie et al.,
1992) made their enrichment in n-3 fatty acid modified eggs more meaningful.
Poultry meat contains more PUPA than red meat and is hence more susceptible to
oxidation. The problem is more serious with the increasing of poultry products with
n-3 PUFA. The addition of synthetic antioxidants can reduce lipid oxidation but is
more difficult to get them specifically to the sites of oxidation and they are less
acceptable to the consumer than natural antioxidants such as tocopherols added via
diet (Richardson, 1994). Dietary tocopherol supplementation could also affect the
fatty acid profile of chicken tissues such as liver, breast and thigh muscle in addition
to the tocopherol content. There was a general trend of increasing in unsaturated
fatty acids including more desirable n-3 fatty acids in tissue lipids and tissue lipid
stability with tocopherol supplementation (Qi, 1995). Therefore, the feeding of
supplemental levels of vitamin E to poultry will not only reduce the rate of lipid
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Oxidation and hence, prolong the shelf-hfe of the meat and meat products, but will
also allow the feeding of oils, containing fish or seed meals rich in PUFA, without an
increased risk of rancidity and off-flavours (Richardson, 1994).
STABILITY OF N-3 FATTY ACID ENRICHED POULTRY PRODUCTS
Since the susceptibility of animal products to peroxidation is closely associated with
the degree of unsaturation, efforts to create eggs and meat off-flavour free or less are
crucial in designing n-3 fatty acid enriched poultry products. The stability of n-3
fatty acid modified products is hereby addressed.
Jiang et al. (1992) experienced an off-flavour (fish-taint) in eggs enriched with n-3
PUFA. The fish flavour could be caused by trimethylamine, lipid-oxidation products
and flax flavour. A significant reduction in off-flavour, volatile compounds, and
thiobarbituric acid reactive substances (TBARS) was observed in both feed and egg
products by stabilizing the dietary fats before incorporating into chicken feed with
natural forms of vitamin E as antioxidants. It appears that moderate dietary antioxidant
supplementation may reduce off-flavours without depleting n-3 fatty acid deposition.
Marshall et al. (1994) found that storage stabihty of shell eggs from hens fed 1.5%
dietary menhaden oil was comparable to that from no-fat added diet. Ahn et al.
(1995) suggested that fatty acid composition of egg yolk lipid could be modified by
feeding laying hens a 3% á-linolenic acid diet without deleterious effects on internal
qualities during storage of shell eggs. Qi (1995) concluded that the lipids of shell egg
yolks are still quite stable during storage although their n-3 fatty acids were as high
as 10%. However, intrinsic tocopherol fortification in the dried egg yolk powders
through diet seems to be necessary to prevent them from oxidation since they are
much more susceptible than shell egg yolks.
Similarly, the flavour quality of fatty acid modified meats by feeding sources rich in
ALA must be considered. While attempting to reduce off-flavours of poultry meat
enriched with n-3 fatty acids, it was found that dietary antioxidants affected the fatty
acid composition and distribution in the phosphatidylethanolamine fraction of white
meat. The white meat from birds fed full-fat flax with tocopherol and/or canthaxanthin
diets had elevated levels of ALA, EPA, DPA, and DHA and reduced levels of total
saturates and n-6/n-3 PUFAs in comparison to the full-fat flaxseed and corn-soybean
groups (Ajuyah et al., 1993a). Similar result was observed in chicken fed a n-3 fatty
acid modified diet supplemented with different levels of natural tocopherols (Qi,
1995), Addition of antioxidants, especially mixed tocopherol and canthaxanthin, to
the diet significantly reduced concentrations of malonaldehyde and total volatiles in
the enriched meat, particularly dark meat. Broiler meats enriched with n-3 fatty acids
could be stabilized by incorporation of natural antioxidants (Ajuyah et al, 1993b;
Qi, 1995).
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IMPLICATIONS
In the developed world and some developing countries, animal products contribute
most of total lipids, saturated fats and cholesterol of the diet. Consumer preference
for the animal products will likely continue. Meanwhile, they still emphasize on
some weakness of animal products. It is therefore important to modify nutrient
composition of animal products in a favourable way for the health conscious
consumers. An increasingly competitive world market requires that industry
concentrates on producing what the market needs rather than simply supplying what
we produce. It is our responsibility in seeking new technology to create value added
poultry products beyond their traditional food value.
Consumers will be more and more conscious about the properties of foods, new
designer foods and markets will open for the food industries and animal husbandry
as well. Current interests in designer or function products/foods will favour for the
development and marketing of new foods from a variety of animal products. Similar
efforts should be made to modify not only poultry products but also other animal
products to achieve the ultimate goal of disease prevention and health promotion.
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EFFECT OF DIFFERENT MILK PROTEINS ON THE
QUALITY OF SMOKED CHICKEN SAUSAGES
A.S.R. Anjaneyulu, K. H. Rao, R.R.B. Singh and P.L. Aadav
Livestock Products Technology Division, Indian Veterinary Research
Institute, Izatnagar - 243 122, U.P., India

Effect of incorporation of milk coprecipitate (MCP), skimmilk powder (SMP) and
sodium caseinate (SC) on physico chemical, sensory and textura! characteristics
of smoked chicken sausages from spent hens was studied. The pH of emulsions
significantly increased (P<0.01) and the stability of the emulsion significantly
improved (P <0.01) on addition of SMP and SC. No significant differences were
obsereved in the yield of the product but frying losses reduced (P<0.01) in the
experimental samples containing diffrent milk proteins. Moisture content was
highest in sausages with MCP and lowest with SMP while protein and fat contents
were not significantly affected. Chicken sausages containing MCP and SMP were
rated better than the control samples with respect to flavour, texture and juiciness
and no differences were observed for mouthcoating, colour and appearance.
Instron texture analysis also showed significant improvement in firmness and
cohesiveness of the experimental samples (P<0.01). It was concluded that MCP &
SMP could be beneficially incorporated to improve the quality of smoked chicken
sausages from spent hen meat.

INTRODUCTION
Preparation of ground or emulsion type products is a potential solution to achieve
efficient and effective utilisation of spent hens. However, meat from older birds is
more thermostable and hence very tough principaly due to cross linked collagen, which
can be detrimental to the process of making stable emulsions. Kondaiah and Panda
(1992) reported that chicken patties and sausages made from spent hens had higher
cooking losses, less juiciness and less intense flavour. A number of nonmeat ingredients
particularly dairy proteins have been observed to improve texture, appearance, flavour
and nutritive value of comminuted meat products (Jordan, 1991; Hung and Zayas,
1992). However, their functional behaviour such as binding of water and protein vary
in difterent comminuted meat systems (Cserhalmi- ormai and Czukor, 1991). The present
study, therefore, aimed at evaluating the suitability of different milk proteins viz., milk
coprecipitate (MCP), skim milk powder (SMP) and sodium caseinate (SC) for improving
the quality of chicken sausages from spent hens.
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MATERIALS AND METHODS
Spent hens of White Leghorn breed (>72 weeks age) were slaughtered according to
standard procedure. Hand deboned meat along with its byproducts viz., gizzard, heart
and natural proportions of skin and abdominal fat were frozen and stored at - 20°C and
were used after partial thawing at 4°C for 15 h. Four sausage formulations including
control contained 70% spent hen meat, 20% Skin-Gizzard-Heart (SGH) (in proportion
of 77.7:17.6:4.5 respectively) and 10% chicken fat. Three experimental formulations I,
II and III were additionally incorporated with 15% MCP 5% SMP and 1% SC
respectively on the basis of preliminary studies. Each formulation also contained 2%
salt, 0.5% sodium tripolyphosphate, 3% refined wheat flour, 3% condiments, 1.8%
spices and 10% ice flakes. Meat was coarse minced through 8mm grinder plate while
SGH and fat were fine minced twice through 4mm grinder plate and emulsions were
made using Hobart bowl chopper (model 8418 D). A three stage heating cycle was set
in which the sausages were preheated at 50°C for 20 min followed by 90 min smoking
at 55''C and final heating to an internal temperature of 70"C to prepare the smoked
product.
Emulsion stability (Baliga and Madaiah, 1970), pH , frying loss and yield were
determined as per standard procedures. A.O.A.C (1980) methods were used for
estimating moisture, protein and fat contents of the product. Texture profile analysis
was carried out on Instron Universal testing machine (model 4301, Instron Corporation,
USA) following the procedure of Bourne (1978). Three 2 cm-dia cylindrical segments
of each treatment, at 15 ± PC, were axially compressed to 80% of its original height
through 2 cycles (50 N load cell) at a speed of 5 cm /min. The chart recorder speed was
set at 10 cm/min. The textural parameters viz., firmness, cohesiveness, springiness,
gumminess and chewiness were measured from force deformation curve obtained from
double cycle compression. Sensory evaluation of samples was carried out on 8 point
descriptive scale (8 = extremely desirable, 1 = extremely undesirable) by 9 member
experienced panel. The data from 3 replications were statistically analysed (Snedecor
and Cochran,1967).
RESULTS AND DISCUSSION
Effect of incorporating different milk proteins on the physico chemical attributes of
batter (Table 1) revealed that the pH of emulsions significantly increased (P<0.01) and
emulsion stability significantly improved (P<0.01) in formulations with SMP and SC.
These milk protein preparations appeared to have decreased the amount of free water
and increased immobilised water in sausage batter. MCP did not improve the emulsion
stability, may be due to the nonavailability of functional sites and to the formation of
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Table 1.

Effect of different milk proteins on physico chemical ,textural and sensory quality of
smoked chicken sausages
Experimental
F-value
I
II
II
Parameter /Attribute
n
control
Milkcopre- Skimmilk
Sodium
Powder
Caseinate
cilitate
Physico chemical
pH
6.42
4.24
6
6.36
6.31
6.42
±0.02
±0.02
±0.01
(P<0.01)
±0.01
Emulsion stability %
9
94.88
96.92
96.12
102.36
92.52
±0.19
±0.16
±0.13
±0.26
(P<0.01)
89.24
0.62
Yield %
6
88.92
88.83
89.55
±0.55
±0.44
±0.21
±0.28
NS
Frying loss %
6
3.20
2.23
49.06
2.59
2.59
±0.07
±0.05
(P<0.01)
±0.06
±0.06
197.60
54.55
54.68
Moisture %
9
55.95
53.06
±0.14
±0.07
±0.05
±0.06
(P<0.01)
Protein %
6
16.21
17.32
17.10
2.56
16.96
±0.19
±0.34
±0.37
±0.42
NS
6
13.30
0.71
Fat%
12.90
13.02
13.25
±0.47
±0.41
±0.45
NS
±0.39
Textural
12.56
Firmness (N)
9
9.13
11.33
14.86
63.06
±0.36
±0.14
±0.27
±0.37
(P<0.01)
0.72
0.74
Cohesiveness
9
0.78
0.76
15.79
±0.01
(P<0.01)
±0.01
±0.01
±0.01
30.30
24.00
57.26
Springiness (mm)
9
28.00
25.30
±0.44
±0.44
±0.29
(P<0.01)
±0.29
15.97
9
15.77
20.19
82.16
Gumminess (N)
12.29
(P<0.10)
±0.35
±0.48
±0.06
±0.39
483.57
344.11
483.65
49.60
Chewiness (Nmm)
9
400.78
±6.13
±6.90
±2.24
±16.89
(P<0.01)
Sensory*
7.34
Colour & Appearance
7.24
0.27
9
7.29
7.29
±0.11
NS
±0.13
±0.12
±0.15
7.00
7.44
7.11
4.00
Flavour
9
7.33
±0.17
(P<0.05)
±0.15
±0.18
±0.11
6.78
7.22
6.89
3.65
Juiciness
9
7.33
±0.15
(P<0.05)
±0.15
±0.15
±0.11
6.78
7.44
4.31
Texture
9
7.33
6.89
(P<0.05)
±0.15
±0.15
±0.18
±0.11
7.22
7.22
7.22
7.00
2.59
Mouthcoating
9
±0.17
±0.15
NS
±0.15
±0.15
7.44
4.31
7.00
7.33
7.00
Overall Palatability
9
(P<0.05)
±0.17
±0.17
±0.15
±0.18
n= Number of observations, NS= Non significant, * Scores based on 8-point scale, wherein
8=extremely desirable and l=extremely undesirable

casein and whey protein complex. Holland (1984) and Hung and Zayas (1992) reported
that SMP improved the emulsion stability and reduced fat losses in beef sausage batters.
Significant differences were not observed in the yield of the final product, but frying
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losses significantly reduced (P<0.01) in the experimental samples containing different
milk protein additives. Milk proteins must have contributed to thickening of gravy
during frying and prevented it from running out of product as observed by SalvatuHna
et al, (1984).
Moisture content was highest (P<0.01) in formulation with MCP probably due to the
coprecipitation of casein and whey proteins during which more moisture is bound
through H- bonding and entrapment. Protein and fat contents were not significantly
affected by incorporation of additives as the amount of proteins and fats added in the
formulations almost remained same.
Texture profile analysis of smoked chicken sausages showed that experimental samples
were significantly different from the control indicating that incorporation of milk proteins
modified the textural properties with MCP . Sausages containing SC were excessively
firm while samples with SMP and MCP were moderate and in acceptable range as
compared to the control. Hung and Zayas (1992) reported that SMP and SC increased
the firmness and shear force values of frankfurters. In contrast, Comer (1979) and
Cserhalmi-ormai and Czukor (1991) indicated negative effect on firmness in sausages
with SMP, SC and other milk protein additives. Springiness was significantly (P<0.01)
less in all the experimental samples containning different milk proteins which is in
agreement with the observations of Cserhalmi-ormai and Czukor (1991) who reported
that milk protein additives decreased the elasticity in sausages. However, incorporation
of milk protein additives significantly (P<0.01) improved cohesiveness which can be
attributed to the binding capacity of milk proteins. Gumminess and chewiness were
significantly (P<0.01) less in sausages with MCP and were highest in samples with
SC.
Sensory evaluation of smoked chicken sausages revealed that incorporation of milk
proteins did not affect colour and appearance and mouthcoating of the product. Flavour,
juiciness, texture and overall palatability significantly (P<0.05) improved in sausages
with MCP and SMP and hence rated better than the control. Visser (1984) and Hung
and Zayas (1992) also noted flavour improvement in meat products with milk protein,
especially SMP. Sensory texture scores were in close confirmity with the Instron texture
profile analysis of the samples. However, our observations on juiciness were in contrast
to the reports of Comer et al, (1986) and Hung and Zayas (1992) who found that juiciness
was significantly less for frankfurters with SMP and SC due to excessive absorption of
water. In our experiments, extra water @ 10% of milk protein additives was added in
formulation and the product was given cold shower for 5 min at the end of the smoking
schedule, which might have improved the moisture content of the product. On the basis
of physico chemical quality, textural analysis and sensory scores it was concluded that
MCP and SMP could be beneficially incorporated to improve the quality of smoked
chicken sausages from spent hens.
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THE NEW GENERATION OF POULTRY MEAT
PRODUCTS
Gideon Zeidler
Dept. of Avian Sciences, Cooperative Extension University of
California, Riverside, CA 92521, USA

In the US, Poultry meat consumption (edible portion) is surpassing beef
consumption (74.7 lbs/capita). Aggressive new product introductions greatly
contribute to this growth trend. The average American family has about one
hour per day for dinner which includes purchasing, preparing, eating and cleaning
up. Ordinary poultry meat and by far, red meat, takes too long to prepare and
therefore does not fit well into this tight regime. The new generation of poultry
meat products are better adapted to the new eating trends resulting from
demographic, economic, social and lifestyle changes which started years ago. This
includes time-saving in meal preparation and cooking such as microwaveable,
ready-to-eat and ready-to-cook products and time saving in cleanup such as
disposable multipurpose packaging which can be used for cooking, warming and
eating from. Attractive nutritional profile and ease of preparation successfully
satisfied the needs of various group ages where specific products for ethnic, religions
and various income levels further expanded poultry consumption.
Eating out of the home and carry-out of prepared food is constantly increasing
and stand on 40% of all meals and more and 48% of all meats consumed. The low
cost of poultry meats and other foods in the US which are further reduced
considering that only 10% of GDP is spent on food (the lowest in the world) enables
the average consumer to have almost a free choice in selecting his foods and the
degree of its preparation.
Many of the new generation poultry meat products further improved on existing
concepts. Others needed technical breakthroughs in order to establish new
concepts such as fat-free meat emulsion (fat-free hot dogs). These developments
and new developments in cooking methods are reviewed in this presentation:
INTRODUCTION
Poultry meat is rapidly establishing itself as the leading meat source worldwide. Since
the 60's, world poultry consumption has doubled, where in the US it has almost tripled
(Figure 1). In 1995, chicken meat consumption surpassed beef to become the number
one meat consumed in the US at 74.7 lbs where turkey meats consumption stood on 17
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lbs. However, total red meats consumed mainly beef, pork and lamb, is still ahead of
poultry both in the world and in the US. However, the gap is narrowing every year. In
the US, poultry products more than doubled in the last ten years and the rate of
introducing new products is high. 127 new processed poultry meat products, numerous
luncheon meats and franks and many of the 863 frozen entrees, dinners and products
were introduced in 1995. On the other hand, red meat products are technically more
difficult to produce and they comply less with consumer needs. As a result there was
less support of red meat consumption growth. In 1995 a strong red meat product
introductions signaled a change and the competition with poultry products is expected
to intensify.
Figure 1. Per Capita Consumption of
Chicken in the US
lbs/year
80
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Edible Portion

POULTRY CONSUMPTION IN DEVELOPED AND DEVELOPING
COUNTRIES
There is a major difference between meat consumption in developed and developing
countries. Many developing countries experience a significant improvement in the
standard of hving and personal income growth (which averages $1200 per capita in
1996) Diets are improved and include 34 kg meat (Figure 2). Poultry's advantages are
in better feed conversion and efficient production and processing but it heavily relies
on grain and energy costs. In contrast, red meat animals can be fed on locally grown
feed, depending less on global prices and available hard currency.
As income
Sincreased, more processed foods are purchased. Ready-to-eat, cooked and grilled
poultry products are commonly served. However, as the cost of poultry meat in most
developing countries is higher than in the US (Figure 3), the number of available products
is limited and not widely available to all segments of the population.
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Figure 2. Increase in Annual Global Beef,
Poultry, Pork and Mutton Consumption
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The growing demand for meats pressured the world grain supply. In the US grain
prices reached a record high at $5/per bushel of com and $.63 for bushel of wheat in
May, 1996. In the short range prices are expected to drop as grain producers are
prepared to increase production. However, the increase in food production costs
worldwide is alarming.
The new demand for poultry meat increased US exports to a record high. This export
relies mainly on dark meat (thighs and legs) and organs such as liver and exotic parts
such as chicken feet (chicken paws), which are popular in the Orient. In 1995, China
imported about 50,000 short tons of "chicken paws". In the US, chicken wings, so
called "buffalo wings", became a hit as snacks and party items. These trends helped in
balancing the uneven demand for breast meat in the US and the poultry carcass utilization
was greatly improved. One of the major losers from the new trends were the US dogs
and cats and their owners who have to pay more for their diminishing meats.
Developed countries have a different experience. Here total per capita flesh
consumption, including fish, is growing slowly and in the US it stands on 225 lbs. The
major increase in poultry meat consumption was gained by replacing red-meats such
as beef, pork and lamb which suffered a major decline in the mid-.80's. Meats are still
cheap in the US. The price of wholesale poultry is the second lowest in the world
(Figure 3). However, as only 10% of income is spent on food in the US, the lowest in
the world (Figure 4), the average consumer has almost a free choice of what he eats and
the degree of preparation and serving.
Many economic, demographic, social and lifestyle changes drastically reshaped the
American society since WWII and rapid changes are still taking place today. Mass-
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feeding, catering and fast-food operations grew accordingly when traditional breakfast
disappeared and lunch was eaten outside the home.The increase in Ufe expectancy is
associated with health consciousness, better medical treatment and improved diet and
personal care. The emerging of active economically sound segment of mature people
shifted the buying power around. The over 50 segment count for 25% of the US
population but book about 80% of all leisure travel (Table 1). This group is more
concerned than others with proper nutrition and are willing to pay for it.
Figure 3. Wholesale Prices for Eviscerated
Whole Broilers June 1995 Converted to cents/kg

lliill III
Figure 4. Food Expenditures in the US as a
Percentage of Disposable Personal Income
(1967-1993)

1965

1970

1975

1980

YEAR
Source; US Depl. of Agriculture
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Table 1. Projected Changes in Age Segment in the United States (In Millions)
Age Group
Total Pop.
5-17
25-34
45-64
75-H

1995

2005

Ten year change (%)

263.4
48.9
41.7
51.4

288.3
53.7
36.8
70.1

9.5
9.8
-11.8
36.4

15.7

18.4

20.0

Source: Census bureau

Poultry meat fit better than red meat to the changes that took place in the US in the last
40 years. Quick management recognition of the opportunities, followed by aggressive
product development for retail and for foodservice resulted in a strong increase in
poultry consumption, mostly at the expense of red meats who were slow in their reaction.

POULTRY PRODUCTS FOR EVERY OCCASION
Most of the new generation of poultry meat products fall under nine categories.
I. Nutritionally "correct" products: Fat reduction was the most active category in
product development for the last two years (Table 2). The National Academy of Sciences
(NAS) nutritional guidelines called for the maximum of 30% of calories to be derived
from fat and 300 mg of cholesterol per day. These guidelines were adopted in the new
food labeling law and in the food pyramid which replaced the 4 food groups. The NAS
did not alter the cholesterol limitations despite numerous experiments that demonstrated
that saturated fats strongly affect serum cholesterol than dietary cholesterol. However,
it seems that the public interest in cholesterol, salt and sugar was greatly reduced and it
is reflected in industrial activity in these areas as significantly less product development
was conducted on lowering cholesterol, sugar and salt levels in 1995. In retail products,
fat reduction ranged between 75% to 97% and to fat-free which as less than 0.5 g fat by
definition. In meat emulsion products such as fat-free hot-dogs fat reduction involved
a major technological breakthrough. Generally 17-25% fat is required to create the
emulsion in standard products. Ready-to-cook meats such as ground turkey or chicken
were also trimmed up to 3% fat. However, the reduction of fat in further processed
products came on the expense of flavor, texture and palatability in general.
Unfortunately, most of these products are still in need of improvement. In the fast-food
segment, the rôtisserie chicken was strongly expanded into foodservice, supermarkets
and other retail outlets. Fat was considerably reduced compared to fried chicken (Figure
5). Rôtisserie became consumer's most preferred poultry dish, however, fried chicken
is still sold the most and is still the staple of poultry product. Fried chicken is
considerably cheaper and easy to prepare and store on a large scale compared to rôtisserie
chicken. There are several fast-food chains in the US dedicated to rôtisserie of (Boston
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Market) or grilled chicken (El Polio Loco). Others have rôtisserie items as a part of the
menu or do not carry it at all. Retailed rôtisserie of whole chicken or chicken parts
were also successfully introduced after 3 weeks shelf-life was achieved.
Table 2. Products Bearing Health Claims 1989 - Sept. 1995

Reduced/low calorie
Reduced/low fat
All natural
Reduced/low salt
No additives/preservatives
Low/no cholesterol
Added/high fiber
Reduced/low sugar
Added/high calcium
Organic

1989

1990

1991

1992

1993

1994

1995

962
626
274
378
186
390
73
188
27
140

1,165
1,024
754
517
371
694
84
331
20
324

1,214
1,198
561
572
526
711
146
458
15
370

1,130
1,257
996
630
631
677
■ 137
692
41
510

609
847
449
242
543
287
51
473
14
385

575
1,439
575
274
251
372
26
301
23
446

1,161
1,914
407
205
167
163
40
422
21
538

Note: Health claims categories are not additive, as new peoducts may carry more than one claim.
Source: New Product News/PR

Figure 5. Total Fat Content of Ready-to-Eat
Chicken Cooked by Different Methods
(lOOg Edible Portion)

In roasting, 40% of fat was lost
In frying, fat content increased
by 80%

4.3
Chicken Breast

Chicken Thigh
= Deep fat frying
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Several strong disadvantages of rôtisserie limited its expansion. The long preparation
time of 1 to 2 hrs, depending on the oven load, significant weight loss during cooking
and flavor deterioration 2 to 3 hours after cooking. New cooking equipment are being
developed to overcome these problems, Some of these new developments are
pressurized cooking chambers for accelerated cooking and convection/steam oven
cooking to reduce moisture loss and cooking time (Table 3).
Table 3. Cooking Rate Comparison of Various Ovens
Oven Type

Batch Capacity
(No. of whole chickens)

Cooking Time
(Hours)

Rôtisserie

16
35
70

1.0
1.5
2.0

Convection/Steam Roaster

20
45
90
36 (pieces)
120 (pieces)
240 (pieces)

0.5
0.5
0.5
0.25
0.25
0.25

2. Products for Reduced Cooking and Preparation Time: In 1995 many new
microwaveable poultry products could be seen in the frozen entrees or dinner categories.
These products still suffer from the disadvantages of the microwave such as the ability
to brown and crisp which have not been resolved to the present time. Palatability
remained low and texture, especially when dough is present, tends to be soggy. The
need for evenly heated heterogeneous product, such as meat and vegetable chunks in
gravy, require specific formulation which strongly compromises organoleptic
characteristics. The new accessories for browning and crispiness are far from being
perfected and as a result fried or dough containing products remain soggy as crust is
not hardened nor browned. Ready to cook meats are also poorly prepared in microwave
cooking. Most microwave products are better off if heated in an ordinary oven but then
the time advantage is strongly compromised. New equipment that can brown and crisp
and still possesses accelerated cooking are now being developed. One system, Flashbake
FB5000 uses infrared light to brown and crisp the outside of the product as well as to
heat the bottom of the cooking plate which sizzles the product. Intense visible light
produced by special quartz bulbs selectively cooks different segments of the product.
In pizza, the crust, the cheese and the pepperoni are differently cooked at the same
time. This differentiated cooking is programmed into the computer. Chicken breasts
can be cooked in 2.5 minutes (Picture 1).
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Chilled products generally have better flavor and texture than similar frozen foods.
Shelf life of chilled products is up to several weeks if strict temperature control
throughout the system is applied. Numerous ready-to-eat and ready-to-cook poultry
meats, entrees and dinners were introduced generally with higher tag prices. Many of
the chilled products as well as frozen products are not microwaveable to provide taste
resembling "home cooking". The time-saving element is in the preparation and cleanup
time and not in the cooking.
3. Poultry Products for Youngsters with Appeal to Adults too : Nuggets and pockets
are among the products which were designed with youngsters in
mind and have been a major success in the US during the last two years.
Chicken and turkey nuggets with shapes that are attractive to kids, such as
dinosaurs, airplanes, rockets and stars were first developed in Europe.
These forms and others such as baseball gloves and bats, chicken
drumsticks and others were successfully developed in the US. Packages that attract
children, toys inserted into the packages and other promotions supported these products.
The same is true for pastry pockets stuffed with meats, vegetables and fruit. Meat
pockets such as chicken breasts stuffed with fillings such as cheese, vegetables and
fruit and other meats are also popular in the US. These products were first developed
in Europe and in the US they were modified to local preference and rapidly gained a
large shelf space in retail outlets. Pizza is the food most preferred by children and
teenagers and pizzas with chicken, turkey or eggs are widely available. Most of these
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products are microwaveable and enable children in "empty houses" to prepare snacks
or light dinner while the parents are still at work. Frozen entrees designed to attract
youngsters have also been introduced. Many adults are fond of these products as well,
however, product image can sometimes turn them away. McDonalds recently found
that its hamburgers and its promotion tend to attract mostly young people where many
adults have turned to other chains. McDonalds has developed the "adults" burger,
which is larger in size, and started appropriate promotions to bring back lost customers.
4. Products for the Ethnic Markets and US Culinary Traditions : Latinos and
Asians are the rapidly growing ethnic groups in the US. Their percentage in the
population is predicted to increase during the next ten years as well as their economical
strength as consumers (Table 4). Manufacturers started to produce poultry products
specifically for these markets in addition to the already saturated Italian segment.
Products for many other ethnic groups exist in the US but are displayed in specialty
ethnic stores rather than in supermarkets. Many of these poultry products are
manufactured in the US.
Table 4. Projected Changes in Ethnic Origin in the United States (In Millions)
Group

1995

2000

2005

Ten years
change (%)

White
Black
Hispanic
Asian/Pacific

218.3
33.1
26.8
9.8

226.3
35.5
31.2
12.1

233.3
37.8
35.7
14.6

6.9
14.2
33.2
49.0

Source: Census bureau

Americans became opened to food from around the world and a large part of the ethnic
foods are aimed at the general public. Several fast-food chains such as Taco Bell
(Mexican) and Yoshinoya (Japanese) are specialized in ethnic food but mainly target
the general pubHc. However, with the great success of Taco Bell seUing Americanized
Mexican food in Mexico, it is hard to determine "who is eating what".
Many products are also aiming at US regions which have characterized food products
such as the South, Texas or California. Meat sauces such as Barbecue sauce are highly
regionalized and many variations are produced. Condiments is the largest segment in
the US for new products introduced during the last 10 years (1162 meat sauces and
gravies out of 3698 condiments in 1995). McDonald's did not introduce their barbecued
pork sandwich as they could not develop one barbecue sauce that is acceptable all over
the US.
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5. Poultry Products for Religious groups and Specific Food Practices : The Kosher
market rapidly expanded in the last few years and the same has happened to Kosher
poultry products. Not many unique poultry products were developed for the Kosher
market. In general, many existing poultry products showed up in Kosher label in
supermarkets and specialty stores. The Kosher label became a symbol of high quality
and health and as a result more Kosher foods are consumed by the health and quality
conscientious rather than by religious Jews. Hebrew National hot dogs are one of the
leading brands in stadiums and hot-dog stands across the country. Several unique Kosher
poultry products are found in frozen soups and highly palatable, high meat content
canned chicken soups. The Islamic Halal follow similar guidelines as Kosher and is
also on the rise. It is generally found in fresh poultry where very little poultry products
are produced mainly in canned form.
The Seventh Day Adventists (SDA) do not consume meat. Traditionally they were the
major developers and producers of low-palatabihty vegetarian meat analog products,
most of them in cans (Loma Linda Foods, Worthington Foods). Vegetarianism greatly
increased in the US, especially among young people. Health and animal welfare are
the main reasons for this phenomenon. Several companies including the SDA started
to produce a large variety of frozen vegetarian meat analog products and poultry analog
products. Organoleptic characteristics are improved but not yet perfected. Products
with better palatability are generally higher in fat. Burgers, nuggets, schnitzels and
frankfurters are some of these products.
6. Replacing Existing Red Meat Products : Many traditional red meat products such
as breakfast sausages, patties, hot dogs and com dogs are now produced with chicken
or turkey meats and the activity in this segment is in high gear. On the low price-range
of the product line, cost is the major factor as poultry products could be produced at
half the price. However, organoleptic characteristics and texture are inferior. At the
high end, the poultry products are more sophisticated, highly palatable but price is
similar or higher than similar red meat products. Some of the new products such as fatfree hot-dogs are made only from turkey as no similar breakthroughs occurred in the
red meat products.
These poultry products gained a large segment of the market and became an integral
part of the American diet.
7. Shelf Stable Poultry Products : Refrigerated or frozen products are costly to store
and display as well as inconvenient to take along. Several shelf-stable poultry products
were developed outside the US, most of them in retort pouches. Cooked chicken and
turkey parts (up to half a chicken), poultry, stews and log-shaped chicken-based pet
foods are among these products. Despite the great potential, for products of this nature
no development was conducted in the US and the number of existing products worldwide
is still very small.
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8. Snacks : Dried, marinated and thinly sliced meat snacks (Jerkey) or dried meat
emulsions such as pepperoni sticks are highly popular in the US. They are widely
distributed in gas stations, bars, convenience stores and supermarkets. Most of these
products are still made from red meats. New introductions of turkey products are
trying to gain some of this profitable meat segment.
9. Pet Foods : In the US, surplus poultry meat, viscera (for flavor) and condemned
meats as well as red meat organs such as liver are the major meat source for pets. High
ash levels in pet foods are undesirable to pet owners as they produce high volume
stools. Therefore, a large portion of poultry meat is mechanically deboned before its
usage in pet food products. As poultry meat is now better utilized by humans around
the world, new innovations will be needed to find acceptable alternatives for pets.
Higher prices for meat containing pet foods are expected. Fortunately, in many American
homes pets are considered a part of the family.
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6. SYSTEMS OF MARKETING OF EGGS / POULTRY MEAT
PRODUCTS
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SYSTEMS OF MARKETING EGGS AND POULTRY
Peter Hunton
Ontario Egg Producers' Marketing Board,
Mississauga, Ontario, Canada.

INTRODUCTION
The Poultry Industry has been chacterized throughout its relatively short history by an
ability to produce more eggs and chickens than the market demands. It is much easier
to increase production than it is to market the additional product!
The two sectors, eggs and meat, have followed different pathways because of
fundamental differences between the products.
EGG MARKETING
Eggs have a number of natural attributes which affect the way they are marketed.
The Shell

- protects the contents
- is susceptible to cracking
- is a challenge for packaging

The Albumen

- has good anti-bacterial properties
- subject to potentially rapid deterioration in quality

The Yolk

- less affected by storage than albumen
- appearance influenced by albumen deterioration

Marketing and distribution of eggs in industrial economies is hampered by the need to
transfer them rapidly from the point of production to the consumer. The original quahties,
which may be called "freshness" must be preserved. Packaging and presentation can
provide motivation to purchase, but the quality factors cannot be improved beyond that
achieved in the product as it left the hen.
Earlier systems of accumulating, grading, sorting, packaging and shipping eggs from
small producers to a large number of wholesale or retail outlets have been largely
replaced. Large production complexes with in-line grading by-pass many of the
traditional bottlenecks in the marketing process. Eggs can (theoretically) reach a retail
outlet within 48 hours of being laid.
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Although the uniformity of hen eggs is an advantage in some aspects of marketing, in
others it is a disadvantage. There has been a tendency for most eggs to be considered as
an undifferentiated commodity, and thus pricing tends to the level of the lowest market.
Price discovery has been a serious problem in many parts of the world, and one which
still eludes many Qgg industries. With production frequently outstripping demand, egg
producers experience large downturns in price in the face of quite modest surpluses.
Price tends to be set several links distant, in the marketing chain, from the farm gate.
An exception to this is in the few countries, such as Canada, where a system of Supply
Management and controlled pricing is in effect.
Consumers, and a significant, but declining, segment of the food-service sector, purchase
eggs in the shell. The majority of consumer purchases are made in grocery stores or
supermarkets. The retail stores may be supplied direct by an integrated egg producer,
or through a distributor/wholesaler.
While some eggs carry the brand name of the producer, the majority do not, and are
identified to the retail outlet. This is another factor which limits the producer's role in
price determination.
Through the use of innovative packaging, and inventive point-of-sale promotion,
producers and marketers in Europe have given the egg industry new hope for retaining
the shell market. Nevertheless, it is an uphill struggle, since for the past 20 years, shell
egg sales in most industrial economies have trended steadily, and sometimes rapidly,
downward.
The downward trend in shell egg marketing has been partly offset by rapid expansion
of the marketing of further processed eggs. Most of this volume has been directed into
the food industry, where eggs are used as important ingredients in a variety of food
products. However, various products consisting of liquid egg components, sometimes
with other ingredients, are now available to consumers in some parts of Europe and in
North America.
Promotion of eggs as a part of marketing plans has been spasmodic. While it is
acknowledged that generic advertising can have an impact on sales, many industries
lack the infrastructure, or the will, to channel money into this area. Sustained promotion
campaigns with a prospect of success are costly, and require considerable effort on the
part of the egg industry. Campaigns in Great Britain in the 1960's, and in the US in the
1970's, are examples. In Canada, with its supply managed industry, promotion budgets
have been maintained more or less consistently over the past decade at a level of more
than 1% of retail value. While this may seem a significant amount, it is dwarfed by that
used by the breakfast cereal industry, eggs' main competitor for the traditional breakfast
market.
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POULTRY MEAT
The poultry meat market has followed an almost completely different path to the egg
industry. One characteristic of poultry meat, above all others, determines marketing
strategies: it is perishable.
For this reason, the traditional presentation of whole birds to consumers took one of
three forms:
Live
Ice packed (chilled)
Frozen
As recently as 1965, 80% of US broilers were sold as whole birds, ice packed. By
2002, this segment is expected to account for no more than 10% of the market.
It is the opinion of this author that the single most important event in the history of the
broiler industry was the invention and franchising of Kentucky Fried Chicken. The
marketing opportunities demonstrated by this one product included at least:
cut-up portions
portion control remote from sales outlet
low cost eating out experience for consumer
wide distribution
uniform product
promotion opportunity
differentiation
added value
In the US today, more than 35% of chicken is marketed by a variety of methods
collectively called "food service". This includes not only fast food restaurants, but also
hospitals, airline caterers etc. Only about 50% of chicken is sold at retail direct to
consumers for home consumption.
While Europe may lead the world in innovative egg marketing, there is no doubt that
the US has accomplished more in the field of poultry meat marketing. Beginning with
the so-called 'TV dinner" in the 1960's, this industry has developed a huge array of
ready-to-heat and ready-to-cook products, and more are added each month. While some
of these go to the food service market, many are available to consumers. Products
range from basic parts like wings or boneless breasts, to gourmet prepared meals. These
developments in poultry meat marketing have come about mainly as a result of the
aggressive policies of the integrated production/processing companies. Most of today's
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successful corporations evolved from those which produced whole birds, chilled or
frozen, three decades ago. The stimulus to diversify output and create products with
added value was the same one which has plagued the egg industry: excess production
of a commodity and consequently a low price. When the chicken or turkey carcase is
cut up, deboned, and packaged, value is added and product differentiation becomes
possible. When meat is formed, breaded, marinated, and perhaps cooked, more value is
added and unique entities emerge. Branding and packaging of these products provide
further marketing opportunities. As a result of these developments, the marketers are
able to negotiate prices for end products in which the primary cost of growing the
chicken is a much smaller component than it is in whole-bird sales. It must also be
emphasized that, at least in the US market, these corporations control the growing
process almost completely by virtue of their integrated structure. The marketing of
poultry meat is highly diversified in today's industrial economies. Consumers can choose
among traditional products like whole birds and parts; they can use partly or completely
prepared chicken and turkey menu items: they can purchase complete meals either in
fast-food restaurants or in grocery stores for home consumption. This is in stark contrast
to the egg market, which still relies heavily on shell eggs as a staple item, in spite of
declining sales over the past three decades.
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THE GLOBAL POULTRY MARKET
J.B.F.C. van den Assum and W. de Wit
Ministry of Agriculture Nature Management and Fisheries, Direction
Industry and Trade, 2500 EK The Hague, The Netherlands

This paper describes the development of consumption, production, marketing
and trade of poultrymeat, both in the past and in the coming years. The global
poultry market is characterized by 3 developments: poultry production and
consumption of poultrymeat will continue to increase. In particular the demand
for processed products is set to increase. To meet the greater demand, the poultry
sector will have to increase cooperation between production and marketing. Trade
liberalization does not play a role here.

INTRODUCTION
The poultry sector is a dynamic industry. All over the world investment takes place in
expansion of production, new production methods and new poultry products. Demand
continues to increase, but consumers apply higher requirements to quality and the range
of products. In the trade in poultry there have been great shifts, too. All of a sudden Russia
has become the world's largest poultry importer. In this paper I will look at:
- developments in poultry meat consumption;
- developments in producion and marketing of poultry meat;
- developments in international trade in poultry meat.
Lastly, future developments in poultry will be highlighted.
DEVELOPMENTS IN POULTRY MEAT CONSUMPTION
Consumption of Poultry Meat in Comparison with Other Types of Meat
Over the past twenty years, the poultry market has expanded, both in the richer and in
the poorer nations. It is expected that consumption keeps increasing in the coming
years, although at a slower pace (Satin, 1995). In the richer countries per capita
consumption is now so high that no further increase can be expected. The share of
poultrymeat in total meat consumption has shown a remarkable increase, rising from
21 to 26 per cent. The increase has been at the expense of beef consumption (WTO,
1995). Per capita poultrymeat consumption varies widely between countries.
Consumption is highest in Israel and the US; it is rapidly increasing in some of the
countries in South East Asia.
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Table 1. Per Capita Poultrymeat Consumption (kg/head, ready-to-cook
equivalents)

United States
Israel
Hong Kong
Hungary
Brazil
EU-12
Japan
Thailand
China
India

1989

1993

1995 (*)

%89/93

38.5
—
28.8
21.8
12.4
17.9
13.9
7.8
2.5
0.27

44.9
45.5
40.6
21.0
18.4
18.5
13.1
9.0
4.9
0.44

47.2
45.1
40.8
21.0
20.7
19.3
—
—
—
—

17.6%
—
41.0%
-3.8%
49.2%
3.4%
-5.8%
5.4%
97.0%
63.0%

Sources: WTO, USDA, FAO. (*): figures for 1995 are forecasts (WTO)
Roughly 70% of poultrymeat consumption concerns broilers. The other 30% is spent
hens, turkey and duck meat.
Factors Determining Consumption
Poultrymeat consumption has increased more rapidly than other meat consumption.
This section lists some factors which determine poultrymeat consumption.
Social and economic factors: The income elasticity of meat is high, meaning that
consumption increases with an increase in income. This effect is greater for low-income
countries. Thus consumption strongly increased in a number of countries in South East
Asia where GNP growth of 8-9% is no exception (Van Der Sluis, 1995)
The low price in comparison to other types of meat is one of the chief causes of the
success of poultrymeat. The price rose slower than that of beef and pork in the past 25
years, due to a rapid increase in the supply and improvements in productivity. This
caused poultrymeat to benefit from the increase in income.
Consumer requirements : The demand for poultrymeat is determined by the degree
to which products meet consumer requirements. These requirements can be said to
have the following four aspects:
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* Ease in use
Consumers, particularly those in urbanized areas, increasingly require food that is quick
and easy to prepare. Poultrymeat is quick to cook and ready-to-use and meets this
requirement. This trend is not unique to western countries but also occurs in urban
areas in Asia and Latin America.
* Healthiness
Consumers, particularly those in the West, have become more concerned with the
healthiness of food. Information campaigns have disseminated the idea that an excess
fat consumption can be bad for health. In comparison to beef and pork, poultrymeat
contains little fat, which has made it popular with health-conscious consumers.
* Sensory quality
In addition to price, the sensory characteristics (taste, tenderness) are one of the main
reasons why consumers buy poultrymeat.
* The broad range of poultry products
The range of processed poultry products (nuggets, chicken burgers, chicken cordon
blue, seasoned chicken, chicken sandwiches etc.) and ready meals with poultry has
greatly increased over the past few years. This wide range enables the poultry industry
to meet an equally wide range of consumer requirements, adding to consumption.
Technological Development
Technological development has also had a positive effect on poultrymeat consumption.
Using rapid-freeze technology, manufacturers can attain better quality and a longer
shelf life. Microwave products and products in special packaging are also examples of
innovations.
Development of the Non-household Market
Sales in the non-household market (fast-food chains, restaurants, canteens) has increased
considerably. In the US over 30% of poultrymeat was sold on this market in 1991;
thanks to the rise of fast-food restaurants it is growing also in Europe and Asia. When
consumers eat more fast-food, they get used to products with a higher added value
(nuggets etc.), which leads to a rise of the sales of these products through supermarkets.
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Social and Cultural Factors
The consumption of poultrymeat is also determined by social and cultural factors. Unlike
other types of meat, poultrymeat is not burdened with cultural taboos. However, the
wings and the darker-coloured parts are specially appreciated in Asia, while breast
fillet is popular in western countries.
Consumer groups in Western Europe criticize the welfare situation of chickens in
intensive production units. In addition, in a number of countries the uncontrolled growth
of intensive livestock production has led to environmental problems. In the longer
term, criticism on intensive husbandry practices could harm the poultrymeat image
and negatively affect consumption.
Relationship Between Consumers and Producers
Producers have gradually acquired a better understanding of the needs and requirements
of poultrymeat consumers. The relationship between producers and consumers can be
seen to have 4 phases:
Phase 1: volume. In the 1950s and 1960s consumer incomes were modest. The demand
was chiefly for products with a reasonable price. To meet this demand, poultrymeat
producers invested in expansion of production capacity and efficiency improvement.
Phase 2: basic quality. In the 1960s and 1970s production levels were such that they
could meet the demand for poultrymeat in quantity. Consumers came to raise their
requirements as to product quality.
Phase 3: differentiation. In the 1970s and 1980s, on top of availability and basic
quality, the range of choice became important for consumers. Producers reacted by
offering a more varied product range. While before producers mainly supplied whole
chickens or turkeys, fresh or frozen, they then started to sell parts (legs, fillet, drumsticks).
Through this differentiation consumers came to see poultrymeat as interchangeable
with pork or beef, and poultry appeared on the menu more often.
Phase 4: individualism. Since the 1980s, consumers seek out those products that fully
meet their requirements. Factors determining their choice of poultry product are ease
in use, variety, image and healthiness. In addition, products must meet the requirement
of a high and constant quality. For producers this means they have to keep track of
consumer wishes and adapt products accordingly. Producers have come to make more
products with a higher added value (burgers, nuggets, meal kits etc.) to benefit from
the higher margins.
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Although these phases in the inter-relations between consumers and producers primarily
occur in western markets, the same trends can be distinguished in other regions. In
South East Asia and Latin America, all four phases may occur simultaneously. Some
producers in these regions produce for buyers requiring a high quality and a wide
product range (for example, fast-food chains and export markets); other producers carry
out small-scale production for local markets where consumers have lesser requirements.
However, developments in these regions are very fast, and soon differences in
requirements will become smaller and smaller.
DEVELOPMENTS IN PRODUCTION AND MARKETING OF POULTRY MEAT
Production
World production of poultrymeat increased from 17 million tonnes in 1976 to 49 million
tonnes in 1994 (WTO, 1995). The US, the EU and China together produce over half of
the world's total production. China is set to replace the EU as the second largest
poultrymeat producer in the world in the coming years. The volume of poultrymeat
production in Eastern Europe seems to be recovering from the shock of transition. FAQ
predicts (Satin, 1995) that world production will keep rising by 3.8% per year until
2000. In developing countries this increase will be considerably higher: 6.6% per year.
In some countries, further production growth will be limited by environmental problems
and lack of space.
Table 2. Poultrymeat production in a number of countries (x 1000 tonnes of readyto-cook equivalents). Sources: WTO, MLC, USDA
1989
USA
EU-12
- France
590
China
Brazil
Japan
Thailand
Eastern E.

9,931
6,108
1,550
1.7%
5,300
2,080
1,432
—
—

1993

1994

12,396
13,167
7,072
6,919
2,020- Netherlands
6,100
3,165
1,377
685
767

6,800
3,400
1,315
740
830

1995 (*)

% '93/'94

13,899
7,194
491

6.2%
2.2%
580

15.1%
3,655
1,320
775
855

7.4%
-4.5%
8.0%
8.2%

(*) 1995 figures are forecasts
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Marketing
In poultry production a continuous process of scale enlargement takes place. Vertical
integration in production and marketing chains leads to larger and larger holdings,
particularly in the United States. Tyson, the largest US chain, produces more poultrymeat
than the whole of France. Thanks to an optimum coordination of activities, such chains
can produce the right product quantity, at the desired time and of a constant quality, in
an efficient and effective manner. This process of vertical integration is helped by the
following developments:
- supermarket chains become more powerful as a result of the concentration trend. This
power enables supermarkets to dictate quality requirements to poultry producers.
Integrated chain control can help compliance with these requirements in the production
and marketing chains.
- legislation on product liability requires the poultry industry to attain a sound quality
management.
To strengthen its market position and assure continuity in marketing, the poultry industry
has a choice of strategy:
- through direct communication with consumers, without intervention by the retail
sector. This is possible through products that are recognizable to consumers (for instance
by a brand name) and which distinguish themselves from other products through their
added value.
- through strengthening concentration on the supply side. In the US a number of
concentrations have become so big that they became strong players on the market.
- through looking for other marketing and distribution channels. Fast-food chains are
an example. A number of integrations have set up fast-food chains themselves or
participate in them.
To make such strategies into a success, attention will have to be paid in production and
marketing chains to a number of competitive drivers. By this I mean the factors that
determine the competitiveness of a production and marketing chain. The four main
competitive drivers are:
- chain integration: the measure to which goods and information flows are controllable
and clear. Signals from retailers can be quickly transferred to links higher up in the
chain, and each link supplies the products to the next link at the agreed time and with
the agreed quality.
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- market adaptation capacity: the measure to which producers are able to translate new
consumer requirements into new products and product adaptations.
- complexity control: the measure to which products are given material and immaterial
characteristics which will distinguish them from other products for consumers.
- logistics management: the measure to which producers can supply just in time, in the
right quantity and within the agreed tolerances.
INTERNATIONAL TRADE
International trade in poultrymeat grew rapidly over the past years. In 1989 around
5.6% of global production was traded internationally and this percentage grew to 7.4%
in 1994 (3.16 million tonnes). The volume of world trade is determined by many factors,
a number of which are mentioned below.
- Agricultural and trade policy: measures that promote exports or restrict imports can
have a strong influence on the volume of trade.
- Economic developments: in general higher incomes lead to higher poultrymeat
consumption. The increase in international trade in poultrymeat is largely due to the
strong consumption growth in the less developed countries.
- Consumer preferences: in the US and EU there is a preference for white meat (fillet),
leading to exports of wings and legs to the Far East, where these parts are preferred.
- Balance between supply and demand: when supply increases slower than demand,
imports will increase. This situation now takes place in South East Asia.

REGIONAL AND INTERCONTINENTAL TRADE
In general only products with a limited added value are traded internationally, such as
whole chickens or parts (legs and wings). Products with a higher added value (nuggets
etc.) are hardly traded on an international scale. This is because these products are
developed for specific, local markets, to the specific requirements of the consumers in
these markets.
A division can be made in international trade between inter-regional and intercontinental
trade. The largest part of international trade is inter-regional. The formation of trade
blocks has strongly stimulated regional trade. 32% of the volume of global poultrymeat
trade takes place in the EU. The NAFTA (Canada, US and Mexico) and Mercosur
(Argentina, Brazil, Uruguay and Paraguay) are also developing into important trade
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blocks for poultrymeat. ASEAN (the Association of South East Asian Nations) may
become one, too.
In intercontinental trade a limited number of trade flows can be distinguished. The US
mostly exports to the Far East (Japan, Hong Kong and China). The most important
exporting countries within the EU (France and the Netherlands) mainly export to the
Middle East, Africa and to a lesser degree to the Far East. Brazil exports to Japan and
the Middle East. Russia is since two years an important market for the EU and the US.
Other significant trade flows are those from Thailand and China to Japan. The main
importers and exporters are listed below.
Table 3. Main Poultry Meat Exporters (* 1000 tonnes ready-to-cook equivalents)
(Sources: USDA, WTO)

USA
EU-12
Brazil
China

1990

1993

1994

593.3
482.2
300.0

1061.5
660,0
375.0
176.0

1381.0
695.0
384.0
220.0

—

Table 4. Main Poultry Meat Importers (Sources: USDA, WTO)

Russia
Hong Kong
Japan
Germany
Saudi Arabia

1993

1994

1995 (*)

100
396
401
322
263

500
429
—
355
254

1000

432
—
375
254

(*) figures for 1995 are forecasts
The US managed to double its exports in 5 years. The production growth in Brazil has
not led to rapid increases in export figures: a rise in domestic demand absorbed the
production growth. Russian imports of poultrymeat rose dramatically, boosted by various
credit programmes. The US benefited from this in particular. It is doubtful whether
Russia will stay a large importer when the credit programmes are stopped. A large part
of the imports in Hong Kong are re-exported to China.
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Trade Liberalization
In the past, various countries and trade blocks took measures to protect their production
and promote exports. Examples are export subsidies, import levies and import quotas.
The GATT agreement ruled that the trade restrictions must be reduced, leading to freer
trade. The World Trade Organization will not only supervise the implementation of the
agreements, but it also aims to liberalize trade further after 2000. In the beginning of
this paragraph it was indicated that there are many factors determining trade, and the
GATT agreement is only one of them. Although this agreement will have a positive
effect on trade, FAO expect that the growth in the trade in poultrymeat will decrease.
This is due, among other things, to the growing self-sufficiency in poultry in many
countries and the expanding domestic markets of exporting countries. Imports are only
expected to show a slight increase in developing countries.
CONCLUSIONS
A number of trends can be discerned in the international poultry market:
- Production and consumption of poultrymeat have increased over the past 20 years. In
the coming years, this increase will continue, albeit at a slower pace. In less developed
countries, consumption and production will increase quicker than in developed countries.
- The demand for processed poultry products expands everywhere. Producers react to
this by offering products with a higher added value.
- A process of scale enlargement takes place in the poultry processing industry, and
poultrymeat production increasingly forms a link in vertically integrated production
and marketing chains. A strict coordination of activities within the production chain is
required to obtain products with the desired quality and in the right quantity.
The GATT agreement will only marginally affect these trends.
The implementation of the GATT agreements will make export conditions more
favourable for some countries than for others. Exporting countries such as Brazil and
Thailand may benefit from the restrictions on export subsidies affecting the EU and
the US. Because of its low production costs the US will benefit extra from the reduction
of the measures to restrict imports affecting importing countries. The exporters in the
EU, France and the Netherlands, will be disadvantaged by the reductions in export
restitutions and the reduction of import restrictions. France and the Netherlands will
have to make an effort to maintain their export position; they are expected to direct
their export activities more to the internal EU market. A strong increase in trade is
expected not only within the EU but also within other trade blocks, such as NAFTA
and Mercosur. This is mainly due to the far-reaching trade liberalization within trade
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blocks. In the medium term, stricter welfare requirements (in the EU) and environmental
requirements (in the Netherlands, France, Japan, Hong Kong, among others) will lead
to higher production costs of poultrymeat. Producers having to comply with these
requirements will not be able to compete on the basis of their price. They will only be
able to maintain their market position by producing products with a higher added value.
In some countries an expansion of production will be hindered by an insufficient supply
of reasonably priced feed. Countries with ample supplies of low-priced feed are the US
and Brazil. In a number of countries in South East Asia and China, poultrymeat
consumption is expected to rise quicker than production. As a consequence, imports
into these countries will keep increasing. In this paper the main trends in the global
poultrymeat market have been outlined. It is hard to predict how the market will develop
after the year 2000. Many innovations can be expected in marketing, trade and
technology (biotechnology!). They can provide new opportunities for the poultry
industry.
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MARKETING STANDARDS FOR EGGS AND
POULTRYMEAT WITH SPECIFIC QUALITY
CHARACTERISTICS
Thorkil Ambrosen
The Danish Poultry Council, Trommesalen 5, 4th Floor, DK 1614
Copenhagen V

The classic quality standards for eggs and poultrymeat are today considered
inadequate by some consumers. These consumers are of the opinion that
conditions relating to animal welfare and management of natural resources
should also be a part of quality standards. Furthermore there are groups of
consumers who wish to have higher standards as regards the current use of feed
additives and pathogenic or toxin producing microbes. To safeguard consumers
and to give them a real choice it is necessary to fix unambiguous marketing
standards. This paper refers to, EU's marketing standards and the organic
standards for eggs and poultrymeat as well as consumers willingness to buy
these goods. Finally, the paper also points to trends which are observed within
this field.

INTRODUCTION
The ethics of intensive livestock production has throughout the past few years been a
facet to which consumers have attached greater and greater importance when
purchasing foodstuffs. In this connection the terni "ethics" not only covers conditions
which attach to the actual welfare of the animals but consumers also feel other
conditions to be of importance, such as the environmental implications, use of feed
additives or the use of artificial substances et al.
Up until the middle of the I960's the planning and methods of animal production in
general, was not the object of much consumer attention. The first serious and inñuential
criticism of intensive animal production practices was made by Harrison (1964),
who in her book "Animal Machines" made an appeal for consideration to be shown
to animals. The book brought about a strong public response which was instrumental
in establishing that animal welfare was not just a matter for the owners of animals,
but also something on which society and consumers have to take a stand and can
interfere in. This resulted in attention being focused on production methods for
animals, and in increased research into these conditions. Consequently various laws
and regulations were passed on the one hand and on the other hand consumers
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reacted by seeing animal welfare as being an integral part of the quality of the end
products.
Alongside and partly integrated in this development, has also been a development
where some consumers demand that products must be produced in such a way as to
ensure that consideration is given to how nature and its resources are utilised. The
principles of Organic Production have been defined by the International Federation
of Organic Agricultural Movement (IFOAM), (Anon., 1994). The Principles and
methods employed result in practices which:
-

Coexist with, rather than dominate, natural systems;

-

Sustain or build soil fertility;

-

Minimise the pollution and damage to the environment;

-

Ensure the ethical treatment of animals;

-

Protect and enhance the farm environment with particular regard to
conservation and wildlife;

-

Consider the wider social and ecological impact of agricultural systems.

The aforementioned trends and principles are up against the technological progress
in agriculture, where the productivity of plants and animals has increased considerably
with a reduced amount of labour required to produce human foods for a growing
world population, where, seen from a global perspective, there is a shortage of
foodstuffs.
It is characteristic that the pressure to pay increased attention to animals and their
welfare as well, both as regards demand for these and organic foods, is tied to that
part of the world where the standard of living is highest, in other words those places
where it is no longer just a question of procuring food but has become a question of
obtaining food of a certain quality with the intention of looking after oneself, the
animals and nature.
Finally may be mentioned that the occurrence of zoonoses such as salmonella and
campylobacter in eggs and poultrymeat receives more and more attention from
consumers as well as the Authorities, which is why a low level of, or total freedom
from these zoonoses in foodstuffs is already being demanded by consumers and is
therefore a consideration when marketing products.
MARKETING STANDARDS
In order to give the consumer an assurance that a certain product contains specific
quality characteristics which goes beyond the traditional and that which can be
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determined by scientific, chemical and organoleptic methods, it is necessary to define
the criteria to be met when producing a specific product, carry out a control of
whether these criteria have been met and effect a labelling of these products when
they are put on sale to the consumer. This is especially necessary when the goods are
not sold from the farmgate where the consumer can, with his/her own eyes, see how
production is carried on and what conditions are like for the animals.
Marketing standards for poultrymeat are fixed within the European Union in
Regulation (EEC) No. 1906/90 of 5th June, 1991. There are in all 5 categories of
poultrymeat which can be retailed with fixed designations, provided certain conditions
have been complied with. These conditions refer to requirements for feedstuffs,
requirements as regards animal density, open-air runs, the age of animals at slaughter,
flock size and the genetic characteristics of the animals with regard to growth potential.
The origins of these criteria come from the French production of poultrymeat with
specific characteristics (Klemm, 1994).
As regards egg production in the European Union there are also fixed regulations as
to which criteria must be complied with when producing special egg types. In
Regulation (EEC) No. 1274/91 of the 15th May, 1991 are laid down criteria and
conditions for production and marketing of, in total, 4 different egg types. These are
as follows:
-

Free range eggs;

-

Semi-intensive eggs;

-

Deep litter eggs;

-

Perchery eggs ("Bam eggs").

Furthermore, in 1995 the European Union decided that it should be permitted to
market eggs with the label "Cages eggs". Eggs marketed with this label must be
produced in cages which meet the current minimum demands in the EU, i.e. each
hen must have at least 450 cm^ space at its disposal. This labelling is a voluntary
one, and no control is carried out as regards the labelling. The reason for this type of
egg not being allowed to have this label before now, was that it was felt that if eggs
were not labelled with any of the above mentioned designations it would, in fact, be
cages eggs which, at that time and still is, the traditional production method and the
method most frequently occurring. In 1992 the total number of egg laying hens in the
EU within the first four categories made up 8.6% of the total number of hens
(Klemm, 1994).
Marketing standards for organic poultrymeat and eggs are not fixed within the EU.
There are, however, in several of the EU countries, national regulations which must
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be complied with before one may place these products on the market with the label
"organic". In the EU in Regulation (EEC) No. 2092/91 of 24th June, 1991 requirements
for organic production of agricultural products have been laid down, but these
requirements do not cover animal production. It has been decided in the Regulation,
however, that requirements as to how the organic animal production is to be carried
out and which requirements there should be as regards labelling and control of these
products, are to be worked out.
As of today there are no marketing standards as regards zoonose-free poultrymeat
and eggs. But in the EU there is legislation regarding the occurrence, control and
combating of zoonotic agents, i.e. Council Directive (EEC) No. 92/117 of 17th
December, 1992. This legislation is first and foremost aimed at conditions in poultry
flocks. It has, however, proved extremely difficult to have this legislation implemented
in member states as can be seen from the fact that today, nearly three years after its
coming into force, only a few countries have wholly or partly been able to live up to
these demands.
In Sweden a lot of work has been put into this problem, especially from a consumer
viewpoint and the demands of the Authorities that it is unacceptable that foodstuffs
may be a risk for public health (Wierup, 1993; Littorin, 1994). In Denmark too,
strong initiatives have been taken to combat and control the occurrence of salmonella
(Bisgaard, 1992; Wegener and Pedersen, 1996).
CONSUMER PREFERENCES
The background for having different marketing standards is that there are consumers
who demand and are willing to pay the price for the goods. Products which have
been produced under such conditions where emphasis is placed on conditions which
are not usually attained in the traditional production will, all things being equal, be
more expensive. Consequently it is of great importance for producers to know about
the actual choices of consumers when they do their shopping.
In an investigation carried out by Gerhardy and Ness (1995) the consumers willingness
to buy eggs with specific quality characteristics is further illuminated. The analysis
of the study reveals that the preferences of consumers are very heterogeneous but it
is possible to identify segments with distinct preferences for particular egg attributes.
It may not be feasible to market products of very high quality at a low price.
Therefore, it is important for traders to identify those attributes which are most
valued by the consumers and which influence purchasing decisions.
In Switzerland a referendum was held in 1978 and a cage ban was adopted. After a
transition period of 10 years, it has, since 1988, been illegal to use traditional cages
in Switzerland. 43.3% of the registered voters took part in the referendum and of
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these 82% voted against a continuation of the legal use of cages. In 1993 64% of the
eggs consumed in Switzerland were produced in that country. The remaining 36%
were imported, mainly from Germany and France. These eggs are sold at a much
lower price than the domestically produced eggs (Mettler and Lagergren, 1993;
S0rensen, 1995). This situation, in a country which is not even a member of the EU's
free market, clearly shows that there is a variance in the behaviour of consumers
between their answers to questions when they are asked what they will do and what
they in actual fact do. This fundamental factor in consumer behaviour is, without
doubt, related to the price of eggs which is, to a certain extent, considered more
important than the welfare of the animals in an actual sales situation.
In Denmark, for several years, eggs have been produced in compliance with the
marketing standards which are laid down in EU legislation. The development and the
trend may be seen from Table 1.
Table 1.

Share of eggs sold to wholesalers or retailers either as cages eggs or alternative eggs
in the period 1991 to 1995 in Denmark.

%

Year

Cages Eggs

1991

91.0

9.0

1992

91.0

9.0

1993

88.4

11.6

1994

83.2

16.8

1995

76.7

23.3

Alternative Eggs %

A closer analysis of the egg trade in Denmark shows that approx. 25% of the eggs
are retailed from farmgate to consumer. A further 26% of the eggs produced were
delivered to the egg processing industry. Thus, based on the total number of eggs
produced in Denmark in 1995, the following table can be set up.
Table 2.

Distribution of sales of the total egg production for different categories in Denmark
in 1995, shown as %.

Cage
Eggs

Deep Litter
Eggs

Free Range
Eggs

Perchery
Eggs

Organic
Eggs

Egg Processing
Industry

Farmgate

36.3

6.6

3.1

0.4

2.4

26.2

25.0

Furthermore, official statistics show that less alternative eggs are sold than are
produced. This is shown in Table 3.
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Table 3.

Share of alternative eggs delivered to egg packing stations which are then sold as
alternative eggs, retailed as % of received eggs.

Free Range
Eggs

Deep Litter
Eggs

Perchery
Eggs

Total

56.0

82.4

39.3

69.7

From the above table it can be seen that there have been more alternative eggs on the
market than there has been demand for. A certain amount will, of course, be discarded,
estimated to total approx. 15% units. As it is almost 70% of the eggs which are sold
within the category in which they are produced, this means that there have been
produced approx. 15% units more alternative eggs than there has been demand for.
Based on the actual number of eggs which are sold via the egg packing stations,
wholesalers and retail outlets. Table 4 can be set up.
Table 4.

Share of retailed table eggs out of the amount of eggs which are sold via the egg
packing stations in Denmark in 1995, shown in % of the total sold.
Free Range
Eggs

Deep Litter
Eggs

Perchery
Eggs

Organic
Eggs

Cage
Eggs

6.4

13.5

0.7

4.8

75.6

The Danish Poultry Council carried out an opinion poll in 1995 of consumers attitude
to eggs (Anon. 1995). The Poll was carried out as a survey where the consumers
were asked about many different facets regarding egg purchase and attitudes to eggs.
For example, they were questioned directly about their knowledge of and purchase
of eggs which are labelled in compliance with EU's marketing standards. The results
of their answers to a question regarding their purchasing habits are shown in Table 5.
Table 5.

Consumers purchasing habits based on survey shown in % of consumers who
purchase the different egg types.

Organic
Eggs

Deep Litter
Eggs

Free Range
Eggs

Farmgate
Eggs

Cage
Eggs

No specific
Choice

11

24

12

26

10

10

Does not
Misc. /
buy Eggs don't know
1

5

If the figures in Table 4 and 5 are compared it clearly shows that consumers say one
thing and do another. This is especially clear as regards cage eggs of which there are
sold approx. 75% but only 10% will admit to buying these eggs. Even if one assumes
that those persons who either do not chose specific eggs or in some other way were
not able to answer the question, buy cage eggs, this only amounts to 26% as against
the actual figure of 75%. Similarly as regards the total of alternative eggs, 47% state
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that they buy these eggs. The actual figure shows approx. 25%. In other words, every
other consumer claims to buy alternative eggs but does not do so in the actual
purchasing situation.
On going through the answers to the survey, it is quite clear that consumers primarily
buy alternative eggs because they feel sorry for the hens, that they should have to be
in a cage. It is therefore not from any consideration as regards a better flavour or the
composition of the egg that alternative eggs are purchased.
To the question of whether they limited their purchase of eggs as a result of the risk
of salmonella, 3% answered that they were cautious about purchasing eggs, whereas
38% answered that they were cautious about the purchase of poultrymeat because of
the risk of salmonella.
This ñnding confirms the usual assumption which clearly shows that consumers in
Denmark place more importance on animal welfare than on the occurrence of salmonella.
It has often been assumed that in Denmark consumers prefer to buy Danish eggs. The
survey shows, however, that 63% of Danish consumers do not place any particular
importance on the eggs being Danish. This despite the fact that Danish legislation on
animal welfare is stricter than in the EU as a whole.
As regards poultrymeat, official Danish statistics show that around one third of the
poultrymeat consumed in Denmark is not produced in the country. This is in spite of
the fact that Denmark has a plan for the control and combating of salmonella and a
level of care in the production which is higher than in the countries from which
poultrymeat is imported. In Sweden, by comparison, there was a much greater
consumer reaction when a high level of campylobacter was discovered in poultrymeat
(Mettler and Lagergren , 1993; Littorin, 1994).
FUTURE TRENDS
There is no doubt that demand for foodstuffs produced by methods which take
animal welfare into consideration will be present in years to come, particularly in that
part of the world which has consumers with purchasing power. The regulations for
producing eggs in cages will in all probability be tightened or perhaps eventually all
cages will become illegal. Animal welfare will therefore become more and more
evident within the sphere of the quality of foods in the future.
Demand for organic eggs will also be a reality but it is not expected that this method of
production will attain a much larger market share than at present, as this would result in
an undersupply of foodstuffs for a growing and hungry population (Ambrosen, 1995).
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Following a marked increase in the share of alternative eggs as against cage eggs in
Denmark during the past few years, it now looks as if dernand is stabilising. This is
therefore a sign that in the future there will be scope for approximately a third of the
production being marketed as products with specific characteristics in some parts of
the world. This means that in large parts of the world there will still be the need for
egg production in highly effective production systems. Developments within the
EU's point towards the traditional egg laying cages being phased out over a number
of years and replaced with new types, which give the hens better opportunity of
displaying different behavioural patterns (Abrahamsson, 1996).
If it is to be possible to maintain a market for poultrymeat and eggs which have
specific characteristics with regard to animal welfare, it is a necessary precondition
that traditional production continues and that the special production is to be found
alongside. It is also a precondition that uniform marketing standards are defined so
that the consumer knows what he/she is buying and paying for when talking about
those factors which are not directly measurable on the product itself.
One of the problem areas which requires continued attention and which of necessity
must be taken into consideration by the producers of alternative goods, is that the
consumer has a pattern of behaviour which means that they do not necessarily do as
they are asked. There is a difference in behaviour from what they answer to a
question and what they in actual fact do at the moment of purchasing the goods.
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EGG MARKETING CONCEPTS
A.William Jasper
West Coast United Egg Producers, P.O.Box 1911-88 Tehachapi,
California, USA

It has been my privilege to travel in 97 countries, and I have made poultry visits
in most of them. Perhaps if anything can be learned from travels like mine —
both at home and abroad — it is that problems generally are the same wherever
you go, at least in the advanced nations. As a developing nation progresses, it
takes on more and more of the same problems already common to the more
advanced countries. It is only a matter of time before the gains achieved in one
country will reach into other countries.
INTRODUCTION
As I considered my assigned subject , I asked myself what is there that is new or
dramatic in the egg industry to talk about. I concluded very little. While there have
been interesting developments in recent years, the more I thought about it the more I
became convinced that successful egg marketing simply means practicing the
fundamentals. They don't change over time and include such factors as Egg quality,
Merchandising , Promotion, and Advertising. The most basic of these factors is Egg
Quality.
QUALITY
As far as we have come in producing and marketing high quality eggs, there remain
too many examples of poor egg quality practices. It is extremely important to ensure
that the consumer — individual or institutional — gets a quality product. Obviously,
there are two major factors when determining egg quality : 1) External Quahty and
2) Internal Quality.
At the production level it is essential to produce eggs with quality shells and good
interior quality. At the marketing level it is essential to maintain the integrity of both.
It is up to the breeders to supply us with birds that are capable of producing eggs
with smooth, sound shells. The nutritionists must supply the ingredients that will
enable the layer to give us eggs with strong shells. Marketers must, of course, make
effort to avoid shell damage as eggs move through the marketing chain.
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The key element for maintaining interior egg quality is the use of refrigeration.
Salmonella enteritidis, with its potentially devastating consequences, has brought
refrigeration to the forefront.
The U.S. has passed a federal law mandating refrigeration. It has not been implemented
yet because of practical difficulties that must still be worked out. The legislation
requires an ambient temperature of 45°F (7.22°C.) from the time eggs are processed
till they reach the ultimate consumer. [Personally, I would prefer 55°F. (12.77°C.)
because of potential sweating problems.]
It is readily acknowledged that it will be a long time before the use of refrigeration is
attainable in many countries. For the ultimate in interior quality retention, however,
it should be the long range goal of the entire egg industry, everywhere, to use
refrigeration.
The key factor regarding exterior Qgg quality is cleanliness. An egg must be clean to
be of high quality. To guarantee cleanliness we must wash and sanitize our eggs.
Until relatively recent times, egg washing was frowned upon in Canada, the USA,
and elsewhere. This no longer is true in North America, and it is difficult to understand
why opposition to proper egg washing persists anywhere.
In 1933, a growing concern with egg spoilage due to egg washing, caused H.J.Almquist
of the University of California to design a test to detect eggs cleaned by abrasives or
washing. Later tests were specifically designed to detect, eggs cleaned by washing,
and some of the larger co-operative marketing organisations in the U.S. were noted
for the practice of penalising member producers who had washed their eggs.
This policy of penalising egg washing caused a lot of eggs to be washed surreptitiously.
It usually was done under extremely poor sanitary conditions which merely contributed
to the problem rather than helping it.
Some of the earliest egg washing machines came on the U.S. market near the end of
World War II, since egg processors were trying to keep bacteria counts low for
military deliveries. Upto that time most washed eggs had been washed by hand.
In 1949 the U.S. Department of Agriculture studied the washing and storage of dirty
shell eggs. Nine egg washing machines were evaluated in 31 egg handling plants in
the Midwest, an area still replete with small farm flocks, where it sometimes took
weeks to move eggs through marketing channels. Among the studies conclusions
were that dirty eggs should be either washed and marketed promplty or broken for
product, since the storage of dirty eggs would result in an economic loss.
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Although the first washers were designed for egg breaking plants, they drew immediate
interest fi*om larger shell egg producers. These producers didn't want to be penalised
for shipping dirty eggs and did not want to clean them individually. As flocks
became larger the task of dry cleaning or "damp" cleaning eggs became too
burdensome. This led to demands for ways to wash large quantities of eggs. The
advice to producers was " if you wash eggs, wash them properly."
One of the first acceptable automatic egg cleaners was developed at Cornell University
in the early 1950's. By the end of the decade, increasing numbers of producers were
showing an interest in mass methods of washing eggs. Manufacturers of commercial
egg washing equipment intensified their research activities throughout this period.
In the early 1960's a broad research project by Dr.A.W.Brant and associates resolved
the fundamental requirements for safe egg washing. By the 1970's virtually all eggs
in Canada and the United StatQS were washed before being cartoned or broken out by
manufacturers of egg products.
The subject of egg washing in North America no longer is debated. It is a fait
accompli. Yet there remain areas of the world where egg washing is forbidden.
With the age of consumerism, automation, and the desire for economies of scale,
mechanical washing of eggs is an absolute necessity. Eggs should be washed at the
right location with a maximum of efficiency and economy.
Consumers, most of whom are far removed from the rural environment, demand the
utmost in cleanliness of the products they purchase and this includes eggs. A bit of
straw or a speck of dirt on an egg may at one time have indicated "freshness" in the
minds of more farm oriented egg customers. Today, this is not the case.
A dirty egg is a dirty egg and cannot be justified. Unwashed eggs contain heavy
concentrations of bacteria on their shells, even when produced under ideal production
and handling conditions.
A widely publicized test conducted at the Central Institute of Poultry Research at
Beekbergen, the Netherlands, demonstrated that eggs can be washed without the
cuticle being damaged.
In the same test, using proper commercial egg washing techniques, it was possible to
reduce the number of bacteria on the shells of eggs (total aerobic count) from over
31,000 to about 50 per shell. Similar studies conducted in other European countries
(including Scandinavia), as well as North America, have demonstrated similar results.
In today's society, egg packers are obliged to provide consumers with sparkling
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clean, hygienic eggs. In addition to providing a sanitary product, cleanliness enhances
visual appeal and assists modem merchandising techniques.
Cleanliness in the preparation of egg products is an absolute necessity. It generally is
accepted that at least 90 percent of the bacteria in egg products come from egg shells
during the breaking process.
There are numerous benefits to be gained from proper egg washing. The washing of
shell eggs with commercial equipment provides a more economical and attractive
method of marketing eggs.
Dirty eggs obviously are more costly because of down grading. Therefore, the egg
industry earns a higher net return by selling clean rather than dirty eggs.
Eggs washed and sanitised properly have a longer shelf life than unwashed or
improperly washed eggs.
Washing can reduce labor costs. It eliminates the need to inspect and separate clean
from dirty eggs. This initial savings is coupled with an increase in the output of egg
sorting and packing machines. It is a capital intensive approach to a most important
phase of egg marketing.
The initial investment in sound egg washing equipment is low in terms of labor
displaced and the increased value of the product. Maintenance and operational costs
usually are small.
It must be understood that primitive , back room egg washing and sanitizing methods
are totally unacceptable. And , while it is possible to wash eggs satisfactorily using
submersion type washers, it is not recommended. Abuses to proper egg washing can
result.
To obtain the best results , the use of commercial, in line egg washing machines
connected to sorting and grading equipment is recommended. It is imperative ,
moreover, to follow manufacturers recommended washing sanitizing procedures,
once adequate equipment has been installed.
The objections to egg washing that at one time may have been valid are now outdated.
They have been overcome with the manufacture of egg washing equipment and
detergent sanitizers, coupled with the development of adequate procedures for using
both. The benefits of properly washing all eggs are many. The consumer will get a
better product, and the egg industry will achieve a greater return on its investment.
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MERCHANDISING
The principle of merchandising eggs is widely accepted in theory but all too often
not carried out in practice. Aggressive merchandising has many aspects, all of which
are vitally important in building and maintaining eggs sales. The first requirement is
getting the best possible store location. Eggs must be displayed attractively. An
attractive package, or carton, is basic. Immediate or easy visibility is essential.
Breakage control is a must.
Aggressive merchandising includes systematic, timely turnover of stocks. Trouble
shooting should be routine. In-store promotions using regular and special techniques
are a necessity if maximum sales are to be realised. Cross merchandising or tie-ins
are useful in-store promotion techniques.
Assuming a market has been researched and the initial sale made, the outlet must be
serviced properly. This is where many failures occur.
Having taken the trouble to produce, grade, and pack a quality product, and distribute
it speedily in an attractive container, there is no sense in stumbling at the last hurdle
by having the display improperly serviced. Stores often need to be encouraged to
insure that the eggs display is well stocked and clean, and broken eggs removed.
PROMOTION
I am certain everyone in the egg industry is aware of various promotional efforts.
The International Egg Commission (lEC) has devoted much of its energies to
supporting egg promotion programs in lEC member countries. Based on various
referenda and the implementation of many egg promotion programs, it appears that
the majority of producers and other persons in the egg industry support the concept
of egg promotion.
The egg industry, generally, must continue expanding its promotional efforts just to
"keep its place under the sun". While we can solicit the aid of retailers in our
promotional efforts, the responsibility for egg promotion fall on the shoulders of
producers and handlers.
We need promotion at all levels, both retail and institutional. We need to use all
communications media. We should continue to share information regarding individual
promotion programs so that the best features of specific programs can be adopted by
others.
In addition to industry-wide promotion programs, individual companies and
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cooperatives should conduct their own promotional activities. That is just good
business.
ADVERTISING
We probably all agree that promotion is important. Most egg promotion programs
are generic in nature. It is important, however, to recognize the difference between
promotion and advertising. Advertising is a means of espousing the merits of a
particular brand or the product of an individual enterprise. There is a difference.
Through the years, the primary method of advertising eggs has been what we refer to
as "price" advertising. The reason for this is that eggs have what economists call an
inelastic demand. It is assumed that large advertising efforts cannot be justified for
inelastic products. Therefore, to justify significant advertising expenditures it is
necessary to add some elasticity to the demand for eggs. This is done by creating
what economists call a "form of distinction". The popular term for this is niche
marketing.
We have various forms of niche marketing in the United States, and examples can be
found in Europe, Australia, and elsewhere. One of the better known products that has
a form of distinction in the U.S. is a product called Eggland's best. The firm that
markets this product contracts with egg producers to feed a special ration to their
laying hens that contains kelp. The firm claims that those who eat their eggs will not
have an increase in their blood cholesterol levels. Whether the results are real or
perceived, the claim provides a form of distinction that justifies premium selling
prices backed by huge expenditures for advertising.
I must digress to elaborate on the matter of creating distinction. If we want to
increase the value of our product, we must sell its distinction and and merchandise
that difference. A circus manager drew thousands of people to the big tent to see "the
biggest elephant in the world". He had many elephants, and so did every other
circus, and they were vey much alike. But he advertised and sold the point of
distinction. He sold that six inches of elephant that was bigger than any other!
This is an example of real merchandising, and to do it successfully today, you must
find whatever is unique about your product and merchandise that. Your eggs must be
different from other on the market. They can be different in many ways : You can
alter the feed composition. You can mark each egg. You can merchandise a unique
service "delivered to your door".
You can sell a feature of your package easy open, see through, reusable. You can sell
your own identity. Farmer John, The Egg King.
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The place where we see dramatic efforts in niche marketing is in the egg products
field. After many years of discussing the possibilities of expanding the egg products
industry, we are seeing substantial results. I might add, parenthetically, that the
Salmonella enteritidis experience may have hastened this chance because of the
perceived need for pasteurization.

FURTHER PROCESSED EGGS, NEW PRODUCTS
We have witnessed in recent years a substantial growth in the further processing of
eggs and the development of new, value added products. We have not by any means
reached the ultimate in this area. By and large, the egg industry has benefitted from
these new, expanded marketing opportunities. This has helped stem the tide of
declining egg consumption in most parts of the world.
Some beheve, however, that although the industry has been able to recapture some of
the loss in consumption, all we really have done is to make the egg products industry
a more convenient extension of the commodity market for shell eggs.
Egg products are more convenient to use for institutions and manufacturers as well
as fast food restaurants. In the U.S. this sector constitutes approximately 88 percent
of total share of egg product sales. Unless the egg industry recognizes the value of
developing new and more convenient products for individual consumers, the industry
will continue to be price takers for those sectors that create the added value. It is the
marketers responsibility to identify and appropriate customer/consumer targets and
develop the products they need.
OTHER CONSIDERATIONS
There are many other considerations in the field of marketing. We are limited in how
many of them we can discuss, but I will briefly mention just a few.
Brands There is most important principle to be observed about branded products.
No brands will be successful if the eggs inside the package aren't vitrually as uniform
as peas in a pod - the same size, shape, and color - at all times of the year and in all
locations.
Branded eggs should come from the same breed and strain of birds, all fed the same
ration. And, of course, it is necessary to have a point of distinction.
Pricing - A fundamental problem facing egg marketers is that of pricing. This
subject, however, is too complicated to propose specifics before an international
audience.
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Standardization - As the world gets smaller, we will have to face the problem of
increased standardization . There is no reason why persons of good will cannot agree
on uniform quality and size standards. Perhaps once we all go metric and the USA
will be among the last to make the move we might be able to get serious about this
matter.
Delivery Point - Another problem egg marketers in some countries will face in the
future is whether they will make what we call store door deliveries or deliver to
central warehouses owned by retailers. Transport costs will enter into the decision
that ultimately will be made.
Research - It is absolutely essential that to be a successful marketer one must
research the market. This includes the evaluation of all links in the marketing chain retailers, institutional users, and the ultimate individual consumer of one's products.
Research, including market testing, must be carried on constantly to determine
consumer needs and wants and to determine what might be of value that the consumer
has never thought about. New product development is essential to meet the modem
days demand for foods in the zip, squirt, squeeze, heat and eat category. Convenience
is the word. This means further processed eggs, by themselves or in combination
with other foods.
Marketing is not an exact science. Many people, baffled by what seems to be the
upredictable , irrational behaviour of consumers, say that marketing is not a science
at all, but a gamble. I beheve it has aspects of both.
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EGG TRADING IN INDIA - CHARACTERISTICS AND
PROBLEMS
V.N. Dubey
Phoenix Poultry, Jabalpur, M.P., India

INTRODUCTION
The total production and marketing chain consists of about 30,000 poultry farmers (on
an average producing 2400 eggs/day) and having 3000 layers in production. 1,80,000
retailers who sell on an average 400 eggs per day, 18,000 hawkers who supply eggs to
the retailers, and handle about 4,000 eggs per day. 1800 consuming area egg traders
who handle about 40,000 eggs per day, and 360 production centre dealers who on an
average handle 2,00,000 eggs per day. This is a fairly large chain.
India is a large country and eggs have to travel long distances. We can safely assume
that on an average each egg travels about 500 km before it gets consumed.
We may conclude that the marketing chain is well knit and efficient, considering the
fact that the total marketing and distribution costs including profit from only 24% of
the retail price. Even if there were only a single producer or a cartel for producing and
selling eggs, it would have been impossible to improve upon this marketing and
distribution cost of 24% of retail price.
Every retailer, hawker, trader, dealer and farmer is a totally independent entity without
any financial or organizational tie up with anyone else.
LOW COST MATKETING CHANNELS
When an Indian consumer pays Rs.1.00 for one egg, he pays 66 np (Rs.0.60) towards
cost of egg production and 11.5 np towards marketing and distribution, i.e. he is paying
a total of 77.5 np (77.5 % of retail price) towards production, distribution and marketing
expenses. The remaining 22.5 np (22.5% of retail price) is the profit of everyone involved
in production and marketing chain. Out of this 22.5% profit 10 np (10%) goes to the
poultry farmer which gives the farmer a return on capital investment of 15%. The
farmer on an average invests at the rate of oRs.200/- per bird and this 10 np per egg
profit gives him a profit of Rs.30/- per bird which comes to 15% return on capital
investment. Another 10 np (10%) goes towards the profit of the retailer. The marketing
chain gets a total profit of 2.5 np (2.5%) which includes 0.5 np (0.5%) profit of the
Dealer in production centre, 1 np (1%) profit of the Trader in consuming centre and 1
np (1%) the retailers.
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If we exclude the farmers and retailers then the total marketing and distribution costs
come to 11.5 np and the profit of this wholesale chain is 2.5 np. Thus the total marketing
cost comes to 14% (11.5% expenses and 2.5% profit). Even if we include the profits of
the retailer which is 10 np (10%) then also the total marketing cost for which the
consumer is paying is 24% of the retail price.
PRICE CONCIOUS CONSUMER
Indian consumer is price conscious. Generally winter months of November, December
and January are good months for egg consumption. The tgg prices also rise during the
winter months. Generally the consumption goes up in November. But in December and
January plenty of good vegetables flood the market at low prices. Once this happens
the egg consumption drops and the egg prices undergo a downward adjustment. Price
sensitivity can be judged only when the consumer has a choice. Whenever consumer
has a choice and cheap substitutes are available, egg prices have to be brought down.
There are times when deep sea fishing is bountiful and plenty of cheap fish is available
in the coastal areas. These areas then experience lower egg demand resulting in
downward rate ajustment. Generally egg consumption is low in summer. Summer means
day time temperatures of more than 42 degree centigrades. So generally the rates are
low in summer. But the fresh vegetables during this period are scarce and expensive.
Consequently Qgg becomes an attractive option and the rates go up. This proves that
demand for eggs is definately price-sensitive in the presence of viable alternative food
stuffs.
EGG RATE FLUCTUATIONS
There are festival seasons during which lot of people stop consuming eggs, chicken
and meat. This happens at least twice a year. This also results in depressed consumption
and lower egg rates. India is such a large country with so much geogrphic and cultural
diversity that in some pocket or the other some distributing phenomenon is always
taking place that disturbs the national egg equilibrium and rate structure. This results in
wide fluctuations of rates. If Rs 1.00 per egg is taken as an average ratail price then the
rates may vary between 80 np to 120 np. What happens to various components of Qgg
chain during these fluctuations is very interesting.
IMPACT OF FLUCTUATIONS IN DEMAND AND PRICE ON THE
PRODUCTION AND MARKETING CHAIN
The farmer at an average retail price of Rs. 1.00 makes 10 np profit per egg which gives
him 15% return on capital investment. When the prices drop to 80 np then the farmer
actually suffers cash loss. Some farmers who do not make allowances for these periods
are forced to go out of business because of cash crunch. Lot of small and marginal
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farmers close down every year. When the egg rate go up to Rs.1.20 then the farmers
make lot of money and start expanding. Expansion by some farmers and closure by
other farmers is a continuous phenomenon.
The dealers in producing centre are made quite uncomfortable by the rate fluctuation
which results from variation in demand. Lower egg rates are the result of lower demand.
Because of lower demand they are forced to sell eggs on credit often foregoing their
margins. In the good high price season their inventory costs increase but their margins
remain the same. The same phenomenon is repeated in case of Dealers from consuming
centre. The margins of dealers and traders are on per egg basis and they are independent
of the price of eggs. The fluctuations in the egg rates do not effect the margins. The
hawkers al^o sell at fixed margins. Their turnover changes with demand but their return
is fixed.
The retailers' margins undergo change with price fluctuations. When the price of egg is
high they charge about 15 np profit per egg whereas in dull season they may come
down to 7 np.
Thus the good and bad effects of the rate fluctuations are limitd to poultry farmers and
retailers only. Retailers always make money. They never lose. The farmer's lose in bad
season and make good money in good season.
COMPETITION AT ALL LEVELS
The wholesale trade in both producing and consuming centres is quite competitive.
The 360 dealers of producing centre are all competing with each other to sell eggs to
the 1800 consuming area traders. The competition results in price negotiations and
credit arrangements. The dealer as it is operates on a total margin of 2 np per egg out of
which he hopes to make a profit of 0.5 np/egg. The dealer if he has to recover credit
then he must maintain supplies. If the supplies are interrupted then the buying trader
goes to some other supplier and the original dealer ends up getting the credit amount
blocked for a long time. To maintain regular supplies the dealer needs to cultivate the
farmers. Thus the dealer is vulnerable at both buying and selling ends which results in
profit squeeze. The trader in consuming centre is quite comfortable as far as procuring
eggs are concerned. But they face tough competition in selling to the hawkers. Likewise
there is stiff competition among the hawkers who supply to the retailers. The retailers
are quite happy as far as supphes of eggs are concerned. But they also live in competitive
environment in selling eggs. Every retail outlet has to maintain parity in egg rates
because the consumer can go from shop to shop. Even among the poultry farmers there
is a fair degree of competition because everyone wants to sell to a good dealer with
attractive business policy. Thus the whole production and marketing chain operates in
a fairly competitive environment and thus the prices are fairly well regulated.
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The whole marketing chain would be more comfortable if the egg rates would be
slightly lower than what the market dictates. If the rates are lower than what the market
could bear then there would be a sellers market which would make everyone more
comfortable. If the rates are slighty more than what the market can bear then
automatically it becomes a buyers market which makes everyone uncomfortable.
RIGID WHOLESALE COMMISSION STRUCTURE
The marketing chain would always aspire for a lower rate. They may even exert pressure
to lower the rates. Part of the reason is that the commission in all transactions is not on
percentage basis but a fixed basis. For example a dealer would charge only 2 np
commission per egg irrespective of whether the retail prices are 80 np, Rs.1.00, or
Rs.1.50.
This 2 np commission per egg is very difficult to change. It is well known in trade that
out of this 2 np about 1.5 np is the cost of handling egg and 0.5 np is the net profit of
the dealer. When we try to increase this margin to 2.5 np, two things happen. The
farmer negotiates that he should get some part of the increased commissiion. The
buying trader also negotiates for a a price that would allow less than 2.5 np commission
to the dealer. So even if we try to increase the commission the dealer ultimately ends
up getting his good old 2 np commission only.
EGG IS MARKETED AS A COMMODITY
Egg is basically marketed as a commodity. High turnover and low margins are
characteristics of commodity marketing. Apparently it appears that there are vey less
profits in commodity marketing. The only tool available to traders dealing in
commodities to increase their profits is speculation. The ability to control supply and
demand, the ability to hoard and flutuate the prices, i.e. speculation are the only tools
available to conmiodity traders to increase their profits. This is what used to happen in
egg trade also. There used to be many wild swings in egg rates and the rates would
always be lower than what the market could bear. Ofcource in these wild swings some
dealers used to suffer and some would benefit. This used to create bitter rivelry and
competition among the traders and dealers. Important result was that the rates would
always be lower than what the market could bear. This was the era dominated by the
dealers and traders.
The real brunt of lower egg rates would always be borne by the farmers. The real
impact of rates is only felt by either the farmer or the consumer. We had a period in
which the profitability of the farmer was very low and this put a stop to growth in the
poultry industry.
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NATIONAL EGG COORDINATION COMMITTEE (NECC)
In the year 1982 National Egg Coordination Committee came into being. This is really
the turning point for the industry.
The National Egg Coordination Committee which is commonly known as NECC is a duly
elected body and elections take place every 2 or 3 years. Almost all the egg producers in the
country are members of this. It is totally independent body without any Government or
statutory support. The farmers contribute at the rate of 50 np per chick which gives it
annual funds of about Rs.3.5 crores (equivalent to 1 million US Dollars)
NECC comprises of elected local committees in all producing areas, elected zonal
committees and a national executive committee. NECC also has a sufficient number of
trained staff.
Everywhere the eggs are produced the farmers sit together and decide egg rates. These
rates are published in Newspapers. The farmers sell at the rate and the dealers buy at the
declared rates. The rate decision does not happen in isolation. NECC has created a
communication network . It collects information from all over the country and passes
this on to the local committee. The local comirdttee also feeds information to NECC
network. Thus when the local committee decides local egg rates it does so in light of the
national information made available to it. This brings great rationality and discipline in
the decision making process. There is informal and formal coordination in all the areas
that produce eggs. NECC also monitors egg flow from one area to other and keeps track
of market supply and demand position. All this information is continually made available
to the farmers.
PRICE SUPPORT MECHANISM AND ROLE OF AGROCORPEX
NECC also sponsored a public limited company called Agrocorpex India Ltd. Poultry
farmers are the share holders of this company. This company is supposed to be the
marketing arm of NECC although it runs absolutely independently. The company
regularly trades in 1.5 million eggs per day. This regular trade gives it the skills and
resources to help national egg marketing in times of glut by keeping eggs in cold storages
and encouraging and helping others to keep eggs in cold storage. This is called price
support operation through market intervention.
NECC and Agrocorpex together have taken care of the farmers interest. The rates are
always declared keeping in mind the interest of the farmers. Speculative tendencies
have been almost eliminated.
This restored and maintained profitability of poultry farming. For last 13 years farmers
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have made money and there has been a period of continous growth. In last 13 years ogg
production has gone up from 12 eggs per capita to 30 eggs per capita. This is a
phenomenal growth. During this period the traders also cooperated with NECC. They
also benefitted because if reduced competition among them and prevented speculation
which hurts everyone sometime of the other. This was a period of stability and growth
of the industry.
PROFIT SQUEEZE AT THE WHOLESALE DEALER-A SERIOUS PROBLEM
But it has given rise to one problem. The dealer (there are 360 dealers in the country) is
able to charge only 2 np/egg by way of commission out of which his profit remains 0.5
np/egg. Some of this profit is eaten away by bad debts. The number of eggs handled by
the dealers has increased manifold. The average egg rates have gone up increasing the
stock and inventory costs. The losses due to broken eggs have increased. Some of the
dealers are in real bind.
Now the farmers have woken up to this problem. We need to increase the profitability
in the wholesale egg trade. Even 1 np extra margin which would add only 1 % to the
retail cost would be a great help. The farmers are willing to give 2.5 np commission to
the dealer. But this is not really useful because the traders who buy from the dealer
would begin to negotiate for price reduction. This would start a fresh round of price
cutting among the dealers.
We have to evolve a mechanism of giving extra profit to the dealer. In one pocket the
farmers are giving this extra profit by giving lump sum compensation for small eggs
that are produced when birds come into production. In one way or the other in some
areas the dealers make up by giving very low prices for pullet eggs. Ultimately this
may prove to be the only viable method of giving extra profits to the dealers.
BENEFITS OF COMPETITION
This experience proves a few important things. First is that given a free market the
forces of competition do come into play and ultimately the different view points have
to be reconciled. Today the farmers want that the dealers should make more money.
They are very much concerned for the financial health of the wholesale egg chain. At
the same time competition has ensured that marketing channel remains a low cost
channel.
HOW TO INCREASE PROFITABILITY OF COMMODITY MARKETING
WITHOUT ALLOWING SPECULATION
The second experience is that in commodity marketing there are always the twin
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phenomenon of low margins and high turnover. If we curb the phenomenon of
speculation which is the only means to increase profitability of commodity trade then
a mechanism has to be evolved for giving extra hidden margins to the trade. Any
increase in margin which is out in the open would be gobbled up by the pressure of
competition giving low price for pullet eggs is a good solution.
Indian Poultry industry is poised to grow at a very fast rate. But is now needs to make
a breakthrough towards increasing profitability of wholesale trade without resorting to
speculative practices.
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CHARACTERISTICS OF CONSUMER BEHAVIOR
REGARDING ANIMAL PRODUCTS SPECIFICALLY
ON ATTITUDES TOWARD FUTURE CHICKEN
CONSUMPTION IN JAPAN, THE U.S. AND
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This study investigates consumer behavior towards animal products, specifically the
attitudes of consumers toward future chicken consumption in Japan, the U.S. and
AustraUa. Mail surveys were conducted in October and November of 1994. The data
were obtained from 3 598 households. Of these, 1232 came from Japan, 1217 came
from the U.S.A and 1149 came from Australia. Each of these households was given
a score according to the household's attitude toward the consumption of chicken
meat in the future. A respondent planning not to change consumption was given a
score of 3. The average for Japanese respondents was 3.03, low compared with that
for America (3.18) and Australia (3.11). In all three countries, the average score on
the index for future consumption of chicken was higher than for other meats, this
suggests that consumers are planning to increase consumption of chicken meat,
relative to other meats. However, the scores on the index measuring planned future
consumption of chicken meat were lower than the average scores for fish, vegetables,
and fruits. This indicates that consumption of these other foods could increase more
rapidly than consumption of chicken meat. In Japan, the average age of respondents
who said they would increase chicken consumption was lower than that of respondents
who said they would decrease chicken consumption. There were no significant
difference by age group in the plans for future chicken consumption for the U.S. and
Australian respondents. The average level of chicken consumption and preference
indices of respondents who indicated they would increase chicken consumption were
significantly higher than those of respondents who said they would decrease chicken
consumption. This result was found in the three countries. Finally, the level of risk
associated with eating chicken was perceived by those respondents planning to increase
chicken consumption to be less than it was for those respondents saying they would
decrease chicken meat consumption, in the future.
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INTRODUCTION
In Japan, one of the major issues facing the meat industry is how to improve domestic
productivity and to respond to import pressure. It is important that factors influencing
recent trends in meat consumption in the U.S. and Australia - both of which have close
relations with Japan as suppHers of beef to the Japanese market - be recognized. Meat
consumption patterns in each of the three countries have been changing, but in different
ways. In Japan between 1985 and 1994, per capita consumption of meat and poultry
increased steadily from 34.8kg to 42.5kg, or by about 22 percent (MAFF, 1996). During
this period, the share of beef in all meat consumption rose from 18.1 to 26.8 percent.
On the other hand, the share of pork declined from 42.2 to 38.6 percent as did poultry's
share (from 34.2 to 32.2 percent). In the U.S., although per person meat and poultry
consumption in 1994 (80.9 kg) was only 3.6kg more than in 1985, the relative importance
of different meats has changed (ERS, 1995). The share of beef and veal in meat
consumption dropped from 44.6 to 36.7 percent. On the other hand, poultry's share
rose from 27.8 to 37.1 percent. Pork's contribution to meat consumption was virtually
the same in 1994 as it was in 1985. The consumption of meat and poultry by the average
Austrahan fell from 104.0kg to 100.7kg (or by 3.2%) between 1985 and 1994 (ABS,
1995). The share of poultry and pork in meat consumption increased from 21.5 to 26.9
percent, and from 16.1 to 19.7 percent, respectively while the share of lamb and mutton
dropped from 23.6 to 16.6 percent during the ten year period. Finally, beef and veal's
share declined from 38.8 to 36.8 percent. Consumption of meats and poultry change
for a variety of factors. Our results from past studies (Nagano et al., 1992; Koizumi et
al., 1991) suggest that meat consumption in the current year is associated with future
plans of consumers with respect to food consumption. For this reason, we surveyed
consumer behavior for animal products, especially for meats. The results we obtained
in this survey will be outlined in this paper, particularly those results that relate to the
consumer's attitudes toward the future consumption of chicken meat.
DATA AND METHODS
The data used in the study were taken from a survey of food consumption attitudes and
behavior in Japan, the U.S. and Australia. The survey questionnaire consists of 8 items
and 29 questions on preference for meat, purchasing and using behavior, consciousness
on price, food safety and animal welfare, and future attitude toward foods' consumption.
In addition to these items, respondents were asked several questions with respect to the
demographic and life style characteristics of their household. Postal surveys were
undertaken in October and November of 1994. The sample size was 10 822, and it was
drawn at random from the population of all telephone directory listed residents of Tokyo
and Osaka in Japan; Seattle and Kansas City in the U.S.; and Brisbane and Adelaide in
Australia. Two mailings were made in each city. The data were obtained from 3 598
households. The Japan's survey provided 1 232 usable questionnaires, the U.S.I 217,
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and Australia 1 149. These represent 30.6% of the sample in Japan, 48.8% of the sample
in the U.S., and 28.7% of the sample in Australia.
The broad purpose of the study was to relate characteristics of consumers to differences
in their behavior and attitudes to animal products - including chicken meat - in each
country. The first part of the analysis sets out to determine differences in consumer
behavior among groups of consumers on the basis of future plans for chicken
consumption. The data collected from households were classified into 5 categories
according to the way respondents said they would alter chicken consumption in the
future. Once this had been done, statistical tests such as the chi-square tests were used
to look for associations between variables. Additional analysis was conducted to try
identifying those factors influencing consumer's decisions for future chicken
consumption. The data were analyzed using multivariate analysis.
RESULTS
Consumer attitude toward future foods consumption
A five point scale was used to rate consumers on their plans for the future consumption
of chicken. The scale was 1 for decrease considerably; 2 for decrease moderately; 3 for
no change; 4 for increase moderately and 5 for increase considerably. The same procedure
was used to rate respondents in Japan, the USA and Australia. In Japan, the average
rating was 3.03. This was relatively low when compared with the average rating obtained
by US respondents (3.18) and Australian respondents (3.11). In all three countries,
average ratings were higher for chicken than for other meats. They were lower than
those for fish, vegetables, and fruits (Figure 1). These findings suggests that in the
future, chicken meat consumption could increase more rapidly than the consumption
of other meats, but more slowly than the consumption of fish, fruits and vegetables. In
Japan, the average value on the index of planned future chicken consumption was
much lower than the average values obtained in past surveys (Nagano and Nishino,
1980; Koizumi et al.,1991; Nagano et al., 1992). This indicates than chicken meat
consumption may not increase as quickly in the future in Japan as it has in the past.
For analysis purpose, we divided respondents into two groups. One group, called the
'negative group', consists of respondents who said they would decrease chicken
consumption in future. The other group, called the 'positive group', consists of those
respondents who said they would increase chicken consumption. In Japan, the average
age of the 'positive group' was lower than that of 'negative group'. In the other two
countries , there did not appear to be any difference in the average ages of the two
groups. A second result that was found only among the Japanese respondents was that
the average household size of the 'positive group' was larger than that of 'negative
group'. There were no significant differences in income between the 'positive' and
'negative' groups in the three countries.
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Figure 1. Household's attitudes for future consumption of foods

Purchasing behavior and consumption
Japanese respondents reported that they purchase meats - with the exception of chicken
- more frequently than respondents from the other two countries. Austrahans purchased
these meats less often. The average amount purchased on each occasion was far less for
Japanese households than for households in the USA and Australia. With the exception
of lamb, there were no significant differences in the quantities of the various meats
purchased by U.S. and Austrahan household. (Lamb is a much more important meat
for Australian consumers than for US consumers.) The average scores on the index
used to measure future consumption of chicken meat were significantly higher for the
'positive group' than those of 'negative group' in each of the three countries (Table 1).
The most popular locations for buying meats in all three countries were supermarkets,
although fewer Americans reported buying meats at a butcher shop (2.1 percent) than
did Austrahans (40.6 percent) and Japanese (29.8 percent). There were no significant
differences between the 'negative group' and 'positive group' as far as the location for
buying meats was concerned. While "boneless" was the main type of chicken cut usually
purchased in Japan (78.4 per cent of respondents said they purchased this cut), "parts"
was purchased most frequently in the U.S. (63.8 percent of respondents) and Australia
(53.1 percent of respondents). The biggest differences in the type of meat cuts usually
purchased was for "whole body". Japanese respondents reported they rarely purchased
"whole body" (2.8 percent), while American (32.7 percent) and Australian (43.0 percent)
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purchased "whole body" more often. There were no significant differences between
the 'negative group' and 'positive group' on the type of meat cuts on chicken usually
purchased.
Preferences for parts of chicken
The extent to which consumers had a preferences for each part of the chicken were
classified using a five point scale: 1 for strongly dislike, 2 for moderately dislike, 3 for
neither like nor dislike, 4 for moderately like and 5 for strongly like. While the average
preference rating for "thigh" was the highest in Japan at (4.02), "breast" received the
highest ranking from the U.S. (4.55) and the AustraHa (4.53) respondents. The average
preference ratings for every part of the chicken of the 'positive group' were significantly
higher than the average preference rating of the 'negative group' in Japan.
Reasons consuming meat and poultry
Respondents in all three countries listed "delicious" and "versatility" as the principal
reasons for consuming beef. However, while the U.S. and Australian respondents cited
"delicious" as an important reason for using pork and "versatility" for chicken, Japanese
respondents indicated that "reasonable price" was the main reason they utilized those
two meats. There were not any significant difference in the reasons for consuming
meat and poultry between the 'negative group' and 'positive group' in all three countries.
Consciousness on food safety
The level of risk perceived by Japanese respondents to be associated with eating meats
and fish was higher than that indicated by respondents in the U.S. and Australian. In all
three countries, the level of risk associated with eating chicken perceived by 'positive
group' was lower than the level indicated by 'negative group' (Table 2). There were
differences in the reasons respondents in the three countries gave for feeling uneasy
about the safety of eating chicken. Japanese respondents listed "use of antibiotics" and
"infectious diseases" as the main reasons they felt uneasy about the safety of eating
chicken meat. The U.S. respondents listed "bacteria contamination" and "slaughtering/
handling procedure", and Australian respondents listed "use of growth hormone" and
"bacteria contamination" as the main reasons they felt uneasy about the safety^ of eating
chicken.
Multivariate analysis
Multivariate analysis is used to determine if any overall relationship exists between the
consumer's decision for future chicken consumption and the independent variables
mentioned above. Table 3 indicates the mean response of each independent variable
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used for multivariate analysis in each country. Table 4 reports the results of multivariate
analysis of factors influencing planned future chicken consumption. In all three countries,
factors relating to the consumer's attitude toward future consumption of other foods
were particularly important in differentiating the consumer's decisions for future chicken
consumption. However, there is difference among three countries on its component.
Japanese respondents indicated that attitude toward future consumption of "pork", ''egg''
and "beef were important ¡Factors influencing attitude toward future chicken
consumption. American respondents indicated that "turkey", "fruit" and "yoghurt" were
important factors, while AustraUan respondents indicate that "fish", "lamb" and "egg"
were important factor. Factors related to the consumer's consciousness for food safety
were also important in all three countries. In Japan, there was a positive relation between
plans for future chicken meat consumption and consciousness for "pork" safety. In the
US and Australia , where respondents perceived that there were risks associated with
eating pork , the average score on the index of future chicken meat consumption was
higher than was the case for households that felt eating pork was safe. With respect to
consumption level of meat obtained from the survey data, there were positive relations
between attitude for future chicken consumption and chicken consumption in all three
countries. On the contrary, there were negative relations between attitude for future
chicken consumption and pork consumption in Japan and the U.S. And with respect to
contribution rate, consumption level of chicken was second important factor affecting
future chicken consumption among several factors in the U.S. In Japan, with the number
of household members increased, the attitude toward future chicken consumption
became positive. And preference of households for chicken parts, especially on those
of "thigh", relatively affected attitude for chicken consumption in Japan, compared
with the U.S. and Australia.
CONCLUSION
The analyses above indicate the complexity of consumer behavior. While few, if any,
individual factors stand out aS being contributes to consumer's decision for future chicken
consumption, it is equally clear that these factors taken together affect consumer's
decision extremely. There were different characteristics of consumer behavior for meat
and poultry, especially on the factor influencing attitude for future chicken consumption,
among three countries. In Japan, attitude for future chicken consumption were strongly
Hnked with those for other meat (beef, pork and mutton). In the U.S., attitude for future
chicken consumption were greatly related with those for turkey, fruit and yoghurt. This
findings may suggest that the calories and health concerns are most important factor
affecting future meat and poultry consumption in the U.S. With respect to food safety
issue was one of the major factor affecting future chicken consumption in all three
countries, especially in the U.S. and Austraha. Hence, to wipe out consumers' uneasiness
for food safety on meat and to disseminate information on food safety issues to
consumers are needed.
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Table 1. Purchasing behavior and consumption of meat and fish on attitudes toward future chicken consumption
Japan
Overall
Mean

SE

Purchasing freqiiency (time/week)
beef
1.21
0.04 a
pork
1.30
0.04 a
chicken
1.06
0.03
0.02
lamb
0.00 a
fish
2.33
0.05 a
Purchasing quantity (gram/time)
beef 409.5
7.3 a
pork
349.3
8.2 a
chicken
373.4
9.0 a
lamb
45.1
6.0 a
fish
458.1
11.3 a
Consumption (gram/day/person)
beef
22.7
0.9 a
pork
21.4
1.3 a
chicken
18.9
1.1 a
lamb
0.2
0.0 a
fish
42.4
1.7 ab
1

the U.S.

Negative^
group
Mean

Positive^
group
Mean

Mean

SE

1.31
1.24
0.78
0.02
2.55

1.16
1.40
1.37**
0.06
2.13

1.10
0.54
1.11
0.08
0.60

0.03
0.02
0.03
0.00
0.02

a
b

406.5
344.0
340.2
49.3
490.7

438.6
383.2
456.1*
49.5
506.7

2513.4
1168.2
1740.3
233.2
768.6

24.4
20.4
13.6
■ 0.2
45.7

21.1
19.7
24.8*
. 0.4
38.1

124.3
46.7
116.1
4.0
38.7

Overall

Australia

Negative
group
Mean

Positive
group
Mean

Mean

SE

1.23
0.52
1.31**
0.07
0.57

0.96
0.44
1.07
0.61
0.66

0.03
0.01
0.03
0.02
0.02

b
c

b
b

0.98
0.52
0.73
0.06
0.57

340.9
111.6
46.0
18.1
22.9

b
b
b
b
b

1395.0
988.8
1414.2
202.9
661.5

2239.9
1045.3
1805.7
163.4
837.6

3267.1
1520.4
1769.2
2352.8
1100.2

11.0
4.2
4.9
0.4
2.5

b
b
b
b
a

85.6
40.6
63.7
2.8
29.5

99.3
33.3
130.2**
2.7
- 38.9

136.7
47.0
106.3
89.3
50.7

Negative group; group of respondents who would decrease chicken consumption in future.

2 Positive group; group of respondents who would increase chicken consumption in future,
a, b, c means with the different letter differ significantly among three countries (P<0.05)
* P<0.05 ** P<0.01

Overall

Negative
group
Mean

Positive
group
Mean

c
b

0.83
0.41
1.01
0.47
0.59

1.12
0.41
1.33
0.71*
0.75

364.2
76.9
55.1
105.4
36.8

b
b
b
c
c

2579.8
1592.9
1281.9
1801.4
1103.9

3970.6
1388.3
1967.7**
2145.4
1100.0

19.7
4.6
6.3
7.8
2.8

b
b
b
c
b

94.1
50.7
68.0
51.7
51.5

235.1
37.1
125.0*
80.1
58.8
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Table 2. Consciousness for the safety eating meat and fish on attitudes toward future chicken consumption

Mean

Overall

Negative!

Positive2

group

group

Mean

Mean

Mean

SD

SD

Australia

the U.S.

Japan
Overall

Overall

Negative

Positive

group

group

Mean

Mean

Mean

SD

Negative Positive
group

group

Mean

Mean

Consciousness for the safety (SD-point 3)
beef

2.76

0.93

a

2.65

2.78

3.37

0.96

b

3.02

3.30

3.91

0.87

c

3.40

3.99

pork

2.71

0.92

a

2.57

2.78

3.23

0.88

b

3.02

3.13

3.38

1.02

c

2.97

3.24

chicken

2.72

0.93

a

2.52

2.82*

3.20

0.92

b

2.66

3.21 **

3.60

0.95

c

2.97

3.71

lamb

2.62

0.81

a

2.44

2.59

3.26

0.88

b

2.84

3.17

3.89

0.84

c

3.43

3.99

fish

2.90

0.99

a

2.79

3.00

3.27

0.92

b

2.69

3.19 *

3.46

0.96

c

3.14

3.44

1 Negative group; group of respondents who would decrease chicken consumption in future.
2 Positive group; group of respondents who would increase chicken consumption in future.
3 SD-point; l=very uneasy, 2=:uneasy, 3=average, 4=safe, 5=very safe
a, b, c means with the different letter differ significantly among three countries (P<0.05)
* P<0.05 ** P<0.01

Table 3. Distributional properties of variables for multivariate analysis

variables

Housewives' age (years old)
Household size (number)
Household income *
Consumption (g/day/capita)
Beef
Pork
Chicken
Lamb
Fish
Consciousness for food price **
Beef
Pork
Chicken
Lamb
Fish
Consciousness for food safety ***
Beef
Pork
Chicken
Lamb
Fish
Attitude toward future consumption ****
Beef
Pork
Mutton
Turkey
Ham/Sausage
Fish
Egg
Vegetables
Fruit
Milk
Butter
Cheese
Yoghurt
Pre-cooked foods
Lamb
Sausage
Liver .
Cola
Instant foods
Canned foods
Preference for chicken parts *****
Thigh
Breast
Leg
Wing
Leaflet muscle
Edible viscera
Attitude for future
chicken consumption

Japan (n:=257)

the U.S. (n=307)

Mean

SD

Mean

SD

11.57 a
1.13 a
3.70

48.10
2.80
7.92

13.93
1.18
1.61

^20.06
26.40
22.18
0.52
46.25

23.82 a
77.47
60.87 a
1.81 a
65.38

102.85
32.92
109.00
5.84
34.54

3.81
2.93
2.65
2.96
3.72

0.95
0.78
0.81
0.90
0.88

a
a

2.68
2.62
2.60
2.63
2.81

Australia (n=357)

Mean

SD

46.60
3.38
6.96

12.41
1.41
2.13

184.30 b
43.21
125.43 b
12.84 b
54.76

108.80
40.93
91.78
87.05
39.95

167.27 b
58.53
100.56 b
227.2C1 c
55.99

0.76
0.70
0.80
0.70
0.78

b
b
b
ab

3.58
3.46
2.77
2.90
3.93

0.81
0.83
0.89
0.92
0.90

c
c

a
a

3.38
3.26
2.65
4.13
3.78

0.89
0.91
0.90
0.79
0.99

a
a
a
a
a

3.40
3.27
3.21
3.38
3.28

0.93
0.87
0.95
0.84
0.91

b
b
b
b
b

4.09
3.68
3.72
4.06
3.54

0.79
0.89
0.92
0.75
0.94

c
c
c
c
c

3.13
3.01
2.31
2.14
2.87
3.75
3.38
3.98
3.80
3.55
2.87
3.06
3.36
2.79

0.75
0.72
0.93
0.98
0.85
0.75
0.78
0.71
0.74
0.87
0.80
0.81
0.91
0.96

a
a
a
a
ab
a
a
a
a
a
a
a
a
ab

2.74
2.89
2.88
3.34
2.72
3.39
2.81
3.71
3.64
2.98
2.61
2.66
3.19
2.88

0.55
0.56
0.52
0.53
0.61
0.60
0.55
0.65
0.67
0.54
0.66
0.69
0.60
,0.76

b
ab
b
b
a
b
b
b
ab
b
b
b
ab
a

2.92
2.87
2.69
2.87
2.93
3.40
3.01
3.57
3.57
3.08
2.79
2.94
3.17
2.61
2.97
2.77

0.56
0.52
0.73
0.60
0.53
0.66
0.47
0.67
0.69
0.54
0.57
0.53
0.61
0.76
0.52
0.63

c
b
c
c
b
b
c
b
b
b
a
a
b
b

2.71
2.17
2.38
2.57

0.93
0.96
0.93
0.83

3.98
3.50

0.94
0.93

a
a

3.83
4.54
3.68

4.12
4.62
4.17

1.10

0.96
0.68
0.89
3.57

b
b
b
1.17

3.58
2.32

3.43
1.07
1.22

1.13
a
b
0.68
1.144 a
3.34
1.28

3.06

0.70

3.23

0.58

43.32
3.62
-6.11

*
**

Japan=14 class, the U.S. and Australia=9class
l=very cheap, 2=moderately cheap, 3=average, 4=moderately expensive, 5=very expensive

***
****

]=very uneasy, 2=uneasy, 3=average, 4=safe, 5=very safe
l=decrease considerably, 2=decrease moderately, 3=no change, 4=increase moderately,

b
b

3.12

b
a

a
b

0.52

5=increase considerably
***** l=strongly dislike, 2=moderately dislike, 3=neither, 4=moderately like, 5=strongly like)
a, b, c means with the different letter differ significantly among three countries (P<0.05)
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Table 4. Summary of multivariate analysis of factors influencing attitudes for future chicken consumption
Australia (n=357)
Independent
variables

Beta
Coefficients

Housewives' age
0.007
Household size
0.151 *
-0.024
Household income
Consumption
Beef
0.017
-0.194 **
Pork
Chicken
0.180 **
Lamb
-0.008
Fish
0.034
Consciousness for fooc price
Beef
0.050
Pork
0.106
Chicken
0.046
Lamb
0.011
Fish
-0.109
Consciousness for food safety
Beef
-0.188 **
Pork
0.152 *
Chicken
0.015
0.133 *
Lamb
Fish
-0.037
Attitude toward future consumption
Beef
0.139 *
Pork
0.268 **
Mutton
0.149 *
Turkey
0.030
Ham/Sausage
0.008
Fish
-0.068
0.166 **
Egg
Vegetables
-0.009
Fruit
0.110
Milk
0.128 *
Butter
-0.086
Cheese
0.084
Yoghurt
-0.165 **
Pre-cooked foods
0.000
Lamb
Sausage
Liver
0.043
Cola
0.003
Instant foods
-0.160 *
Canned foods
0.089
Preference for chicken parts
Thigh
0.180 **
Breast
-0.018
Leg
Wing
-0.070
Leaflet muscle
0.113
Edible viscera
-0.058

Adjusted R square
Multiple R
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0.371
0.687 ■

Correlation
Coefficients

Contribution
%

Beta
Coefficients

Correlation
Coefficients

Contribution
%

Beta Correlation
Coefficients Coefficients

-0.137
0.232
-0.072

0.033
0.028
-0.038

-0.061
0.057
-0.034

0.019
0.029
0.137 **

-0.079
0.075
0.102

-0.047
-0.025
0.051
0.005
-0.069

0.080
-0.124 *
0.177 **
-0.045
0.046

0.018
-0.125
0.180
-0.075
0.087

-0.090
0.095
0.150 **
0.008
-0.060

-0.020
-0.016
0.094
-0.009
-0.002

0.111
0.151
0.154
0.097
-0.132

0.037
-0.065
-0.038
0.010
-0.026

-0.014
0.016
-0.039
-0.001
-0.005

0.009
-0.061
0.015
-0.012
0.001

0.016
-0.002
-0.049
-0.038
-0.018

0.125
0.184
0.187
0.125
0.096

0.072
-0.250 **
0.177 **
0.067
-0.090

-0.006
-0.115
0.079
-0.010
0.016

0.222 **
-0.197 **
0.191 **
-0.067
-0.067

0.166
0.026
0.132
0.126
0.029

0.351
0.477
0.285
0.189
0.292
0.028
0.306
-0.029
0.061
0.166
0.281
0.250
0.004
0.077

-0.095
0.095
0.069
0.325 **
-0.089
-0.020
-0.099
-0.120 *
0.114 *
-0.003
-0.003
0.074
0.106
-0.033

-0.144
0.010
0.018
0.389
-0.181
0.149
-0.162
0.178
0.238
0.106
-0.136
-0.062
0.232
-0.080

-0.017
0.030
-0.131
-0.005
0.104
0.291
0.140
0.002
0.035
-0.089
-0.002
-0.039
0.140
-0.116
0.213
0.134

**
*
**
**

0.199
0.199
-0.039
0.042
0.175
0.376
0.224
0.169
0.165
0.093
0.020
0.060
0.192
0.010
0.300
0.164

-0.015
0.077
-0.060
0.111 *

0.005
0.158
0.001
0.058

-0.286 **
0.090
0.071
-0.097

0.017
0.088
0.058
-0.060

**

**
**

0.268
0.109
0.056
0.151
0.205
0.184
0.110
0.186
0.056

0.224
0.562 ■

0.291
0.605

Contribution
%

10.9
3.1
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POULTRY DEVELOPMENT, POLICIES
AND PLANNING FOR HIGHER PRODUCTION,
ENVIRONMENTAL PROTECTION,
INCOME AND EMPLOYMENT
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1. POLICIES AND STRATEGIES OF POULTRY
DEVELOPMENT FOR DEVELOPING COUNTRIES
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POULTRY PRODUCTION AND MARKETING
IN ASIAN COUNTRIES - A CASE OF INTEGRATION
Michio Sugiyama
Faculty of Agriculture,Gifu University, Gifu, Japan

The purpose of this report is to clarify the situation of Japanese poultry industries,
especially the integration system , and explain the kinds of integration practiced
in Asian countries in recent years. With the advancement of poultry technology,
the production have diverged and developed as the following five stages ; backyard
(self sufficient) farm fiocks (dual purpose poultry) commercial specialzed industrial
type eggs and chicken production. However , in the fifth stage, all of the divided
businesses such as hatchery (day old chick production) and egg processing are
integrated as one business or one management so as to reduce the cost of indirect
management expenses and raise efficiency and avoid the fluctuation of prices.
"Integration" is defined as the combination of two or more successive stages of
production and / or distribution under the one ownership and / or control of one
firm. "Integration" in developed countries had started from 1930 -1940 in U.S.A.,
1960's in Japan as well as European countries , which is called "Developed
integration " (Foregoing integration ) in this report. The integration in developing
countries is defined as "Developing integration" (Aftergoing integration ) in this
study, which is the introduction of production and management technologies and
promotion of the integration system by governments in order to produce more
animal products, strengthen the economies and catch up with the developed type
of Integration in advanced countries. The "Developing Integration" is of four
types i) Socialist -market type of integration which is done by the government in
China, ii) Government aided integration in the case of broiler production in the
Rep. of Korea, iii) Joint venture type of integration in the case of Thai broiler
production.iv) Regional coop integration in Indonesia. Due to government
intervention, either directed or guided / aided, the livestock integration has been
expanding with the rapid development of the livestock industry and the ever
increasing demand for livestock products.

INTRODUCTION
Fish is the most popular meat in Japan with the annual consumption averaging 37kg /
year (MAFF, 1994), compared to 30kg for all livestock meats. On a bone in weight
basis, annual pork supplies amount to some 2.1 million tons, followed by chicken with
1.7 million tons and beef 1.35 million tons. Some 31% of the total pork supplies were
imported, the corresponding figures for chicken and beef were 23% and 60%
respectively.
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Supplies of all meats have escalated sharply over than 30 years during which chicken
boosted its market share from 21% to 32% . When the supply figures are expressed on
an edible weight basis then the following average uptake figures/ capita/ year were
obtained for 1993: pork 11.4 kg , chicken 10. 4kg , beef 7.4 kg and other meats 0.6kg.
Although total supplies of chicken meat have expanded, domestic broiler production
has declined in recent years . Having reached a peak of 745 million birds in 1987 , the
number of birds processed has sharply declined to an estimated 613 million in 1994.
Hence , output of broilers in 1994 was likely to have been nearly 600 million, pointing
to a cut - back of around 132 milHon from the 1987 record. During the past eight years,
the number of growers has declined by 40% and some 23% of chicken are imported
from foreign countries.
Therefore, the purpose of this study is 1) to clarify the situation of Japanese chicken
industry , especially the integration system , 2) to analyze the kinds of integration in
developed countries and 3) to explain the developing countries integrations, especially
in Asian nations in recent years.
SITUATION OF JAPANESE CHICKEN INDUSTRY
In recent eight years, the number of broiler producers has decreased, and bird processing
has also decreased, but the birds kept per farm has increased. The reasons for the
decreases are party dependent on the import of beef after liberalization of trade and
partly due to the cost of broiler production from foreign countries.
Regarding consumption , there has been a market shift away from cooked and eaten in
the home to food service. Back in 1980,47% of birds were cooked at home, 49% were
used in food service and 4% in manufacturing feeds. The corresponding percentages
for 1992 were 31 , 59 , and 10 . The reason for the decrease in home consumption is
partly due to the decrease of number of family members and many housewives went
out for jobs and took a meal outside.
Originally , Japanese chicken industry had started from cull chicken , semi -broilers
(meat type PS x dual purpose PS female), and foreign -bred commercial broilers. Broiler
production is mostly carried by integrated production system as follows: First form of
integration was done by feed dealers who began to build broiler dressing plants in the
producing areas. They were major promoters of the business, integrating the producers
and linking up hatcheries and processing plants, shipping the carcasses to some
wholesalers in the consuming areas. In the first stage, contractual arrangements were
the prevailing form of integration.
After that, some trading companies built large broiler farms in southern Kyushu. The
contract and owner type integration had started in this area where land value and labor
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cost were rather low . Therefore , the location of broiler production shifted from urban
areas (Tokai) to southern Kyushu.
There was a price hike in feedstuffs due to the world wide oil crisis of 1974 . After this
period, Tohoku in northern Japan , developed as a new broiler producing area. Then ,
these two remote chicken producing areas, in northern and southern Japan , had
accounted to about 60% of the total chicken production.
However , chicken and chicken products have been imported a lot to Japan in the last
two decades because of the low cost of foreign broiler and the strong yen. The price of
live birds per kilogram has been about twice in Japan than that in main land China,
U.S.A. and Thailand. Particularly the cost of production has been three times in Japan
than China. Therefore , the chicken import has increased and the self sufficiency rate
has declined sharply from 100% in 1960 to 82.2% in 1980 and 77.2% in 1993.
The ratio of custom duties for the imported chickens has been cut according to the final
agreement of the Uruguay Round. Then , between 1994 and 1995, the import tax on
imported poultry meat has been reduced from 20% CIF to 10% for bone in leg and
from 20% to 14% for bone in other items and from 20% to 12% for deboned meat.
Therefore the chicken import will continue to increase in the future in Japan .
To offer better and different type of chicken to consumers , effots have been made to
improve a variety of local fowl all over the country . In 1995 , more than 100 branded
birds are produced in Japan.
KINDS OF INTEGRATION IN DEVELOPED COUNTRIES
Broiler integration system has changed greatly as shown in Figure 1. Japanese urban
type of chicken integration has many broiler farms and the chickens are collected ,
slaughtered , cutup , further processed, packed and sold to retail stores. However , in
the 1970's production and slaughtering (S) and cutting (C) functions have shifted to
northern and southern area of Japan . Again in late of 1980's , the production and SC
functions shifted to Thailand and Brazil because low labour and land value . Further, in
1990, the production cost and transportation cost of broiler was less in China than
Thailand. The chicken cost in mainland China was about 60% of that in Thailand.
"Integration" means the bringing together of two or more parts into one. "Verticalintegration" is the combination of two or more successive stages of production and / or
distribution under the ownership and/ or control of one firm. "Horizontal integration"
is the combination of two or more lateral stages of production and / or distribution
under the ownership and/ or control of one firm.
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Figure 1. Japanese Urban type of Broiler Integration

According to Hefferman and others, integration has advanced from i )Vertical Integration,
to ii ) Conglomerate Integration and to Global Integration. Those types of integrations
are called here as " Developed Integration" or " Foregoing Integration". On the other
hand, developing countries integration is called as " Developing integration" or "Aftergoing Integration" as described later.
Types of Developed( Foregoing ) Integration
i) Horizontal Integration
ii) Vertical Integration
iii) Global Integration
Types of Developing ( Aftergoing ) Integration
i) Sociahst Market type
ii) Government Aided type
iii) Joint Venture type
iv) Regional Coop type
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DEVELOPING INTEGRATION IN ASIAN COUNTRIES
i) Socialist market type of integration
a) The egg production in China amounted to around 9 million tons (mt) in 1994
compared with 4.5 mt in 1985 , and it is forecasted that Chinese egg production will
greatly increase to 13.5 mt at the end of this century. Big governmental integration is
described best in the case of Beijing. Beijing has been encouraging the development
of the rural egg supply industry and has eventually forced the Beijing city administration
to spend a large amount of money to develop its own egg production system that is
called "The Socialist Market type of egg Integration" tied up with liberalization of the
socialist economy after 1978.
b) In order to rapidly increase the egg production in Beijing between 1978 and 1993,
the city government policies such as chick, mixed feed production, education ,veterinary
and marketing systems is induced as shown in figure.
c) The structural change in the egg production and marketing systems that began at
the end of 1970's had an important effect on the private egg farms and the related
industries.
ii) Government Aided Integration
An example of this type of integration is available in the Republic of Korea. Livestock
industry in Korea has, consequent to trade liberalization, to achieve structural reform
in order to raise productivity and get a economic stability for the future livestock
industry. Under international competition , the structural reform or improvement,
especially, vertical integration are important problems for those industries. The Korean
government had also opted for such a direction for vertical integration and contract
farming in these areas of animal industry.
The broiler industry in Korea has advanced in recent years. But there are several
problems in the production and marketing, a) Broiler hatcheries having contract
hatching-egg production besides their own production, was common in Japan , but
few in Korea, b) Thus, the price of day-old chicks fluctuates greatly in Korea compared
to Japan . c) Broiler production has been concentrated in the urban area of Seoul and
other cities. However , it is decentralized in southern and northern Japan . Live bird
transportation is popular in Korea, while portioned, cut meat transportation has prevailed
in Japan. d) Broiler live bird price has fluctuated greatly with a 4 year cycle in Korea,
but the price has become stable and decreased in recent years in Japan . e) Broiler
integration was 23% in Korea, against 75% ( contract 50%, own production 25% ) in
Japan (1987). f ) The number of bird wholesales has become greater and the marketing
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margin has increased in Korea, g) The concentration of the processing plants in restricted
areas has been greater in Japan than in Korea. h) as for eggs, most layers are concentrated
in suburbs of large cities in Korea, but decentralized in Japan because the producing
areas and egg processing plants(G.P center ) are common in Japan.
iii ) Joint Venture T^pe of Integration
The broiler production industry is the case in study in Thailand.
The broiler price has been a significant factor in boosting imports into Japan, but it is
not the sole reason why total imports have risen almost four fold since 1982 . Some
Japanese companies have invested directly in foreign processing plants in Thailand
while in other instances they have simply cooperated with overseas suppliers by offering
technical assistance (China ). Some companies in Thailand are investing overseas in
main land China and exporting to Japan and other countries.
iv) Regional Coop Type of Integration- in the Case of Indonesia
In Indonesia, it is planned as follows: i) Subsistence, ii) Mixed farming, iii) Commercial
iv) Industrial. The government input decreases in line with the level of farming
economics. For farmers who rely on subsistence and mixed farming the Government
investment is relatively high in proportion. In commercial and industrial systems on
the other hand, the private input will be dominant in terms of farm supplies and
marketing.
The Japanese poultry industry has developed on the following stages:
1) Group farming or consohdated egg farms 2) Integrated large egg farms. 3) Raising
at systematic poultry centers.
It is important that poultry farms should employ a large scale systematic form of both
satellite or concentrated types of production because those types can control the feeding
environment and tgg gathering can be done by an in line system which can save labour
costs.
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POLICIES AND STRATEGIES OF RURAL POULTRY
DEVELOPMENT WITH PARTICULAR REFERENCE TO
ASIAN DEVELOPING COUNTRIES
Masao Sasaki
Development Specialist (Livestock) Institute for International
Cooperation - JICA Honmura-cho, Shinjuku Tokyo, Japan

Poultry development in Asian developing countries as a whole has been remarkable
in the past decade. Impressive performance has been, however, mainly due to the
rapid expansion of private sector while the performance of rural poultry has been
rather stagnant. Rural poultry could be promoted as a powerful tool of rural
development programme, particularly since it would provide women and youth
with stable rural income opportunities. With the government support/intervention
in such areas as marketing, price stabilizing measures, extension services, and
poultry farmers association/cooperative, semi-commercial type poultry production
could be further promoted in rural community for the benefit of millions of rural
folks in Asian developing countries.
I.

INTRODUCTION

In many developing countries of the Asian Region, the contribution of animal products
(meat, eggs and milk) to supply dietary energy and protein is still much smaller than
the world average and thus, should be increased to improve nutritional standard of
millions of people, particularly those living in rural areas.
According to the survey of 24 developing countries in Asia conducted by the FAG
Regional Office, Bangkok in 1994, the share of the contribution by commercial poultry
sector (1000 birds and above per unit) for total chicken meat output was more than
80% in 9 countries but less than 20% in 8 countries. Other 7 countries fell into the
range of 80% - 20%. The share of commercial sector contribution in total egg output
showed the similar status to that in chicken meat output. It may be therefore, concluded
that rural poultry production in many Asian Developing countries, particularly those of
the least developed countries is still essentially in the hands of rural farmers.
In addition to the stable supply of high-quality animal food, rural poultry production
has been, without doubt, promoted to generate rural income opportunities, particularly
for the weak sectors of the rural cortimunity, i.e. women and youth. In some Asian
developing countries, well-organized rural poultry farming has been promoted as a
tool for a part of rural development programmes to increase rural income and up-grade
livelihood of millions of rural farmers.
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This paper first describes the present trends of poultry production and then the constraints,
and further deals with government major policies and strategies which have been
instrumental to promote rural poultry farming in the Asian Region.

II. TRENDS OF POULTRY PRODUCTION AT THE GLOBAL AND ASIAN
LEVEL
The output of poultry production (meat and eggs) during the past decade (1984-94)
increased rapidly worldwide. The average annual growth rates of poultry meat and hen
egg production were 5.1% and 2.8% for the world and 8.9% and 7.2% for Asia-Pacific,
respectively (Tables 1 and 2). Particularly, Asian developing countries made the
remarkable development in poultry sector, having attained the unprecedented
performance with the growth rate of 11.1% (meat) and 8.7% (eggs) during the same
period (Tables 1 and 2). In spite of the satisfactory progress in Asian development
countries, there should not be the complacence for the past achievement. The remarkable
progress should be maintained and further expanded for Asian poultry production since
the per-caput consumption of both poultry meat and eggs in Asian development countries
is still much less than the world average in 1994 (3.7 kg vs. 8.8 kg for meat and 4.8 kg
vs. 7.0 kg for tgg). It is important to realize that a large disparity on the consumption of
poultry products exists not only among countries but also within a country. This is due
to the fact that a wide gap on their income spendable for food items remains to exist
among countries and also, between urban and rural areas in the same country.
IIL RURAL POULTRY PRODUCTION - CONSTRAINTS FOR ITS
PROMOTION
The rapid growth of poultry sector in most developing countries has been almost
exclusively dependent on appearance of intensive or commercial-type poultry enterprise,
often located in peri-urban areas. The large-scale operation will be further promoted by
the hands of private sector with a minimum government involvement. On the other
hand, the development of rural poultry sector in the past has been rather slow or stagnant.
Rural poultry production need to be promoted as a part of rural development activities
to provide rural folks, particularly, women and youth with income generation
opportunities. Contrary to large-scale commercial operations, the rural poultry
development may require continuous government involvement for its promotion.
There are numerous constraints which are almost common to most developing countries
and which hamper or slow the growth of rural poultry development. These are among
others: 1) Poor Marketing System and Facilities, 2) Sub-standard Feed and High Feed
Cost, 3) High Disease Incidence, 4) Weak Extension Services and 5) Low Productivity
of Village Poultry.

284

Table 1: Poultry Meat Production in Selected Asian Countries
Unit: 1000 tons

Bangladesh
China
India
Indonesia
Malaysia
Myanmar
Nepal
Pakistan
Philippines
Rep. of Korea
Sri Lanka
Thailand
Vietnam
Asia, Developing
Australia
Japan
New Zealand
Asia, Developed
Asia-Pacific, Total
World

1984

1994

Average Annual
Growth Rate
19^84-94 (%)

53
1875
150
291
210
103
5
88
185
119
10
434
150
3988
298
1298
43
1639
5627
29703

99
6479
440
588
645
99
10
218
349
377
15
828
171
10981
503
1320
69
1892
12873
49125

5.8
14.2
12.5
7.2
11.7
-2.5
7.8
7.1
7.1
11.9
6.1
6.6
1.8
11.1
4.3
-0.1
4.5
1.0
8.9
5.1
(FAO Statistics 1995)

Table 2: Hen Egg Production in Selected Asian Countries
Unit 1000 tons

Bangladesh
China
India
Indonesia
Malaysia
Myanmar
Nepal
Pakistan
Philippines
Rep. of Korea
Sri Lanka
Thailand
Vietnam
Asia, Developing
Australia
Japan
New Zealand
Asia, Developed
Asia-Pacific, Total
World

1984

1994

Average Annual
Growth Ratel
19^84-94 (%)

38
3617
787
273
168
44
17
167
219
305
32
168
72
6277
197
2130
51
2378
8656
29383

77
10060
1446
437
374
40
18
234
275
457
51
403
119
14549
162
2562
49
2773
17322
39356

7.0
10.6
5.7
4.7
9.1
-2.7
3.4
4.2
3.6
4.1
3.9
11.4
4.8
8.7
-1.8
2.0
-0.1
1.7
7.2
2.8

.

(FAO Statistics 1995)
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1.

Poor Marketing Systems and Facilities

When the aim of the rural poultry development is beyond home consumption of poultry
products and towards active income generation (semi-commercial type operation), the
remunerative marketing arrangement is a must. The reliable and stable market-chains
which are available year around are lacking in most rural areas of the Region and
constitute the largest constraint for rural poultry promotion. The domination of
middlemen who play a major role in rural poultry marketing is still common in many
developing countries in Asia.
Most birds in rural areas are sold alive or slaughtered at the place of sale. There is
hardly any concern for hygienic handling or quality of products in the prevailing
marketing systems. A sale of dressed birds is getting popular in some areas but in most
cases, they are displayed for sale in the open air without refrigeration.
As for eggs, soiled eggs are sold in dirty containers without much consideration for
preservation of their quality. In most developing countries, eggs are still sold by piece
and thus both producers and merchants tend to pay no attention to the quality of eggs.
The lack of suitable containers or cartons cause major difficulties for handling, storage
and distribution.
2.

Sub-standard Feed and High Feed Cost

Feed supplementation or even the complete replacement with purchased compound
feed may become necessary when the number of birds increases and the operation
becomes a major income generation activity in the household. The supply of feed
ingredients in most developing countries is usually un-stable, resulting in difficulties
in formulating, low-cost balanced rations. There are no laws/legislations which are
practically operational to control the quality of poultry feed.
3.

High Disease Incidence

It has been a well-known fact that high incidences of poultry diseases play a major role
to reduce the productivity of poultry raising in rural community. Some of the diseases
have been introduced into the Asian Region relatively in recent years through the
importation of breeding stock (Infectious Bursal Disease, Marek's Disease, Avian
Influenza etc.). For scavenging-type operation of poultry raising, Newcastle Disease
remains the biggest hindrance in most Asian developing countries. The vaccination
coverage of over 80% to control and eventually eradicate this viral disease is difficult
for rural poultry. The field vaccine for Newcastle Disease has been promoted but its
real effectiveness in rural poultry operation still remains to be verified.
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Most developing countries in Asia have already been infected with Infectious Bursal
Disease (Gumboro Disease) and Marek's Disease in both rural and commercial sectors.
Reliable diagnostic test and facilities to differentiate these viral diseases are still to be
established in many developing countries. Very few countries have a manpower capable
of conducting these tests on a routine basis.
With a probable exception of India, the government monopolizes the poultry vaccine
production. Since private vaccine manufactures are not encouraged in establishing local
production facilities, there is no competition to ensure quality products. "Inmiunity
breaks" are common in all countries, damaging the reputation of government vaccines
and hindering the control and eradication programmes.
4.

Weak Extension Services

All governments in Asian developing countries have been placing a great importance
in extension services so that village poultry producers receive various inputs and services
including vaccination, disease diagnosis, stable supply of improved chicks from
government hatchery, marketing information, etc. However, the extension workers who
can really provide farmers with useful technical advice are few or he/she has to manage
too many villages in too wide area to serve rural poultry raisers.
At village level, women and youth are generally fully responsible for poultry caretaking and for this reason, they should be targeted for extension services. However, in
most Asian developing countries, extension services have been dominated by male
workers who are responsible to train village women. In addition village women find it
difficult to participate in the training course in any prolonged period. Village-based
training has not yet been well developed in most Asian developing countries.
5.

Low Productivity of Village Poultry

Local varieties (called kampom chicken in Southeast Asia and Desi in South Asia) are
hard and grow practically on scavenging and thus, cost nothing to village poultry keepers.
They are also known much resistant to most major diseases. However, they are, without
any exception, poor performers in production, producing only 50-70 eggs per annum
and requiring 8-12 months to gain the body weight of 2 kg or above.
To increase productivity of rural birds, the cross-breeding programme with exotic breeds
of high performance such as Rhode Island Red, New Hampshire, etc. has been popular.
However, only few countries have been successful for long-term breeding programme
to lay down the genetic foundation and thus, to supply continuously the cross-bred
stock to rural poultry raisers.
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IV. DEVELOPMENTAL STRATEGIES FOR RURAL POULTRY - TASKS
AHEAD
1) Marketing: Small rural poultry producers continue to suffer under the present
prevailing marketing system. The marketing of live birds and their products should not
be dominated by middlemen but instead, handled by those who promote the rural poultry
as the industrial operation. Ideally, the poultry cooperatives should be organized by
producers themselves which are equipped with strong, professional boards of
management. In many regional countries, vertical integration becomes common, under
which hatching operations, compound feed manufacturing, processing and marketing
along with production units are all managed and controlled by a single private enterprise.
In this system, rural producer farmers are guaranteed the sale's price of their finished
birds or eggs and thus enjoy the stability of their income.
2) Marketing Facilities: When the number of semi-commercial farms increases in
the area and the supply of slaughter birds become constant year around, establishment
of small-scale poultry processing facilities becomes essential. The plant should be
managed by the professional and operated essentially on the basis of users' service fee.
Rural producers should be instructed to raise their birds under a certain set of conditions
so that the products meet the required standard of quality both hygienically and
nutritionally. The establishment of local abattoirs will create an additional job
opportunity in rural community since the operation produces various by-products which
can be used to manufacture a variety of agro-industrial products.
3) Pricing Policy: When the government enforces so-called "pricing policy" on any
agricultural commodities including poultry meat and eggs, it usually implies the priceceiling for the benefit of consumers and in turn, for the sacrifice of producers. It seldom
guarantees the producers the minimum price to sell the finished birds or eggs at a farm
gate. An open market policy with as few restrictions as possible should be followed as
an effective means to provide a long-term poultry promotion. The competition between
rural producers and big private enterprises may definitely create certain problems for
the rural producer farmers but the government intervention to restrict private sectors'
development should be minimum. The rural farming has definitely some advantages
over large-scale production and may well co-exist with commercial sector.
4) Organization of Poultry Producers' Cooperative/Association: As already
described, one of the biggest constraints on rural poultry development has been how to
sell the products (finished/culled birds and eggs) at competitive prices. Small rural
producers who have not organized themselves have been in a very weak marketing
position. In a few countries in this Region, the poultry farmers' association has been
established to achieve increased producers' participation in collection, processing and
marketing of their products. These associations or cooperatives provide member farmers
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with various services such as collection and marketing of products, veterinary health
care, supply of day-old chicks and replacing stock, purchase of various inputs (feed,
chemicals, mechanical instruments, etc.) and most importantly the provision of credit
on easy term.
The government's role to establish and initiate the actions on the farmers' association is
very essential at an initial stage. However, once the association is established with
professional management, the government intervention has to be kept minimum and
the routine operation has to be run by farmers themselves.
5) Extension Services and Training : The government extension services should be
in a bottom-up direction and be provided according to farmers' actual need. When a
new technology (new chicken breeds with higher productivity, new compound feed,
new medication, etc.) is introduced into rural conmiunity, a long-term profitability and
viability to the producer side should be assured in the field trials and by their own
evaluation.
When rural producers expand the operation and handle the poultry farm at semicommercial scale (over 100 birds per any one time), they should be encouraged to keep
their own farm records and accounts. Farm records and accounts can be used as the
most reliable source of information for management, evaluation and future planning of
poultry production. Farmers can truly assess their gross and net income only through
the yearly balance sheet. Extension workers use farm records to pinpoint the exact area
for improvement, i.e. reducing a loss and producing more profit. At the initial stage, a
sheet of paper with simple format should be developed for record keeping and
accounting. The extension workers should be consulted on regular basis for proper
record keeping and evaluation of the operation.
The government extension workers, both male and female, should pay more attention
and incentive to work with women who are major livestock raisers in rural community.
There should be some active mechanisms to encourage more women to join the
government extension services. Local female school teachers, wives of local government
livestock officers and high-school girls could be given some incentive to be trained to
become volunteer extension workers. Women need to get involved in all levels of rural
poultry promotion activities from government policy decision to providing motivation
to women's active participation in poultry operation. Local women should be encouraged
to form women's group so that some political power be granted to receive the credit on
easier terms, have easier access to necessary inputs (day-old chicks, feed, advice of
extensionists, etc.) and products marketing.
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V.

CONCLUSIONS

The Asian Region's livestock production including poultry sector, has been growing
steadily during the last decade. However, in most developing countries, the demand for
livestock products has been increasing much faster than their domestic output. The
per-caput consumption of animal proteins including poultry meat and eggs is still among
the world lowest in a large number of Asian developing countries. The rapid progress
in the past has been essentially through the establishment of large-scale commercial
production. The development of rural poultry production has been rather slow or stagnant
in many countries even though it is still major poultry sector in many, particularly, least
developed countries.
Since the semi-commercial poultry production in rural communities could be used as a
total for rural development strategies, particularly providing women and youth with
rural income opportunities, valid programmes and policies to promote rural poultry in
such areas as marketing, pricing, producers organizations extension services, etc., should
be implemented on the long term basis for the sake of millions of weak, unprivileged
population of Asian developing countries.
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SUSTAINABILITY AND POULTRY DEVELOPMENT
Werner Bessei
Department of Poultry Science, University of Hohenheim P.O. Box
700562, 70593 Stuttgart, Germany

The present paper focusses on different aspects of sustainability in the context of
poultry development. Poultry as all livestock depend on energy of plant origin. If
sustainability is defined in a puristic sense poultry production can only be
sustainable as long as it relies on a surplus of energy produced by plant crops.
There are models of self-sustained integrated farming systems including various
types of field crops, ruminants, poultry and fish. A positive energy balance is
achieved by sophisticated recycling systems for energy and nutrients. The number
of birds which can be kept under these conditions is rather limited. Even though
it may contribute to the subsistence of rural families, it does not offer the farmers
attractive aspects of income generation. The latter has been recognized as major
rationale for poultry develpoment. With regard to the present high demand for
food protein in developing countries the definition of sustainability has to be defined
in a more moderate way which may not totally exclude the use of fossile energy. If
poultry is being fed on concentrate it is important to make optimum use of the
nutrients including energy. Any means which increases egg output improves the
ratio of productive versus maintenance energy and , thus not only saves scarce
resources but also reduces the output of green house gazes per unit of food. The
development of intensive production systems which allow highest production
efficiency may be recommended under these conditions.In order to minimize the
input of fossil energy the use of biogas digesters and solar panels has to be
encouraged.
INTRODUCTION
The term sustainability has become a key issue for all types of development activities.
"Sustainable Development according to FAQ is the management and conservation of
the natural resource base, and the orientation of technological and institutional change
in such a manner as to ensure the attainment and continued satisfaction of human needs
for present and future generations "
This definition contains two major components: firstly, the biological basis of
sustainability (management and conservation of the natural resource base) and, secondly,
the economic and socio-economic aspect (continued satisfaction of human needs etc.).
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Consequently, this paper will address sustainability of poultry development on two
levels, the biological basis and the socio-economic implication.
BIOLOGICAL ASPECTS OF SUSTAINABLE POULTRY PRODUCTION
The maintenance of the biological equilibrium is a prerequisite of sustainability. This
may be demonstrated in the simplified input-output-model as shown in figure 1.
Assuming that energy is the crucial factor in the global bio-system, then the only
continuous external source stems from solar radiation. Consequently, energy output
must not exceed the potential of supply for direct warming and biomass production.
The management of the environment (atmosphere, soil, water) which is the basis of
production and metabolism of biomass is a second important factor. Products of
metabolism, such as: heat, gases and minerals may be lost or recycled. The losses
increase the demand for external resources on the input side. They may also damage
the environment in the longer term through their contribution of global warming or
environment pollution (Zeddies, 1995). There is considerable potential for recycling
of energy, nitrogen and minerals which can reduce these losses and help stabilize the
biological equilibrium.

Figure 1: Simplified scheme of a balanced bio-system
INPUT

OUTPUT

Figure 1.
Taking poultry as a separate production system, it is evident that its energy balance is
negative. It has been estimated that only about 0.1 to 0.2 units of energy (in terms of
consumable outputs) are produced per unit of energy on the input side (Leach, 1975;
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Zeddies, 1980). In a balanced biological system, the energy losses have to be made up
by a surplus of energy retained by plant production. Therefore, poultry as any livestock,
may be sustainable from the biological point of view, as long as its negative balance is
counteracted by surpluses in crop production based on inputs either from recycling or
solar energy-mediated production.
In most developed countries, however, the positive balance of crop production in terms
of renewable resources has decreased during the last decades (Pimentel et al., 1973)
and is not large enough to cover the losses in animal production and the overall energy
balance of the agricultural sector is negative. Estimates of the agricultural energy
balance in Germany revealed that 1 unit of energy input produced only 0.36 to 0.28
units of usable/consumable products (Zeddies, 1980) and the balance was made up by
high inputs of fossil fuel energy. Considering that fossil energy reserves may only be
available for a relatively short time, it is clear that the present agriculture production
system is not biologically sustainable and, since livestock is an important contributor
to the imbalance, the question must be asked can we afford to maintain livestock
production at its present level. In addition to the negative energy balance, livestock
have further negative effects on the environment, notably: methane, ammonia and nitrous
oxide production which are known to enhance the greenhouse effect, and uncontrolled
nitrogen and phosphorous outputs which could cause soil and water pollution.
The present situation may be justified because of the rapid growth of the human
population and its need to feed itself. There is, however, no doubt that major changes
must be initiated within the next decade a total breakdown of the agricultural system,
and of livestock in particular, is to be avoided.
Examples and models do exist of farming systems, containing both crops and livestock,
which have a balanced or even a positive relationship between energy input and output
(Nielson and Preston, 1981). Within these systems animal production plays a crucial
role with regard to food supply and recycling of energy. A highly efficient system,
which makes maximum use of renewable resources, is a mixed farming model
incorporating multi-purpose agricultural crops and animals (ruminants and
monogastrics), a biogas digester and a fish pond. While ruminants are essential for the
efficient recycling of energy from fibrous crop residues; monogastrics are used to recycle
waste products which are not suited for human consumption, such as by-products,
insects, etc.. The role of poultry in this system remains modest since only limited feed
resources are available. Small numbers of birds, however, are not considered a reliable
source for food or income, and thus, do not offer interesting scope for development.
That means that small scale poultry production which is considered sustainable from
the puristic biological point of view does not fit the socio-economic framework of
many countries which are seeking for possibilities to increase the production of high
quality protein for the rapidly growing populations.
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Table 1. Energy and feed requirements (kj per hen day and gr. per day resp.) and traditional
scavenging, improved traditional and industrial production conditions (after Bessei, 1989)
Traditional
scavenging

No. eggs / year
Total energy (kJ/hen/d)
Maintenance
Production
Travel
Feed equivalent gr.
Production energy
per total energy %

Improved Traditional

Industrial/
Intensive

Step 1

Step 2

Step3

25
25,6
24,1
1,0
0,6
39,0

50
26,6
24,1
2,0
0,6
40,5

110
35,1
30,1
4,3
0,7
53,4

170
57,1
45,2
11,1
1,0
87,2

123,3

3,9

7,5

11,3

19,4

25,7

265
81,0
60,2
20,8

-

Total production of small flocks which are kept under traditional extensive production
systems does not allow for any substantial off-take. The energy efficacy of such birds for
food production is very low and only approximately 4 % of the feed energy is used for
production (table 1). Since energy requirement for maintenance is covered by scavenging,
any supplementary feed will be used for production thus increasing overall energy efficacy.
As mentioned above the production system will be sustainable from the puristic and
biological point of view as long as the feed supplement derives from a positive energy
balance of crop production. In many cases, however, fossil energy inputs are required to
produce sufficient feed. It has been estimated that fossil energy accounts for approximately
20 % and 30 % of the total production inputs for grains and ready mixed feed (including
transport, milling and mixing), respectively (Leach, 1975). Using these figures we can
spht the total energy inputs of poultry feed under extensive and intensive production systems
into fossil and renewable energy (table 2). It becomes clear that only marginal inputs of
fossil energy are required to produce progressive increases of egg production under
improved traditional systems. Under intensive production systems, the share of fossil
energy in the feed is more than 30 %. Additional inputs of fossil energy will be required
for housing and equipment which will further increase the energy imbalance and reduce
the sustainability of intensive poultry production.
SOCIO-ECONOMIC
DEVELOPMENT

ASPECTS

OF

SUSTAINABLE

POULTRY

While the biological definition of sustainability has to be considered in long-term, it
may be too ambitious or not relevant in regard to the present situation. Economic and
socio-economic aspects are important as the need to satisfy the growing requirements
of the population may, temporarily, have a higher priority than long-term sustainability.
Within this context, "sustainability" of poultry production should fulfil the following:
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Table 2. Energy from renewable and non-renewable resources in poultry feed under different
levels of intensifícation
Traditional
scavenging

Improved traditional

Industrial/
Intensivee

Stepl

Step2

Step3

No. eggs/year
Total energy in
feed (kJ)

25

50

no

170

265

25,5

26,6

35,1

57,1

81,0

from renewable
resources

25,5

26,3

33,2

50,9

56,6

from non-ren.
resources

-

0,24

1,9

6,4

24,4

% non-renewable
of total energy

0

0,24

1,3

2,7

7,4

While these figures may differ from country to country, the trend is clear and should be
considered when poultry- production strategies are developed.
Production of sufficient outputs so as to provide sufficient products and/or income
for farmers, and
continuous availability of the necessary inputs (raw materials, labour, capital) in
the long-term.
In this aspect the development of poultry production has been given a high priority by
many countries. The rationale for the promotion of poultry production is:
poultry production can be rapidly expanded and may replace red meat in countries
with high growth rates;
poultry raising generates income to women and other disadvantaged groups; and
eggs and poultry meat are generally accepted by the majority of the population.
It has been demonstrated that these objectives cannot be met by the traditional small
scale production systems and strategies have to be sought to increase the output of
edible protein from poultry eggs and meat. There are serious arguments for the
intensification of poultry production sytems from the economical and environmental
point of view. If we follow the utilization of feed energy for edible products there is a
clear tendency of improvement from extensive towards intensive poultry production
(table 1). This effect is due to the fact that the share of energy for maintenance is
declining with increasing egg production rate. The output of undesirable gases per unit
of edible products will be reduced at a similar rate. Hence intensive poultry production
is considered superior to extensive systems in this respect (Flachowsky, 1992). But it
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it has to be recalled that the share of energy from non-renewable sources increases with
intensity of the production system. It is therefore important to recycle as much energy
as possible using biogas digesters, or, other renewable energy resources such as solar
energy.
In window-less poultry houses under cold and moderate climatic conditions there are
various options to recycle energy. The heat exchanging techniques which are combined
with ventilation systems are widely used. Also it is known that the metabolic heat
production of the birds can be used to keep the indoor temperature above 20 degrees
Celsius, and thus keep the requirement for maintenance energy at minimum level. Since
most poultry in the tropics is kept in open-sided houses the techniques of energy recovery
by heat-exchange is not applicable. Biogas production by poultry manure have failed
in this area so far, though the energy prices are generally high.The use of solar energy
is even less developed in poultry production. The reasons for the failure may be due to
lack of information on the existing technology for small and large scale operations.
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THE DEVELOPMENT, IMPLEMENTATION AND
EVALUATION OF A POULTRY DEVELOPMENT
SCHEME FOR RESOURCE POOR COMMUNITIES IN
SOUTH AFRICA
R.G.MacGregor and L.Abrams
Department of Animal Health and Production, Faculty of Veterinary
Science, Medical University of Southern Africa, P.O. Medunsa, 0204,
Republic of South Africa

Due to the high incidence of malnutrition in the rural population of South Africa
a simple method of keeping commercial laying hens at a family's home has been
developed with the aim of providing high quality egg protein at low cost. A 12 hen
unit produces approximately 10 eggs per day under natural daylight. The
economics are such that the daily cost of feeding the hens is covered by the sale
of 3-4 eggs per day, and the hens are replaced after one laying season using the
money derived from the sale of the spent hens. The scheme is thus sustainable and
requires no additional costs once established. Currently approximately 4000
individual families are participating in the scheme of which over 2000 have been
involved since 1992/3. Implementation involves establishing demonstration units
after key people have been identifíed in the community. Individuals are free to
make their own decision to participate in their own time and they then make a
fínancial commitment. Evaluation of 25 percent of the 1000 units established in
1992 has shown that 98 percent of participants are deriving benefits from the
scheme whilst those who have withdrawn (2 percent) were purchasing feed at a
very high cost. This scheme has been successful in achieving it's objectives and
could be replicated successfully in other African countries.
INTRODUCTION
A simple method of keeping commercial laying hens by resource poor households has
been developed in order to provide the family with high quality egg protein at low cost
thereby obviating the high incidence of protein deficiency in the rural population of
South Africa. In 1990,83 % of households living in rural areas and the former homelands
in South Africa lived below the bread linel. Further, between the period of 1980 to
1990, the prevalence of malnutrition in children under the age of five years was in the
order of 42%'. The traditional diet of the majority of rural families in South Africa is
high in energy and low in protein since the diet is predominantly maize meal. Eggs are
a source of high quality protein, which especially contain significant quantities of the
following (normally first limiting) amino acids: lysine, methionine and cystine
(Table 1).
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Table 1. Amino acid requirements of infants, children and adults and amino acid
composition of eggs (mg per g of protein)
Infant'

Child
10-12 yrs

Adult

Reported
composition
Egg'

Histidine

14

-

-

22

Isoleucine

35

37

18

54

Leucine

80

56

25

86

Lysine

52

75

22

70

Methionine + cystine

29

34

24

57

Phenylalanine + tyrosine

63

34

25

93

Threonine

44

44

13

47

Tryptophan

8.5

4.6

6.5

17

Valine

47

41

18

66

Amino acid

' Infant older than six months
^ Reported by Lunven et al.
The scheme was developed and implemented for the first time in 1992 and involved
40 households. At the end of 1995, approximately 4000 individual families are
participating in the scheme.
THE SCHEME
The scheme involves a family keeping 12 commercially available laying hens in a cage
which is suspended off the ground and kept at the family's home. The 12 laying hens
lay on average 10 eggs per day under natural Hght and when fed a commercially available
balanced feed. In order to cover the daily feed costs of the hens, the family sells
approximately four eggs per day to friends or neighbours, which leaves the family with
six eggs for daily household consumption. The money generated from the daily sale
of eggs is used to purchase a new bag of feed. The hens are kept for one laying season
only (52 weeks) after which they are sold for human consumption and new hens are
purchased with this money. The majority of partcipants do not have electricity and
hence the extension of the natural daylength to the optimium of 16 hours per day is
not possible. We have however found that the long natural summer daylength is sufficient
to stimulate the hens to produce approximately 250 eggs per hen per season. The manure
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generated by the hens also serves as an excellent source of fertiliser for vegetables,
which would further contribute towards a balanced diet enhancing family nutrition.
ECONOMICS
The cost of the unit (a cage, 12 hens and one bag of feed) is currently R 340,00. An
individual embarking on the scheme pays half this cost on receipt of the unit and the
balance is paid off over a number of months. In South Africa the cost of point of lay
pullets is very similar to the price of cull hens and hence there is no advantage of
keeping the hens for more than one laying season. The sale of the cull hens thus covers
the cost of purchasing replacement point of lay pullets which ensures the sustainabihty
of the scheme. The daily cost of feeding the hens is covered by the sale of a maximum
of four eggs per day which ensures that there is no further injection of capital after the
unit is purchased.
IMPLEMENTATION
Implementation of the units in various areas has involved applying a number of basic
principles:
1) A key motivator is appointed. This is a person who understands the concept of the
scheme, has a good relationship with the community concerned, and who serves as the
liaison between the community and Medunsa. The key motivator is responsible for
answering any questions individuals may have about the scheme, and is involved in
the collection of money and the implementation of the scheme in a community. The
key motivator is essentially the link between ourselves and the individual families.
2) Demonstration units are established to allow members of a community to see the
unit "in action".
3) Individuals make their own decision to participate after seeing the demonstration
unit.
4) The individual's decision to participate is not time bound.
5) On deciding to participate, individuals make a financial commitment.
This system has worked very well which ensures continuation of the scheme by members
of a community as they witness the benefits of the unit.
EVALUATION
In 1993, evaluation of 25 % of the 1000 units estabhshed in 1992 was undertaken.
Structured questionaires were used to interview individual households in the five districts
of of the region formerly known as Gazankulu. Results of interest are tabulated below
(extracts of the results obtained are presented):
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Table 2. Results of an evaluation of household egg producers
Family

No. of

No. of

How are

Price/

Ease in

Size

Children

eggs

the eggs

50kg of

obtaining hens

feed

feed

some

R51,53

easy/

some

eaten

R54,56

diff

eaten

produced/ used all/
Districts

day

Fate of

all/

5-7 7-9

3-5 6-8

Giyani

57

21

71

14

36

43

50

50

Malemulele

48

24

54 24

55

39

44

51

Rietavi

50

25

60 28

19

77

62

32

Hlanganani

45

25

45 40

53

47

60

40

15

Mala

34

14

43 25

21

35

92

8

100 10 90

8-10 10-H

ess'
100 0

45

64 35

82 18

19 81

77 23

36 77 24
85

50 50
97 3

'ess= some eaten some sold

GENERAL DISCUSSION
The scheme has created much interest in South Africa among government organisations,
non government organisations and communities due to it being appropriate to the needs
of the people, its sustainabihty and simpHcity. The combination of first world technology
in an appropriate manner suitable to rural households in a third world makes this scheme
unique. The principles applied, we beheve, could be replicated in other African countries
fairly easily.
CONCLUSIONS
The scheme has been successful in the provision of high quality protein to resource
poor families. The scheme could be applied in other African countries to derive similar
benefits.
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ROLE OF WOMEN IN POULTRY PRODUCTION FOR
RURAL POVERTY ALLEVIATION IN BANGLADESH
Md. Nuru Miah
Programme Coordinator, Livestock Dev. Programme, Proshika
G. P. O. Box 3149, Ramna, Dhaka -1000, Bangladesh

INTRODUCTION
The 1991 census of Bangladesh reveals a female population of 52.4 million
representing 48.52 percent of its entire population. Women in Bangladesh are assigned
a lower status in the society as an outcome of prevalence of patriarchal values due to
acute poverty. An over whelming majority of women are illiterate, malnourished and
deprived of access to gainful employment.
Poultry rearing is an integral part of rural household management system in Bangladesh
which play a very important role in national economy . Most of the rural household
especially women have been traditionally rearing poultry birds under extensive
production system for a long time to meet up their acute financial stringencies.
Poultry is an asset of the landless and marginal farmer who can not afford to maintain
the stock of cattle or goats. With the intervention of skill, training, credit, input supply, technical assistance and marketing support given by Proshika Livestock
Development Programme, poultry rearing has been considered a successful
employment and income gernrating opportunities for poor women , there by
singificantly contributing to poverty alleviation and sustainable development .
POULTRY POPULATION AND ITS CONTRIBUTION
According to FAQ (1989) Bangladesh has 85 million chickens and 33 million ducks.
At present the poultry population in the country is about 102.4 million producing
1.66 miUion eggs against the demand of 12.66 million resulting in a deficiency of
87% (BARC,1990). Poultry meat alone contributes 37% of the total meat production
in the country. Poultry contributes about 22-27% of the total animal protein supply in
the country (Ahmed et. al. 1990, Huque 1991). It provides hard cash income and
creates employment opportunity for the rural people particularly for small farmers
and landless women.
Poultry can also provide an income distribution role within the family. The ownership
is not limited to the head of the family, but it is often shared or held completely by
wife of the farmer and children.
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Proshika- A glimpse
Proshika Manobik Unnayan Kendra, (Proshika) is one of the largest Private Voluntary
Development Organizations in Bangladesh which has been endeavoring its
development activities for the poor since its establishment in 1976.
Proshika programmes have been operating in 108 Area Development Centres, and
covers a wide geographical area of 6242 village, 624 unions, under 107 thana in 36
districts. Proshika has formal 20493 men groups and 23912 women groups consisting
of 385506 men group members and 387903 women group members (up to June
1995).
The goal of Proshika is to promote sustainable development for a poverty free,
productive, environmentally sound, democratic and socially just Bangladesh society.
In order to achieve this goal Proshika has clearly formulated certain strategies which
are implemented through the following programmesa.
Organization building among the poor.
b.
Development in education (human development and skill development)
c.
Employment and income generation activities - Livestock, Fishery,
Sericulture, Apiculture, Irrigation etc.
d.
Environmental protection and regeneration
e.
Universal education Programme.
f.
Health education and infrastructure building Programme.
g.
Gender Relations Coordination Cell,
h.
Urban Poor Development Programme,
i.
Housing .
j.
Impact Monitoring and Evaluation Cell (IMEC).
k.
Institute for Development Policy Analysis and Advocacy (IDPAA).
Poultry Programme of Proshika
The goal of this Programme is reduction of poverty through increased livestock and
poultry related income generation and employment, and income generation for the
poor by assisting them in developing poultry rearers,to provide a package of extension
services for overall increase and development of poultry in the country and help to
improve women's status in the family and society.
The Programme components cuts across four inter-related elements like a) Training,
b) Technical assistance, c) RLE credit support, d) Research and demonstration.
Proshika organize rural landless labourers, small /marginal peasants, fisher folks,
weavers, petty traders and urban slum dwellers as well as women of these socioeconomic categories for their development activities. A primary group is formed
with 20-25 members. Each group form a committee consisting of president, secretary,
treasurer and members. Each member of the group has to deposit TK.5.00 weekly as
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group savings. Regular weekly meeting is arranged by the group. A group will be
illegible to implement project with Proshika credit after 9 months. By joining a
group a poor sets him /herself in a process where he/she can make a responsible
choice and become conscious, active and most importantly empowered.
Poultry projects have been categorized into 5 categories: a. Broiler, b. Chick rearing,
c. Layer farming, d. Cockrel rearing, e. Duck rearing. Veterinary aid and Feed seller
project also help these production oriented enterprises in supplying quality feed and
veterinary support. Organized groups of poor women are provided credit from Proshika
Revolving loan fund for implementation of project. The implementation process of
poultry project is shown in a diagram:
Proshika Hatchery

Chick Reairng Unit
Veterinary aid
Feed seller

Layer Rearing Unit

Egg Marketing Unit
Chick rearing project
A group undertaking chick rearing project should have at least 3-5 units. Five batches
of 200 day old chicks are reared by a selected rearer from the group in each unit. The
rearers receive 5 days practical skill training on brooding technique, feed formulation,
hghting , disease control measures etc. The day old chicks are collected from Proshika's
own hatchery. The capacity of the hatchery is to produce 27000 day old chicks
weekly whose capacity would be increased further with the expansion of more chick
rearing projects at the rural areas. The parent breed is commercial Shaver Star Cross
Brown-579 and imported from Canada.The average loan size for each rearing unit is
TK.30,000/= with a duration of 2 years. Routine vaccination is done by Proshika
trained vaccinators. Feed is collected from feed seller organized by Proshika.
Repayment of loan is made in 5 equal installments with the monthly service charge
on outstanding balance. Daily feed consumption, Hghting,weekly body weight are
recorded by individual rearer in a log sheet. The output of this model is to supply the
pullet to the layer project. A group member can easily earn a net profit of TK. 1000/
= per month throuth this unit after having done all family work.
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Layer project
A group undertaking layer project should have at least 5-8 rearing units. Two batches
of 100 pullets (19 weeks) are reared by one selected rearer from the group in each
unit within the project period. The average loan size is TK.30000/= with a duration
of 2 years. The rearers receive 5 days formal training on layer rearing and project
management. Pullets of 19 weeks are collected from chick rearing project and reared
upto 72 weeks of age. Vaccination is done by Proshika trained vaccinators and
veterinary support is given by qualified livestock technical workers. Repayment of
loan is made on production of eggs. All pullets are insured under poultry compensation
fund. The out put of this model is to produce the table eggs. Feed is collected by the
rearer from feed seller project. Eggs are marketed in capital/district city by the group
members to get a reasonable price. A women can easily earn a net profit of TK. 800900 per month through this project.
Broiler projects
A group undertaking broiler project should have at least 2-3 rearing units. Eight to
ten batches of 250-300 broilers (each batch) are reared for 6-7 weeks. Broiler chicks
are supplied from Proshika own hatchery. The average loan size for each rearing unit
is TK. 25000/= with a duration of 2 years. Technical assistance and feed quality is
maintained by livestock technical workers. A rearer can earn TK. 5000/= from each
batch. So far Proshika has disbursed about 40 million taka for implementation of
different categories of poultry projects and the repayment rate is 94%. Besides this
Proshika in collaboration with Govt. Department of Livestock Services has been
implementing extensive poultry projects in 10 thanas financed by IFAD and DANIDA.
The breeds being used for this programme are Sonali, Fayomi, RIR Cross etc. and
33000 women are directly involved in implementation of this project.
Constraints and their probable solutions
The constraints for implementation of poultry projects at the farmers level are as
foUowsi.
Lack of quality feed supply
ii. Lack of vaccines especially against Infectious Bumal Disease (Gumboro),and
Marek's Disease,
iii. Lower prices for eggs and dressed broilers.
In order to overcome these constraints, Proshika has developed 2-3 feed seller projects
in every thana. Group members undertaking feed seller project are trained by Proshika.
They receive credit support from Proshika and keep concentrate ingredients always
available to them so that farmers/rearers can buy directly from seller . Feed
formulation, quality control and good storage condition are ensured by Proshika
livestock technical workers.
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As Gumboro and Marek's Disease vaccines are not produced locally, Proshika is
importing all these vaccines from abroad.
To ensure good price of egg / broiler for the farmers, Proshika has set up a marketing
venture in Dhaka where eggs/broiler are collected from the farmer through group
members and sold.
Recommendations
In order to increase the poultry production at the farmers level, the following
recommendation should be implementedGovt. Department of Livestock Services should produce all types of vaccines
required for commercial breeds and increase the local vaccine production.
Govt. should subsidize the feed cost and import yellow maize, soybean meal
and concentrate mixture form abroad.
A well organized marketing system should be established to give the farmers
better price of their livestock products.
National media ( Radio,TV) should arrange campaign for successful poultry
project.
Regional workshop/seminars/exhibition should be organized at the international
level for sharing the experiences of farmers about their successful project.
Poultry farm owners should be encouraged to set up more hatcheries in the
country to ensure the chicks supply as per farmer's demand.
Govt. policy for importing input (Feed, Medicine, Vaccines etc.) should be
favourable and Vat, tax should be withdrawn.
CONCLUSION
Poultry rearing by landless women undoubtedly is a prospective industry in
Bangladesh. If vaccines, quality feed and better prices of eggs and meat can be
ensured, growth of poultry farms will be increased which can significantly reduce
the poverty and help in promoting country's sustainable development.
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Financial Analysis of a Broiler Project implemented by Proshika.
Information
1. Nos. of Birds-250
2. Breed - Shaver starbro
3. Production period- 2 months for each batch.
4. Loan amount - Tk. 25000/=
5. Group contribution- Tk.3000/=
6. Duration of Project- 2 years.
A. Capital Investment
1. House construction
2. Feeder (12x60/=)
3. Brooder
4. Drinker (6x50/=)
5. Chick guard, fences, Bulb etc.
Total
B. Operational Expenses
1. Purchase of DOC (250x 16/=)
2. Feed (687 kgxl2/=)
3. Vaccine and Medicine
4. Sawdust/Rice husk
5. Conveyance/ electricity
6. Dressing, packing and other

Taka
6000
720
600
300
1430
9050
4000
8244
600
500
800
731

Total
14850
Total cost- 9050-^14850=
23900/=
C. Income
1. Sale of dressed broiler (225kgx80/= with 10% mortahty)
2. Sale of liver, head,gizzard etc
2000
Total

20000

Gross profit (20000 - 14850)=
Depreciation value and Service charge for each bat(:h
Net profit per batch

308

5150
930
4220/=

18000

D. Repayment schedule
Ten percent of the principal amount in every 2 month and monthly service charge
on outstanding balance.
Financial Analysis of a Layer Project ( Proshika model)
Information
1. Nos. of Birds-100
2. Breed - Shaver starcross Brown-579
3. Loan amount - Tk. 40000/= (Capital -10000/=,Operational 30000/= in
two batches)
4. Group contribution- Tk.4000/=
5. Duration of Project- 2 years 6 months.
A. Capital Cost
Taka
1.
2.

House construction
Purchase of cage for 108 birds

Total
B. Operational Expenses
1.
2.
3.
4.

Perchase of 100 pullets
Purchase of Feed
Vaccine and Medicine
Conveyance/ electricity

Total
C. Income
1.
2.
3.

3000
7000
10000

17000
44165
435
700
62300

Sale of eggs (27740x2.5/= per egg) 75% Production and 5% mortahty.
69350
Sale of culled birds @ Tk.lOO per bird.
:
9500
Sale of litter
:
1000
Total

Gross profit (79850 - 62300)=
Depreciation value (house-1000 + Case 1400)
Service charge 18% on Tk.25000 (each batch)
Net profit (17550-6900)=

79850
17550
2400
4500
6900
10650
309

D. Repayment schedule
Six percent of the principal loan will be paid from 3rd to 11th month and 15th to
27th month and the remaining loan would be paid at the 28th month. Besides the
monthly service charge on outstanding balance paid in each month.
Case study of Chick Rearing Unit. Proshika Mirzapur Area Development centre.
SL. Name of the
group

Name of No.of MortaRearer
Distrib- Hty%
uted
Chicks

Investment
cost
(Tk.)

Operational
Expenses
(Tk.)

Depriciat
Total Net
ion &
Income Income
installment (Tk.) (Tk.)
of principal
amount (Tk.)

1.

Golap koli
mohila samity

Parvin
Begum

195

1.5%

7780

22030

9573

34560 2957

2.

Golap koli
mohila samity

Maleka
Begum

197

3.5%

7935

21885

9624

35960 2451

3.

Shimul
mohila samity

Jahanara
Begum

200

2%

7880

22090

9593

34920 3237

4.

Shapla
mohila samity

Moriom
Begum

232

3%

8260

24585

9946

39570 5039

5.

Golap
mohila samity

Nazma
Begum

200

3%

8070

22155

9908

34960 2897

Summary
a. Average Investment Cost: Tk. 7985
b. Average Operational Cost: Tk. 22549
c. Average Mortahty : 2.6%
d. Average Net Income: Tk. 3476
e. Average Profit /Pullet : Tk. 16.40
f. Production Cost (Average)/Pullet : Tk. 118.36.
REFERENCES
ANNUAL ACTIVITY REPORT OF PROSHIKA -1995-96.
FIVE YEAR PLAN OF PROSHIKA.
FAO (1989) FAQ statistics on livestock population, Asian livestock (1989) xv (11)
150.
BARC (Bangladesh Agricultural Research Council) (1990) Bhaoishyater khady
Amonogaph published in Bangla for world food day, p, 15.
AHMED, S. and HAQUE ,Q.M.E (1990) Available feed resources for small scale
poultry / duck production. Proceeding of the international workshop on cropanimal farming system research . Asian farming system network, Dhaka,
Bangladesh, P, 445.
HUQUE, Q.M.E (1991) A review of livestock and poultry subsector in fourth five
years plan. proc. Bang. Ag. Econ. Ass. Feb 7-8, 1991, BARC, Dhaka.
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ESTABLISHING BROILER AND LAYER ENTERPRISES
IN RURAL GUATEMALA
N. P. Johnston^ M.Q. Flores^ V.H. Guzmanland H. Davila^

^

^Benson Institute, 110 B-49, Brigham Young University, Provo, Utah
84602 ^University of San Carlos, Chiquimula, Guatemala

Between 1992 and 1995 the Ezra Taft Benson Institute and the University of San
Carlos established small broiler and layer enterprises with 137 subsistence farmers
in the rural region of Chiquimula, Guatemala . The purpose of the program was
to improve the quality of family diet and establish an income producing business.
The projects were financed using the Trickle Up Program (TUP) which provided
a cash allocation for each task accomplished. Birds were housed in bamboo cages
with wire floors. Families fed either commercial feed or incorporated soybeans
and additives with locally grown corn . Each family was started with either 10
day-old broiler chicks or tow ready-to-lay pullets. Up to 30% of the product is
consumed and the remainder marketed in the local or neighboring communities.
For broilers , the famihes realize a net profit of $.22 to $.45 per kg of dressed
weight. From profits some families have now extended their broiler production
to as many as 150 birds at a time. Diets and income have been improved.
INTRODUCTION
The Ezra Taft Benson Institute of Food and Agriculture has developed a program in
family self reliance designed to help rural poor famihes meet their health, nutritional
and food production needs. Community farmers are organized into an association friends.
They select their own officers and subject specialists. Associations specialists are taught
lessons in crop and animal production, gardening, family health and nutrition. They in
turn become a resource person for their fellow association members. For the last five
years the Institute has implemented this program among 450 famihes in 23 communities
of Southeastern Guatemala. As a result of the program, com and bean yields have been
improved as much as 200%, over 80% of the families keep a family garden, and over
30% now raise poultry.
Initially, the animal component was encouraged to help participating families to improve
the quality of their diet. Later the program was expanded to not only meet dietary needs
but also generate additional family income.
METHODS
The Institute followed the Trickle Up Program (TUP), or a program of the Institute
similar to it, and also initiated families in poultry production. The TUP is dedicated
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to reducing poverty in less developed countries through helping very low income group
of people start or expand their own businesses (TUP, 1993). Under this program farmers
are given seed capital of $ 100. They receive the first $50 when they present their business
plan and the second $50 following the submission of a Business Report (usually within
three months) which demonstrates that the grant conditions have been met and a viable
enterprise has been established. Under the credit system, farmers were able to borrow
up to $100 at the onset of the poultry production program and were given five years
to repay the debt.
Before the chickens were introduced in the communities, Benson Institute technicians
and the University of San Carlos students taught program participants and association
specialists poultry management and marketing techniques. Three types of training
schedules were employed:
Presentations : The fundamentals of poultry production were taught by cardboard
representations, pictures, flip charts, videos, sUdes and overheads. The training sessions
combined theory with practice and encouraged farmers' participation.
Field trips : Farmers were taken to communities where poultry production had already
been implemented. This enabled them to personally observe how others had successfully
completed this activity and become familiar with problems, if any, that others had
encountered. Farmers visited the animal production facilities of the branch campus of
the University of Carlos (CUNORI). They were informed that the University would
be a support resource for them in the future.
Training in cage building and feed preparation : Participants were trained to build
cages from local materials (bamboo, wood scraps and wire). All cage expenses were
covered from either farmer credit or the initial business instalment. Farmers were taught
how to prepare their own feed (Table 1 and 2). Many used com and soybean produced
on their own farms. Others purchased the necessary ingredients or a complete feed.
Table 1. Community broiler feeds
Ingredient
Corn
Soybeans or soybean meal
Calcium carbonate
Dicalcium phosphate
Vitamin-mineral mix
Salt
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Soybean based (%)

Soybean meal based (%)

44
51.45
1.5
2.5
0.25
0.3

58
37.45
1.5
2.5
0.25
0.3

Table 2. Community layer feeds
Ingredient

Soybean based (%)

Soybean meal based (%)

60
28
9
2.5
0.25
0.3

63
25
9
2.5
0.25
0.3

Corn
Soybeans or soybean meal
Calcium carbonate
Dicalcium phosphate
Vitamin-mineral mix
Salt

Each participant started with either 10 genetically improved broilers or layer chickens.
The broiler chickens were purchased at day-old by the farmers and ready-to-lay pullets
at 20 weeks of age.
RESULTS AND DISCUSSION
The poultry program was initiated in 1992 and by the end of 1995 there were 137
participating families. Of these families, 76 were raising broilers and 61 laying chickens.
Raising poultry meets both objectives, improved diet and additional income. Families
raising 10 broiler chickens, typically sell seven birds and consume three. Of the birds
sold, all are eviscerated and the viscera is retained and consumed by the participating
family. Broiler chickens are typically marketed in the farmers own village or in a
neighboring village or the principal market which serves the region. Of the eggs
produced, generally 30% are consumed and 70% sold.
Some village associations have worked cooperatively to their economic advantage.
They synchronize the slaughter and purchase of broilers and assign a member to market
the birds in the closest village. Through this marketing scheme members realize an
additional $.25 to $.50 per kilogram of meat sold. They also find it to their advantage
to purchase supplies cooperatively.
There are a number of success stories associated with the poultry program. One that
is particularly outstanding is that of Doña Prudencia Ramos who is a widow with four
children. In 1993 she started, as did others, with only 10 broilers. Over the next three
years she has gradually increased her production with profits from her venture to 300.
She and the children process all the birds for the village market. She has become so
proficient at processing that at a number of other local farmers hire her services to
process their birds. Farmers from neighboring villages, local institutions and non
governmental agencies frequently call upon Doña Prudencia for advice. Her success
has led many others to enter into poultry production.
Raising chickens following the Benson Institute program has been an important cultural
change for the families of this region. Concepts such as caging birds, using feed
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concentrates, using genetically improved birds, sanitation, white eggs and eating broiler
meat. Even though these represented significant changes in traditional practices, they
were accepted enthusiastically in most instances.
REFERENCE
TRICKLE UP PROGRAM. (1993) The Americas Regional Report 1993. Trickle Up
Program, New York. p. 12.
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2. CONSTRAINTS IN DEVELOPMENTS AND SOLUTIONS
(INFRASTRUCTURE, FEED, HEALTH-COVER,
MARKETING AND FINANCES ETC.)
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POULTRY INDUSTRY DEVELOPMENT IN SAUDI
ARABIA IN RELATION TO GOVERNMENT POLICY
D.A.Ehlhardt
Institute for Animal Science and Health (ID-DLO) P.O.Box 65,8200 AB
Lelystad,, the Netherlands

In about 25 years, poultry production in Saudi Arabia has grown from a backyard
farm operation to one of the most modern industries in the world. With ample
national funds available, the Government's motives and goals for the promotion
of agricultural production were : diversification of economical activities and
selfsufficiency in several highly preferred human food products. Stimulation was
partly based on direct subsidies, grants in kind, soft loans and partly on protective
measures at the borders. In principle the stimulatory policy measures are still in
force to this day. Now that the industry has attained adulthood however, several
unintended features are coming to the surface. The egg market has been saturated
for some time and due to low world market prices the farm gate price of eggs has
halved in three years time. The structure of the meat production sector is such
that only two companies dominate the market with over 50% of broiler production.
Both companies are in the process of doubling their output within a few years.
The paper describes the current status and infrastructure of the poultry industry
and its current problems and discusses the possible implications of unchanged
policy for the diversity of the industry and the possible effects on the goal :
selfsufficiency in eggs and poultry meat. The validity of the goal is discussed in
terms of national and international economic conditions.
INTRODUCTION
25 years ago Saudi Arabia could be described as a developing country in many aspects.
Although potentially very rich in terms of fossil resources of minerals and oil it lacked
an extensive tradition of sedentary agriculture and industrialization had stopped at the
oil terminals and a few refineries owned by foreign oil companies. A green revolution
has taken place since. With the discovery of large reservoirs of fossil water alongside
with the exploration for oil from 1965 onwards a programme of agricultural development
has been sent underway that, thanks to the seemingly endless influx of foreign currency
has led to nutritional selfsufficiency in the production of several of the most important
human nutritional elements, energy (wheat, barley, sorghum, potatoes), proteins (sesame,
eggs, mutton, broilers and beef) and fresh fruits and vegetables (cucumbers, melons,
citrus). With the increasing affluence of the population, however, nutritional
selfsufficiency was not enough and the domestic market demand soon increased to
luxury consumption for several items. Other items needed to be marketed abroad for
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lack of domestic markets. In general the tendency for overshooting selfsufficiency
became more of a problem. As world market prices for most agricultural products are
generally low the country started to develop luxury problems. Most of these problems
are to be traced back to lack of anticipation and internal market statistics.
Policy bases and starting points
Between 1960 and 1970 about 7 million people lived in Saudi Arabia, of which 65 %
employed in agriculture and on the rangeland (Bedouins 14%). Nonetheless the
contribution of agriculture to the GNP was very low and the country became increasingly
dependent on import of virtually all human food articles, such as flour, oils, fats, fresh
and preserved fruits, rice, wheat and sugar. The scarcity of water and the severe climate
had inhibited for centuries the development of sedentary agriculture above subsistence
level and the little there was existed in small scale settlings in very few rained areas
and around the already crowded oases. There existed no secondary industry in relation
to agriculture and in general there were no human resources available to participate in
the kind of green revolution that was about to start (Khatib, 1974).
In the initial euphoria about the discovery of substantial water storage under the desert,
self sufficiency in agriculture products became the ultimate goal of the Saudi government
to diversify the economic activities and provide additional sources of income for its
growing population. The formation of strategic reserves and the provision of food to
the ever increasing number of pilgrims for the Haj season were equally important motives
at a later stage.
As documented land ownership hardly existed in the 1960's, part of the stimulation
policy needed had to address this issue. To create sufficient confidence for the future
to invest in large scale agricultural enterprises, title deeds on land had to be granted
and systematic identification of areable, range and wastelands had to be started.
While land and capital posed no problem human resources did. Many training centers
would have to be set up, geared to instruct farmers in modem irrigation systems and
the use and maintenance of modem farm machinery. Beyond this, agriculture needed
to be taught at the highest level to provide teachers, researchers and policy makers for
the future.
Execution of development projects
To organize and phase the development, the country was divided into 8 regions, which
were successively surveyed. Soil quality and water accessibility and quality were scored
and mapped and priorities set for regional development. By Governmental decrees
extensive mandate and responsibility were given to the Ministry of Agriculture for the
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agricultural and water development in 1966 (MAW) which remains the case to this
date (El Khatib, 1974).
Initially the Saudi development took place in existing oases regions with permanent
access to artesian water and wadi's where some seasonal (floodwater) agriculture had
been possible traditionally. This development may be seen as intensification and
diversification of activities. It was mainly aimed at improving harvests by innovating,
repairing existing and creating new irrigation systems and leaching of heavily salinated
soils.
For the new, large scale agriculture concepts, the help of international organization like
UNDP, FAO and several engineering consultancy firms and constructors was needed
and used extensively to provide the inexpandable geophysical, hydrological and
agricultural know-how. Between 1964 and 1970 an advisory team of FAO and the
Ministry of Agriculture (& Water) conducted surveys covering 55% of the country's
surface (2.2 million km^), by contracted international consulting firms. The objective
of the surveys not only aimed at gathering data on natural and human resources, but
also to provide the basis on which schemes for long term improvement could be made
for the welfare of the people, in particular for the rural sector and the bedouin population.
Within the the newly determined potential areas mostly large scale production of grains,
vegetables, fodder crops and fruits were stimulated by inviting Saudi nationals to embark
upon agri-projects. For livestock development feasibility of projects had to be
demonstrated by an expert study, stating the land needed and the investments in buildings,
equipment, the approximate need and system of irrigation water application, the human
resources required and the expected annual output in products. Preferences for certain
project areas or even plots could be stated as well. If satisfactory, land would be given
out in property and loans free of interest could be applied for through the Agricultural
Bank. For some appliances, special equipment and precious breeding stock and long
term investments in processing facilities and their transport costs, subsides up to 50%
were given. In addition the subsidizing of the most important and expensive running
costs of a project were also subsidized e.g. the "consumer" subsidies on imported
maize and soybeans (SR 200 per metric ton). This opened the way not only to the few
already affluent Saudi's, but virtually to anyone to start a poultry farm.
With the successive systematic hydro-agricultural surveying for potential areable land
with easily accessible borehole water, the industrial production of huge crops of wheat,
barley and fodder were made possible. The favourable stimulatory measures attracted
several non-agricultural industrialists and private entrepreneurs to invest in agricultural
projects. Large numbers foreign personnel were needed, especially those with experience
in modem agriculture and livestock production, as the training of Saudi personnel could
not keep pace with the speed of the expansion. In about 15 years the country was
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selfsufficient in wheat and became exporter on the world market. Export of surplus
fodder crops and derived products have also now became common. Most important
however was the renaissance spirit and the general outburst of activities that ensued
form the stimulatory policies.
Gradually however it was realized that the prices earned with exported products are
per definition world market level and actually do not recognize the irrigation water
expenses needed to produce them. Towards the end of the 1980's it became clear that
export would not be remunerative for many products, such as wheat, which necessitated
a de-stimulation of wheat production, initially by a quota system.
Essentially the same development is taking place in the dairy and poultry sectors, which
were expected to emerge gradually, following the increasing availability of fodder and
surplus grains (El Khatib,1974).
Market evolution
The population of the Kingdom of Saudi Arabia (KSA) is growing at an estimated rate
of 3.3% currently and is expected to slow down to 3.0 % after 2000 (WHO data quoted
by FAO). The KSA population, estimated at 7 million in 1965, was 14.970 million in
1990 and is estimated at 20.667 in the year 2000. Currently it is estimated at about
17 million people including about 5 million expatriates of different origins.
The population growth between 1965 and 1995 from 7 million to 17 million may not
have been anticipated, but is certainly partly explained by the success of the development
policies.
Poultry products
For broiler meat consumption the KSA ranks third highest in the world, after Hong
Kong and the USA. Consumption of total poultry meat, based on the data shown in
table 3 was 498,145 tonnes in 1990 and by extrapolation for 1993 it will be 617,765
tonnes, or about 100 gms per capita per day. Note that the increase is equally caused
by population growth and increased consumption. Official production, consumption
and trade data of national origin are all lower than FAO statistics and appear too late
to play an important role in policy making. A significant part of all poultry meat is
marketed live, through small retail outlets and central markets, where broilers are custom
(hallal) slaughtered in the client's presence. In the Eastern area around Dammam and
Hofuf, where small farms are predominant and the climate less favourable, it is claimed
that about 80% of broiler meat is marketed in this way. As the demand is larger than
supply in these regions, a substantial number of live broilers are "imported" here from
the more industrialized (large farms) areas like Qasseem, Riyadh and even Jeddah and
surroundings, depressing local prices.
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Broiler meat supply is currently based on 55% domestic and 45% imported stock,
Brazil (124,000tons) and France (110,000 tons) being the main suppliers. There are at
least two large companies that still have immediate and substantial expansion plans.
It is most probable however that these expansions will not greatly increase the rate of
self sufficiency, but work out to be lethal for the country's small and medium sized
broiler growers.
Egg consumption is comparatively low estimated at 150-160 eggs per capita (1992).
In fact some analysts (FAO and USDA) claim that consumption figures have been
decreasing for the last five years. The lack of dependable and recent data is hampering
policy development and marketing strategy at farm level. It is remarkable that the large
integrated producers in the country all differ in opinion about the market size and that
their estimates are all below the data provided by FAO and published in international
magazines. The reason is probably that Saudi MAW statistics are based upon "realized"
annual production data, submitted to the ministry by all large projects. The data are
estimates and not all projects submit their data in time. The MAW personnel and large
integrators claim that FAO figures are too optimistic.
For eggs the country is selfsufficient since the mid 1980's. In 1993 egg production was
estimated at 2915 million pieces, the export at 180 million and the import at 50 million,
leaving a balance supply of 2785 million eggs. The market is saturated and exports are
encountering stronger competition. Farmgate and wholesale prices for shell eggs were
at a very low level in March/April 1995, possibly as a result of oversupply from Europe
and the US. Many medium sized farms did not replace old flocks during most of 1995.
Relative importance
The contribution of the poultry industry to the GNP was estimated by us at about 0.6%,
or $ 635 million. Not an impressive share, but still somewhat higher than the dairy
contribution of 0.4 %. Although on a weight basis per capita poultry meat consumption
easily surpasses all other meats, lamb and mutton production is expected to be
economically the most important livestock activity. Accurate estimates are difficult to
make because most sheep are kept on range in nomadic fashion and marketed privately.
Structure of the poultry industry
The structure of the poultry industry in a country is decisive for the way of trading and
communicating with it. It is described by the average farm size, the distribution of farm
size categories and the regional geographical situation, such as distances between farms
and markets. Important is the rate of specialization of individually owned enterprise
in the sense of breeding, multiplication, rearing, laying and broiler production farms
and their mutual coherence in organizations, integrations and institutions and their
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respective links with national and international official bodies. Government preoccupation with agriculture on account of food production strategies would be expected
to add structures for education, research, extension and veterinary control.
In the case of Saudi Arabia the influence of the USA on the poultry industry is
unmistakable where it concerns the size of poultry operation. In contrast, however,
most integrations are "owner-integrated" operations, while contract production is only
starting recently. The latter takes place in those areas where traditional land ownership
existed and small holdings are available. Technically the large integrations are
comparable to any modem industry in the North America or Europe, although there
is some gradual difference in sophistication of equipment and the variety of additional
facilities between the very large and second category enterprises. Clearly the more
recently started projects have a more European design. In almost all cases the projects
were started as turnkey operation with after sales training periods included. Virtually
all personnel is foreign, including the farm management.
For a summary of broiler farm size categories see Table 1 and 2.
Table 1. Structure of the Saudi broiler sector in 1993 (tentative estimate)
No.of
farms

No.of
broilers
placed
millions

Annual
broiler
production
(millions)

280

12

50

1,00,000-500,000

7

2.5

12

500,000-1,000,000

4

2.5

15

> 1,000,000

4

4

24

>2,000,000

2

4

24

> 10,000,000

2

31

185

300

56

310

Farm size
(no. of bird placed)

< 1,00,000
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Table 2. Estimate of poultry meat consumption in the KSA, kg/cap/year
Estimate

1989

1990

1991

1992

1993

1994

USDA
(broilers)

26.9

27.2

29.1

31.3

31.4

32.6

FAO
(chicken)

30.1

31.9

33.9

34.5

n.a.*

n.a.

FAO
poultry)

30.1

31.9

34.0

34.6

n.a.

n.a.

* n.a., = not available
Although grandparent stock is available in the country, still more than 50% of the
parent stock is imported. This means that the GPS is underutilized and cannot perform
economically. The same applies for broiler parent stock. While ample parent stock for
broilers could be available, still about 30 million hatching eggs for broilers are imported.
This is the result of the very strict individualistic, owner-integrated organization, which
seems to preclude the use of the competitor's breeding stock. In the egg production
sector only very few hatcheries are able to deliver the numbers of d.o.c. wanted by thie
largest layer farms. One of the two largest companies imports all laying d.o.c. from
abroad. For a summary of all types of stock see table 1.
All these factors make that the Saudi poultry industry looks incongruous and incoherent.
This is enhanced by the fact that individual affluence and Government stimulation did
not necessitate top efficiency. Even the smallest of farmers is obliged to market his
own eggs and broilers, for which the costs are out of proportion.
National provisions, infrastructure
Considering the fact that the policy of stimulation of the intensive poultry industry was
very succesful, judged by it's current affluence and size, it seems strange that the
development of official (Government) services to support and especially monitor the
performance of the industry has lagged behind. The most probable reason for this
discrepancy is the fact that so few Saudi nationals have chosen careers in animal
husbandry, veterinary science and general administration. The staffing of the MAW
headquarters and many regional branches for agriculture with trained and expert
administrators has been much of a problem, for which even now a solution is not nearby.
Foreign experts, veterinarians, animal husbandry specialists are employed on a temporary
basis. The fact that naturalization of foreign personnel is impossible, prevents the forming
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of a national tradition in agricultural science and a severe lack of professional
communication within the industry.
Table 3. Survey of the (intensive) Saudi Arabian poultry in numbers, including
the reproduction and hatchery sector
Generation

Broiler Grandparents
Broiler Parents

No. of
Projects
1*

No. of birds/
birds places
90,000

18**

3,500,000

Broilers

300

80,000,000

Layer's Grandparents

none

none

Layer's Parents
Layers

5
140

200,000
12,000,000

Annual production capacity
for no. of day-old chicks
/broilers/eggs
> 3,000,000 PS ? d.o.c.
> 3,00,000,000 d.o.c.
> 3,00,000,000 broilers
none
> 10,000,000 ? d.o.c.
3,000,000,000 eggs

* From 1996 onwards there will be two Broiler grandparent companies
** From 1996 onwards an expansion of BPS placements is expected
The very large and large integrations have provided to some extent for this apparent
lack by creating their own diagnostic and chemistry labs, their own waste disposal or
recycling units, marketing and logistic support systems. Smaller integrations and
independent farms that lack these facilities are depending on too few under-equipped
public veterinary labs, quality control labs and are in want of proper communal waste
disposal systems, advisory services and a market information system. It is this latter
category that complains about marketing and disease problems and finds it hard to
compete (expand) even with the continuation of subsidized feeds.
The monitoring of the dynamics of the poultry industry is very definitely a task of the
Government, if only to find out if and how certain subsidies are being used and if they
are at all effective. As a byproduct, the resulting data could be recycled to the industry
at regular intervals and serve as marketing information.
Currently there exists no clear path of communication between the Government and
all sections of the industry, except on an incidental basis. The structural absence of
farmers organizations precludes a categoral discussion with the Government about
common interests.
Also the collection of numerical statistics from the poultry industry and their processing
is not yet satisfactory. The publication of statistics occurs too late (two years after the
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facts) to be of any, but historical value. The individual enterprise needs to predict trends
and forecast national production for the immediate future. The largest integrations try
to get around this problem by continuing to increase their market power, often at the
expense of profitability. Smaller producers just give in by reducing their number of
annual cycles.
Problems like these are always more serious for the middlesized and smaller enterprises
than for the industry leaders and tend to lead to unnecessary losses amongst the smaller,
but not necessarily less technically efficient, producers. Monopolization of the market
by very few, very large and diversified enterprises cannot be in the interest of the
predominantly rural population, unless they are involved, e.g. by contract production.
Another dangerous aspect of large integrations is the concentration of millions of birds
of many age groups in a few locations. There is evidence of disease persistence in such
locations lasting much longer than necessary and desirable.
The organization of a national veterinary and animal health control system is still in
its infancy, which makes it for instance currently impossible to carry out regional
quarantine and stamping out procedures in case of serious epizootics. Legislation is
still in preparation. Most urgently wanted on a national scale are two or three large
destruction or recycling plants to take care of the removal of the usual mortality that
accompanies intensive poultry production and larger quota in case of emergencies.
The lack of public destmction (or recycling) facilities for by-products of small farm
enterprises is not only increasing disease risks. It is also hampering efficient production
of - especially eggs. Slaughtering and recycling of old hens is a facility only available
to very large integrations. The lack of a market for old hens leads to huge transports
of live birds to the Makkah area, where they are kept alive until sold, presenting a
disease risk to the area. It also leads to a too long protracted laying period for old birds,
sometimes of two years, strongly increasing production costs.
Research facilities are scarce, although their necessity is realized. Especially independent
applied research facilities with demonstration of essential requirements and obvious
mistakes are dearly missed.
Advisory and veterinary services are available to some extent, but need much further
development to support a healthy - i.e. more widely distributed - growth of the industry.
The expansion of very large integrations appears to indicate that there is very little
room left for the medium sized operations to maneuver in the market. There are two
immediate solutions for the problem of increased capital annihilation. Mergers of
companies in the second size category, or at least intensive co-operation between some
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of them will keep the monopoly-dangers at bay and sustain market diversity. The second
possibility is that more small and medium sized enterprises give up their integrated
Imperiums and produce on contract for a centralized marketing organization. In the
poultry meat sector there are quite a few medium sized integrations set up for the
production and processing of fresh and frozen poultry. The very cheap imports of frozen
carcasses and the domestic competition from the largest producer drove many a smaller
a size processor towards live marketing. On the live market, they face increasing
competition from the second largest integrator and contractor, who distributes
countrywide. The costs of idle processing space is resting heavily upon the medium
sized enterprises.
Culturally and socially however, mergers are not likely to happen in Saudi Arabia.
Increased contract production will be the most likely solution, not only from a point
of view of pluriformity, but even more so with regard to farm hygiene and disease
prevention.
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CONSTRAINTS AND SOLUTIONS FOR HEALTH
COVER IN RURAL POULTRY DEVELOPMENT
J. G. Bell
B.P. 6268, Rabat-Instituts, Morocco

A large proportion of world poultry production is in the rural sector, characterised
by small flocks of between 5 and 20 birds, rather than the industrialised or
industrialising sectors. The single most important disease constraint to rural
poultry production has been reported to be Newcastle Disease, which typically
comes annually, giving rise to around 60% mortality. Serological studies have
shown some birds seropositive to Newcastle Disease wherever they have been tested,
and virus isolations have shown that most often velogenic viruses are implicated.
Mass vaccination in drinking water is not practicable, but three other approaches
can be used. Injected inactivated vaccine has been used successfully, for example
in Bangladesh and Burkino Faso. Heat resistant live vaccine applied on feed has
been used widely in Malaysia and elsewhere in South East Asia. The same vaccine
given directly by eye-drop can give better results. Thirdly, a recombinant poxvirus
vaccine expressing a Newcastle Disease virus glycoprotein could give a good
protection and permit seromonitoring in the presence of vaccination. Other
reported disease constraints are internal and external parasites, Gumboro disease,
Mycoplasma and Salmonella. Once disease constraints are controlled, other
constraints such as feed availability and loss through prédation need to be
addressed. In addition to its role in supporting the rural population, village poultry
also conserves a wide genetic diversity. It is a valuable world resource which needs
to be developed wisely.

INTRODUCTION
Worldwide, poultry production can be divided into industrialised, industrialising and
rural production. A whole topic at this congress has been devoted to health constraints
to industrialised production, so it is not necessary to cover these here. By "industrialising"
production I mean poultry production which is being practised in an intensive form for
the first time in a given region. This is susceptible to higher disease risk than established
industrialised production until management techniques have been fully mastered. It is
also subject to "imported" disease which comes with chicks imported from industrial
poultry producing areas. Examples of these are the virulent forms of Marek's Disease
and Gumboro Disease which have been seen to spread on a worldwide basis recently.
However, a large proportion of world production is in the rural sector, and it is this
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which will be addressed here, drawing examples mainly from Africa. For example, in
18 countries in Africa, Sonaiya (1990) has estimated that rural chickens make up more
than 70% of the population. Typically, this sector is characterised by small flocks of
between 5 and 20 birds belonging to one household. Outside the urban centres, it provides
a vital source of protein and income, as well as playing a role in the social structure in
many regions. Maintaining the health of this poultry population is undoubtably one of
the major constraints to its development.
NEWCASTLE DISEASE
Wherever it has been studied, the most important single disease constraint to rural
poultry production has been reported to be Newcastle Disease or Ranikhet Disease.
Since it was first observed in Java, Indonesia, Newcastle (England) and Ranikhet (India),
it has spread throughout the world (Alexander, 1988). It has subsequently been well
controlled in industrialised poultry by vaccination and disinfection, and indeed in some
parts of the world where essentially only industriahsed poultry is raised it has been
more or less eliminated.
Epidemiology
In the rural sector, however, it has not been possible to control the disease with the
same measures. Typically, there is an annual passage of the disease with around 60%
mortality. The survivors have a high level of antibodies, which are initially passed on
to the next generation in the form of maternal antibodies. These gradually decline, and
at the next viral challenge the antibody levels of those with some antibody are boosted,
whereas those with no protection succumb, and so the cycle is repeated.
Where seroprevalance studies have been done, some seropositive birds have been found
everywhere. Thus for example, in Morocco the percentage of seropositive chickens in
six regions studied ranged from 10% to 83% (Bell and Mouloudi, 1988); in a similar
study in Mauritania the overall serpositivity was 4.6% (Bell et al., 1990). Agbede et al.,
(1992b) found between 48% and 52% of chickens seropositive in three regions of
Cameroon, whereas Chrysostome et al. (1992) found between 56% and 69% of birds
seropositive in three regions of Benin.
Virus isolation techniques have also provided evidence that Newcastle Disease is very
widespread in village flocks. Bell and Mouloudi (1988) were able to isolate viruses
from every one of the six regions studied in Morocco. Characterisation of these isolates
showed that they were all velogenic, and the lesions observed in the field suggested
that they were viscerotropic. Similar results were obtained in Mauritania (Bell et al.,
1990). In Southern Africa, however, velogenic neurotropic virus seems to have
predominated recently (Verwoerd, personal communication).
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The virus spreads very rapidly within a village, and once the disease is known to be
incubating, birds are often taken to market, giving rise to a wider propagation. However,
much remains unknown about the epidemiology of Newcastle Disease in village
poultry, although computer simulations have been made (Johnston, 1992). In order to
have a better understanding of the situation, it would be necessary to follow the
poultry in a given area for a period longer than one year, recording all
mortalities and lesions and making regular antibody titrations and virus isolation
attempts.
Vaccination
Vaccination is the only effective way to the control of the disease in rural poultry.
However, mass vaccination in drinking water, as practised for industrial poultry, is not
applicable. There is not a stable and consistent water supply, and it is not usually possible
to maintain the cold chain for the transport of the vaccine. Three approaches can be
considered to overcome these constraints.
Firstly, inactivated vaccine can be used. This is relatively heat stable compared to live
vaccines, although somewhat more expensive. It also requires a certain amount of skill
to apply. Nevertheless, it has been used with success, often using trained teams of
vaccinators. This has worked well in Bangladesh and in Burkino Faso, for example
(Verger, 1986).
Secondly, considerable success has been obtained with heat resistant live vaccines,
particularly the V4 heat resistant strain (Copland, 1987). Work in Malaysia (Ibrahim et
al., 1992), and elsewhere in South East Asia, has shown that the vaccine can be applied
to certain kinds of feed and can thus immunize birds without the need for
handling. This has the advantage that scavenging birds do not need to be specially
caught. However, if they are housed, and the additional productivity given by
vaccination can make this worthwhile, a better incimunity can be obtained by applying
the same heat resistant vaccine by eye-drop. In a trial in Cameroon, eye-drop
application of the V4 vaccine successfully protected against a natural challenge (Bell
et al., 1996).
The third approach that could be used is to use recombinant viruses, incorporating the
Newcastle Disease vims surface antigens in a poxvirus. This type of vaccine, which is
more stable than ordinary live Newcastle Disease vaccines, is already available in the
industrial sector. It has the additional advantage of being able to express only one of the
two surface glycoproteins of Newcastle Disease virus, which means the other one can
be monitored serologically to detect the wildtype virus even in the preence of vaccination.
This would be a significant advantage for an eradication programme. However, the
development costs for this type of vaccine have been very significant, and there is not
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a significant amount of available cash in the rural poultry sector. This approach, then,
would depend on government or international support.
In theory a resistant chicken could also provide a solution to the problem of Newcastle
Disease, but attempts to select birds for increased resistance have not resulted in
significant improvements (Agbede et al., 1992a).
OTHER HEALTH CONSTRAINTS
If most attention has been given here to Newcastle Disease, it is because it is by far the
most significant disease constraint. However, mention should be made of other problems.
Parasites, both internal and external are very prevalent in village poultry. Internal
parasites can be treated with a variety of drugs. Gumboro Disease has also been cited
as a problem, particularly in some African countries (Ba and Chamoiseau, 1977). Both
Salmonella and Mycoplasma have been shown to be present serologically (Bouzoubaa
et al., 1992; Chrysostome et al., 1995), although it is not yet clear to what extent they
depress performance. Fowl box is widely observed, although its consequences are not
serious.
DISCUSSION
It should be noted that disease control is not going to automatically lead to higher
production. Once disease has been controlled, other factors become limiting, particularly
feed availability. Once the losses associated with disease are overcome, it then becomes
worthwhile to invest in feed to supplement the scavenging feed base. Another significant
source of loss is prédation (Bell and Abdou). Again, once disease has been controlled,
the additional investment in housing then becomes worthwhile. A combination of these
different measures can lead to sustainable development of the sector. In Africa, the
African Network for Rural Poultry Development has been set up to coordinate research
on village poultry.
Development of rural poultry can help stabilise the village economy, and thus make a
contibution to slowing down the exodus of people towards large urban centres. Rather
than being considered simply as an intermediate stage before the development of fully
industrialised production, village poultry could be considered as a sustainable
alternative. The village chicken is often perceived to have a superior taste to its
industrial counterpart, which can be reflected by a higher price. It also conserves a
wide genetic diversity which has been eliminated in industrial breeding programmes.
It is a valuble world resource. Let us not seek to replace it; let us rather develop it
wisely.
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POULTRY DEVELOPMENT, POLICIES AND PLANNING
FOR HIGHER PRODUCTION, ENVIRONMENTAL
PROTECTION INCOME AND EMPLOYMENT
Iqbaluddin
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Krishi Bhavan, New Delhi 110001, India

HISTORY AND DEVELOPMENT
The modern poultry development in India was initiated by the foreign Christian
Missionaries Organization during the second decade of the present century by importing
pure bred fowls like Leghorns (WL), Minorcas, Rocks, Rhode Island Reds (RIR) and
Australarps etc. primarily to meet their own requirement. In 1912 the Missionaries set
up their own "Mission Poultry Farm" at Etah in Uttar Pradesh, the first of its kind in
India. Subsequently on the recommendation of the Royal Commission on Agriculture,
the Poultry Research Division was established in the year 1939 at the Indian Veterinary
Research Institute, Izatnagar.
The first Five Year Plan provided further scope for poultry development work in the
country under the Community Development scheme which gave greater emphasis on
poultry keeping as a profitable subsidiary occupation for the farmers. The progress
made in the later part of the first Five Year Plan was further accelerated with the launching
of an "All India Poultry Development Scheme". The government of India was gifted
30,000 day-old chicks of RIR and WL from USA in 1957. This was the era which gave
the main turning point in the history of modem poultry development in the country.
The government of India established five Regional Poultry Breeding Farms located in
different agro climatic conditions of the country in Bangalore, Bombay, Bhuvaneswar,
Delhi and Shimla (however, the farms at Simla and Delhi were subsequently transferred
to respective State/UT) with the basic aim to acclimatize, multiply and supply these
imported strains/breeds of layer type chicken to meet the requirement of particular
region. The facilities of these farms were also used to impart interservice training to the
officers engaged in poultry extension work. This single effort of the Government of
India developed the confidence among the farmers as a result of which many private
farmers established hatcheries by importing grand parent stock and distributing their
parental lines for commercial exploitation through designated hatcheries.
During the period of fourth Five Year Plan onwards there has been a shift in the objective
of these farms and scientific poultry breeding program was initiated to develop/evaluate
high egg yielding chicken to meet the requirement of quality chicks within the country.
During 1978 the poultry project at Chandigarh was also taken over for broiler breeding
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program in the Northern region. During the subsequent Five Year Plans the program to
evolve hybrid stock continued by providing additional infra-structure facilities for
intensifying the scientific poultry breeding program. As a result of these endeavors for
the first time in the country a hybrid cross named as HH-260 was developed and released
from Central Poultry Breeding Farm (CPBF), Hassarghatta, Banglore.
From the year 1971-72 the Indian Council of Agriculture Research (ICAR) had also
taken up All India Coordinated Poultry Breeding Program at Hyderabad, Izatnagar,
Jabalpur, Mannuthy and Anand for egg type and at Banglore, Madras, Akola, Izatnagar
and Ludhiana for meat type birds.
In addition to the poultry breeding work undertaken by the public sector agencies, the
private sector had aiso established pure line breeding farms during early eighties and to
name a few present leading ones are M/s.Venkateshwara Hatcheries Ltd. Pune, M/s.
Kasila Farm Pvt. Ltd., Hyderabad, M/s. Tarakeshwara Hatcheries Pvt. Ltd., Nasik, M/
s. Bovns Poultr}' Breeding Pvt. Ltd., Secundrabad, Deejay Hatcheries, Banglore etc.
As a result of these activities the egg production in the country from the level of 1832
miUion during 1950-51 is anticipated to have reached the level of 26.1 bilHon eggs
during 1994-95. During the same period the broiler production from almost non existing
level to have been reached to about 400 million. As compared to the milk production,
wool production even and foodgrain production the growth in respect of egg production
and broiler production is phenomenal. During the Seventh Plan egg and broiler
production registered a compound growth rate of 7.3% and 18% respectively. The
poultry production is expected to achieve a higher growth rate during Eight Plan and is
expected that egg production would increase at the rate of about 8.2%. However, inspite
of this phenomenal growth the per capita availability of eggs is expected to be around
33 at the end of Eighth Plan.
THE PRESENT SCENARIO
The main driving force for the present revolution in poultry development has been
efficient application of quantitative genetic methods of poultry breeding. Thus the
currently best commercial layer strains produced (280 to 290) twice as many eggs of
acceptable size and quality per bird per year against their counterpart of 1940's and
1950's. Similarly, the best commercial meat strains now reach the average slaughter
weight of more than 2 Kg. at about six weeks of age with a feed conversion ratio of less
than 1.9 compared to the meat type chicken of 40 to 50 years ago. The revolution has
been mainly due to improvement in genetic potential of the stock but these performance
levels can not be expressed in vacuum. They need an acceptable levels of cost, disease
control measures, nutrition, flock husbandry and investment etc. Present approach made
us self sufficient in respect of quality breeding stock both of egg type and fast growing
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meat type. But due to this single approach it has resulted into certain other related
problem like regional imbalances, difficulty being faced by the rural poultry etc.
Before critically analysing the existing approach and suggesting future course of action
it is necessary to understand the intricacies at the farmers level and its social implications.
The rural poor can be grouped as :
•
•
•

Farmers with low asset base
Farmers with no assets
Rural artisans
v

Eighty percent of the country's population are engaged in agriculture and allied activities
and about 75% being in the category of small/marginal farmers and agriculture labours.
Land holdings with small and marginal farmers being uneconomic and crop production
being non dependable it is feared that a large number of farmers with such uneconomical
holdings tend to dispose of their meager land in search of other vocation resulting in
gradual increase in the number of rural and urban landless.
The poultry operation in the country can be broadly grouped into two distinct sectors:
•
•

Organised sector/Industrial sector
Unorganised sector/Developmental sector

INDUSTRIAL SECTOR
This activity is mostly confined to the urban and semi urban areas having large size
hatchery and breeding operation. At times these operations have partial integration
including feed and marketing.
DEVELOPMENTAL SECTOR
These are confined to the large number of small farmers rearing birds in backyard to
semi range system located in far flung areas of the country.
Both these sectors need distinct separate approach. No doubt they sometimes work
complementary to each other like in generating market demand, development of new
technologies, etc. but at times compete each other particularly for market share.
The data given in the table 1 and 2 in respect of two groups of states ( for the sake of
discussion classified into leading egg producing states and least egg producing states)
indicate that in spite of most developments directed towards improving the industrial
chicken, a significant proportion of contribution of the total egg production is coming
from the local birds i.e. through unorganised sector. This trend gives a clear indication
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that the unorganised sector has not been fully exploited inspite of its tremendous
potential. No doubt some efforts were made to make more attractive the unorganised
sector through a number of central and state sector schemes notable among them being
1.
2.
3.
4.
5.

Integrated Rural Development Program (IRDP)
Special Live stock Production Program (SLPP)
Tribal Development Program (TDP)
Special Component Plan (SCP)
Special Live stock Breeding Program (SLBP)

and a number of other schemes like Intensive Poultry Development Project (IPDP),
Mass Poultry Production Program, Pilot Poultry Project, etc. However, the major poultry
development program involving small and marginal farmers and agricultural laborers
emanated from the recommendation of National Commission on Agriculture (NCA) as
a result of which 60 districts were identified in 1975 for introducing poultry production
as a component of special scheme called SLPP. The poultry development was also
given due consideration under the area development program like Drought Prone Area
Development Program (DPAP) and Desert Development Program (DDP). Inspite of so
many schemes to encourage poultry farming by weaker section, share of rural poultry
units in contributing to country's tgg production is not at the desired level. In my
opinion we should not blame the poultry for this but our approach. The major deficiency
in our approach has been in the identification of the area, selection of the beneficiary
and type of the birds which play most crucial role in successful poultry production
program. The approach should be directed towards establishing such units in clusters
which can easily feed to a well set market area where other linkages can be established.
The beneficiaries selected for taking a poultry unit should only be those who have
genuine need for seeking employment and augmenting their meager income. Persons
with high asset base or rural rich do not find poultry farming attractive enough to
depend on it. By way of their influence they avail all the subsidies to create some
infrastructure subsequently to be used for some other purpose. Similarly, some of the
tribal and other participants do not reconcile to adopt white birds as also the high
producing birds whose maintenance requires high level of management and disease
control measures.
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Table 1. Population and egg production of improved and local birds in leading egg producing States of
India
Year

States

No. of Layers
în thousands
Improved
Local

Egg Production
in lakhs
Improved
Local

Andhra Pradesh

1985-86
1986-87
1987-88
1988-89
1989-90
1990-91
1991-92
1992-93

8631
8608
8418
7756
8818
8741
8363
8408

8764
8366
10164
9526
9312
8991
8860
8957

20259
20391
19351
20759
24772
25167
25226
26130

11100
11054
13061
13511
12328
13125
12898
13490

Karnataka

1985-86
1986-87
1987-88
1988-89
1989-90
1990-91
1991-92
1992-93

1974
2160
2345
2531
2761
2725
2891
2974

4860
4976
5972
6190
6230
6260
6448
6454

5888
5355
5815
6276
6736
6769
7169
7382

5836
5921
5987
6025
6044
6079
6193
6208

Kerala

1985-86
1986-87
1987-88
1988-89
1989-90
1990-91
1991-92
1992-93

5640
5715
5238
5265
5276
5293
5500
5816

4223
4329
3978
3998
4018
4018
4004
3982

9586
9790
10147
10408
10551
10761
11278
11815

4016
4180
4253
4276
4460
4738
4776
4791

Maharashtra

1985-86
1986-87
1987-88
1988-89
1989-90
1990-91
1991-92
1992-93

2400
2824
3186
3434
3897
4311
4485
4889

7623
7576
7617
7972
8170
8386
8587
8814

6036
7116
8092
8722
10026
11138
11410
12741

9051
8772
9073
9270
9540
9840
10042
10168

Tamil Nadu

1985-86
1986-87
1987-88
1988-89
1989-90
1990-91
1991-92
1992-93

4744
5553
6337
7639
8421
8742
9778
10598

6240
6008
6062
5843
5337
5258
7864
4679

12333
12614
13783
18339
19926
20808
22710
24329

8337
8147
8187
4533
4689
4700
4324
4117

"

Data Ironi reports of the Technical Committee of Direction for Improvement of Animal Husbandry &
Dairvinti Statistics Government of India.
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Table 2. Population and egg production of improved and local birds in least egg producing States
States

Year

No. of Layers

Egg Production
iin lakhs

in thousands
Local
Improved

Improved

Local

Bihar

1985-86
1986-87
1987-88
1988-89
1989-90
1990-91
1991-92
1992-93

2030
2171
2342
2586
2751
2819
2890
2996

7604
' 8087
8233
9148
8063
7944
7998
7866

3663
3916
4433
4732
5117
5273
5404
5629

6550
6996
7767
7089
6971
6843
6998
6891

M an i pur

1985-86
1986-87
1987-88
1988-89
1989-90
1990-91
1991-92
1992-93
1985-86
1986-87
1987-88
1988-89
1989-90
1990-91
1991-92
1992-93

Rajasthan

1985-86
1986-87
1987-88
1988-89
1989-90
1990-91
1991-92
1992-93

NA
NA
226
280
334
365
368
370
197
210
186
186
195
224
178
206
707
725
596
603
NA
727
705
940

NA
NA
244
265
253
254
260
262

Nagaland

NA
NA
189
209
230
231
250
256
46
50
106
107
123
133
45
127
493
536
659
701
NA
881

2114
2427
2514

NA
NA
187
196
209
220
224
224
99
105
134
146
152
166
131
153
778
798
542
573
NA
691
740
978

2213
2232
2191
2244
2272
2386
2494
2537

1293
1335
1399
1408
1439
1621
2118
2337

2461
2524
2577
2706
2758
2928
3095
3174

Uttar Pradesh

1985-86
1986-87
1987-88
1988-89
1989-90
1990-91
1991-92
1992-93

1011
1039

848
864
898
889
904
1001
1074
1115

83
90
160
201
221
238
55
230
1188
1292
1595
1685

NA

Data from reports of the Technical Committee of Direction for Improvement of Animal Husbandry (
Dairying Statistics Government of India.
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So far our efforts centered around the centralised planning to only improve the industrial
chicken which is basically high-input high-output technology. No doubt this has lead
to the immediate phenomenal increase in the production as also helped in standardizing
the technological innovations and placed India among the few leading egg producing
countries of the world. But on the other hand this has created certain problems in terms
of sustaining this development with reference to the required level of management ,
emerging diseases, high energy balanced ration,resource crunch and at the same time
being eco-friendly and playing the social role in terms of providing additional
employment and optimum utilisation of village folk.We have reached to a stage where
we should critically analyse the situation and suggest suitable approach to optimise the
existing situation and to further boost the poultry production in the country.
GENETIC RESOURCE DEVELOPMENT
So far the main thrust of the poultry development in the country has been centered
around genetic improvement of the stock. No doubt, this effort has to be further
continued/improved and strengthened but at the same time our efforts should also need
to be diverted to develop a stock suitable for low-input low-output technology. In order
to initiate any step in this direction it is necessary that performance of indigenous breed
should be carefully evaluated and selection techniques should be applied based on the
complex trait productive adaptability which covers both production and reproduction
performance having duly vetted economically. It may also be kept in mind that
antagonism between performance and adaptability on one side and genetic merit, poor
feed and environmental quality on the other restrict the genetic progress under climatic
and nutritional stress. For exploiting the optimum output of such a breeding program
these antagonism should be minimised as much as possible. However, for optimum
genetic gains cross breeding/strain crossing with high selection pressure for productive
adaptability both in male and female lines for both industrial and developmental system
would be a desirable proposition. But these programs should be backed up with a well
defined long term sound poUcy of conversion of all indigenous breeds including nondiscripts as also time to time imported stocks
FEED SITUATION
It is needless to say that feed is one of the most important factors in poultry production
since it alone constitutes a major part of the total production cost. So far our efforts
have been centered around developing balance poultry ration to meet basically the
requirement of industrial type of chickens. Many organised feed manufacturers registered
under Compound Livestock Feed Manufacturing Association are manufacturing quality
poultry feed. At present approximately total feed requirement of the country is of a
tune of 6 million tonne. This requirement is met from 3 categories:
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•
•
•

Organised feed manufacturers ( about 10%)
Custom mixing ( about 40%)
Farm mixing ( about 50%)

Thus it can be seen that most of the feed i.e. 50% is prepared by the large and organised
poultry farms by themselves for their captive consumption and about 40% of them
bring their own formula and get it mixed and grinded as per their own requirement at
the feed mills, where as, only 10% depend on the purchase of commercial feed. In the
case of unorganised or developmental sector the birds are kept on scavenging with a
little bit of hand or supplementory feeding.
Very often the issue is being raised that poultry compete with humans in their
requirements of feeds. Also any ingredients which are being initially used as a byproduct for poultry feed, rapidly become main ingredients of some emerging industries
thereby making it disadvantageous for poultry industry on cost front. In view of this
the poultry scientists should very seriously concentrate their efforts to develop some
such non-conventional feed ingredients like leaf protein, increasing the utilisation of
certain coarse ingredients with the use of biotechnology, probiotics, enzymes etc.
Otherwise it will be increasingly difficuU to defend the above point of view.
Efforts should also be made to prepare inventory of various non-conventional sources
of feed ingredients including industrial and agro-industrial, by-products on regional
basis along with prices, quality, availability etc. and formulate feeds by incorporating
them for local use. Storage and pest control for poultiy feed is another area where
practically no attention has been paid.
HEALTH COVERAGE
With the intensive poultry production program there is a tremendous amount of stress
on the physiological status of the birds. No doubt a network of disease diagnosis
laboratories both in public and private sector are providing necessary health cover for
industrial chickens under organised sector, but unfortunately very little efforts have
been made in the area of disease surveillance and monitoring in respect of the
unorganised sector of poultry development. Recently some efforts have been made by
establishing a high security animal disease laboratory at Bhopal to monitor the emerging
diseases but such facilities need to percolate down at regional level with certain mobile
task force attached to them so that their presence can be felt in the far flung areas of
small unorganised poultry producing centeres.
There is also need to introduce effective and stratutory provision for strict quality control
of all the vaccine produced / imported both in the public and private sector in the
country. There is also need for development of model hatcheiy rules / by-laws to ensure
strict bio-security measures to be followed by various public and private sector hatcheries
preferably through self imposed disciplines.
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The presently available diagnostic technologies are mostly based on modem intricacies
to be conducted in the laboratory. But more emphasis has to be placed on the development
of the diagnostics and diagnostic technologies which can be used under the village
conditions particularly for rapid diagnosis of poultry diseases of economic importance.
A diagnostic system combining with multiple characteristics and simplicity is need of
the hour. Such immuno diagnostic kits have been commercialised for human, livestock
and poultry diseases in most of the advanced countries but yet to be developed in India.
There is also an urgent need to develop diagnostic capabilities, expertise, infrastructural
facilities and training program so that effective control measure could be formulated
against most of the economically important diseases. The farmers need to be suitably
educated about the implications of the diseases including parasitic, bacterial, fungal,
metabolic and deficiency diseases. In brief, we must formulate the plan for development
of quick and precise diagnostic techniques for use under field conditions, development
of modem system of recording of diseases, establishment of database of prevalence of
diseases so that we are fully equipped for diseases surveillance forecasting and
measurement of economic losses.
MARKET AND TRADE
As already mentioned earlier, one of the side effects of the centralised planning resulted
into regional imbalances and more than 60% of the eggs are produced by 5 States like
Andhra Pradesh, Haryana, Maharashtra, Punjab and Tamilnadu, whereas, 35% of the
total broiler production are centered around Andhra Pradesh and Maharashtra. This
has led us to a situation where by while solving the production problem we ended with
marketing problem. In most of the poultry pockets marketing is still in the control of
private traders who are either commercial agent or middle man. There is a total lack of
proper linkages between the producer and consumer. In brief the main constraints are:
•
•
•
•
•
•
•

Uneven production
Defective distribution system
Inadequate marketing infrastmcture
Lack of market intelligence to monitor supply and demand
Lack of cold storage facilities to hold eggs and broiler meat during summer season
Lack of consumer education and promotional activities to boost consumption
Indispensable middleman

Fluctuation in the prices of poultry products is one of the main constraints for attracting
investment in this sector. Necessary mechanism need to be developed to minimise
fluctuations through suitable market support/intervention program. A modest attempt
by implementing Market Intervention Scheme (MIS) for procurement of eggs in the
state of Andhra Pradesh, Tamil Nadu, Panjab, Haryana, Madhya Pradesh and Rajasthan
by the National Agricultural Marketing Federation of India (NAFED) have definitely
shown an encouraging result though the magnitude of operation is very small in
comparison to the total egg production of the country. The main encouraging trend
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coming out of this attempt is that the losses incurred on the operation during the last
five years are of very negligible consequence.
Regarding the marketing I am of the firm view that until and unless the producers are
directly involved in the marketing operations, no system can work satisfactorily.
Government should play a vital role in providing necessary infrastructure facilities
with bare minimum regulatory mechanism leaving all other activity to the producers.
There is also need to take up aggressive consumption education program to create
awareness among the local consumer and also to hnk poultry production program with
various employment generating schemes being operated in different parts of the country.
Inspite of poultry having such a huge potential it appears that very little organised
efforts had been made to explore the possibility of capturing due share in the international
market. The necessary limiting factor appears to be lack of sufficient infrastructural
facilities like egg grading, washing, packaging along with cold storage and dry godowns
etc. both at the point of production center and export airport / port, automatic dressing
plants, transport vehicles including refrigerated trucks ar^d other such facilities. In order
to make product more competitive attempt should also be made for diversification of
traditional products into value added products, improvement in packaging, information
dissemination, market specific surveys etc. Encouragement of rural based developmental
sector will also help in tapping the vast potential of virgin rural market.
EMPLOYMENT GENERATION AND ENVIRONMENT
With increasing population, fast industrialisation and tremendous pressure on the land,
the number of unemployed people is increasing in the country with a general tendency
of the rural poor to migrate toward city in the search of employment resulting into
various kind of social and economic problems. The suggested model for exploiting the
developmental sector can play an effective role by generating employment in rural and
semi urban areas there by arresting this migration trend. Moreover it is also ecofreindly,
generates organic nutrients to strengthen the soil fertility and also most efficient per
unit bio mass producer.
In brief the poultry development in India has taken a rapid stride particularly during the
last three decades, but basically efforts have been centered around developing highinput high-output type of chicken with more bias for genetic improvement. This approach
on the one hand had made inunediate impact on increasing the production manifold but
at the same time has created problems particularly more relevant to the Indian conditions.
This is the high time that we must clearly demarcate poultry development into two
distinct sectors as suggested and solve thier problems as two different entities i.e
Organised industrial sector with policy intervention for high-input high-output
technology and Unorganised developmental sector with direct government intervention
even if necessary with initial physical and financial support. This will help in optimising
the total advantage from poultry production in the country.
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ROLE OF THE POULTRY CO-OPERATIVES IN INDIA
S.P.Seetharaman
10,Tiruvalluvar Street, Tiruvalluvar Nagar,Madras, 600064, India

INTRODUCTION
The achievements of the poultry industry in India in the last few decades have helped
the poultry sector emerge as the fastest growing segment not only in the livestock
sector (milk, eggs, meat and wool) but also of agriculture as a whole. The focus of this
paper is limited to examining the role of co-operatives in the poultry sector. To review
the performance and to identify the future role of cooperative sector in the promotion
of the poultry sector the available information / data from macro studies, statistics and
micro level studies highlighting the working of poultry cooperatives have been used.
Any secondary data source has several limitations for drawing conclusions. For instance,
the data on poultry cooperatives does not segregate egg and broiler production
cooperatives. The membership data is given but there is no way to identify as to how
many members are participating in the economic activities of the cooperatives. No
detailed case studies about the working of primary cooperatives are readily available.
With the available data base an attempt is made to understand the working of cooperatives
and recommend the future strategy for their development.
EXPECTATIONS FROM COOPERATIVES
Based on the success of Anand pattern of dairy cooperatives, suggestions are made to
replicate this experience in promoting poultry cooperatives. The limitations in replication
of the dairy model to poultry can be better understood only if the differences between
the poultry and the dairy industry are anlysed.
The hen house technology has nothing in common with the backyard poultry activity.
All costs from hen house construction, equipments and implements, feed, medicine
vaccination, debeaking, disease control and lighting are paid out costs. A two gram
extra feed should be matched with proportionate increase in output or otherwise the
unit may become uneconomical. In a period of unremunerative output price, small
poultry units have little flexibility to cope with the situation and survive. In other words,
a high degree of managerial skill is required to make a poultry unit viable and successful.
The year round ready market gives an opportunity for the dairy cooperatives to capture
a reasonable market share and this enables the cooperatives to transfer a part of the
value addition as incentive to producers.
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It is in this background the role assigned to poultry cooperatives has to be understood.
Most of the poultry cooperatives have been sponsored under government schemes to
provide employment to the weaker sections of the community. In several states there
are special schemes for the landless labourers, scheduled castes and scheduled tribes.
Schemes are also promoted under the small farmers' development agency and marginal
farmers and agricultural labourers clubbed under integrated rural development
programmes and live stock production programmes. The schemes involve identification
of beneficiaries and grant of one time financial subsidy for setting up physical facilities
and grant of loans for meeting costs for purchase of flocks, feed, etc. The assumptions
made while evaluating the viability of the schemes are availability of adequate quantity
of feed at reasonable costs, remunerative price for outputs and adequate facilities for
health care. No scheme is conceived to bring the existing poultry producers under the
cooperative fold to improve their competitive strength. More importantly, there is no
provision to support the new entrants after the first cycle which generally turns out to
be the learning period. The expectations from poultry cooperatives have been too many.
They are looked upon as institutions for transfer of technology, provider of cheap feed,
bargainer of good output price and institutions of socio economic change of the weaker
sections of the community in remote rural areas. Certainly the expectations from the
poultry cooperatives have been over ambitious and unreaHstic.
PERFORMANCE OF THE POULTRY COOPERATIVES
For evaluating the performance of Primary Poultry Cooperatives, four years data (197985, 1989-90, 1991-92) from the Statistics Related to Cooperative Movement in India,
published by NAB ARD has been used. Annexure-1 gives the performance of poultry
cooperatives in the country as a whole. It can be seen that the number of societies had
doubled during the period 1979-92 but the total percentage of dormant and loss making
societies had remained the same, at 80 percent. The number of villages participating in
the poultry business in percentage terms had recorded an increase but in absolute terms
it declined. This indicates that there is not much enthusiasm or demonstration effect on
the villagers in the neighbourhood. This is reconfirmed by the fact that the average
membership per society had remained the same during this period. The share contribution
per member had increased and the investment in fixed assets also increased steeply but
not the annual sales. The annual salary of staff, it can been seen is ridiculously low
indicating that most cooperatives could not have afforded a full time, well qualified
staff. Even if the annual salary is calculated only for the working cooperatives, by
excluding the dormant ones, the salary levels would be still low. In short, even after
three decades of intensive poultry development schemes, the poultry cooperatives have
not been able to establish themselves on a sound footing.
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Annexure -1 : Poultry Societies - All India
Rs. in '000
INDICATORS
TOTAL NO. OF SOCIETIES
DORMANT, TOTAL

1979-80

1984-85

1989-90

1991-92

1148

1367

2297

2595

709

848

1012

1157

DORMANT, %

62

62

44

45

IN PROFIT NO.

225

221

440

501

20

16

19

19

15568

16722

24827

16108

1136

1691

4238

3319

7

10

17

21

63914

87948

153825

162117

11421

27827

31267

13

18

19

56

64

67

62

6268

12859

27174

31083
12

IN PROFIT %
VILLAGES IN AREA OF OPERATION
VILLAGE PARTICIPATED, NO.
VILLAGE PARTICIPATED, %
TOTAL MEMBERS
SC&ST, NO.
SC&ST, %
PER SOCITY MEMBERSHIP
SHARE AMOUNT *
PER SOCIETY SHARE CAPITAL *

5

9

12

PER MEMBER SHARE CAPITAL *

0.1

0.15

0.18

01.9

13290

29178

124256

145885

12

21

54

56

64904

96063

212603

200314

57

70

93

77

1441

2040

5767

5295

1

1

3

2

FIXED ASSETS *
PER SOCITY *
ANNUAL SALES *
PER SOCIETY *
ANNUAL STAFF SLARY *
PER SOCIETY *
Source : NABARD statistics.
* Rs. in thousand

Neither the poukry cooperative development nor the poultry industry development is
uniform across the states. There are some states where the poultry industry is fairly
well developed and in others it is still in the process of development. Similarly, in very
few states the poultry cooperative development is well developed. States have been
classified into well developed and less developed states on the basis of annual state
average of egg production and sales by cooperatives ( Table 1 ).
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Table 1. Classiciation of States in respect of poultry development
Poultry Development
Well developed

Less developed

Maharashtra
Punjab

Gujarat

Uttar Pradesh
Haryana
Tamil Nadu
Andhra Pradesh
Kamataka
Kerala
West Bengal

Rajasthan
Madhya Pradesh
J&K and Himachal
Pradesh
Orissa
Assam
Northeastern States

Source : NABARD Statistics
It can be seen that out of the nine states with well developed poultry industry, only in
two states the cooperatives are doing well. They are Gujarat and Maharashtra
(See Annexure II ).
In Gujarat based on the lessons learnt from the working of scattered poultry units,
some voluntary agencies introduced 'industrial estate' concept for poultry industry. A
flock of 100 to 150 birds was put in a compartment and assigned to an identified
beneficiary, who was expected to visit the hen house three times a day to clean,feed and
provide water to birds. The society provided the feed and arranged to market the eggs.
The scheme could take off due to the subsidy offered for the construction of sheds
under tribal development programme. The weakness in this arrangement was that more
than the work in the shed, they spent a lot of time in travelling to the work place.
Another problem in the common shed was their vulnerability to spread disease. Often
members failed to evince interest in maintaining the units, the society employed labourers
to maintain and this number kept increasing. The societies were trying to find a
compromise between cooperative ideology and reality. In Gujarat though cooperatives
are doing well, poultry development is still to mature. It is important to mention that
Gujarat is the only state where there is a strong Cooperative federation at the state
level.
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Annexure II - Performance of poultry co-operatives Gujarat and Maharashtra
GUJARAT

INDICATORS

MAHARASHTRA

1979-80 1984-85 1989-90 1991-92
Total No. of Societies
Total Dormant Societies

%

No. in Profit

%

Villages in Area of Operation
Villages Participated

%

Total Members
SC & ST

148
37
25
35
24
598
197
33
11334

%

Per Society Membership
77
Share Amount Rs. 000
839
Per Society Share Amount Rs. 000
6
Per Member Share Capital Rs. 000 .07
40
Fixed Assets Rs. Lakh
Per Society Rs.
.27
312
Annual Sales Rs. Lakhs
Per Society
2.11
471
Annual Staff Salary Rs. 000
3
Per Society Rs. 000

197
74
50
43
29
3397
348
10
18075
9219
51
123
800
5
.04
98
.66
2204
15
712
5

173
83
48
34
20
2874
253
10
16727
10366
62
97
979
6
.06
19
1.11
265
1.54
755
4

166
75
45
42
25
1395
210
15
15657
10373
66
94
1162
7
.07
23
1.36
287
1.73
894
5

1979-80 1984-85 1989-90 1991-92
50
17
34
11
22
3710
175
8
7965

-

159
2542
51
.32
63
1.26
170
3.40
551
11

182
55
30
21
12
3888
576
15
15747
1257
8
87
6766
37
.43
160
.88
496
2.73
769
4

1167
375
32
157
13
12959
2663
21
91021
11259
12
78
19692
17
.22
97.6
.84
1546
1.32
3469
3

1435
504
35
268
19
9485
2204
24
99272
12871
13
69
21964
15
.22
1071
.75
1360
.95
3599
3

Source: NABARD STATISTICS

In Maharashtra and in a few places in Andhra Pradesh, some societies set up a central
poultry shed to rear chicks upto 20 weeks and when the birds were ready to lay they
gave flocks of 100-200 birds to members to rear them in sheds closer to their homes,
with the subsidy scheme of the government to provide hen houses. The society supplied
feed and collected eggs for selling. Since the society paid uniform price throughout the
year, when the open market price was higher many farmers failed to give all their eggs
to the society. Societies with direct marketing arrangements to the consumers have
managed to do well compared to others.
Though the number of poultry cooperatives are in the increase, they still have a long
way to go. In both Gujarat and Maharashtra the emphasis is on making poultry as an
enterprise to the socially backward class. The analysis clearly shows that the poultry
cooperative movement has not made such headway in the country.
STRUCTURING PRODUCTION ACTIVITY
This failure of poultry cooperatives in three decades should not be intrepreted to mean
that there was no effort to learn lessons from failures. The conceputalisation of the
schemes were defective. As stated earlier, the enthusiasm to promote poultry schemes
among economically weaker sections and socially backward people, resulted in
spreading the units far and wide, with the result farmers on their own had to ñnd suppliers
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of feed at reasonable price, seek veterinary departments support for health care and
wait for itinerant traders to collect eggs and make payment. Since the beneficiaries
were new, mortality rate at chick rearing and growing stages was high and they had no
clue to identify the outbreak of disease and take prompt corrective action. They had no
bargaining power with trade and so they could not make adequate profits to repay
loans. At the end of the first cycle, as defaulters they were ineligible for loans and this
resulted in closure of several units.
In many states the poultry cooperatives assumed a mercantile role of merely buying
and selling eggs and feed. By and large most cooperatives were busy in organising
production and paid limited attention to marketing.
ROLE OF SUPPORTING ORGANISATIONS
National Cooperative Development Corporation (NCDC)
With a view to speed up poultry development, NCDC sought expert guidance to
formulate viable schemes. The recommendation was to promote primary poultry
cooperatives (PPC) to rear and supply layer birds, supply feed, provide health facilities
and collect eggs for marketing. The PPC would be members of State Poultry Cooperative
Federation (SPCF) which would undertake collection and marketing of eggs, dressed
birds and other products to ensure remunerative prices to members. The proposed scheme
determined the quantity required for marketing and then backwards to determine the
production capacity of the PPCs.
NCDC promoted this integrated poultry scheme without the marketing component and
the supply of ready to lay birds to the homes of members under a lease programme.
Under the modified scheme a common industrial shed programme was promoted.
The corporation has financed 49 projects/cooperatives upto 1992-93 with total sanctions
amounting to Rs.2401.4 lakhs. During the VIII Five Year Plan, NCDC has modified
the scheme particularly in respect of farm level production and it proposes to sanction
90 more projects with its contribution at Rs.lOO crores. Detailed performance reviews
of these projects are not readily available.
National Scheduled Caste and Schedule Tribe Finance and Development
Corporation (NSFDC)
This organisation was set up on 8th February 1989, under the Companies Act 1956, to
promote economic development of the SC's and ST's whose family income is below
twice the poverty Une hmit, NSFDC provides seed capital and term loans to SC's and ST's
through State Governments. Generally the term loan is given to the extent of 75% of the
cost of projects at an interest rate of 4.5% and rebate of 0.5% for timely repayment of dues.
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National Agricultural Cooperative Marketing Federation (NAFED)
This organisation has been entrusted with the responsibility of operating a Market
Intervation Scheme to enable the farmers to get reasonable price for eggs. NAFED is
expected to buy 2 crores of eggs in a year which is less than a third of a day's of egg
production in the country.
For providing stability to egg price, it would be necessary to replace this scheme by
Price Support Scheme (PSC). Under the PSC Government would declare a minimum
support price and undertake to procure unlimited quantity of eggs at the declared price.
DIAGNOSIS OF PROBLEM
In poultry, egg and broiler production are two distinct sub-sectors and the role that
cooperatives can play in these two subsectors are very different.
EGG PRODUCTION COOPERATIVES
"Both in developed and developing countries large number of small, independent
operators buy day old chicks or pullets on the point of lay, buy feed and sell their own
eggs. Because in egg industry products can go directly from farm to retail outlets without
going through any significant transformation, barriers to entry of new units are relatively
low. The industry is therefore susceptible to low pricing led by marginal producers on
a seasonal basis. Lower barriers coupled with lower technology base, has tended to
make the egg industry strucutre less concentrated". This situation is valid in India.
Currently in the egg producing industry, poultry farmers get all inputs with little scope
for substantial bargain. At the market end thanks to the efforts of National Egg
Coordination Committee (NECC) all producers get more or less the same price.
Since eggs directly go to consumers without any degree of processing, the scope for
undertaking value adding tasks is limited to grading, transporting and storage. The
organisation can aim at market ownership and margin control but this would call for
large volume of eggs to be handled by cooperatives say 10-15% share of the nearby
market. The cost of feed accounts for eighty percent of egg production and a cooperative
can confer benefits to members by undertaking this activity efficiently. Certainly this
calls for a high managerial capability combined with transparency in operations to
retain members' trust in the organisation. To sum up, the failure of these cooperatives
is primarily due to small size of operation and poor management.
POULTRY MEAT PRODUCTION COOPERATIVES
"In the case of poultry meat industry in the developed countries three main forces have
pushed vertical integration: a) Market ownership and margin control (b) Biosecurity
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and quality (c) Economies of scale and optimization of capital resources". In India
most of the broiler units sell live birds. Since transportation of birds to far off places is
difficult, most broiler units are concentrated around major consuming centres. The
entry and exit barriers do not exist and if there are any broiler cooperatives, they have
little scope to confer greater benefits than the farmers directly selling the birds to
middlemen. In the private sector following the first poultry processing unit set up by
the Venkys in 1986, four others have been set up and the latest to commence production
is Agritech in Ahmednagar. The major hurdle that they face is in adequate supporting
infrastructures like refrigerated road transporting faciUties and absence of wide spread
retail distribution outlets for dressed and processed chicken. Cooperatives can play a
significant role in meat processing but this would call for huge capital investment and
strong marketing capability.
FUTURE ROLE OF COOPERATIVES
The diagnosis clearly brings out that the future strategy for growth of cooperatives
both in egg and broiler sector should be market orientation. "This would mean a reversal
of what the poultry cooperatives have done to date, namely, organize production and
leave the marketing of the produce in private hands"..
The role of cooperatives is generally assumed to be cost reduction and appropriation of
value addition. Profit at the society level does not mean that at members' level the
enterprise is profitable. For achieving member prosperity the cooperatives should take
special care in the minimization of risks at their level. In case of poultry the four risks
of the producers are : productivity risk, asset risk, input cost risk and market risk. To
play this role effectively, it would be necessary for cooperatives to design and develop
a sound Management Information System (MIS) and use this to promote member
profitability.
Another important factor is the overall environment for organised development of poultry
cooperatives. There is a proposal to set up a National Poultry Development Board
(NPDB), which is expected to perform major functions like:
a) Overall planning and development of poultry sector,
b)

Pay special attention to the needs of small and marginal farmers,

c)

Set up a national institution to tackle infestation problems,

d)

Create infrastructure facilities for storage and marketing, and

e)

Create demand for eggs and poultry products within and outside the country.

Hopefully this organisation would be in a position to influence State and Central
Governments to formulate poHcies supportive of poultry development in general and
cooperatives in particular.
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The poultry cooperatives of the future should have two level organisations: at the grass
root the concentration of effort should be on production and at the secondary level
specialisation in marketing. The membership of these cooperatives should be open to
existing small private entrepreneurs and tiny units sponsored under the weaker sections
programme. Exclusive cooperatives of weaker sections do not stand much scope for
success and growth. It is time to come to grip with field realities or otherwise the
mortality rate among cooperatives will continue to be an unavoidable phenomena.
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EVALUATION OF POULTRY PRODUCTION IN
PAKISTAN
Zia-Ur-Rahman
Department of Physiology and Pharmacology, University of Agriculture,
Faisalabad, 38040, Pakistan

DEVELOPMENT OF POULTRY INDUSTRY
Upto 1963, poultry, mainly desi (indigenous) chickens, was kept in backyard as flocks
of 4-10 birds. The "desi variety" laid 40-60 eggs per year. As a result of incentives for
poultry production in the "Grow More Food Campaign" in 1963, PIA-Shaver" emerged
the first breeding company and "Lever Brothers" as the first poultry feed in Pakistan.
In 1964, commercial poultry farming started at Karachi (pioneers: Sunshine Poultry
Farms, K & Ns Poultry Farms). Further development of poultry industry in Pakistan
occurred in four phases, which are summarized below:
Phase 1 :
Phase 2 :

Phase 3 :
Phase 4 :

Introductory phase from 1965 to 1970. Directorate of poultry production
at Karachi. Three feed mills and three hatcheries were started.
Institutional development from 1971 to 1975. Poultry Research Institute
founded at Karachi. Directorate of Poultry Development Started in Punjab.
Pfizer Started marketing poultry drugs.
The production boom from 1976 to 1980.
Suppression an(f adjustment from 1981 to 1990.

PROGRESS IN POULTRY SECTOR
The activities of this sub-sector account for 10 to 25 percent of the (1988-93) incomes
of small farmers and landless livestock producers depending on their accessibility to
the market. The share of Uvestock sub-sector in agricultural output and GDP is estimated
at 33.9 percent and 8.04 percent respectively for the year 1994-95 with annual growth
rate of 5.5 percent compared to 6.0 percent in 1993-94 (Table 1).
The poultry sector has maintained a somewhat linear rising trend with the average
annual growth rate of about 10-15 percent during the last five years. However, modem
poultry production in Pakistan is constrained by high early chick mortahty, poor quahty
feed combined with improper marketing system. Despite various concessions and
incentives provided by Government, the poultry industry has yet to make a rapid
progress. The main indicators of progress made by this sub-sector are summarized
below:
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Table 1. Progress of poultry sub-sector
Commodities

Unit

Layer

(Million Nos)

Broiler

1992-93

1993-94

Projected
production in
2000 A.D.

14.24

14.0

20

"

180.40

190.0

300

Desi birds

"

70.00

Poultry meat

(000 tons)

Eggs

(Million Nos)

Hatcheries

(Number)

Feed mills

"

264.00

80.00
296.0

150
470

5764

5740

10000

-

249

300

-

115

145

The layer industry is expected to increase by 6% annually, whereas the broiler industry
is growing faster, at 11%. Major breeding companies have recently set up five
grandparent farms which have now commenced operating.
Extensive small-scale poultry is traditional in most of the SA nations, contributing
more than 40% of the total poultry population. In the 1960's and 1970's the Indian and
Pakistan Governments have encouraged the establishment of small-scale units ranging
from 100-200 birds but, today, units of less than 2000 birds do not appear to be
economically viable. The progress from the traditional small backyard units to a semiintensive system and to more commercial large-scale units seems logical and almost
promising.
Additionally, small-scale poultry farming contributes to the supply and income to rural
people. It is estimated that rural poultry production contributes 28% of the protein
supply and takes second place of importance after milk products which contribute 38%
of the protein supply. Although rural poultry production is more time consuming and
less effective in terms of egg output than large commercial farms, it is realized that
small-scale extensive poultry production is a transitory stage towards large-scale
establishments.
PAKISTAN POULTRY INDUSTRY WITH RESPECT TO OTHER ASIAN
COUNTRIES
If the existing trends in growth rate continued, the human population will reach 10.2
billion in the year 2050 causing a tremendous pressure on the world food resources and
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other amenities. More distressing will be the situation in the developing countries where
95% of the future population growth will be seen but major increase is projected in
Asian particularly South Asia region which is already housing over a fifth of the world
population and is expected to reach 1.5 billion by the end of the century.
Poverty alleviation is the main thrust area in this region since 30-40% of the 1.1 billion
people living in this area do not have the basic needs of life. The population is growing
by around 2.3% annually (Table 2).
Poultry is recognized as one of the important segments in animal agriculture, particularly
in South Asian (SA) countries, where poultry keeping has been practiced for centuries
as a backyard operation among rural families. Small units of poultry are still kept under
primitive systems of backyard rearing in rural areas. In spite of encouraging growth in
the poultry sector, the per capita availability of eggs in the SA countries ranges from 853 eggs and 0.44 to 1.36 kg of poultrymeat as compared to 250-300 eggs and 25-30 kg
of poultrymeat in the developed countries.
Table 2. Human population in different regions (millions)
Av. annual growth

Region

Animal
protein
supplies
(g/cap/day)

1985

1992

2000

85-92

92-2000

South Asia

1000.1

1151.1

1364.3

2.2

2.3

8.3

Asia

2842.4

3237.6

3619.9

2.0

1.5

13.5

Worid

4854.4

5466.0

6228.3

1.8

1.7

24.7

Compared with the rest of Asia and the woîld, the SA has
-

Highest rate of population growth (Table 2).
Highest density of population.
Smallest area of potentially available new land.
Lowest allocation of cereal grains for animal feeds and
Lowest rate of per capita animal protein consumption.

Pakistan had a per capita consumption of 1.25 kg in 1992 but is expected to go up to
1.53 kg in 1995. It is interesting to note that Hong Kong and Singapore had the highest
per capita consumption of 45.16 kg and 42.32 kg in 1992 but Bangladesh had the
lowest consumption of only 0.36 kg which is expected to increase to 0.38 kg in 1995.
Pakistan egg industry is projected to have an annual growth rate of 9.0% to reach a per
capita consumption of 46 eggs by the end of 1996.
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The increase in egg production is considered to be more economical in comparison to
the chicken meat as lesser feed is required to produce one kilogram of eggs than one
kilogram of chicken meat.
PARENT STOCK
Most of the grand parent and parent stock owners are not paying proper attention to the
rearing of breeders with proper management, good husbandry practices and not following
the vaccination schedules properly. Parent stock being carrier of various viral and
bacterial diseases may act as a source of infection to transmit diseases vertically to
their offspring.
Genetically infected, poor quality chicks gain weight at a very low rate with poor FCR
and a high level of mortality causing a huge loss to the farmers.Good quality chicks
form a genetically resistant and well bred flock reared under good husbandry practices
is the only solution to get better growth, FCR, low rate of mortality and better economic
retum.Once an tgg is laid, that's it. Its quaUty can never be improved, which is why
every effort must be made to maintain that quality. Each fertile egg has a live, delicate
embryo inside, that required proper handling and storage to successfully hatch as a
quality chick.
IMPROVEMENT IN DESI BREEDS
Various efforts have been made in the past to improve the productivity of Desi chickens
through up-gradation and crossing with the exotic breeds.
A dual purpose cross-bred poultry viz. Lyallpur Silver Black (LSB) was developed at
the University of Agriculture, Faisalabad through a long term double cross breeding
program by utilizing the Desi (indigenous breed) and three exotic breeds i.e. White
Leghorn, New Hampshire and White Cornish. The hens of this breed matured at 180
days of age and produced 150 eggs in a year. The average body weight of male chicken
at 12 weeks of age was 3 pound. With the adoption of modem technology for being
compatible with our rural social set up, the rural poultry industry possess tremendous
potential in promoting and increasing the production of nutritionally rich diet for the
nation. This will not only improve the family income of villagers by seUing surplus
eggs and poultry but also help to stabilize the village economy. In view of the grains
and other food ingredients required for the commercial poultry, the rural poultry industry
will need special attention in future and will grow side by side the commercial poultry
industry.
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CURRENT STATUS OF FEED AND FEED ADDITIVES
Pakistan's feed industry, once able to support poultry production, now has its own
enormous problems because of the non-availability of essential raw materials and their
escalating prices. During the past two years, the feed millers have increased feed prices
but failed to maintain quality due to the inconsistency of local raw materials. Government
efforts to import soybean meal and maize were not successful as the landed cost of the
soybean meal rendered it uneconomical to incorporate in feed formulation. Little or no
research work is being conducted on alternative raw materials.
Full quality control, right from the purchase of raw materials, its storage at proper
temperature, moisture and in clean premises is necessary.
1. Production of animal protein ingredients like fish meal, meat meal, blood meal
etc. is not increasing corresponding to requirements while adulteration is on the
increase.
2. Production of vegetable protein ingredients like soybean meal, rapeseed meal (Towar
and Candle), sunflower meal is not increasing. This is limiting to improve quality of
poultry feeds. No doubt that the import of soybean meal has been allowed under
free Hst, but the impact intended has yet to be achieved.
3. Agricultural by-products like com gluten meal, com gluten feed, rice polishing,
rice bran, wheat bran, guar meal (toasted), oil cakes etc., are not being processed/
produced by keeping in view of their use in poultry feeds and no antioxidants mixed
to avoid rancidity, fungal growth etc.
4. Majority of the feed mills do not possess facilities to test chemically different raw
material used in the manufacturing of poultry feeds prior to purchase to know their
nutritive value for efficient formulation. The same is the position for compound
feeds.
5. Availability of raw material used in poultry feeds is seasonal and quality fluctuates
widely.
6. Compound poultry feeds supplied with inconsistent quality and standards. No
regulation is yet enforced to ensure supply of quality feeds.
AFLATOXIN IN FOOD, FEED, AND AGRICULTURAL COMMODITIES IN
PAKISTAN
The metabolites of several species of fungi have been known to produce toxicity in
animals and poultry. Such metabolites are called mycotoxins and the disease as
mycotoxicosis.
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The reduction in feed conversion ratio, weight gain rate and egg production are some
of the chronic effects of mycotoxicosis. At higher concentrations of ingestion they may
reduce the growth rate of young birds and impair immunologie responsiveness making
birds more susceptible to infectious organisms and diseases.
The production of these toxins is greatly influenced by the environmental factors like
humidity, temperature, suitable substrate, and time. The contamination problem becomes
acute under humid and warm conditions such as experienced in Pakistan.
Table 3. Proximate analysis of fínished feed sample
Test/Range in a
month

May-June

October

December

17.6-22.9

15.3-18.1

17.56-19.6

Moisture, %

6.03-8.37

6.87-9.5

5.5-8.8

Ash,%

7.09-9.05

6.06-9.5

6.8-8.07

Aflatoxin,ppb

2.1-196.4

9.5-196.2

40.3-71.4

Protein,%

DISEASE SITUATION
Current status of poultry diseases in Pakistan
Per cent flocks affected
Layer
Broiler
Viral
Bacterial
Parasitic
Feed-borne toxins
Undiagnosed

49.6
26.5
14.4
04.3
05.2

41.7
17.1
13.8
21.8
05.6

Seasonal distribution

Layers
Broilers

Spring
36.6
31.6

Per cent flocks
Summer
25.8
20.3

affected
Autumn Winter
18.3
19.4
17.3
31.8

Respiratory diseases are seen in layers throughout the year. Changing weather increases
intensity. Newcastle disease (ND) is the most common and widespread disease both in
layers and broilers. It is seen throughout the year with a trend of being more during spring.
Coccidiosis is the second most important disease both in layers and broilers although
coccidiostats are available. Feed associated problems are increasing, particularly in
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broilers, being maximum from August to November. Regular surveys of records of
disease conditions are not available. Practically all infectious and noninfectious disease
are seen under field conditions.
VACCINES
It may be possible to completely eliminate specific diseases by comprehensive and
effective vaccination. Selection of an appropriate program should be undertaken in
consultation with a competent avian pathologist.Immune status of chicks and the
persistence of maternal antibodies as measured by appropriate serological tests.The
recommendations of vaccine manufactures should be followed with regard to storage,
reconstitution and administration.
1. Strict regulations regarding import of exotic vaccines should be enforced. Import of
live-vaccines should be discouraged.
2. Vaccines should be prepared from local/relevant fully characterized isolates.
MEDICATION
Administration of specific medication can be justified in the event of acute outbreaks
of certain diseases such as coryza or coccidiosis. Medication should be regarded as an
activity of last resort to salvage production when preventive measures such as biosecurity
and vaccination have failed. Medication should be regarded as a temporary and specific
response to a flock problem and should not become a routine procedure.
BIO-SECURITY
Bio-security is a concept which should not be taken lightly. The recent outbreak of
Avian Influenza took the poultry industry by surprise and literally wiped out whole
pens, in some cases with 100% mortality. In Pakistan we are spending millions on
expansion systems but we are not paying as much attention to that basic concept of biosecurity. Bio-security is a reality we cannot ignore. It is an all en-compassing concept
of disease prevention, including sanitation, isolation, cleanup, disinfection, quarantine,
disposal of contaminated birds etc.
POULTRY MARKET
Due to lack of concentration on marketing, the selling price of both the poultry products
i.e. meat and eggs was adversely affected. This also has a direct bearing on the per
capita availability of poultry meat and eggs, besides causing substantial financial losses
to the poultry sector.
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To create a market which is defined as "Seller's Market" with a crowed of buyer's of
poultry products, it is necessary to remove all the major bottlenecks. This is the need of
hour to identify the major problems faced in the marketing of Poultry Products.
Solution to the Problems
1. To create a market which is called "Seller Market" by increasing regular demand to
avoid sharp fluctuations of price, irrespective of seasons and occasions.
2. To bring an end to the monopoly of middle man on prices by uniting producers and
organizing marketing on modem lines.
3. To improve marketing system by decreasing marketing channels, minimizing losses
occurred during handling and transportation due to outdated packing and
transportation system.
4. To educate consumers to bring change in their eating habits, and poultry product
can be cooked in many ways in all seasons and occasions.
Provision of processing plants, storage and refrigeration facilities along with
introduction of grading and packing system is necessary to streamline and modernize
the marketing system in the country.
EDUCATION
1. Continuing education provided to the inservice veterinarians.
2. Effective communications through extensive service be developed far the farmer
for the dissemination of relevant information for instance in the form of national
zoonoses reports for their control, prevention and eradication.
3. Master of Pubhc health & Ph.D. in Public Health education be estabhshed at the
University of Agriculture, Faisalabad and Lahore Campuses.
4. Education of consumer is very essential to increase utilization of poultry meat and
eggs.
5. Adequate education must be provided to vaccinators.
HEAT STRESS
In Pakistan, during summar season the temperature in some parts of the country
goes upto 45-52°C. Heat stress not only effects the quality but quantity of
poultry production. Following measures should be taken to reduce and/or eUminate
heat stress on birds.
1.

Use stock that has been bred and selected in hot countries.

2.

Flush water lines to keep water cool every 2-3 hours.
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3.
4.

Feed at coolest times (early morning). Use pellets to increase
consumption.
Add electrolytes and vitamins/minerals to water.

5.

Increase protein quality/quantity and vitamin levels as consumption drops (feed
consumption drops 1V2% for every 5°C rise above 28°C).

6.

Try to drop temperature to below 25 °C at night - the greater the diference between
day and night temperature the better it is for bird.

7.

Reduce stocking density by 25% (10 birds give off as much heat as a one bar fire).

8.

Double number of waterers - clean daily.

9.

Reduce carbohydrate levels (with palm oil) for lower heat increment.

10. Installation of exhaust fans and adoption of other measures to reduce poultry house
temperature.
HUMAN HEALTH HAZARD
a. Pollution
When people talk about agricultural pollution, they often single out poultry manures as
a major problem. But the mere presence of animal manures in a particular location
does not constitute pollution. These poultry residues can be managed properly and can
provide an important resource in crop and animal production.
b. Zoonosis
In view of the growing international movement of poultry, poultry meat, poultry eggs,
poultry feeds and the subsequent world wide escalation of the risks of global
dissemination of zoonotic diseases particularly salmonellosis it is recommended
that WHO & FAO in collaboration with national veterinary public health unit should
maintain a surveillance and encourage international co-operations in applying control
measures.
c. Flies
It is not until the flies become apparent in large numbers around the birds, egg processing
and packing areas, or outside the building, that they are normally perceived as a problem.
Houseflies have been shown to ingest and carry bacteria like salmonella before excreting
it up to 7 days later. In addition to the threat of disease the flies causes fly spotting,
which renders the building and general environment both unhygienic and unsightly,
and reduces egg quality. Adopt fly monitoring and control program taking following
steps:
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Step One

'

:

Monitor adult fly build-up routinely

Step Two

:

Monitor larvae and pupae regularly

Step Three

:

Maintain good sanitation and follow approved husbandry
practices

Step Four

:

Establish beneñcial insect population

Step Five

:

Use insecticides with care and caution

LABORATORY FACILITIES
Attention be drawn to the growing field of poultry laboratory services testing and quality
control of biological materials imported and/or locally prepared. Residual contamination
of meat and eggs be thoroughly tested in the laboratories to avoid any risks to human
beings as end users.
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STATUS OF POULTRY INDUSTRY IN NEPAL
I.P.Dhakal
Department of Veterinary Clinical Science, Institute of Agriculture
and Animal Science, Rampur, Chitwan, Nepal

Poultry population in Nepal was estimated 13.6 million at 1992/93. Chicken is one
of the most important meat suppliers in the urban areas which contributes 6.1%
of the meat supply of the country. At present, the layer hybrid strains are Hyline
brown, Hyline Silver brown, Babolna Tetrasl, Babcock Keystone brown and
Lohman. However, broiler hybrid strains are Hubbard (Nederland, Hubbard C &
M Group, India), Hubchix, Vencob, Arborecres, Anak 2000, Ross 208, Dekalb and
Avian 34. The local chickens called Sakhini compeses about 80% of the total
chickens. In 1993, total meat and egg production was 268 metric ton and 35.5
million eggs respectively. Percapita consumption of meat at 1994 was 456 and egg
was 882 g/person/year. The quality control measures do not exist or are weakly
implemented. Farmers are sometimes provided with substandard feed by the feed
millers and unidentified chicks supplied by Nepali Hatcheries and Indian traders
who have free access to marketing. Private hatcheries are harassed and can not
compete the price of unidentified chicks which are substandard. Other constraints
of poultry farming are lack of good quahty feed ingredients, absence of properly
equipped disease investigation and feed analysis laboratory, lack of biosecurity in
the farms, wrong vaccination schedule, lack of government control for importation
of parent stock, high interest on loan at Agriculture Development Bank and frequent
outbreaks of IBD causing high mortality in the flock. Attention should be given by
the private sector of Nepal for adopting the modern techniques in processing and
preservation of poultry products.
INTRODUCTION
Livestock is an important component of the Nepalese farm economy. It provides
meat, milk and egg for human nutrition, power for draft purposes, wool for clothing
and carpets and manure for fertilizing crop land and kitchen fuel. Moreover livestock
provides août 20% of the household cash income in the mountain and hills (Nepal
Rastra Bank, 1988). It contributes 14.3% to national GDP and 25% to Agricultural
GDP. Chicken contributes more than 8% of the agriculture GDP and nearly 3% of
the national GDP. Livestock population in Nepal is estimated 16.3 million and
poultry population 13.6 million.
A dramatic growth rate in chicken population is observed for the latter period 1988/
89 to 1992/93 which is 2.5 times the earlier annual growth rate.
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Since 1972 poultry industry has developed as one of the commercial enterprise in the
provate sector. Poultry industry in Nepal is emerging day by day from small scale
farmers who have kept 100 to 500 birds to big farmers having
25,000 birds. In the hilly area people are raising local birds i.e. Sakhini to welcome
the guests, worshipping the god and for home consumption. Eggs are used for
hatching. However, the commercial hybrid birds are raised in the town and cities
such as Kathmandu, Pokhara, Chitwan, Bhairahawa, Birgunj and Biratngar. The
local chickens have very poor productive performence in comparison to the commercial
hybrid birds and are also very resistant to the disease.
Table 1. Poultry population trend in Nepal
Year

Population

1984/85

8920281

1988/89

10158851

1992/93

13600807

Source: Agriculture Statistics Division, 1993

Local chickens "Sakhini" comprises about 84% and the commercial
hybrids 16% of the total chicken. However, the relative importance for m in eggs for
commercial hybrid is 87% and for Sakhini 12% and the remaining 1 to 2 % for the
improved poultry from the government farms (Livestock Master Plan, 1993).
In the urban areas, commercial poultry production predominates with broiler
production for meat supply and layers for egg production, almost all supported by
private sectors. Present hybrids are derived from the imported parent stocks.
Sakhini chicken weigh about 1.75 kg and produce about 67 eggs per year (Shrestha,
1982). Commercial chicken produce about 200 to 300 eggs per year and the broiler
wieghs about 1.6 kg in 6 weeks.
PRESINT SITUATION OF POULTRY FARMING
A. Poultry population. Distribution of poultry in mountain, hills and terai region of
Nepal is presented in Table 2.
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Table 2. Distribution of poultry in different ecological regions.
SN

Ecological regions

1.
2

Mountain

1274892

9.4

Hills

8939718

65.7

3.

Terai

338619

24.9

Total

13600807

100

Number

Percent

Source : Agriculture Statistics Division, 1993

Maximum numbers of chickens are raised at hills (66%) followed by terai region
(25%) and mountain (9%). The possible reason for raising highest number of chicks
in the hilly region is because of the high population of lower caste people in the hills
like Gurung, Tamang, Chhetries, Damai, Sarki, Kami etc. Brahmin people generally
do not eat the chicken meat and egg because of the religious taboo, so they rarely
raise the poultry in their houses, out of 13.6 million poultry, 8.5 million are broilers
and 5.1 million are layers.
B. Egg production. Table 3 presents the egg production in different regions of
Nepal.
Table 3. Egg production in different regions of Nepal.
SN

Ecologival
regions

Layer
population

Percent

Egg Production,
(000)

Percent

1.

Mountain

460650

10.9

32984

9.3

2.

Hills

2586184

61.30

219605

61.8

3.

Terai

1171030

28.90

102950

28.9

Total

4217864

100

355539

100

Source : Agriculture Statistics Divisin, 1993.

Chicken supplies 96% of total egg supply and the rest from the ducks. Over 60% of
laying chickes hens are found in the hills, however majority of the laying ducks are
found in terai region. The percapita egg consumption of the country has been estimated
to have been increassed from 15 eggs in 1984/85 to 20 eggs in 1991 and annual
growth rate of 4.76%.
The egg production trend in the last seven years indicates that there has been enormous
growth in the annual egg productin in the country (Table 4).
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Table 4. Yearwise egg production in Nepal
Year

Egg No. (000,000)

1987

260

1988

235

1989

274

1990

342

1991

354

1992

353

1993
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Source : FAO Poultry International, 1994.

C. Meat Production. As a Hindu country, slaughter of cattle is strictly prohibited
in Nepal. Chicken and duck meat are acceptable to majority of the people who are
non vegetarian.
Maximum percentage of meat is supplied at the terai region (85%) followed by hills
(13%) and mountains (2%). Although the population of the chickens are higher in
the hills, over 50% are supplied to the terai region.
Table 5. Poultry meat production in Nepal
Metric ton

Percent

Mountain
Hills
Terai

4
35
229

1.5
13.1
85.4

Total

268

100

SN

Regions

1.
2.
3.

Source : Agriculture Statistics Division, 1993
Table 6. Growth in meat production from 1984/85 to 1991/92
Year
1984/85
1991/92
Percent growth
rate per annum

Meat production (kg)
5299
9195
9.19%

Source : Agriculture Statistics Division, 1993

As presented in Table 6, the percent growth rate of chicken meat is 9.19%. Chicken
is one of the most important meat suppliers which contributes 6% of the total meat
supply of the country. A significant proportion of chicken meat is also supplied from
India.
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D. Percapita consumption. Percapita consumption of egg and meat in Nepal is
presented in Table 7.
Table 7. Percapita consumption of egg and meat in Nepal
Year

Egg Consumption
g/person/year

Meat Consumption
g/person/year

1985

757

320

1986

774

325

1987

753

325

1988

738

338

1989

742

342

1990

884

465

1991

901

468

1992

882

456

Source : FAO Poultry International, 1994

Percapita consumption of tgg and meat in Nepal is very low. In Nepal, percapita
meat consumption is 456 g. in comparison to the world record of 6,849 g. Similarly
the percapita egg consumption in Nepal is 882 g. in comparison to the world record
of 5,942 g. (Poultry International, 1994).
E. Poultry breeds available in Nepal. Different breeds of broiler and layer parent
stock available in Nepal are shown in Table 8.
Among the broiler hybrid available in Nepal, Hubbard is preferred by majority of the
farmers followed by Arborecres and Vencob. Similarly, Hyline brown is preferred
by majority of the farmers followed by Babcock in case of layers. The new breeds
Silver brown, Babolna Tetrasl and Hubbard Golden Comet layers have not been
evaluated by the farmers till date.

PROBLEMS OF POULTRY FARMING IN NEPAL
1.

Nonavailability of the feed ingredients such as fish meal, soybean cake, ground
nut cake, meat meal, maize gluten etc. withn the country, so the feed industry
people should import these ingredients from India.
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Tablp.8. Lists of broiler and layer breeds marketed in Nepal
Birds

Breeds
Broiler

B.

Layer

L
2.
3.
4.
5.
6.
7.
8.
9.

Hubbard (Netherland)
Hubbard (India)
Hubchix
Vencob
Arborcores
Anak-3000
Dekalb
Avian-34
Ross-208

L

Hubberd golden Comet
Hyline brown
Hyline silver brown
Babolna Tetrals
Lohman
Babcock
Keystone

9

3.
4.
5.
6.
7.

2.

Lack of good housing, management and biosecurity measures on the farm.

3.

Importation of parent stock bhndly without considering the adaptation of the
breed.

4.

Lack of equipped disease diagnostic laboratory.

5.

No facihty for regular testing and monitoring of the flock.

6.

Lack of quarantine act for the control of chicks entering the country.

7.

Lack of awareness and technical knowledge in the poultry entrepreneur.

8.

Government contribution in poultry industy is negligible.

9.

Instability market for egg and meat.

10. Lack of insurance facility for poultry industry.
11. High interest on the loan provided by Agriculture Development Bank and Finance
Companies.
12. Lack of slaughter house and processing plant for the supply of hygienic meat.
13. Infectious Bursal Disease, Chronic Respiratory Disease and New Castle Disease
are the major diseases affecting the poultry industry of Nepal.
14. Lack of encouragement of private sector participation.
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STRATEGIES FOR THE DEVELOPMENT OF POULTRY INDUSTRY IN
NEPAL
1.

There should not be any tax for importation of parent stock, feed ingredients,
lysine methionine, coccidiostats, vitamins, feeder, waterer, plastic trays, generator,
air cooler, chick boxes etc.

2.

Since poultry industry is having a great potential for increasing national economy,
there should be a separate department of poultry husbandry under Agriculture
Ministry, HMG of Nepal to look after the poultry' industry. The private sectors
should be encouraged from the government side and facilities should be provided
to improve this highly challenging profession.

3.

Egg producers cooperative society should be established and marketing channels
should be developed.

4.

For stimulating and encouraging the local entrepreneurs, high tax should be
levied at the border for eggs and chicks coming from India. It really disturbs the
marketing of poultry products in local situation.

5.

National avian disease diagnostic laboratory should be established at the central
region of Nepal and its branches should be opened in each region of the country.

6.

National feed analysis laboratory shuold also be established in each region of
the country.

7.

Poultry farmers should be trained from time to time to let them know about the
modem concept of poultry farming.

8.

For proper record keeping and improving this industry in a systematic way, one
"National Documentation Centre" should be established in the country.
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3. PROBLEMS OF TRANSFER OF TECHNOLOGY
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TECHNOLOGY NEVER COMES ALONE
G.J. Koeslag
DHV Consultants BV (The Netherlands)
Second Agricultural Technology Schools Project c/o Vocational
Education Development Centre for Agriculture Cianjur, 43201,
Indonesia

In brief, the issue is that technology, in and of itself, is not sufficient to bring about
significant changes. It is important to recognize, in international education and
training of trainers and extensionists, that the adoption of technology is not seen
isolated from other important conditions in terms of markets, prices, availability
of inputs, adequate credit and everything else that fuels the operation and growth
of the (poultry) production system.

INTRODUCTION
Where technology is subject of discussion there is need to consider the farmers, who
have to adopt, those who have to transfer technology and the technology itself.
It is appreciated that the theme of the XXth World's Poultry Congress is 'Poultry Science
and Technology - New Vistas' will emphasize all aspects of poultry production useful
for both developed and developing countries.
Unfortunately few examples of successful schemes of small scale poultry farming in
developing countries are known (for sure there are), whereas there is quite a number of
large scale poultry enterprises in developing countries which reach production levels
equal to their counterparts in industrialized countries. This sometimes gives rise to the
idea that the latter type of technology is preferable over the first. However, it should be
realized that in many developing countries small scale producers of eggs and broiler
meat still produce the bulk of total production and that the large scale specialized
enterprises produce for certain market segments in the economy.

METHODOLOGY
The content of this paper merely reflects my experiences in a career in agriculture
education and practical training of in-service students, mainly coming from developing
countries. Furthermore it includes experiences during a number of longterm overseas
assignments. It is emphatically stressed that the paper is not pretending to be complete
in terms of summing up the problems of transfer of technology.
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It is a coincidence that this WPSA Congress is held in the year that the institute, where
I used to work till October 1994, is commemmorating its 25th anniversary of conducting
international courses and programmes for persons originating from other, mainly
developing, countries. This institute is B ame veld College, B ame veld, the Netherlands
and after a merger in 1992 with some other practical training centres in animal production
renamed in Innovation and Practical training Centre (IPC) Livestock Bameveld College.
TRANSFER OF TECHNOLOGY THROUGH EDUCATION AND TRAINING
Barneveld College (in Dutch Praktijkschool Barneveld) and now IPC Livestock
Bameveld College as well is governed by the farmers' organizations in the Netherlands.
However, for the greater part the farmers' organizations depend on funding through the
Ministry of Agriculture, Nature Management and Fisheries. For a certain part of its
activities Bameveld College had to rely or now increasingly relies on generating income
through activities which were and are not subsidized. During the late sixties quite a lot
of requests from nationals from overseas countries reached Bameveld College for
training in poultry production. These requests have been honoured by admitting several
candidates from other countries to the courses in the Dutch language at Bameveld
College. That was already a problem because the students lacked sufficient Dutch
proficiency to fully understand the details, although some of them had attended as well
a Dutch language course. The contents of the curricula of these early courses were
merely a copy of the courses of Barneveld College, only translated into English.
Furthermore the facilities and accommodations as they were available for Dutch farmers
and students were used in the training for the intemational students.
In 1971 the Board of Govemors and Management of Bameveld College decided to
offer intemational courses in a) poultry husbandry and b) in pig husbandry. The medium
of instmction was EngHsh. The duration of the courses is 6 months. Although more
courses and training programmes are offered at IPC Livestock Bameveld College, this
paper will be limited to the 6 months intemational courses, and in particular on poultry
husbandry.
Participants of the above course(s) have to meet a number of requirements:
a.

Age preferably between 25 and 40 years;

b.

At least they should have an Diploma or B.Sc. degree in agricultural science,
preferably with a major in Animal Science;
At least 3 years working experience in relevant occupations in agricultural education
and/or extension;

c.
d.

Competent in English;

e.

Willingness to perform manual farm work.
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The majority of the students are granted a fellowship, through the Dutch Ministry of
Development Cooperation, to attend these courses. Students originated from Africa,
Asia, Carribean, Latin-America and the Pacific.
PERFECT EXAMPLE OF TRANSFER OF TECHNOLOGY?
During the previous years a number of issues surfaced that have been considered:
(i)

Different Concepts of Technology Transfer Systems in Agricultural Extension
and Extension in the Netherlands Compared to Developing Countries:

Technology transfer systems date back to times long ago. When humans started to
practise sedentary instead of shifting agriculture, traditional systems of education and
extension evolved, shaped mainly by the then dominating socio-economic conditions
and cultural traditions.
In industrialized countries, including the Netherlands, new forms of technology have
developed, which place emphasis on the expansion of cash crops and produce as well
as exportable commodities. It is no news that the Netherlands has a highly export oriented
poultry production sector. As agriculture and poultry farming technology in the
Netherlands developed in this way, at the same time the pattern of extension and
education emerged to producer-based demand-driven systems and as such have been
considered as the most efficient forms.
In contradiction, students from developing countries have been working in top-down
supply-driven systems which have not adeqautely addressed the socio-economic
situation of the farmers in their countries and in particular the small farmers.
This implied that teachers and instructors had an appraoch towards poultry production
in developing countries, which was not understood by the participants in the intemational
courses.
Emphasis on the family farm for instance could not be compared with the 'extended'
family situation that was wellknown to the majority of the students.
This situation was particularly common during the first years that the intemational
courses have been conducted. Through the employment of teaching staff with longterm resident experience in animal production projects in developing countries more
attention was paid to the differences in approaches of transfer of technology.
(ii) Inappropriate Technology
The evaluations at the end of the courses, completed by the participants of the
intemational courses, revealed that there were certain aspects, in their opinion, which
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were not dealt with properly in the courses. One of them the limited usefulness of the
available technologies in the Netherlands for the situations in the homecountries of the
students. This in spite of the fact that the technology in the Netherlands appears sound
when evaluated using the criteria of the teachers and instructors at B ame veld College.
With reference to the above students' opinion about the contents of the courses there
was first the idea of 'the technology is good, the students are at fault'. Transfer of
technology was based more on the supply of technological information than on the
consideration of limitations at the farm level in the countries of origin of the students.
So later the awareness came that the introduced technologies at B ame veld College
were simply for some part inappropriate for the specific conditions under which the
graduates had to work and perform upon return to their countries and work.
As a result of this, changes took place at the College. More less sophisticated and
automative systems for poultry production were (re)introduced in some part of the
farms of the College. (These facihties are commonly referred to as the 'small units').
The determinants of the viability of technology for application in developing countries
is more complex than simple maximzation of o^gg or broiler-meat production. During
the years it has become more and more clear that technologies must be evaluated in
terms of both their technical performance under environmental conditions (unless
completely environmentally controlled systems are considered) typical of poultry farms
and in terms of their conformity to the goals and socio-economic organization of the
poultry production system.
Despite these adjustments some criticism remained. A very small number of students
claimed that Bameveld College and the Dutch poultry industry were not wiUing to
share its newest technology with them.
(iii) Attitudes and Values
Although there might be more, a number will be mentioned here, viz. Man-Nature
Relationship, Activity, Time.
The experiences of the, mainly Dutch, teachers and instmctors of the international
courses at Bameveld College made clear that there were and are some areas of human
thought that peoples of all cultures must have attitudes towards and set value on.
The subdivision that follows is rather generalized, but it is difficult in the context of
this paper to be more detailed. It will, however, make the positions of the Dutch teachers
and instmctors and the intemational students respectively more clear and understandable:
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Value
(eastern)
Man-Nature
Activity
Time

Dutch (western)

Developing countries

Mastery over
Doing
Future

Harmony with
Being
Present

The above had and have implications for teaching and instructing.
Commercial agriculture, and commercial poultry production in particular, to be
successful require the following orientations:
a)
b)
c)

Man-Nature
Activity
Time

Mastery
Doing
Future

Therefore the job of education and instruction at IPC Livestock B ame veld College
requires that the international participants be taught and instructed in such a way that s/
he changes her/his value orientations from:
a)

Living in relative harmony with nature to having mastery over nature

Some examples:
1.

Throughout modem poultry production the trend is toward more intensive methods.
In many countries, since the 1920's, backyard fowl have been replaced by chickens
to produce eggs and meat in large quantities. The old-fashioned chicken reared
outside on com stubbles and kitchen leftovers has been replaced by the broiler,
that is produced (in environmentally controlled houses) in 6 - 8 weeks. The rapid
changes in poultry farming methods can be attributed to the application of advanced
technology. For instance the development of the incubator to replace the mother
hen sitting her seasonal clutch of eggs might be the most prominent step forward
in intensive poultry production and in having mastery over nature.
A value orientation which allows farmers to live in harmony with nature has no
experience of efforts to control diseases, of control of the environment in which
birds live and of production planning. These things had and have to be demonstrated
in the College farm. To make it extra useful it is necessary that students demonstrate
these to themselves so that it becomes part of their experience.
This was and is done at Bameveld under the motto: 'teaming by doing' and it was
and is part and parcel of the contents of the intemational courses.
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2.

During excursions participants sometimes were shocked by the sheer magnitude
of for instance a poultry slaughtering unit (in the earlier days there were still
opportunities to get access to them. Nowadays that is extremely difficult). The
way in which the organization of such an unit was planned and implemented was
beyond their mental grasp, let alone the sight of thousands of chickens hanging
from a conveyor and which were stunned, killed and processed respectively.
b)

A 'being' attitude to a 'doing' attitude
Again there is the danger that this attitude or value is too general, but it still
holds for many parts of the developing world. Just taking things as they come.

Some examples:
1.

The fact that students had and have to be able to anticpate on developments and
events in production, makes it necessary that they are able to think mathematically.
Some of them had problems in calculating what are considered simple production
indicators like feed conversion ratio, daily growth, egg laying percentage etc. In
some instances it appeared that arithmatic was only superficially taught and
exercised at their alma mater.

2.

Furthermore it has been experienced that the students were not used to problemsolving thinking. It appeared to be extremely difficult for them to independently
come to certain solutions for problems which they encountered during the practical
classes and during their compulsory traineeship at the College farms. Partly this
can be attributed to the education system which is still predominant in many
countries and which emphasizes reproductive skills rather than problem solving
skills.

3.

As from the first day of arrival students were expected to be completely involved
and up-to-date with the theory taught and instructions given. The contents of the
international course are interrelated. Subjects have links with each other. This
caused for quite a lot of participants, great difficulties. They were not used to plan
very much in advance. And when assignments, tests or exams were near they had
to go to great lengths to finish the assignments or to be well prepared for tests and
examinations.

c)

a 'present' attitude' to a 'future' attitude

In general this attitude makes that many students did not have experience of planning a
programme of work or of the self discipline required to carry out such a programme or
to adhere to a strict schedule of homework. Many of them had problems with the latter.
Reference is also made to the previous attitude of 'being' versus 'doing'.
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TECHNOLOGY ADOPTORS
The above mentioned features will be holding for the technology adoptors as well and
in some instances may be even more.
It is not a secret that farmers in developing countries and more in particular the small
farmers have frequently rejected or only partly adopted 'improved technology'. This
occurs despite the technology's higher level of productivity, its calculated economic
profitability and its beneficial contribution to the larger society.
The most acceptable diagnosis is that the cause of non- or partly adopting is inadequate
support systems for (small)-farm agriculture, such as training and extension, credit,
input supplies and marketing facilities to make the introduction of the 'improved
technology' a reality.
Furthermore the viability of the 'improved technology' is sometimes questionable in
the framework of the socio-economic organization and goals of small-farm systems.
Aspects of family labour, of access to land (in case of poultry production less dominant),
etc. are indicators. (Small) Farmers will evaluate any introduced 'improved technology'
in terms of its compatibility with the goals of the farm household and the constraints
and opportunities confronting them. The small-farm sector is a diversified one, contrary
to that of large-scale commercial farmers, whose behaviour is much more uniform
because their decision-making is chiefly influenced by the market. In the case of small
farmers, they are significantly different among countries, among regions of a country,
and even among those within the same region. That makes transfer of technology even
more difficult to implement.
THOSE WHO TRANSFER TECHNOLOGY
In this paragraph attention is paid to those persons, who have to transfer technology to
farmers, as is the case with the alumni of the international courses at IPC Livestock
Bameveld College. After graduation they are supposed to return to their countries and
to their previous jobs.
(i)

Technical skills
The idea that the supply of technology should be well suited to a demand, carries
with it the idea that the technology to be transferred must be workable and that
those responsible for transferring it must have the necessary technical skills.
It is thus obvious that the students, who have been and will be selected to attend
international courses at Bameveld must be made thoroughly familiar with the
practical aspects of poultry farm management and production systems.
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(ii) Hardware
Those who have to transfer technology by either education and training or by
extension often suffer from muddles. The work expected of a functionary at any
level must be clearly delineated, be reasonable in amount, relevant to their
profession and in particular backed by appropriate support, like teaching materials,
transport, backstopping, training and equipment.
Appropriate salaries and career structures nevertheless make little sense if staff,
once in position, are not able to work.
In too many cases alumni of the international courses at Barneveld College
complained that upon return to their previous duty station they found animosity
among colleagues, distrust from superiors and other barriers for good functioning.
(iii) Motivation
Time and again it is shown that when alumni are well motivated they will find
sufficient variation in (poultry) farming practices and standards to work with even
in situations that significantly improved technology is either not available or cannot
be promoted for obvious reasons, indicated earlier.
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PROBLEMS OF TECHNOLOGY TRANSFER IN
BROILER BREEDER MANAGEMENT SYSTEMS
J. Brake
Department of Poultry Science, North Carolina State University Raleigh,
North Carolina 27695-7608 USA

Successful technology transfer requires more than simply transplanting technology
from one location to another. This is particularly true for broiler breeders where
genetic progress for non-reproductive traits has been remarkable. A successful
technology transfer team must be well-grounded in basic disciplines as well as
practical husbandry. The team must have knowledge of local conditions and be
wiUing to invest sufficient time to fully evaluate the technology. A local supply of
spare parts and sufficient infrastructure such as utilities must be available to
support the long-term use of mechanical technology. Inclusion of an educator in
the technology transfer team will facilitate the education of future personnel.

INTRODUCTION
It should be stated that there are very few true experts, but there are many experienced
specialists in any given field. Broiler breeder management is no exception. These
specialists are required to have a broad knowledge of many supporting disciplines such
as nutrition, physiology, pathology and engineering. Taken together these constitute
"management." Successful technology transfer most often occurs when there are wellqualified specialists on both sides with complimentary and supporting skills necessary
to manage the changes needed in areas which are affected by, or have an effect on, the
successful implementation of specific new management technology.
The above thesis suggests that a simple purchase of technology such as ventilation or
feeding equipment has a significant chance of producing less than optimum results, if
not outright failure. Successful technology transfers are well-supported by some type
of educational effort. Educational efforts require time, and time is money, which
necessarily raises the cost of the new technology. Thus, implementation of new
technology often evolves to "trial and error." While this is a time-honored approach, it
can be laborious, frustrating, and eventually more expensive.
TECHNOLOGY TRANSFER TEAMS
It can be argued that the assembly of a technology transfer team comprised of specialists
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in the recipient location to interact with an outside speciaUst(s) experienced with the
technology may be the most cost-effective way to successfully transfer technology.
However, this team must possess a broad combination of skills and knowledge in order
to fully explore and anticipate all of the eventual difficulties which will arise in the
recipient location.
Each recipient location has a unique blend of "local conditions" which include the
feedstuffs, ambient temperatures, seasonal rainfall, prevailing diseases, utilities, labor
pool, and environmental (waste) constraints. These local conditions are often blamed
for the failure of a new technology. It is probably more true to blame incomplete
assessment of and accommodation for these "local conditions." The technology transfer
team must have a thorough knowledge of the basic fundamentals (disciplinary issues)
underlying the technology and must either have the knowledge of, or plans to study,
how the new technology will interact with local variables. Typical failures are
characterized by incomplete discussion of basics. The applied aspects, the "which
control does what," are always discussed and are generally detailed in a manual. Full
discussion of basics requires a technically competent student-teacher relationship with
various management scenarios used as tests of understanding and completeness of the
management plan. The scenarios must be posed by both sides. The recipient side will
draw from the "local conditions" viewpoint while the teacher will draw from prior
experiences.
INFRASTRUCTURE
Technology transfer involving equipment often fails due to the absence of replacement
parts. Importation can be time-consuming and expensive. An adequate supply of
spare parts must arrive with the technology, if the technology is mechanical, and
provision for local manufacture or further importation must be assured. Furthermore,
local manufacture of the technology has distinct long-term advantages, as it assures the
development of local expertise which is vitally interested in assessing and compiling
the effects of "local conditions." Of course, a consistent electrical supply is often
obligatory for success.
LOCAL DIETARY IMPACTS
In many parts of the world there is considerable competition between animals and
humans for scarce food resources. Consequently, unique dietary formulations are
utilized. Contrary to popular opinion, these unique diets often have considerable
advantages. Low energy diets are very good examples of this. We recently found that
broiler breeders require about 23,000 kcal cumulative metabohzable energy (ME) at
photostimulation (Peak and Brake, 1994). We also found that ME and not crude protein
(CP) determines body weight at photostimulation (about 20 weeks of age) (Brake and
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Walsh, 1995). With a typical 15.5% CP diet at 2.70 kcal/g the breeder pullet will consume
7.5% more CP to 23,000 kcal than a pullet reared on a 2.90 kcal/g diet typical in the
USA. This additional protein probably accounts for the often observed excellent fertility
on these diets. Such paradoxical possibilities must always be considered. Persons
involved in technology transfer for poultry must learn "to listen to the chickens."
EDUCATIONAL SYSTEM SUPPORT
The long-term success of a technology depends upon the incorporation of basic principles
and appreciation of the technology into the local education system. This necessitates
inclusion of educators into applied practice. Identification of an educator with
disciplinary knowledge relevant to the technology and inclusion of the technology
transfer team will enhance long-term success and immediate understanding of the basics
of the technology.
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PROBLEMS OF TRANSFER OF TECHNOLOGY
I. Alfred Jayaprasad

IM

Director of Research, Tamil Nadu Veterinary and Animal Sciences
University, Madhavaram Milk Colony, Madras-600 051, India

The productivity of livestock and poultry has improved only marginally in the less
developed countries over the years. The lack of progress might be due to attempts
to transfer scientific technologies without assessing the local constraints. Some such
constraints involved in technology transfer are discussed here and the need to
identify means to overcome the same wherever possible is also indicated.
INTRODUCTION
The term 'transfer of technology' refers to the process by which technology produced
and identified as useful at research institutions is made available to the farmers at
large for effective implementation. There has to be constant linkage between the
research centres and the field farmers. The linkage has to be fast and effective. The
measure of success of effective process of transfer of technology is the extent of
achieving the desired change in the concerned sector.
However, the effectiveness of such a process of transfer of technology is faced with
several constraints.
Direct Transfer
If the technology produced or generated in one place becomes directly implemented
in another place, it is considered as direct transfer. The speed and extent of direct
transfer are dependent on investments in both the sending and receiving places. Direct
transfer is inhibited by differences in climatic, economic and policy conditions in the
sending and receiving regions and the economic advantage from the 'Technology' in
the receiving region is only a proportion of the advantage that it conferred in the
original or receiving region (Evenson, 1994). The 'spill-in' technology is asymmetric
between regions and the regions doing the most research are net exporters to other
regions.
Indirect Transfer
There are also opportunities for carrying out local research or adaptive research. The
problems encountered in direct transfer like climatic factors can be overcome by
carrying out screening and evaluation of the suggested technology under local
environment. Further, there is imperative need for adaptive research because, usually
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technologies developed under laboratory contitions were products of research work
carried out under the highest standards of management. Such technologies when tested
in the farmers fields or farms where they cannot be expected to provide similar
standard environment, the results or benefits tend to differ due to technology Vs
environment interactions. The provision of such adaptive research opportunities by
one research unit to another is termed as indirect transfer. Domestic or local regional
level research has its major contribution in improving productivity through indirect
transfer of technology. In the absence of research capacity in the receiving region,
little could be expected by way of indirect transfer. For example, if a region "j" invests
in a high level of research and region "i" does little research, then more technology
will be transferred from region "j" to "i" than the reverse. The transfer would be 'one
way' or end of the chain transfer which is described as 'mother - daughter type
relationship' (Evenson, 1994); technology transfer then flows mainly "down stream".
Cost factor
Cost factor affects both the processes of technology identification and technology
dissemination. The availability of research institutions and the choice of testing a
technology within available institutions are determined or prioritised based on economic
and related considerations.
The high cost of adoption of an identified useful technology also acts as an impediment
to adoption of the same, eg., pelleting of feed in poultry production (Alfred Jayaprasad
and Prabakaran, 1993). Cash flow problems of resource poor farmers generally limit
the rate of adoption of new technologies unless there is an immediate return (eg., as
in milk production) or there are financial incentives through credit and marketing
infrastructures (Preston and Leng, 1994). The personal experience of this author also
has been that technologies which improved egg production (scope of immediate
result) were adopted readily by the farmers compared to technologies introduced in
broiler production in which the results could not be observed readily on a day to day
basis and were noticeable only at market age, during which period, the interplay of
other factors could not be delineated from the effect of the adopted technology by
the farmer.
In less developed countries, the unit size also poses a problem. In rural areas, the unit
size of livestock or poultry farms is so low as to make it impossible the trial or
implementation of new technology and the limited size of operation also pushes up
the cost of adoption of new technology measures.
Resources
Availability of resources in the form of infrastructure facilities also acts as a constraint
in effective transfer of technology. Lack of an institutional arrangement conducive
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to continuing improvement in livestock and poultry production will limit the scope
of transfer of technology. Only a few less developed countries have developed strong
adaptive research and extension systems that are closely linked to each other and to
farmers. Evolution in institutional mechanisms to increase the flow of relevant and
useful information from various resources to and from farmers is needed to sustain
effective transfer of technology process in future and the policy initiatives of the local
government towards the same are essential.
Investments in institutional development, technical assistance and training have been
found to be relatively successful in technology transfer through past World Bank supported projects (Dalrymple and Srivastava, 1994). The input supply systems also
need to be geared up to get maximum pay off from investments in research and
extension.
Lack of investment in research in a region makes it 'dependent' on other regions with
high investment in research, for most of its technology are already evidences of one
way transfer between more and less developed countries.
The lack of availability of skilled resident management is another factor that could
inhibit the adoption of management intensive technologies and affect the researchers
judgement about the type of technical change that is worth pursuing (Jarvis and Sere,
1994).
Suggestion for transfer of any new technology has to take into account the availabihty
of any needed resources in the region. To optimize the use of local resurces and to
ensure maximum benefits to the resource-poor farmer, the technology needs to be
adapted to local skills and knowledge apart from local conditions. Large capital inputs
can not compensate for the failure to adapt the technology to use efficiently the
available resources in the region. Recognising the value of available resources and
effective utilisation of these resources can form the sound basis for sustainable poultry
production.
Demographic Factors : Education
The literacy level of farmers is also important in deciding the level of adoption of
suggested technology. Education level determines the extent of contact of farmers with
the extension agencies (Raja Subramanian, 1992) and also their attitude towards
adoption of modem techniques (Maheswaran, 1993).
Byerlee (1994) also stated that the flow of information on improved management will
be greatly enhanced at all levels by the emergence of a better educated, literate class
of farmers who can effectively seek out and process new information.
387

Gender
In India, Ghosh and Mukhopadyay (1986) showed that 60.49% activities related to
animal husbandry were carried out by females and 39.51% by males while Bhati and
Singh (1987) observed that 57.0% of works related to dairying were carried out by
women and 43% by men. Women were found to be more actively engaged in production
related activities and the men in market related activities. However, women make up
only 17% of the total country wide membership in primary producers co-operatives.
In poultry production also, Narmatha (1994) reported that women took active part
in farm oriented activities while men were actively engaged in commercial activities.
In practice, however, women usually do not gain access to training in modem livestock
and poultry production techniques compared to the men folk in spite of their leading
role in respective production processes. Hence, the extension agencies in India need
to target more women to make the technology transfer more effective.
Leadership
Technology transfer will be easier when the local leadership is innovative and risk
taking. When the leadership is absent or found lacking in these qualities, the opportunities
in technology adoption are not taken.
Many government institutions are also highly centralised resulting in censored flow
of informations down the stream. The low level institutions are not allowed sufficient
flexibility to follow their ideas on what is in demand by farmers. Hence, even the
government leadership needs to be more realistic in planning and execution of
technology transfer projects.
Public as Private Sector
A joint public-private sector effort is needed to improve both research and technology
transfer. Initial efforts in terms of basic infrastructure, markets, appropriate price
policies and availability of inputs need to be taken care of by the public sector and
the government. The public sector need to play a complementary role in initiating
such changes and the private sector should quickly assure a greater role once adoption
of technology is underway. Although private research enterprises were often found
to be more efficient than public entities, neither is likely to maximise efficiency in
the absence of competition.
Experience had shown that disproportinate reliance on the public sector and the
relative neglect of the private sector had resulted in deterimental effects. Especially,
the scope for private sector efforts in R & D and technology transfer in developed
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countries is considerable and the private sector also has a high degree of transferability
of their R&D efforts. Chilean experience in fruit sector suggested that the private
sector in less developed countries might generate greater amounts of agricultural
technology than is generally expected (Jarvis and Sere, 1994). Economic reform
measures being ushered in many of the developing countries will also open up gates
to private sector in these areas.
Role of NGO'S
The non-government organisations are also playing a major role in technology transfer
process in India. World Bank has begun to appreciate the worth and use of NGOS,
relative to governments agencies as alternative providers of technology (Smyle et al.^
1994). The NGO's were found to be hungry for valuable information and technologies.
Published information was found to be not available to even governments' own low
level staff operating at district and village levels. Information need to be made
available to both government agency staff and NGOS and directly to the end users
also to pave way for effective implementation of identified, useful new technologies.
NATURE OF TECHNOLOGY
Diversity
Research is important in approving the adaptability of new varieties to the local
environment. However, over dependence on a single variety may increase the chance
of potential hazards like some disease or pest attack or may even lead to adverse social
reactions or environmental problems. A single variety may deplete a given nutrient
from the soil or may require application of a type of a chemical which may pollute
the environment in the long run. Hence, diverse germplasms need to be introduced
and tried.
Long term nature
Long-term and growth oriented interventions are required compared to ad hoc
interventions which would offer relief from only short term constraints. Such
technologies can not be sustainable and useful in the long run.
Application
Often good technologies are not properly applied and hence are rejected as useless.
On other occasions, new technologies are deliberately "locked-up" by research scientists
when they conflict with their agendas dictated by foreign workshops, potential papers
etc. A certain degree of influence and persistence is required to break into the system.
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The 'new' technology also needs to be flexible to offer scope for minor modifications
at local level to suit the farmers' conditions and their demand.
Delays in transfer
Sometimes, the time lag in technology transfer is very large running into several years.
It needs to be bridged taking advantage of vast improvement made in communication
and information technology. We need to develop new and innovative approaches to
remove delays in transfer as major constraints in technology transfer process. Effective
linkage measures need to be established among different research and extension
engaged in identification and implementation of new technologies.
Environmental hazards
Transfer of technology efforts may result in increased number of livestock and poultry
in future. An increase in number of livestock and poultry may, in the long run, result
in global warming, depletion of fossel fuels available on the earth and accumulation
of wastes. A three pronged approach is required to identify sustainable technologies
to offset such influences.
i.

Attempts should be concretised to improve the productivity of food animals
without merely concentrating on increasing the number of livestock and poultry.

ii.

Byproducts and crop residues from agriculture and other industries need to be
put to more use in livestock production and the dependence on grains for which
the humans also compete need to be reduced.

iii.

Wastes from livestock need to be recyled effectively. Research works are already
in progress in our institutions (Chandrasekaran, 1993; Maqbool Ahmed, 1993
and Doraisamy, 1993) on recycling of poultry manure in sheep, goat and poultry
production. Wastes from other livestock industries also need to be recycled
effectively by identifying and transfering appropriate technologies. This will
ensure their benefits of incrased profits and reduced environmental hazards.
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TECHNOLOGY TRANSFER TO THE POULTRY
INDUSTRY
M. D. Ruff
U. S. Department of Agriculture, Agricultural Research Service, BARCWest, Beltsville, Maryland, U.S.A., 20705

Shrinking research budgets is all phases of public and private research have
increased the requirement to justify expending funds. A prime way to
demonstrate the relavance of research is to show that the resulting technology
or information is needed by industry. This transfer is proactive, not passive and
researchers need to be aware of the tools available to them beyond the traditional
vehicles of presentations and journal publications. The rapid and efficient transfer
of technology from research organizations to the poultry industry is essential if
we are to continue to provide a safe and economical product to the consumer.
INTRODUCTION
The amount of information and technology available to the poultry industry is
increasing rapidly. Overall, 95% of the technology available to agriculture did not
exist 30 years ago. Thirty years ago, an average successful product that was introduced
remained in the global marketplace for 15 years; today the average life span for
many products is only 3 years. The poultry industry has been a model for the
implementation of new technology for genetics, nutrition, feeding, management and
disease control. This has enabled us to provide the consumer world wide with an
ever increasing amount and variety of cheap, safe, and nutritious poultry products. It
is estimated that 95 % of the technologies we will use in 20 years have not yet been
invented. A recent study by the return on equity from investment in agriculture for
an efficient, competitive and profitable poultry industry that we not only make strategic
technological advances, but that they be rapidly and effectively transferred to those
who need and will benefit from those technologies.
RESEARCH AND DEVELOPMENT
Over the past 20 years, there has been a marked shift in the complexity of both the
process technologies and products of manufactured goods. Kasha and Rycroft (1993)
calculate that simple processes that produce simple products (e. g., textiles, organic
chemical, paper, commodities) accounted for 58% of the value of world trade in
1970, but only 12% in 1990. Conversely, in 1990, complex processes that produced
either simple (e.g., plastics, petroleum products, medicines) or complex (e. g.,vehicles,
telecommunication devices, instruments)products accounted for 87% of the trade
volume, compared with less than half that (43%) in 1970.
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Historically there has been a "division of R&D labor" among the participants of
research. Non-Agriculture Departments at Universities often concentrated strictly on
basic research.
Agriculture Departments at Universities and Government laboratories tended to
conduct both basic and applied research, ultimately directed at solving "problems" in
agriculture. Private companies supporting the industry such as pharmaceutical and
equipment manufacturers tended to developmental and applied research whereas the
integrated poultry companies focused on application in the field. In 1991, 69% of
industrial R&D was devoted to development, 25% to applied research and only 6%
to basic research. This picture has been changing.
Shrinking budgets have increased the pressure on basic researchers to show that their
work has a purpose. One way to do this is through technology transfer to the private
sector. Patents and licenses that were of little concern to scientists 20 years ago now
receive major consideration, often at the expense of the dissemination of new
information to their colleagues. Furthermore, a 1992 report to the National Science
Board concluded that U. S. industrial R&D spending has slowed from an annual real
growth rate of 7.3% between 1980 to 1985 compared with only 1.3% between 1985
and 1990. In the 1960s, there were 87 companies in the United States screening for
veterinary pharmaceuticals. Today there are probably less than a dozen with such a
program.
STRATEGIC RESEARCH
A concept currently under discussion is that of "strategic research" as defined by
people such as John Armstrong (1994), former IBM Vice President for Science and
Technology. Strategic research is defined as research, including understanding-driven
basic research (not curiosity-driven) that contributes to societal goals of better health,
a secure defense and a rising standard of living without harming or altering the
environment. This concept is struggling for legitimacy in the scientific community
even as it is often enthusiastically embraced by the policy community. Even there,
acceptance of two Chairs of U. S. Congressional committees that fund research, one
calling it a new strategy to accomplish national goals, the other describing it as a
useless , trouble-making concept (Mencken, 1994). Obviously, the outcome of this
debate will have marked ramifications on the direction of funding for University and
Government research.
UNIVERSITIES AND TECHNOLOGY TRANSFER
Income from royalties has provided a powerful impetus for universities to transfer
the technology developed by its scientists. Royalty income in U. S. Universities
surpassed $242 million in 1993, up from $130 miUion just two years before. Some
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major successes include $99 million to the Wisconsin Alumni Research Foundation
for Vitamin D technologies, $97 million and $53 million to the University of California
for the Cohen-Boy er biotechnology and Hepatitis B vaccine, respectively and $33
million to the University of Florida for the Gatorade drink. In 1993, universities in
the United States issued more than 2,000 licenses to companies, an increase of 30%
over the number in 1992, and 70% more than in 1991. Le vine (1995) reports that
fewer than 250 patents were issued annually to universities prior to 1981, but during
the 1990s they have averaged more than 1,500 a year. The Association of University
Technology managers had about 100 members in 1984 and over 1,500 today. Successes
spur the influx of research dollars from other sources such as grants and have
stimulated an increase in industry's funding of university R&D in the United States
to an estimated $1.5 bilUon in 1994, up from $425 million in 1984.

FEDERAL LABORATORIES AND TECHNOLOGY TRANSFER
Agriculture research in the Federal government has always been directed at solving
the problems of agriculture. Some research has been more basic, long-term, and high
risk than in industry , and broader in scope than universities. One traditional method
to transfer the results of these studies to the farmer was through the Agriculture
Extension Service. More recently, there has been an emphasis on transferring the
technology directly to industry, action agencies, user groups ,or farmers using what
ever means best make it available to the users of the technology. Perhaps surprisingly,
recent study by Roessner (1993) involving 68 major companies showed that the
main interest by companies in Federal research was not in obtaining products to
market, but rather access to technological expertise. Early involvement of industry in
cooperative research permits both groups to leverage their resources and improves
the probability that a marketable product will result. This makes it essential that
federal laboratories ensure that industry is fully aware of their research portfolios and
that industry needs are fully understood (market pull vs. technology push).

TOOLS FOR TECHNOLOGY TRANSFER
A variety of agreements are available for partnering among government agencies,
universities, and private industry. Some of these are authorized for government use
in the United States by specific Congressional Legislation, others are precluded from
use. One major agreement for technology transfer in the U. S. Government is the
Cooperative Research and Development Agreement (CRADA) created by the
Technology Transfer Act of 1986. This agreement is unique in that it allows for
confidentiality of material developed under the CRADA for the purpose of patenting
intellectual property. Also, it is the only agreement whereby government research
organizations can agree, before an invention is made and/or patented, to give the
cooperator an exclusive license on government owned intellectual property invented
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under the agreement. The office of Management and Budget estimates that federal
agencies will have CRADAs valued at $5.8 billion in 1996, roughly twice the value
in 1994. ARS has established over 500 CRADAs and its average of more than 9.6
active CRADAs per 100 scientists far exceeds the 2.4 average of the National Institutes
of Health or the 1.2 average of the Department of Energy.
When intellectual property is not anticipated, a Trust or Reimbursable Cooperative
Research Agreement may be used to bring in funds to ARS to support collaborative
research. If no funds are incoming, then a Memorandum of Understanding can be
used to define the responsibilities of the cooperating parties. Vehicles such as
Confidentiality Agreements and Material Transfer Agreement are used by Government,
universities and industry alike. Copyrights and equity holdings are not permitted in
U. S. Government agreements, but may be addressed independently by university
cooperators.
Patents and hcenses remain a mainstay for all organizations, whether public or private,
when independent inventions have been made. No longer is the cost of filing of a
patent justified simply because a discovery is original and novel enough for a patent
to be granted. ARS patent review committees now also consider whether an invention
is marketable and defensible. In some cases the decision is that a piece of technology
of major importance to agriculture is best transferred to the users through a journal
publication, workshop, industry, presentation, or extension bulletin.
EXAMPLES OF TECHNOLOGY TRANSFER IN ARS
Over the years scientists in the Agricultural Research Service have transferred
thousands of technologies to industry. In poultry these have included the areas of
genetics, reproduction, semen preservation, nutrition, food safety, disease control,
and inspection by regulatory agencies. The following five examples from the Beltsville
Area of ARS illustrate some of the ways in which Government may partner with
private industry for the invention and development of technology to benefit the
poultry industry.
In-Ovo Vaccination : The original technology for in-ovo vaccination for Marek's
Disease was developed solely by ARS at East Lansing Michigan. The patent was
exclusively licensed to Embrex, Inc. which was established as a venture capital firm
for the specific purpose of developing the technology. Embrex conducted the
development and marketing of the instrumentation to simultaneously transfer hatching
eggs at 18 days of incubation and vaccinate the embryos. Currently over 80% of the
industry in the United States is employing this technology and Exbrex is a publicly
traded company selling the technology and employing people. ARS cooperation has
continued through several on going CRADAs to develop additional vaccines and
products that can be administered in-ovo.
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Feather Fibers : This is a new technology under development that illustrates the
collaboration of ARS and industry to develop a value added product. ARS conceived
of the original idea, but realized that industry cooperation would be needed to reduce
the idea to practice. Perdue Inc., the third largest integrated poultry company in the
United States indicated an interest and a CRADA was estabhshed. Present ARS
patent applications on the technology of recovering fiber from the feather by-products
of poultry processing and the use of these fibers are being hcensed to Perdue. One
sublicense has already been granted by Perdue for the use of the fibers in absorbent
products.
A Natural Product for Control of Coccidiosis : A private company, Demeter Inc.,
had developed a series of Peptidyl MIMs (lytic peptides), originally isolated from
cecropia moths, that demonstrated antimicrobial activity. The company, which lacks
facilities and expertise to conduct studies on poultry diseases, has partnered with
ARS scientists through several CRADAs. ARS is now involved in both the basic and
developmental aspects of this technology.
Vaccination Technology : A small business from Canada had both a Uve vaccine
against coccidiosis and new delivery technology which they had developed. This
technology was needed by the poultry industry, but the company lacked the geographic
presence to develop the product in U. S. Through a series of CRADAs and MOUs,
ARS served not only as a cooperator to perform developmental research, but also as
a liaison with private poultry companies for ongoing field tests. To date, 14 companies
and more than several million broilers have been involved in testing.
Sensitivity Testing : Over $100 million is spent each year by the poultry industry in
the United States for prophylactic feed medications for the prevention of coccidiosis.
Drug resistance is an increasing problem and many previously effective compounds
are now ineffective in specific poultry operations. Several pharmaceutical companies
approached ARS to investigate resistance to anticoccidial medications in coccidia
organisms recovered form the field. As there is no intellectual property to be patented
and because the studies would involve several companies independently, the Trust
Fund Cooperative Research Agreement, rather than a CRADA, was used to permit
ARS to receive funding to support these studies. The results are used by ARS to
obtain information on the patterns of drug resistance development and how it may be
reversed, and the poultry industry uses the information to select effective coccidiosis
control programs.
FACILITATING FACTORS
Opinions differ as to what technology should be transferred, to whom and how. This
controversy has led to a series of detailed reports such as that by Ludlam (1995) of
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the Biotechnology Industry Organization. Chiang (1993) compared the methods used
to initiate important technological programs in Japan, the United States and 9 Western
European countries. The National Institutes of Health came under criticism for allowing
one sided benefits to pharmaceutical companies (Mc Cormick, 1993) then additional
criticism when they tried to influence pricing of medications through licensing or
research agreements (Jenks,1993) and the use of a" Reasonable Pricing Clause".
Some agencies have been chastised for the length of time it takes to prepare CRADAs.
Regardless of where policy debates end up there are certain common characteristics
that make technology transfer a success in any organization; private, university or
government. Mc Guire (1995) proposes that mindset, marketability and management
summarize the principals that must be conscientiously implemented. Numerous other
writers have proposed similar ideas under different terms. The research scientists
must be sensitized to the advantages and disadvantages of patenting. Developing
good cooperative relationships requires that the individuals involved "be nice" and
"play fair". Not all original. ideas result in marketable products but the time to
consider technology.transfer and the form it. will take is in the research process not at
the end. Finally, management must create an atmosphere where technology transfer
is not only encouraged but rewarded. Technology transfer procedures established by
management must be clear, concise, innovative, quick , and involve as little
bureaucratic paperwork as possible. Most people agree that excellent research that
does not reach the users of that information has little value.
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PROBLEMS OF TRANSFER OF TECHNOLOGY
G. Krishna
Department of Animal Nutrition, Directorate of Extension Education,
CCS-Haryana Agricultural University, Hisar, 125 004 India

The Directorate of Extension Education, CCS-Haryana Agricultural University,
Hisar, organaised 11 poultry farmers coferences at district level, viz. Gurgaon,
Ambala, Jind and Rohtak; having marginal, poor and rich progressive poultry
farmers ranging from 190 to 200. Besides this, several bimonthly /trimonthly
meetings were also arranged with poultry farmers of all the three categories. Face
to face discussions with poultry farmers indicated that they wanted Research
projects tailored accordingly to solve routine technical problems related to feeding,
production, management, health care, marketing and national policy for getting
maximum remuneration out of poultry products at par with other agricultural
commodities. A study based on the exhaustive interviews and face to face
discussions held with 2100 poultry farmers of various categories, indicated that
they wanted practical demonstrations and meetings etc. at their doorsteps and
selections based on indigenous technology developed at various National institutes.
Agricultural Universities, Regional Research Stations in India. Results indicate
that the present technology capsule for the Extension requires refinement specially
to combat adverse effects on poultry prouduction due to various agroclimatic
conditions and variations in local feed ingredients. An urgent need was expressed
for interdisciplinary approch in Research pertaining health problems like Fowl
Typhoid and Coccidiosis but more so particularly for new emerging diseases viz:
Infectious Bursal Disease, Inclusion Body Hepatitis and Leechi Disease
(Hydropericardium Syndrome).
Haryana stands at fifth position in year 1994,producing 1,480 million eggs among all
the states in India,contributing to 5.6 per cent of total egg production. India ranked fifth
in the World with an estimated egg production of 22,800 million eggs in 1989. This
provides 28 eggs per person per year as against the recommendation of 180 eggs by
Nutrition Research Council of India. The human population of India is projected to be
1042 million by 2000 AD. To meet the growing demand India plan to raise egg
production to 30 billion and broiler production to 400 million, and to provide job
opportunity for about 500,000 people (National Commission on Agriculture 1975).
The Choudhary Charan Singh (CCS) Haryana Agricultural University, Directorate of
Extension Education wing imparts Poultry training 2 to 3 times a year and training
certificate is awarded to the trainees which help in getting loan from District Rural
Development Agency (DRDA) and National Bank for Agriculture and Rural
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Development (NABARD)and other financial agencies. There is a State level post of
Extension Specialist(Poultry) who contact medium and small poultry farmers through
a net work of Krishi Gyan Kendra(KGK) and Krishi Vigyan Kendra(KVK). Every
year, Poultry farmers conference and bimonthly/trimonthly meetings are arranged at
each KGK/KVK for solving day to day technical problems related to poultry farming.
Beside this CCS Haryana Agricultural University, has estabhshed six poultry Disease
Investigation Laboratories at Krishi Gyan Kendra located at Sirsa, Ambala, Gurgaon,
Rohtak, kamal and Hisar. The services of these laboratories are well utilized by the
poultry farmers and free advisory services are given to them at their doorstep by the
experts. The Department of Animal Nutrition CCS Haryana Agricultural University,
analyses feed samples for minerals and proximate nutrients and Department of Veterinary
Public Health and Edpidemiology analyses Poultry feed samples for Aflatoxin free of
cost. The Department of Animal Breeding, supply broiler chick at the rate of Rs. 5/each and layer chick at a price of Rs. 6/- each only as compared to higher price of Rs.
10/- or 11 from commercial hatchery.
Now Haryana Government has instituted Distt. Co-operative Marketing Society an
organization known as Haryana Egg and Poultry Marketing Federation (HAPFED).
This Federation will obtain financial help from NAB ARD and assist Distt. Co-operative
Marketing Society of Haryana State so as to increase profit margin of the producer.
The Haryana Poultry farmers have suggested the formation of poultry Development
Advisory Council, compromisising both the Government and Non-Government
representative i.e. Poultry farmers and poultry feed manufacturers etc. This shall provide
a forum to the poultry farmers to highhght and sort out their problems. The Government
of India has also created such council at National level. The poultry farmers of the state
have to spend huge amounts on the purchase of vital inputs like vaccines, feed additives
and preventive medicines etc. But there is no government control on the quality and
cost of these vital components. It is recomended that the Government creates Model
agency i.e. Veterinary Drug Controller, to protect the Poultry farmers from the
unscrupulous drug manufacturers and marketers. Same is the case for the quality chicks
and feed.
Government of India has decided to set up an apex agency. National Livestock
Production Development Council (NLPDC) to Coordinate the developmental efforts
of different meat and poultry industries. Recently, National Co-operative Marketing
Federation (NAFED) has bagged the Agricultural Products Exports Development
Authority (APED A) award for excellent work in exporting onions, vegetables and fruits.
Since eggs and frozen chicken also fall under the gammet of APEDA, NAFED can
undertake exporting eggs and frozen chicken which give a boost to poultry industry.
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The Directorate of Extension Education, CCS Haryana Agricultural University, Hisar
organised eleven Poultry farmers conferences at District level, viz. Gurgaon, Ambala,
Jind, Rohtak and Bhiwani having marginal, poor and rich progressive poultry farmers
ranging from 190 to 200. Beside this several bimonthly/trimonthly meetings were also
arranged with the poultry farmers of all the three categories viz. marginal, poor and
rich.
Face to face discussion with Poultry farmers through eleven conferences and short
interval frequent meetings envisage that they want Research project tailored accordingly
to solve routine Technical problems related to feeding, production, management, health
care, marketing, national policy for getting maximum remuneration out of poultry
products at par with Agricultural commodities.
Following practical problems in Poultry farming have emerged out of face to face
discussion held with 2100 poultry farmers of various categories.
1. Latest practical schedule of vaccination for poultry suited to various agroclimatic
conditions of Haryana state.
2. Latest practical techniques of sterilization under village conditions.
3. Schedule of deworming in poultry in southern dry Haryana region and Northern
Western wet region.
4. Practical measures for control of ectoparasites in Poultry.
5. Development of vaccines against common parasitic diseases of poultry.
6. Evolving best suited vaccines against important poultry diseases
a)

Gumboro (Infectious Bursal Disease)

b)

I.B.H. (Inclusion Body Hepatitis)

c)

Leechi(Hydropericardium, Syndrome)

d)

Fowl typhoid

e)

Ranikhet disease (New castle disease)

f)

Marek's disease.

7. Feed formulae with local ingredients for hvestock and poultry in southern dry
Haryana. Central semi dry region and Northern western wet region.
8. Latest and economical method for reducing fungus problems in poultry feed which
could be adopted by the fanners at their Farm as well as by the feed industry.
9. Evolving cheap practical housing suitable for different climatic conditions in
Haryana.
10. Evolving cheaper feeder and drinkers for use at poultry farms.
11. Schedules of deworming, liver tonic, antifungal, vitamins at preventive level for
poultry .
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12. Commercial lines developed for producing broiler weighing 800 g for curry purpose
as per demand of five star hotel and consumers of Haryana and Delhi market.
13. Evolving vaccine for prevention of coccidiosis in the field.
14. Developing cheaper technology for treatment of brackish water so poultry could
use treated water for meeting water requirement.
15.Biochemical and microbiological limits which could be tolerated by poultry through
drinking water from various sources.
16. Limits for microbial load in poultry feed ingredients and method for studying
microbial load in poultry feed.
17. Developing cheaper technology for toasting soyabean meal and guar meal.
18. Approved levels of Aflatoxin/pesticide residue in poultry feed which are based on
practical feeding trials conducted in various zones of Haryana.
19. Extent of noise intensity which can be tolerated by Poultry.
20. Specific chemical compounds which are more effective for disinfecting the poultry
sheds and equipments as a preventive measure in Gumboro, Leechi
(Hydropericardium), I.B.H., Ranikhet, Fowl Typhoid and and Marek's disease.
21. Supportive price for poultry meat and eggs which cover expenditure of poultry
farming and profitable.
CONCLUSIONS
It may be concluded from the exhaustive face to face discussion with the Haryana State
poultry farmers that present technology capsule requires refinement specially to meet
the adverse circumstances of various agroclimatic conditions and local feed ingredients
etc. There is an urgent need of interdisciplinary approach in Research projects to prevent
the occurrence of emerging diseases viz., IBD, IBH, Leechi(hydropericardium) diseases
by developing effective vaccine. The serious problems related to Fowl Typhoid and
coccidiosis need to be solved at National level.
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TRADITIONAL POULTRY PRODUCTION SYSTEM - A
NEED FOR FRESH LOOK FROM RURAL
DEVELOPMENT PERSPECTIVE
Dattatrya Rangnekar^ and Sangeeta Rangnekar^
^BAIF Development Research Foundation,P.B.No.2030, Asarwa,
Ahmedabad - 380016 ^Women Organisation for Rural Development, 4,
Shobhana Apartment, Vastrapur, Ahmedabad - 380015.

Backyard-free range poultry keeping is traditional in rural and periurban areas
of most parts of the country and more common in underdeveloped areas like tribal
areas and with underprivileged communities. There is hardly any published report
based on - comprehensive study of traditional poultry production systems in India,
although it has received much attention in many Asian and African countries.
Traditional poultry production system has multiple objectives and is a good
example of internalised, low external input system. Contrary to general belief, it
has a role in family economy, it is well knit with rural system and way of life, the
products are sold at premium through an interesting marketing system. There is
good case to study the system critically from rural development perspective, as is
4one in many Afro-Asian countries. It has the potential to benefit large number of
rural families, to become sustainable with low dependence on external input.

INTRODUCTION
In India, like many other Afro-Asian countries, backyard-free ranging poultry production
is common and traditional in rural areas. Till a few years back the backyard poultry was
the major source of eggs and birds in India. Even till 1987, backyard chicken accounted
for 25% of the total fowl and had major share in egg production, however, this situation
changed rapidly. According to available estimates by 1993, the country fowl were 44%
of the total population but contributed only 12% of the egg production. The poultry
production in India has undergone rapid and drastic changes and organised commercial
sector with improved fowl and advanced technology dominate the scene. It is quoted
often as an example of rapid growth in livestock/poultry sector in India without much
of Government involvement. In view of scope of high tech inputs as a result of
commercial and high output, it is attracting considerable attention of scientists/
researchers and hardly any attention is being paid to traditional poultry production
system. The backyard free ranging country fowl production is generally considered
uneconomic and mainly judged by the output of number of eggs.
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Studies in neighbouring countries like Bangladesh and Sri Lanka, have shown that the
backyard poultry has a useful role and is worth studying to take up appropriate steps to
improve the productivity. Ahmed and Huque (1994) report that even upto 1991, backyard
poultry contributed 95% of total eggs and poultry meat in Bangladesh.. From Bangladesh
Latif (1994) reported encouraging experience with rural poultry development and good
scope for increasing farmers income, by taking appropriate approach in development
interventions. Priatana et al, (1994) and Hadiyanto et al, (1994), from Indonesia, have
reported that village chicken raising is important source of income in rural areas and
can be improved further through integrated extension and development approach.
However, the subject seems to be neglected in India and critical studies of the traditional
poultry production systems are lacking. Sonaiya (1990) has presented comprehensive
picture of traditional poultry production system in Nigeria.
It is a well known fact that eggs and birds of country fowl are in considerable demand
and are sold at premium, even in big cities where plenty of eggs and poultry meat from
commercial units are available. While studying the farming systems, traditional methods
and women involvement in rural areas, particularly tribal areas, interest was generated
in studying traditional poultry production systems. The efforts on introducing poultry
development in tribal areas are generally branded as failures. However, it was observed
that a large majority of tribals and famiHes from lower socio-economic strata maintained
poultry. It is a common sight to see the birds/chicks running around the houses and
farms in the tribal area. It is a known fact that production systems in rainfed
underdeveloped areas are complex and closely interlinked, have multiple roles in sociocultural linkage and cannot be judged by single output like egg production or milk
production (De Boer 1982, Rangnekar 1993). This initial report is with the purpose of
highlighting such factors and to draw attention of researchers, extension workers and
planners towards the potential of the system to benefit a large number of families and
develop a sustainable system with low external input.
MATERIALS AND METHODS
The studies were carried out in two districts in each of the three western states in India
viz. Maharashtra, Gujarat and Rajasthan. A total of about 700 families were involved,
majority of which were rural based and from lower socio-economic strata. About 50
families were from peri-urban areas. Information was gathered through direct
observations, repeated informal discussions with small groups and individuals.
Participatory exercises were conducted in most of the villages for ranking of constraints
and objectives. Use of survey forms, note books was avoided during discussions considering earlier experience that they bring inhibitions in free communication.
Suggestions as well as priorities for development support and solving some of their
problems were also gathered through participatory exercises.
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RESULTS AND DISCUSSIONS
The study indicated that more than 65% of rural famihes and about 80% of tribal families
keep backyard poultry. The number of birds ranged from 4 to 25 with majority of rural
families keeping 4 to 10 birds. In the periurban areas/villages some families were found
to keep more birds.
The average egg production, as reported by the respondent families, ranged between
100-160 eggs per bird per year. Eggs are easily marketed and most of the families
reported that the demand is more than production. As was expected prices are high in
winters while low in summer. However, it was noticed that more than 60% of the
families reported that the egg selling is not the main objective and that a good number
of eggs are consumed in the family specially for children and sick persons. In case of
majority of the families, the interest was in sale of birds for meat. The bird price also
varied considerably according to the season and occasion. During winters and festival
seasons, for well grown birds fetch double, the price as compared to normal season.
However, special birds like frizzle fowl and fighting bird get very high price. Hatching
the eggs and selling of chicks was reported as a major source of income for about 35%
of families.
Participatory exercises indicated that major constraints were losses due to diseases and
predators. In most cases chick mortality is due to Ranikhet disease. The vaccination
coverage in these villages is poor and assistance is not easily available .Losses due to
predators is common wherever the management is slack. This was indicated as one of
the major reasons for not increasing the number of birds. The family in tribal area was
found to have developed ingenious ways of protecting the birds from predators. It was
common to see housing nests being put up on tree tops or on poles or bamboos. The
birds walk up to these nests over a bamboo or ropes tied along the side of nests. The
birds respond to specific call in the evening for gathering and putting them inside the
house. Besides specific problems of diseases and predators it is likely that imbalance in
feed or some deficiency could be responsible for losses. There is a need for critical
study on nutritional status of backyard poultry.
It was observed that the rural families have developed innovative ways of feeding the
birds utilising household wastes,farm products and green vegetation, besides free
scavenging. The kitchen waste is gathered in pots and offered to the birds or placed at
defined places where the birds can easily eat. Supplementary feed in small quantities is
also offered in the form of farm products like grains, brans as well as cakes. The material
varies from area to area depending on the prevailing crops. Special feed mixtures are
made for fighting cocks, frizzle fowl and birds grown for sacrifice or for festivities.
Feeding of greens, specially the rejected parts of vegetables is a common practice. It is
felt that some supplementary feeding, advised after studying the nutritional status and
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available resources, would improve the performance considerably. Robert et al, (1994)
have undertaken interesting studies on use of creep feeder for scavenging chickens and
reported beneficial effect on survival as well as growth when protein supplement was
provided. Ahmed and Huque (1994) have reported that studies in Bangladesh indicate
deficiency of protein and energy.
There is specific preference for country fowl and particularly coloured birds indicated
by almost 90% of the famihes. The reasons specified are discussed in a separate paper
by the second author (Rangnekar 1996). It was mainly in periurban areas in Maharashtra,
some families have adopted improved birds and reported higher income.
It was noticed that awareness regarding disease control through vaccination is rather
poor, although the farmers are aware of disease problem. The backyard poultry is looked
upon as a source of small cash during need and as a source of good quality food for the
families. Majority of the families have not given much consideration to increasing the
number of birds and increasing income from poultry. In tribal areas backyard poultry
provides cheap source of meat for entertaining special visitors or guests. Many of the
families have discouraging experience with improved birds provided through special
schemes. However, the approach of introducing coloured birds or cross bred chicken
seems to be encouraging.
CONCLUSION
There is need to study traditional poultry production systems critically with systems
perspective and take participatory approach in planning development. There is
considerable potential to develop productivity and benefit a large number of families
of the underprivileged section of the society and develop a sustainable environmentally
sound, less dependant system.
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4. ROLE OF WOMEN IN POULTRY PRODUCTION
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WOMEN'S PARTICIPATION IN RURAL POULTRY
DEVELOPMENT
Rama Bhurtel
Swine and Avian Research Programme, Nepal Agricultural Research
Council, Kathmandu, Nepal

This study was undertaken to assess the role of women in rural poultry production
in midhill and plains of Nepal. In both the areas, the women in the family either as
the sole person responsible or together with the other members of the family takes
care of raising the native chickens. In both the sites women have been traditionally
raising chickens for various puposes like (a) religious (b) family consumption and (c)
for sale. In midhill respondents sacrificed 18.59 ± 6.83 roosters and in plains only
5.24 ± 4.23 per year and sell chickens at the rate of Rs. 113 to 91.30 per bird. In both
places respondents had sustainable backyard poultry production because they used
loc'àl mother hen for incubating , hatching and brooding to maintain and continue
their flock. 'Tewa" system was common in plains where women kept the chickens
for their personal benifit. In both the sites respondents faced high mortality rate
because of diseases, predators and poor management of their flocks.
INTRODUCTION
Historical references to women's involvement in the raising of chicken in large numbers
for meat and eggs dates back to the Roman Period. The start of the commercial broiler
industry in the United State of America is attributed to Mrs. Cécile Steele of Ocean
View, Delware. Similarly Mathema and Van Der Veen (1981), Adhikari (1987) and
Chitrakar (1990) reported that women labor occupies more than 80% of total labor
input for livestock and poultry in Nepal.
STATEMENT OF THE PROBLEMS
The role of women in poultry production has not been amply documented in Nepal, it
can be assumed that women's contribution in the economy of Nepalese families can be
significant.
OBJECTIVE
1. To assess the role of women in poultry production and the contribution they make to
the family income of farmers.
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SIGNIFICANCE OF THE STUDY
To serve as tool to assess the extent of involvement of rural women in raising native
chickens. This will provide the bench mark information which could serve as the basis
for policy makers and administrators in mapping out more reahstic development program
for poultry production.

METHODOLOGY
A structured interview with written questionnaire was prepared to gather the information
on the role of women in the raising of chickens in the midhills and plains (terai) of Nepal.
IDENTIFICATION OF THE SURVEY
For this study, two Village Development Committees (VDC) , Naaldum and Ratna
Nager were selected purposely, because farmers were keeping backyard poultry from
ages. Both sites were located in the Central Development Region of Nepal. .
STATISTICAL ANALYSIS
All information from the questionnaires was classified, consolidated and data were
compiled in lotus program and analyzed by SPSS package for simple statistical tools.
The data is presented in tabulated form along with the discussion of significant findings
and observation.
RESULTS AND DISCUSSION
Research Sites
Two sites from different ecological regions were selected to assess the involvement of
women in poultry raising. The ethnic and caste composition of the respondents in both
research sites indicates that in Naaldum there were (90% ) majority of Tamangs, and in
Ratna Nager there were 53% Tharus, and rest were of different caste . Majority of the
respondents were illiterate and their occupation is farming in both the sites. The farmers
in both sites have been traditionally raising chickens for various purposes like(a).
religious (b) family consumption; (c) for sale.
In both the sites majority of the wives (66%) in Naaldum and (82%) in Ratna Nager
were managing the backyard poultry. In other categories, the wives were still a part of
any combination as shown in Table 1. They are spending hours per day to look after the
management of the chickens.
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Religious beliefs, values and caste systems are deeply rooted in the communities of
both the research areas. Different caste and ethnic groups sacrificed different numbers
of native chickens specially black or brown healthy full feathered roosters to get rid of
the evil spirits. Naaldum respondents sacrificed an average 18.59±6.83 roosters per
year to please the gods for their better crop production and other divine blessing.
Similarly in Ratna Nager respondents sacrificed only 5.24±4.43 roosters per year. In
Naaldum, respondents kept roosters for shorter periods of time (5-14 months) than in
Ratna Nager (5-15 months).
In both the sites mother hens were used for hatching purposes. Mother hens were used
as incubator, hatcher and brooder by all the respondents because of the good mothering
ability of the local hens. Nest made with the local material were provided to the laying
hens. In Naaldum, women collect eggs whenever they were found but in Ratna Nager,
the eggs were generally allowed to remain in the nest until they needed it for consumption
or for sale. Majority of respondents (52%) from Naaldum set 8-10 eggs for incubation
under one broody hen but in Ratna Nager 64% of the respondents set more than 10
eggs . In this way women are continuing the flock of backyard poultry without any
additional investment of buying chicks. Rest of the eggs in Naaldum are used for religious
ceremonies and family consumption.
Chicken manure with other livestock manure were used as fertilizer for the kitchen
garden by 32% of women in Naaldum and 10% in Ratna Nager. In both the sites
respondents told that chicken manure is "powerful" and increase the plant yield, but it
is difficult to collect because the chickens were raised by scavenging and semiscavenging conditions.
In Nepal "Pewa" system is a cultural tradition where the women are permitted to raise
backyard poultry for her own benifit. Whatever earning she derived from the sale of
her chickens is used for her own purposes. In Ratna Nager 39% of the women were in
the pewa arrangement with their families. Most of the women used that money to
educate their children. Not a single case was found in Naaldum.
Women were making Rs 113 and Rs 91.30 per bird in Naaldum and in Ratna Nager by
backyard poultry production. The cost of production in Naaldum per bird was Rs.
12.92 and in Ratna Nager it was Rs 7.43.
Problem of predators specially during the rainy season in high when the bushes and
crop plants grow high and where the predators could easily hide. Farmers in both sites
suffered maximum loss from wild animals. Women lost their chicks by high brooding
mortality (>40%) due to the occurrence of diseases and prevalence of predators but
they had no idea of vaccination, medication and proper housing system.
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Table 1. Information about the respondents and their backyard poultry raising systems
S.N O.

ITEMS

(%)
1.

2.

3.

4.

5.

6.

7.
8.

9.

10.

11.

12.
13.
14.

Respondents raising chickens
a. Native only
b. Native Commercial
Chickens raised
a. Maximum No.
b Minimum No.
Average classification of
native chickens
a. Hen
b. Rooster
c. Grower
d. Chick
Duration of raising native chickens
a. Traditionally
b. Recently
Caretaker of the chickens
a. Wife
b. Wife + Children
c. Husband + Wife
d. All
Purpose of raising
a. Food
b. Sale
c. Food+Religion
d. Combination
Religion Sacrifices/year*
Price per kilogram (%)
a. Rs. 50-99
b. Rs 100-199
Basis of selling /buying
a. By weight
b. Per head basis
Price of an egg**
a. Rs. 2.5
b. Rs. 3.0
c. Rs. 3.5
Utilization of the native
egg (%)
a. Food
b. Sale
c. Hatch
d. Ritual*
Profit from the sale
of one native chicken (s)
Manure*
Pewa System

S = Significant, NS = Non Significant
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LOCATION
Midhill

Plain

94
93

6
7

34
32

2
1

NS

2.3
1.4a
2.6
5.2

2.2
0.7b
2.2
4.7

NS
S*
NS
NS

98
2

91
9

66
10
15
9

82
3
3
12

0
5
90
5
18.6a

20
10
13
53
5.3b

91
9

100
0

0
100

96.7
3.3

39
60
1

2
84
14

13.4
1.6
65.8
19.3a

17.6
3.8
77.9
0.7b

116.0
32.0
0

91.3
68.0
100.0

CONCLUSION AND RECOMMENDATION
Gender and social structure should be considered while designing a poultry production
program at community level, where care must be taken to ensure equitable distribution
of benefits.
It is no secret that many well intentioned projects have ignored cultural and genderbased issues of the targeted countries. To successfully carry out new projects, project
organizers should be sensitive to this fact and equip themselves with successful poultry
development programmes which would not only increase production but would keep
their profits in the hands of women thus creating financial independence and fulfill the
requirements of the Eighth Plan to upgrade the socio-economic status of the women in
the rural areas of Nepal.
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WOMEN OF RUSSIA : ROLE IN POULTRY
PRODUCTION
Nina G. Selina and Vladimir K. Onisovets
Russian National Branch of WPSA, Orlikov, Pereulok - 3"B" 107139,
Moscow, Russia

Since the ancient times, women in Russia used to be hard-working part of society.
Possibly, the roots of this are still deep in the archaic matriarchial order, when woman
was entitled to be the family head. She was to keep the fire in the fireplace, to care of
children, very often she was doing man's work on the field and in the backyard, handling
domesticated animals and poultry. Later on, this was confirmed in the medieval ages
and in the new history times,- when peasants made up the basic features of Russia's
national economy.
That is why in Russian literature, courage and power of women are very often repeatedly
described and go well together with maternal love and tenderness. Typical catching
phrase from Russian poetry describes woman as "... strong enough to stop a running
horse, brave enough to enter the house on fire...".
By the middle of XX century, when millions of men were killed during the cruel World
War II, demographical situation has changed negatively,- which made women of Russia
to carry the main burden on restoration of national economy and agriculture, both
destroyed during the war. It should be mentioned that currently the demographical
structure of country's population is slowly changing toward the balance of numbers of
men and women. Still, female population share is higher than that of male's. Statistical
data from 1992 has shown the balance of 884 males per 1000 females, while in 1995
this ratio was 883 : 1000, and the forecasted ratio for year 2000 is 879: 1000.
Geographical and economical status of agricultural production in Russia, insufficient
level of investments made into rural infrastructure, all those factors make more use of
human [unqualified] labour in the agriculture of country. For example, in the U.S.
agricultural production sector, there are only 2.6 % of country's adult population engaged,
while in Russia this figure is as high as 14.1%. It could be explained by the level of
investments into agricultural production, which is 3 - 4 times higher in U.S.A. than in
Russia, making labour efficiency much more effective. Besides that, structure of
agricultural production is totally different in Russia, than in U.S.A. In Russia, women
make up the biggest share of people, working in agricultural industry. In national poultry
production, there are about 570 major layer farms and 270 broiler farms, where 600,000
people are employed. Maximum egg production level was achieved in Russia in 199047 billion pieces, which made 320 per capita production; maximum poultry meat output
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was then at 2.5 million tons, 12 kg of meat per capita produced. This record achivement
was in many ways possible thanks to women, working in poultry industry. Female
labour share in national poultry industry reaches sometimes to 75% and more of total
number of people engaged. Mainly, they work as production managers, foremen and
poultry house operators, selectioners, veterinarians.
Observing volumes and conditions of using human labour in poultry production,
managers and trade union leaders at poultry farms concentrate their efforts on
optimization of women's labour, trying to faciliate to friendly teamwork spirit, allowing
to develop their creative attitude at work and combine it with optimal conditions for
their family and private life. Main labour-requiring working processes at the poultry
farms are automated or to a great extent mechanized. Working day length is strictly
limited to 8 hours, including one hour for lunch. On most of poultry farms, hot lunch is
served at the canteenes. Facilities for rest and recreation are available.
A great attention is paid to the social life of workers. On the regular basis, poultry farm
people go to theatres, visit museums and exhibitions; there are club-type hobby
entertainment facilities provided for poultry workers and members of their families.
Personnel for poultry farms is recruited from young people, who have completed their
education at high schools and agricultural colleges,- they start up as asssistant poultry
operators, with the possibiHty to continue their education at univercities of extemal type.
All that attracts young specialists to work in poultry industry, and they are mostly women.
Many years of this experience show that large scale women's participation in poultry
industry is truly justified. They are accurate and their labour discipline is on high level,
and despite the low wages,- generally paid for the work in agriculture,- women prove
themselves as work-dedicated and enthusiastic workers.
Russian government shows a great deal of support and attention to the national poultry
industry. Thousands of poultry managers and workers had been awarded with different
awards, honorary titles and decorations. Only in 1995, 102 poultry industry workers
were awarded by the President of Russia with title " Honorary Worker of Russian
National Agriculture", 14 people were decorated with different banners and medals;
among them - 39 people are women.
With the poultry housing system used in Russia,- mainly, multi-storey battery cages,both for layers and broilers,- one poultry house operator works with up to 100 thousand
commercial layers, or with 40 thousand broilers at a time.
Quite remarkable is the stability of work at the same poultry farm,- majority of female
poultry operators start and finish their working activity just on the same place. Many of
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well-known Russian geneticists, production managers, poultry scientists and executive
directors at big poultry production integrations - are women.
For more than 20 years, Mrs. Galina Gratcheva is in charge of State Breeding Poultry
Farm "Sverdlovsky", for more than 40 years she is in poultry production. Mrs.Gratcheva
was promoted to the rank of director in 1975, after she has spent many years doing
other jobs in poultry breeding integrated farm. Today, "Sverdlovsky" Breeding Poultry
Farm is one of the biggest in Russia, with 187,000 breeding hens and 40,000 Pure Line
hens of egg-layer type. This company's annual production is 30,000,000 breeding
hatching eggs and 500 tons of poultry meat. In the last 6 years at "Sverdlovsky" farm ,
selection work was carried out - to produce an adapted breed, based on Lohmann Braun
genotype. This new breed was announced in 1995 and registered as Rodonite. This
high-efficient breed is very popular in Russsia, especially in Urals and Syberia. Egg
production of this breed averages to 288 eggs per hen housed in 1995.
Another poultry industry leader, Mrs. Lidia Solovyova, is high-skilled expert and
manager in charge of commercial layers poultry farm "Konstantinovskaya" in the
Moscow Area. Mrs.Eugenia Tchupakhina is managing director of poultry breeding
integration "Ptitsevod" in Tatarstan Repubhc. Mrs.Rosa Saphina is director of breeding
poultry farm "Kutchinsky" in the Moscow Area.
Past 50 years of evolution of world's poultry' industry give us clear evidence, that any
progress here will be 90% dependent on genetical and selection work, on better feed
efficiency, and as consequence - improvement in egg and meat performance. Manager
in charge of AU-Russian Centre for Genetics and Selection of Poultry, Professor Claudia
Zlotchevskaya, is an example of woman, who has achived the science's heights through
hard work and study. She has began her work as poultry maid on a s mall farm, then
graduated from zootechnical department at Moscow Academy of Veterinary science
and three years later started her past-graduation study, made Doctor's degree, while
doing practical research in poultry genetics. She has published 170 scientific works,
she is co-author of 3 layer breeds and author of " Methods to produce mini-hens of
meat-type parent stock breed". She was promoted to Professor's cadre, was decorated
with orders and medals by Russian government, honored with the State Prize Award.
Major impact on development of poultry breeding science and practice was executed
by famous Russian scientists - Mrs.L.Shakhnova, Mrs.R.Varakina, Mrs.N.Fuzeyeva,
Mrs.I.Galpem, Mrs. A.Borisenkova, MrsT.Okolelova; by well-known Russian practical
geneticists, nutritionists and technologists - Mrs.G.Gladkova, Mrs.M.Annenkova,
Mrs.LPavliutchenko, Mrs.G.Tchashina, Mrs.A.Zvezdina and others. Since 1966,
Mrs.Nina Selina works as Secretary of Russian National Branch of WPSA. With their
joint efforts together with scientific and research institutions and industry's experts,
they have managed to establish new breeds and varieties of poultry, which are in line
with the best world achieved results, comparable with those the world over.
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On the basis of performance trials in Russia with broiler breeds Smena, Concourrent
and Broiler-6, it was shown that chickens could grow as fast as 44 - 46 gm per day, with
body weight at 49 days at 2.2 - 2.3 kg. Egg production of some of Russian bred layer
breeds, e.g. P-46, Rodonite and Lohmann Braun-derived could achieve 280 - 290 eggs
per hen housed.
Primary poultry breeders of MNTC Plemptitsa and Rosptitseprom Ltd.,- biggest national
poultry production integrations,- have sufficient potential and breeding stock of high
performing breeds to meet the challenges of market economy, to satisfy the demand in
breeding and commercial poultry of both national and private poultry farmers of Russia
as well as other C.I.S.-countries. Nevertheless, the declining economy in the last few
years makes poultry breeders to reduce breeding flocks, which consequently leads to
cuts in poultry meat and consumption of eggs.
Table eggs production dropped in Russia within 1995 by 3.3 billion eggs,- 10% of
1994 level, poultry meat production dropped by 250 thousand tons,- 18% of 1994
level. Broiler breeders were used only for 75% of their potential, layer breeders - for
only 35 - 50%. Production and personnel resources of Russian poultry industry,- with
better efficiency applied if required,- would allow to increase within 3-4 years: table
eggs production - by 5 - 6 billion eggs; poultry meat production - by one million tons.
Current task of national poultry industry is to adopt quickly to open market conditions,
with better use of industry's potential and federal assistance programs,- to recover
from crisis, typical for the time of changing market set-up.
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ROLE OF WOMEN IN POULTRY DEVELOPMENT
INDIAN EXPERIENCE
Anuradha J. Desai
Venkateshwara Hatcheries, Pune, India

INTRODUCTION
Women entrepreneurs have made significant contribution to commercial Poultry
Development in many countries. However, this paper deals specifically with role of
small rural poor women in Poultry Development in developing countries.
PROBLEMS OF WOMEN WITH SPECIFIC REFERENCE TO RURAL AND
POOR WOMEN
The major problems and constrains are as under :
a)
Illiteracy
b)
Lack of employment - occupation.
c)
Lack of income - (contribution to family income).
d)
Lack of ownership of the asset - especially ownership of land - based assets.
e)
Lack of decision making power in economic/financial needs of the family or
the society.
f)
Lack of appropriate training to improve skills in the chosen occupation.
g)
Lack of savings which could be invested in creating new assets or obtaining
credit from financial institutions.
h)
Lesser access to marketing their own produce and deciding on the selling price
( usually this is done by men in the house hold),
i)
The problem is more acute in developing countries of Asia, Africa and Latin
America, where very large portion of human population lives in rural areas
and depends on agriculture and allied activities including poultry for income
and employment.
SOLUTIONS / INTERVENTIONS REQUIRED TO CHANGE THE SCENARIO
AND UPLIFT RURAL WOMEN
The following aspects need to be looked into :
a)
Training to improve skills - emphasis on practical and need-based training.
b)
Job opportunities specially suited for women (poultry fits in very well because
it is not a full time job).
c)
Appropriate schemes to provide, funds/loans with relaxation on norms for
security/guarantee for loan.
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d)
e)

Suitable laws on asset/land ownership by women.
Creating Self-Help-Groups (SHGs) amongst women for Group guarantee for
loans, developing skills, creating facilities for "Group-Marketing" and
encouraging "Money Saving Habits" among rural women entrepreneurs.

RURAL WOMEN AND POULTRY DEVELOPMENT
Following are important considerations.
a)
Poultry egg and meat are important sources of balanced high quality protein
food mainly produced in rural areas.
b)
Quality protein is especially important in diets of pregnant women, nursing
mothers and young growing children.
c)
Diets of village-based people consist mainly of larger quantities of cereal grain
(carbohydrates) and less protein resulting in protein - malnutrition, especially
amongst children. Poultry egg/meat can very well supplement such diets.
, d)
Poultry can provide regular source of supplementary income to family and
additional labor employment within the house / village. This is very important
since income from agriculture is usually seasonal, while poultry gives income
throughout the year.
e)
Poultry farming in rural areas can prevent migration of people to urban areas.
f)
Poultry droppings are veiy essential source of organic nitrogen, phosphorus
and potassium which can be used for growing vegetables/ fruits in famil
household or at commercial levels.
ASSISTANCE TO RURAL WOMEN FOR POULTRY PRODUCTION INDIAN EXPERIENCE
International organisations like FAQ of the United Nations, International Fund for
Agricultural Development (IFAD), Rome and Asian Development Bank, Manila
(ADB) are actively supporting projects on rural poultry production with specific
emphasis on rural women.
African Networking System, funded by FAO,Rome and CTA, Netherlands and ADB,
Manila assisted work by Bangladesh Grameen Bank have identified major issues and
problems of developing skills of women and funding of the projects.
IFAD assisted Women Development Project is in operation in several districts of
Tamil Nadu, India for last 3 years. The Local Non-Government Organisation (NGO)
identifies the beneficiaries and fonns their groups who choose their own leader and
identify the economic activity. The NGO, Project authority (State Government) and
local bank prepare suitable scheme, provide training and help the group to start
"group saving", and provides funds to take up the chosen activity.

424

So far, 15000 rural women have been helped with training and credit package in the
field of Crop Cultivation, Horticulture, Sericulture, Animal Husbandry and Village
Crafts-Artisan activities. Nearly 45% women have chosen Animal Husbandry (small
dairy and poultry units). The results obtained so far are encouraging,
In Madurai district, a small beginning was made in 1994-95 by giving suitable
training to 20 entrepreneurs followed by credit package for starting 200 bird broiler
units under all-in-all-out system. Their success has motivated other women to take
up this activity. The group is now planning to extend the scheme to 250 women. The
rate of recovery of bank loan is satisfactory. The group is now planning to diversify
into other activities like feed mixing, meat processing and marketing. Although,
initially they thought that poultry was a risky business, the success has brought "self
confidence" and they are now planning to expand the activity. The group saving
habits have also improved.
In Namakkal area of Salem district, many women entrepreneurs are managing their
poultry units independently and successfully. They depend upon men-folk only for
marketing of eggs/birds. Many of them insist on employing only women as farm
labourers, as they claim that such women labourers are more honest, punctual and
sincere to their jobs and do not indulge into "bad habits" i.e. smoking and liquor
drinking which is common with male labourers. In Namakkal, poultry experience is
considered as an asset to such an extent that while looking for a bride, people prefer
a girl who has experience in poultry which is indicative of a tremendous impact of
poultry on social life of people.
The project has given other additional benefits to rural women. They include improving
rate of literacy, development of skills, increasing group savings etc. Now they are
more aware about cleanliness and hygiene at home and surroundings, creating common
facilities like school, health camps, developing drainage and common village roads,
facilities for drinking water, street lights, tree-planting and renovation of temples
etc., in their village. These social changes have been brought about as a result of
literacy and awareness campaigns taken up by the women "Self Help Groups" (SHGs)
with the help of local leadership of NGOs.
CONCLUSION AND FUTURE NEEDS
Women, especially rural poor women play a very significant role in rural poultry
production. Besides income and employment, poultry helps socio - economic
upliftment of rural women. Greater involvement of local Non-Government
Organisations (NGO's) and Self-Help-Groups (SHGs) amongst women need to be
encouraged by the Government and generously funded by International Financial
and Funding Agencies. The "Group Approach" needs to be studied at a depth and
appropriate projects prepared to determine how this benefit can be given to millions
of rural women poultry entrepreneurs in many developing countries.
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WOMEN AND POULTRY DEVELOPMENT
PROJECTS: A TRLVNGLE OF HISTORICAL
NEGLECT, INCREASING AWARENESS AND A
FUTURE CHALLENGE TO DISTRIBUTE POWER
Francine A. Bradley
Avian Sciences, University of California, Davis, California 95616, USA

The traditional, exclusively feminine nature of poultry production has long
been ignored by those planning poultry development projects. Likewise,
women have not been identified as a clientele group to target in many rural
development projects. Women already raising poultry have many shared
problems, regardless of their geographic location. Availability and quality of
nutrients, including water, for the poultry diet are often problematic. Inability
to recognize and treat diseases contributes significantly to flock mortality.
Access to credit is crucial, but often nonexistent. Several societal and
organizational changes must take place for poultry development projects to
flourish. The significant contributions of female labor to agricultural
production must be recognized. Education for girls and women has to be
accepted, valued, and fostered. Development organizations need to be
integrated and women placed at all levels. Local politics must allow for women
to have access to power in the forms of land, credit, information, and supplies.
Only when women and men are full and willing partners in the process, will
the changes listed above take place.
INTRODUCTION
At the site of domestication in Southeast Asia, on the Roman latifundium, and on
the new world homestead, the chicken has been cared for by women. Not until
this century, when major profits appeared possible with this form of animal
production, did men show interest in poultry. Although every student of poultry
history acknowledges the nearly exclusive feminine nature of poultry production
for most all of its history, the designers of development projects have failed to
recognize this basic fact. The role of woman as mother has kept reproductively
active women close to the home. That geographic restriction, however, has not
prevented women from also mothering the animals defined as "household animals."
That category includes, in addition to poultry, dogs and pigs.
Women's overall contributions to national economies have long been overlooked.
For whatever reason, many people can only picture a male figure when the
discussion involves plowing, pruning, or harvesting. Equally as incorrect and
biased is the notion that only women know how to cook and preserve food. Mead
427

(1976) has cited the Euro-American belief that production of agricultural
commodities while they are still in the field or bam is a male venture, while the
post-harvest care of those same commodities is the female arena. Not only have
women been overlooked as the producers of food, they have been classified as
totally lacking in terms of financial contributions to the family. Blumberg (1976)
correctly points out that this was not purely a male-based sexist notion. She quotes
Charlotte Perkins Oilman, who wrote in 1894, ''The female of the genus homo is
economically dependent on the male. He is her food supply." Only after years of
debate, have many economists come to admit that women are the basis of the
subsistence economy (Massiah, 1993). Regardless if the commodity under
discussion is eggs or rice, sociologists tell us that labor input provided by rural
women is the most invisible category of labor" (Palmer, 1976).
RESULTS AND DISCUSSION
Given that women have historically been major contributors to agricultural
production, it is a travesty that development programs have either ignored the
women agriculturalists or devalued their contribution. Sachs (1983) acknowledges
the contributions of these women and calls them the "invisible farmers." Due to
their invisible nature, Sachs says it is not surprising that agricultural development
programs have been directed towards men, regardless if they are the farmers or
not. It is unfortunate that an incredibly productive educational program, the
Cooperative Extension model of the United States Department of Agriculture,
bears some of the blame for the misdirected development programs. American
agricultural extension workers have traditionally been males, who in turn shared
information with male farmers. In attempts to repeat the agricultural production
gains brought about by Cooperative Extension programs in the United States, this
model has been applied to development projects.
Even before becoming beneficiaries of development efforts, the women must be
recognized as full members of the clientele group. It is often difficult for women,
even those who identify themselves as agriculturalists, to be "officially" recognized
as farmers. Fairbaim-Dunlop (1993) described the case of a woman planter in
Samoa. The woman gave this frustrated quote, "Every time the statistics men
come, I list myself as "planter.' When the role comes out, there I am "Housewife!'
I tried to see where the change was made. I never could."
Those evaluating the application of the American extension model to foreign
development projects have found that the results have been disastrous for some.
Only the farmers viewed as "progressive," this usually translated into "richer,"
were contacted during farmer training programs in Kenya. The outcome was
wealthier rich farmers, while the "less progressive," usually female farmers,
received no assistance (Abbott, 1975). Poultry development programs have not
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only neglected many women farmers, they have actually hurt others. One
unfortunate example was the introduction of chicken production in a Zaire village.
Development officers contacted only the male citizens, failed to check on the water
supply, and ignored the water delivery system. In reality, the village had little
water, the women carried the water in from long distances, and the chicken project
added hours a day of extra water-carrying work for the women (Nelson, 1979).
Blumberg (1976) describes the myth that "economic development always provides
an improvement in women's lives." She provides documentation that development
projects which have promoted cash crops have often removed cash from the purses
of the women involved. In the traditional West African system, for example, the
women controlled the money realized from their agricultural enterprises. When
cash crops for foreign export were introduced, the women were left out of both the
production and economic loops. The result was women with less income at their
disposal and less power.
There are, however, many areas where women have traditionally kept poultry and
would like the means of doing so with greater efficiency. Western Samoan women
are responsible for food production efforts including free ranging chickens, pigs,
and gardens. The primary reason given for failure of their gardens was "pig and
hen damage" (Fairbairn-Dunlop, 1993) Possibly information on semi-intensive
poultry production, such as movable floor pens, could improve both the poultry
and plant production. Cloud (1986) has reported that women's groups in the Sahel
are eager for information on poultry diseases and poultry nutrition. The need for
information on disease prevention, identification, and diagnosis is mentioned over
and over again by workers in the field (Johannesma, 1995; Henderson, 1986).
A factor given as contributing to poor bird health, is the paucity of abundant, clean
water for the birds (Fee, 1995). The entire field of nutrient sources, including
water, is problematic. While free-ranging the birds may put the fowl at a greater
risk from prédation and disease, it does allow them to benefit from whatever "free"
foods they can find. Once the birds are confined, they are completely dependent
upon the owner for their nutrient needs. The owner of the confined birds must
somehow obtain feed. In most cases this means purchasing complete rations, or at
least grains, and this in turn requires cash. Access to credit may be difficult or
non-existent for many women farmers (Johannesma, 1985).
Semi-confinement management, disease identification, and nutrition are not the
only areas where women poultry producers need information. New technologies
that have been successfully applied in commercial operations may also have some
application for the small holder. Okine (1993) described the situation of women
farmers in Ghana. She pointed out that since extension officers rarely meet with
rural women, said officials have no idea of what the women need and certainly do
not transmit any of the new technology to them.
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Some poultry development projects have found ways around some of the difficulties.
One such success story is that of the Chicken Raising Group in Changwa Phrae,
Thailand. The group of 24 women received start-up monies from the Department
of Community Development which allowed them to purchase 1,200 chicks. Prior
to obtaining the chicks, the Chair of the group arranged for the provincial animal
officer to conduct two days of poultry training. After receiving the training, each
women constructed her own poultry house. The birds were raised to 45 days of
age and then sold. Marketing was a problem, since the women had to use a
middleman, and he took a cut of their profits. From the monies received, each
woman had to return to the group funds sufficient to purchase 51 chicks. The
women circumvented some of their problems by arranging to pay for the chicken
feed when they sold their birds. As a group, they built a feed grinding shed and in
so doing, were able to produce some of their own chicken feed. Over a three year
period their bird production increased by 25.0% and their capital increased by
55.0% (ESCAP/FAO Inter-country Project for the Promotion and Training of Rural
Women in Income-raising Group Activities, 1979).
A poultry project in Honduras was effective in more than increasing the productivity
of the women's poultry. The poultry project, as initiated by the Pathfinder Fund
and financed by US AID, appealed to the women because it provided a legal avenue
for establishment of a women's cooperative. The cooperative's poultry bam and
water supply shed were built and 61 received the initial training on both poultry
production and cooperatives. The women were the organizers of the educational
activities. Although the women had to deal with irregular chick deliveries and
poultry production demands that conflicted with their other agricultural operations,
the cooperative took hold. The project generated income and the women reinvested
the majority of the profits in chicks and feed. The women made use of their
cooperative structure to demand sex education and used its rotating credit fund for
children's educational programs. The women's poultry cooperative was more
successful than a cooperative run by the men in the village and the women were in
the position to loan funds to the men's cooperative (Flora, 1987).
The successful poultry development projects share several features. They are often
cooperative ventures, the women are given training not only in poultry production,
but also in organizational skills, leadership and instruction are provided by women,
and a savings/credit system is established (Ibid.). It has been suggested that the
greatest possibility for success of women's cooperative societies exists when outside
educational inputs are restricted to women extension workers (M.A. Singamma
Sreenivasan Foundation, 1993).
Report after report comments on the fact that rural women raise poultry for the
purpose of being able to meet unexpected family expenses (Thiam, 1986).
Regardless of the place or time, poultry and their products have always been an
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avenue for women to independently produce and market a product and then control
the profits.
Following studies of both the World Bank and the United Nations Development
Program (UNDP), Kardam (1990) concluded that institutional change can be
influenced by social action groups, but only to the degree that the goals of these
groups correspond to the organizational culture of the institution in question. For
example, she found that financial institutions will respond to gender issues if they
can see the promise of increased economic efficiency. Due to the nature of its
mission, an agency such as the Ford Foundation, will be more likely to respond on
the basis of gender equity.
According to Jahan (1995) little has changed in the last twenty years in terms of
the female presence at major aid agencies and the funds allocated to women. She
acknowledges that agencies have identified the gender issues and have adopted
the appropriate policy language. However, in action they have not relocated the
resources necessary to facilitate change outside the meeting rooms.
In order for future development projects to succeed, planners must recognize
women's intimate association with poultry production. The power that exists in
having knowledge must be provided through educational programs. Access to
poultry feed, pharmaceuticals, and credit is crucial. The American model of buying
feed for poultry must be recognized as suitable only in grain surplus countries
(Fee, 1995).
Incorporation of women into the decision-making process will not only mean power
for those individual women and their families, but will also have long term benefits
for the women's homelands. Sachs (1983) makes a very good case for the wisdom
of involving women in deciding which crops should be raised. She correctly points
out that women will think about the nutrient value of a commodity, not just its cash
value. Sachs also warns that removal of this female input may have catastrophic
implications.
Parker and Friedman (1993) have summed up the challenge by stating that "the
gender issue is essentially one of power and politics." If development projects are
thoughtfully and correctly planned and if the pohtical environment allows women
to have the power inherent in education, land ownership, and access to supplies,
poultry can continue to give women around the world the ñnancial independence
so long associated with the "egg money."
REFERENCES
ABBOTT, S. (1975) Women's importance for Kenyan rural development.
Community Development Journal 10(3): 179-182.

431

BLUMBERG, RAE L. (1976) Fairy tales and facts: economy, family, fertility,
and the female. In Women and World Development with an Annotated
Bibliography (Eds Tinker, Irene Tinker, Bramsen, Michèle Bo, Buvinic, Mayra),
Praeger PubUshers, New York, pp. 12-14.
CLOUD, KATHLEEN (1986) Sex roles in food production and distribution
systems in the Sahel. In: Women Farmers in Africa. Rural Development in
MaH and the Sahel (Ed Creevey, Lucy E.), Syracuse University Press, Syracuse,
New York, p. 29.
ESCAP/FAO Inter-country project for the Promotion and Training of Rural Women
in Income-raising Group Activities (1979) Learning from Rural Women.
Village-level success cases of rural women's group income-raising activities.
ESCAP/FAO, Bankok, pp. 74-77.
FAIRBAIRN-DUNLOP, PEGGY (1993) Women and agriculture in Western
Samoa.In: Different Places, Different Voices. Gender and Development in
Africa, Asia, and Latin America (Eds Momsen, Janet H. and Kinnard, Vivian),
Routledge, London, pp. 211-220.
FEE, SHARON (1995) Personal communication. United States Agency for
International Development, American Consulate General, Jerusalem, Israel.
FLORA, CORNELIA BUTLER (1987) Income generation projects for rural
women. In Rural Women and_ State Policy. Feminist Perspectives in Latin
American Agricultural Development (Eds Deere, Carmen Diana and Leon,
Magdalena), Westview Press, Boulder, pp. 220-222.
HENDERSON, HELEN (1986) The grassroots women's community as a
development strategy in an Upper Volta village. In: Women Farmers in Africa.
Rural Development in Mali and the_ Sahel (Ed Creevey, Lucy E.) Syracuse
University Press, Syracuse, New York, p. 144.
JAHAN, ROUNAQ (1995) The Elusive Agenda. Mainstreaming Women in
Development. University Press Limited, Dhaka, p. 106.
JOHANNESMA, N. (1985) Personal communication. Integrated Agricultural
Rural Development Project, Canadian Executive Overseas Service, Guelph,
Ontario, Canada.
KARDAM, NUKET (1990) Bringing women in. Women's Issues in International
Development Programs. Lynne Reinner Publishers, Inc., Boulder, Colorado,
pp. 96-97.
MASSIAH, JOYCELIN (1993) Preface. In Women in Developing Economies.
Making Visible.the Invisible (Ed Massiah, Joycelin), Berg PubUshers, Inc.,
Providence, Rhode Island, p. 8.
432

MEAD, M. (1976) A comment on the role of women in agriculture. In Women
and World,Development with an Annotated Bibliography (Eds Tinker, Irene,
Bramsen, Michèle Bo, Buvinic, Mayra), Praeger PubHshers, New York, p. 10.
NELSON, NICI (1979) Why Has Development Neglected Rural Women? A
Review of the South,Asian Literature Pergammon Press, Oxford, p. 61.
OKINE, VICKY (1993) 'The survival strategies of poor famiUes in Ghana and
the role of women_therein In Women in Developing Economies. Making Visible
the Invisible (Ed Massiah, Joycelin), Berg Publishers, Inc., Providence, Rhode
Island, p. 182.
PALMER, INGRID (1976) The role of rural women in a new economic order.
Paper presented at the 15th World Conference of the Society for International
Development, Amsterdam, November 28 - December 3, 1976. 23 pp.
PARKER, A. RANI and FRIEDMAN, MICHELLE (1993) Gender and
institutional change in international development. In: Women at the
Center.Development Issues and Practices_for the 1990s. Kumarian Press, West
Hartford, Connecticut, pp. 123-124.
SACHS, CAROLYN E. (1983) The Invisible Farmers. Women in Agricultural
Production Rowman and Allanheld, Totowa, New Jersey, pp. 128-137.
SREENIVASAN, M.A. SINGAMMA FOUNDATION (1993) Integrating
women in development planning: the role of traditional wisdom. In Women in
Developing.Economies. Making Visible thejnvisible (Ed Massiah, Joycelin),
Berg Publishers, Inc., Providence, Rhode Island, p. 284.
THIAM, MARIAM (1986) The role of women in rural development in the Seghou
region of Mali. In: Women Farmers in Africa. Rural Development in Mali and
the Sahel (Ed Creevey, Lucy E.) Syracuse University Press, Syracuse, New
York, p. 73.

433

WOMAN ENTREPRENEUR IN POULTRY FARMING
A CASE STUDY
N. Khandekar^ and P. Khandekar^
-'^^

^¿».

■^'

"'iß-::--:■

^

'^^^"^

^Central Avian Research Institute Izatnagar, 243 122, India
^Indian Veterinary Research Institute Izatnagar, 243 122, India

Women have known to be involved in animal husbandry activities since a long
time. Studies on women are of extreme importance to get an insight about her
role in poultry farming. With the constraint of availability of women
entrepreneurs in poultry as well as accessibility, the present study had to be
restricted to a case study with the objective of conducting an indepth study of a
woman entrepreneur in Poultry farming. One such entrepreneur was identifíed
by a pilot survey and the case study conducted through use of a open ended
schedule as well as observation method. The fínding indicated that despite
extreme opposition from community but with encouragement from her husband
and parents the respondent opened a poultry unit of 500 layer about 14 years
ago which has now grown into a unit of 5,000 birds. The sources of information
utilised by her were mainly her husband, veterinary doctor and literature. She
jointly takes decision with her husband on all the aspects related to the farm.
The major contraint faced by her is non availability of chicks and good feed in
the near vicinity. However, she is managing the farm efficiently on scientific
lines and earning a profit of Rs. 27.50 bird in lay and meeting all household
expenses through it.
INTRODUCTION
The primary role of women in shaping the pace and structure of social advancement
and motivating development has been accepted as early as our scriptures. Women
have known to be involved in animal husbandry activities since a long-long time. In
the last two decades, policy - makers and planners have started realizing the importance
of mobilising the women. Studies on women in animal husbandry and agriculture
started emerging. The work of the once "invisible worker" became more and more
visible. But as Vishwanathan (1989) reported there are hardly any published reports
available on involvement of women (and children) in small animal production. The
reason for lack of studies in poultry could be attributed to two facts, firstly there are
very few women entrepreneur in poultry farming and secondly, poultry farms are
scattered throughout the length and breadth of the country making research studies
difficult to be taken up due to lack of resources.
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Nonetheless, such studies on women aft-e of extrence importance to get an insight
about her role in poultry farming, the motivational factor, the hinderances, the financial
difficulties, the information seeking behaviour and her overall managerial skills in
poultry farming. Thus, the present study was taken up with the specific objective of
conducting an indepth case study of a woman entrepreneur in poultry farming.

METHODOLOGY
A pilot survey of the area around the Central Avian Research Institute (CARI) was
made to identify women entrepreneurs in poultry. Only three could be identified. Two
were running a broiler unit out of which one had given it up due to some personal
reasons. One woman was running a layer farm for the past many years. Thus, it was
decided to take up a case study on her farm. The study used an open-ended interview
schedule as well as obser\^ation method as a tool to conduct the case study.
RESULT AND DISCUSSION
Background information : The respondent's husband was employed in the defence
services (he is now retired for the past 6 years) and so she used to stay at the
ancestral farm with her in-laws and three small children. Her husband had acquired
training in poultry farming during his service, so that he might take it up on his
retirement, but he was apprehensive of its success. At this stage his wife suggested to
take up poultry farming on a small scale to gain practical experience as well as learn
its pros and cons while her husband was still in service. Inspite of resistance from her
in-laws and friends, her husband's enthusiasum and parents support, she started her
poultry farm in 1981-82.
Profile of the respondent :
Age Education

Caste

Family Type

Family Size

Experience in Poultry

40

Brahmin

Joint

7

14 years (approx)

M.A.

Sources of information : The respondent got all the initial knowledge from her
husband and has read a lot of literature brought by her husband. Apart from this she
keeps abreast with the latest knowledge by consulting the veterinary doctors who
visit the farm twice a month.
Information regarding the farm : Location - The farm is located in Nainital district,
right on the road side in 25 bighas of land. The main house is at a distance of 25
meters from the poultry farm buildings, surrounded with agriculture fields with few
trees owned by the family.
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Size of the buildings

Brooder house Grower house Layer house
a)

b)
c)
d)
e)
Total Area =

20
30
80
60
60
50
30

X
X
X
X
X
X
X

12
20
20
25
20
25
20

ft.
ft.
ft.
ft.
ft.
ft.
ft.

=
=
=
=
=
=
=

240 sq.ft.
600 sq.ft.
1600 sq.ft.
1500 sq.ft.
1200 sq.ft.
1250 sq.ft.
600 sq.ft.
6990 sq.ft.

The layer and grower houses have windows along the length of the building of 10 x
4 ft. with 1 ft. pillars in-between . The brooder house has 3 x 4 ft. windows.
Equipments : Feeders

layers -

Hanging type (in two sheds)
Flat trays of 3 ft.length 5in height (in 3 sheds)
, growers - Flat trays of 2 ft. length 3 in eight
brooder - Flat trays of 1-1/2 ft. length 2 in height
Waterers layers - 20 in diamètre tubs with 24 in grill
growers & brooders - Inverted mugs with plastic
plates.
Hover
1ft. diameter reflector with 100 watt bulbs.
(Generally uses 3-4 bulbs/100 chicks).

Electricity and water : The farm and house has an electricity connection. There is
no power failure generally, thus, no alternate arrangement has been made for electricity.
The farm has access to cannai water which is stored in tanks and treated with
potasium per maganate and bleaching powder.
Livestock composition : The respondent takes four replacement in a year with new
flock coming at every quarter and old birds being discarded simultaneously. The
farm has always kept layers of reputed hatcharies from Delhi. Last year golden
layers have also been introduced due to demand of brown eggs during winter which
fetches more money. The details of stock kept are as follows :
1981-86
- 500 birds
1986-90
- 2000 birds
1990-93
- 3000 birds
1993-94
- 4000 birds
1994-95
- 5000 birds (1000 golden layers)
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Employment pattern
Sl.No. Relationship/ Number of
post
persons

Activities

hrs/day days/wk.

1.

Labour

2

8

7

2.

Sons

2

1

1-2

3.

Husband

3

7

4.

Self

Feeding, watering,
Picking eggs. Raking.
Raking, vaccination*,
Feeding* Watering*
Chick management*
Vaccination*
Chick management*
Vaccination*

4

7

* As and when required
Daily routine : Feeding and egg collection is done four times a day, watering three
times and raking is done everyday in winters, alternate days during rains and twice a
weak during sunmiers. Other jobs are done as and when required. Initially, the
respondent used to do all the activities herself but as the flock increased extra labour
and her husband helps her in the running of the farm.
Feeding : Feed of standard companies is purchased. She prefers to buy concentrate
and mixes maize, rice bran, soyacake and mineral mixture in recommended quantities.
She is planning to manufacture feed at her own farm, now that all the ingedients are
available in the local market.
Health coverage : The respondent is registered with the nearby University's Veterinary
College which provides full veterinary services. Sheds are white washed and
disinfected (with Chloromine. T) before arrival of a new stock. A tub of lime stone
or phenyl is kept near the doors of sheds to disinfect shoes and feet. Entry to farm is
restricted to avoid diseases. The average mortility rate at the farm is 3-5%. The
following table shows three outbreaks of disease and the mortihty during the period.

Year

Disease

1990
Feb. March 94
Jan 95

Salmonella infection
Ranikhet disease
Infectious Bursal Desease
(Gumboro)

Mortility
( No. of birds)
250
500-600
1500

It is interesting to note that in the initial years of opening the farm no such disaster
took place. The reason for this could be a small and easily managable flock.
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The dead birds are always buried in a pit dug away from the farm. In case of
Gumboro infection, the birds were buried at about 15 km. away, near a river bed. The
vaccination schedule recommended for layers is strictly followed at the farm.
Marketing : It is interesting to note that sale of all the products or by-products is
made at the farmers' door-step. Eggs are collected by wholesaler at 3 and 5 paisa
above the wholesale price of an egg in Delhi for white and brown eggs, respectively.
Manure, sacks and spent hens are also picked up at the farm it-self saving the
transportation cost and breakage losses.
Financial Assistance : The farm was started with an amount of Rs. 80.000 initially.
Subsequently, the respondent had opened a cash credit account (in bank) of Rs.
20,000 with an interest rate of 12%.
Comsumption pattern : Since the respondent is from a Brahmin family she does
not consume any of the products. Only the male members of the family i.e. her
husband and her two sons consume the products apart from the labourers.
Decision Making : The respondent has always taken joint decision along with her
husband even when in-service regarding procurement of chicks, treatment of flock,
marketing, disposal of birds, credit, feeding and other related activities.
Profit : The net profit per Year are Rs. 99,570 (Rs. 8,297.50/ month) (Annexure).
Present Status : The earnings from the poultry farm has helped the family to raise
their general standard of living. The family has a new house, a scooter, a refrigerator,
a television and many other assets which they have acquired from profits earned
from the poultry farm. All household expenditure including education of children,
some extra-curricular activities are met from earnings from the poultry farm.
Constraints : The main constraint faced by the respondent is of non-availability of
quality chicks and good feed in the local market.
CONCLUSION
The study despite its limitations has brought forward the fact that woman can manage
poultry farming as well as any man. Even without any formal training, but with
interest and determination one can achieve success. It is suggested that the unemployed
member of the family (especially women) first takes up this enterprise on a small
scale, reinvesting the profits initially accrued till the stage that the profits are lecurative
and the household can live on the income earned from the farm bringing in an
overall rise in the standard of living.
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This study is a small begining toward realising the role of women in poultry farming.
There is a need to conduct research on the role of women in traditional backyard
poultry as well as in commercial poultry so that planners, policy-makers and extension
workers direct their programmes toward the neglected women folk.
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ANNEXURE
ECONOMICS:
Expenditure : Yearly
Non-recurring : The respondent has spent about Rs. 3 lakhs on the total building and about Rs.
40,000 on equipment.
Recurring :

Chicks
Feed
Litter
Electricity
Water
Vet./medicine
Staff
Total

-

Rs.
Rs.
Rs.
Rs.
free
Rs.
Rs.

68,250
13,47,500 (@ Rs. 5.50 kg)
5,000
3,600

Rs.

14,98,350

50,000 (including overhead charges)
24,000

Income : Yearly
Sale of eggs :

White
Golden
Sale of spent hensRs.
Sale of manure
Sale of Gunny bags

Rs.
11,88,000*
Rs.
2,41,920
1,75,000 (@ Rs.
Rs.
12,500
Rs.
14,500

Total

Rs. 16,31,920

Income - Expenditure
16,31,920- 14,98,356
Deduct depreciation of building
and equipment (Rs. 30,000-h4000)
Net profit yearly

(4000 hen housed Av. 270 eggs)
(1000 hen housed Av. 250 eggs)
35^ird)
(1000 bags @ Rs. 13 & 250 bags @ Rs. 6)

=

Gross profit
1,33,570
Rs. 34,000
Rs. 99,570 (OR Rs. 8,297.50 / month)

(Losses due to disease outbreaks also have to be deducted from profits.)
* Rate calculated at Rs 3.00 and 5.00 above the average Delhi wholesale price of 100 eggs i.e. Rs
110 and Rs 112 for white and brown eggs respectively for the year 1995.
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FACILITATING WOMEN'S PARTICIPATION IN
VILLAGE POULTRY PROJECTS: EXPERIENCES IN
MOZAMBIQUE AND ZAMBIA
R. G. Alders
National Veterinary Research Institute, P.O. Box 1922, Maputo,
Mozambique

The key role frequently played by women in the production of village poultry is
now widely accepted. Given the scope of activities and responsibilities of rural
women, it is crucial that poultry projects be designed in a "woman-friendly"
manner in order to facilitate their participation.
Drawing on examples from Mozambique and Zambia, aspects of project design,
implementation and evaluation are discussed . The preparation of a project
proposal that is culturally, socially and technically feasible requires input from
the beneficiary community (women, men, boys and girls), local government
livestock officers and professionals from a range of disciplines: veterinary science,
agricultural economics and sociology. Once the project commences,
implementation will proceed with fewer difficulties if a flexible and participatory
approach is adopted. Extension techniques that favour the participation of women
should be employed. Similarly, the evaluation of projects should involve all
participants: the men, women and children of the beneficiary community,
government livestock officers, the national veterinary department and consulting
poultry veterinarians, agricultural economists and sociologists. The sharing of
reports and recommendations among those working with village chickens is to be
encouraged.

INTRODUCTION
The key role frequently played by women in the production of village poultry is now
widely accepted (Bradley, 1992) as is the role that village poultry can play in poverty
alleviation and food security (Spradbrow, 1993/94). Village chickens in particular
fulfill a wide range of functions - e.g. the provision of meat and eggs, food for special
festivals, chickens for traditional ceremonies, pest control and petty cash - while requiring
minimal external inputs, minimal human attention and causing minimal disruption to
the environment (Acheampong, 1992).
As with any development project, the objectives and activities of a poultry project
must relate to perceived needs and interests within the community and project planning
should be done together with the relevant members of the community. There may be
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some overlap in approaches between different poultry projects, but it is wise to accept
that every community is unique and that the interaction between men, women, children,
poultry, livestock and other family activities will vary. Consequently, it is difficult and
risky to be prescriptive comceming the implementation of poultry projects. The design
and implementation of poultry projects would benefit from a wider sharing of lessons
learned by those involved with such projects.
RESULTS AND DISCUSSION
Project Design
Poultry projects generally arise from one of two scenarios: either consultative meetings
with the community which indicate that people wish to initiate a poultry project; or the
idea of a poultry project is introduced to the community by a development agency. No
matter how a project originates, it is important to adopt a participatory approach from
the outset. Participatory approaches and methods support local innovation and
adaptation, accommodate and augment diversity and complexity, enhance local
capabilities and so are more likely to generate sustainable processes and practices (Pretty,
1994). Some of the fundamental issues which should be addressed during the preparation
of a project design document are discussed below.
What are the priorities for the community and for the different groups within the
community (i.e. men, women, boys, girls, poorer families, wealthier families,
different religious and ethnic groups, etc.)?
In order to obtain valid information from the various groups within a community care
must be taken that each group is given the time and the appropriate opportunity to
present their ideas. Most development workers currently use Participatory Rural
Appraisal (PRA) techniques to gather information at the community level. The
usefulness of PRA exercises depends on the experience, skill and commitment of those
undertaking the exercised. For instance, experiences to date clearly show that PRA is
not automatically gender-sensitive (Guijt, 1994). Those using PRA in the field carry
with them personal biases, experiences and agendas, all of which shape the final analysis.
Therefore without gender-sensitive field workers, gender issues are not likely to be
raised. Moreover, many PRA practitioners continue to think that gender-sensitivity
simply means consulting women as well as men. Few have a deeper understanding of
what gender means, how it is manifested and how it affects individual development
options. Any value which might arise from equal consultation of women and men in a
PRA process is frequently lost when the findings disappear into the melting pot of
community averages, obscuring possible gender differences.
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Gender is understood to mean the socially determined differences between women and
men, as opposed to the word "sex" which denotes physical differences. Gender
differences are historically-determined, culturally specific and dynamic. They define
how women and men interact in a specific context, and what is considered^appropriate
for women and men to do, thus determining their respective development options and
constraints (Guijt, 1994).
Veterinarians and poultry husbandry experts cannot be expected to be experts on gender
as well. Nor can they be expected to have a detailed knowledge of other areas of
importance for poultry projects (such as agricultural economics). Consequently, the
involvement of people with skills in sociology and agricultural economics benefits
new projects by ensuring that the project is socially and economically feasible as well
as being "technically" feasible.
What are the priorities that can be addressed by the community? Which ones
require outside assistance? What degree of outside assistance?
Priority ranking should be looked at in conjunction with the various resources (natural,
intellectual, traditional knowledge, financial, etc.) available to groups within the
community. This enables planners to have a better idea as to the type of intervention
required in each situation. Baseline data collection is required to provide the necessary
information, and can be done by various means: surveys, mapping, formal and informal
interviews and review of secondary documentation. The designers of projects should
not look for problems only, but should also try to find possibilities and potentials which
can be used to resolve problems.
An assessment of market potentials will allow designers to make an estimate of likely
returns on investment. Availability of appropriate veterinary inputs (e.g. thermostable
Newcastle disease vaccine) will also influence dramatically the systems required to
provide basic healthcare to the birds.
Why do people in this area keep chickens or why do they want to?
In order to design a project which responds to people's needs and aspirations, it is
necessary to have a reasonable understanding of what influences the decision-making
processes in various situations. In many parts of rural Mozambique and Zambia, village
chickens are not kept only for their meat or sale value alone. Chickens are important
gifts in certain situations and they are also critically important in several traditional
ceremonies. For instance, in Southern Mozambique, frizzle feathered chickens are
believed to have more "power" when used in traditional ceremonies, and consequently
owners pay special attention to these birds and they also sell for a higher price.
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Within households, who are the people responsible for poultry husbandry and
what tasks do they each perform?
With the recent interest in the role of women in development activities there has
sometimes been a tendency to focus on women in isolation, and not to understand
women's roles and positions within the family and the wider conmiunity. In much of
Mozambique and Zambia providing training exclusively for women is not necessarily
the most efficient approach. The design of chicken houses can have a major influence
on flock health, and generally in these two countries it is the men who are responsible
for building the houses (Spradbrow, 1995). Consequently, if men are included in the
relevant training sessions, the transfer of appropriate technologies may proceed with
less difficulties. Nonetheless, it is important to stress that in general women should be
targeted for training and that, where possible, the extension workers involved in rural
poultry production should be women.
It is also interesting to note that while most authors assume that all matters relating to
village poultry are under the control of women, in Mozambique and Zambia this is not
always the case. In Mozambique in particular - where the number and diversity of
livestock kept by families has decreased as a consequence of war and drought - men
appear to play an active role in decisions regarding village chickens. On casual
observation, the degree of men's interest in village poultry would seem to increase
proportionally with decreasing numbers of livestock (i.e. goats and cattle). Perhaps
once livestock numbers build up again, men's interest in poultry will diminish.
What are current poultry husbandry practices?
For poultry projects to be sustainable, they should seek to build on current practices
and current capabilities. Small and appropriate modifications of existing practices
stand a much better chance of success than the introduction of new techniques that are
out of step with the local situation.
What are people's understanding of poultry diseases and how to treat them?
Village poultry has been kept in African villages for centuries. Consequently, much
knowledge has been accumulated regarding the diseases and other problems which
affect the birds. Ethnoveterinary information on types of diseases, the seasonality of
particular diseases, treatments, etc. will assist outsiders to learn about the epidemiology
of key poultry diseases. The type of traditional medicine used for poultry will indicate
the treatment regimes to which farmers are accustomed and where appropriate,
conventional medicine may be introduced and administered in similar ways. For
example, in Zambia, a majority of poultry farmers administer traditional medicine (the
leaves and sometimes roots and bark of specific plants) through drinking water (Alders,
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et al., 1992). The introduction of anthelminthics, anticoccidials and vaccines could
build on this practice.
Who are the people of influence within the community?
Any project will proceed with fewer difficulties if the key people within the community
are supportive of project activities.
Who are the people with expertise in poultry production?
Within any group, certain individuals will have special skill and knowledge with regards
poultry production. If the help of these people is enlisted, then it is likely that particular
practices based on local knowledge which improve production and which use local
resources may be tested by other project participants. These individuals may also be
excellent "contact" farmers who would use and demonstrate ideas introduced by the
project. Local government livestock officers who have worked in the same area for
several years will often have considerable knowledge of poultry husbandry practices
and disease patterns.
Who can afford to take the risks involved with a new venture such as a poultry
project?
It is now well-recognised that it is difficult for the very poor to participate in the early
phases of development projects which require the adoption of new techniques (AFFHC,
1987). The very poor in general have little or no margin for error and so cannot afford
to adopt practices which may not work. In many societies, there is a higher percentage
of women living in poverty and so the benefits of particular poultry projects may take
considerable time to reach some households, especially female-headed households.
Implementation
It is crucial to remember that the care of poultry is just one of the tasks that women
undertake: they rise first, sleep last; they are responsible for the collection of water and
firewood, the preparation of food; they must care for the children, the old and the sick;
they take care of the house; work in the fields; and bear children. Project activities
need to fit into the already busy work schedule of rural women. Wherever possible,
project meetings should take place within or near to women's work places to reduce the
time taken travelling to meetings. Being near to home will also make child care less of
a difficulty. Attendance at meetings is likely to be higher if they are held at a time that
most women agree is preferable. Shorter, more frequent meetings in areas closer to
their homes may be the best approach. The project staff should also take into account
the fluctuations in workload throughout the year; for example, activities during the
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planting and harvesting seasons, when women have an enormous amount of work to
complete, should be avoided where possible. In many rural areas women have not
received formal education and so speak only local languages. Consequently it is
important that project meetings, training sessions, etc. be conducted in the local language
and that non-formal methods of training be employed, especially where illiteracy is
common. The local government hvestock services should be involved in project activities
where relevant. Whenever possible, extension material produced by the project should
be shared with government bodies and other agencies involved in poultry projects.
The selection of field workers who are culturally acceptable is of utmost importance.
In most cultures there are strong unwritten rules about what types of outsiders can be
trusted (Zivetz, 1990). This can relate to an individual's age, gender, social status,
ethnicity or political affiliation.
The importance of adequate and relevant records is to be emphasised. Project workers
and key community participants should be encouraged to keep records on a range of
issues: key decisions taken by community participants (records will help to confirm
that both project staff and community participants agreed to the same thing), production
data, veterinary interventions, etc. Without records it is extremely difficult to make
objective comparisons and evaluations of the project. The performance of external
inputs such as vaccines can also be monitored at household and village levels.
Evaluation
Monitoring and evaluation should follow the same principles as those for project design
and implementation: a participatory process involving community representatives,
government officials, project staff and, where relevant, consultants. Monitoring of
project activities should occur at regular intervals to enable timely adjustments to be
made during the life of the project.
A variety of indicators should be used to evaluate village poultry projects. Production
data should be determined. Other indicators of importance include: the number and
types of people attending project activities, the level of community involvement in
small trial projects, and observable changes in the status of households. In the longer
term it may be interesting to check local health indicators and primary school enrolment
statistics. Ultimately, the question which needs to be answered is whether or not the
project has assisted in poverty alleviation and improved food security.
CONCLUSION
Many poultry projects have floundered because they rest on the judgement of individuals
who have a good understanding of the technical or technological needs in a given
situation, but do not understand the culture which has given rise to traditional
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technologies and practices. Achieving the trust and participation of relevant members
of the family and the community should be given greater emphasis than the achievement
of technical miracles in the short term.
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A HOLISTIC REVIEW OF POULTRY EXTENSION IN
THE UNITED STATES OF AMERICA
Richard D. Reynnells
National Program Leader, Poultry Science, USDA, 901 D Street, SW,
Room 342 Aerospace Building, Washington, DC 20250-2260, USA

The role of the Cooperative Extension System in the development of the poultry
industry in the USA cannot be evaluated in a vacuum. There are numerous federal
and state agencies and departments whose audiences and programs are intertwined
with those of Extension. Individual cooperation and dedication by county, state
and federal personnel, and volunteer workers, have contributed to the success of
poultry Extension and land-grant university (LGU) system programming. Their
commitment to fostering entrepreneurial activities through changing clientele
knowledge, skills, and abilities, and to improving the lives of rural families and
communities by improving the productivity and profit of our agricultural system,
has led to vast improvements in our society. Advanced technology and vertical
integration combine with increased faculty specialization, reduced budgets, and
reduced emphasis on poultry science at many universities to contribute to logistic
and technical challenges, and social and ethical issues. These threats to the
development of human resources to support the poultry system and society must
be solved to ensure continued success.
HISTORY OF UNITED STATES DEPARTMENT OF AGRICULTURE (USDA)
PROGRAMS
In 1790 there were 3.9 million people in the USA, 90% of whom worked on the farm.
In 1850, about 11.7 million people lived on farms and made up 50% of the population
and 64% of the labor force (Rasmussen, 1989). Today, there are about seven times that
population, with about 2% being directly involved in food production (Anon., 1989).
The concept of a USDA to locate and disseminate agricultural information and to
promote agriculture was presented during the term of George Washington, our first
President. In 1796 he stated: "It will not be doubted that with reference either to individual
or national welfare agriculture is of primary importance..." (Rasmussen, 1989). The
USDA was formed in 1862 during President Lincoln's term of office, as was the land
grant university system, established by the Morrill Act. This Act provided for the transfer
of federal lands to each state to be sold to fund an agricultural university, open to all
citizens. The second Morrill Act in 1890 prohibited racial discrimination in admissions
to colleges receiving land-grant funds.
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The universities of the 1800's took their research and educational programs directly to
the people. Farmer's Institutes were apparently first proposed in 1852 at a meeting of
the Massachusetts State Board of Agriculture, and acted upon in 1862. Institutes were
undertaken in Connecticut in 1867 and Kansas in 1868, and short courses at colleges
began even before the institutes. The idea behind these institutes was to provide
educational opportunities at places farmers could reach. These successful outreach efforts
in a variety of disciplines developed the societal support to establish State Experiment
Stations in 1887 by the Hatch Act, and the Cooperative Extension System in 1914
(Hanke, 1974). These organizations were created separately, but all were formed to
assist farmers in the production of food and fiber, and to provide practical educational
opportunities for all citizens. They recognized that knowledge is power, and all people
must have the opportunity to use knowledge to better their lives, and thereby improve
the strength of the country.
The Cooperative Extension System is the educational arm of the USDA, and was created
in 1914 by the Smith-Lever Act, as amended, to: "...aid in diffusing among the people
of the United States useful and practical information on subjects relating to agriculture,...,
and to encourage application of the same...". Extension was designed as a partnership
(not a direct line of authority) between the USDA and LGU, with annual federal financial
investments. This arrangement allowed considerable flexibility in organizational
structure.
The primary purpose of the state specialist was to provide technical support for the
county agent. This concept of technology and information transfer is known as the
county delivery system. Each state is divided into counties, which are further divided
into governmental units such as townships. State specialists are generally located at the
land grant university, and county agents at the county governmental seat. County agents
and specialists do not tell farmers how to operate their enterprise, but offer advice and
educational programs based on their educational background, expertise, observations,
and any recently gained research knowledge. It was and is the farmer's responsibility
to evaluate this and other sources of information when making a management decision,
and to implement their decision (Kelsey and Heame, 1949).
Determination and resourcefulness were essential to the success of early Extension workers,
and characterizes successful efforts today. Information was extremely Hmited, transportation
and communication were difficult, and some farmers were suspicious and indifferent to
proposed programs. Chickens were raised much as in previous centuries, and counties
often had no paved roads or railroads. In the beginning, "The poultry flock was almost
universally the project of the farm woman... with few exceptions, the farmer...offering
resistance rather than wholehearted acceptance" (Hanke, 1974).
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Extension work with poultry was being conducted in Rhode Island in 1898, in Maryland
in 1900, and in at least six other states before 1912. The USDA made signiilcant
contributions to the poultry industry with their early experiments in breeding (1912),
nutrition, and hatchability. Extensive involvement of the USDA in poultry breeding
came in 1935 with the National Poultry Improvement Plan (NPIP) of the Animal and
Plant Health Inspection Service. The NPIP authorized uniformly used terms which
provided indications of poultry quality, and coordinated inspection of flocks for freedom
from certain diseases, and so was a consumer protection device. Research at state
agricultural experiment stations also made significant contributions to poultry, during
this time, and led to the emphasis on economic traits (Hanke, 1974). This publicly
supported research based information has been freely available to all citizens, usually
through Extension personnel. Government programs can generally be divided into three
categories: service, regulation and research, with Extension personnel conducting
demonstrations and applied research, interacting with basic researchers, and acting in
an advisory capacity for regulatory, research or other questions.
Numerous youth efforts led to establishment of 4-H programs as part of Extension, and
represented the agriculturalist's desire to instill in their children the same sense of
purpose that conditioned their lives, and .the need to educate youth about the opportunities
in agriculture (Wessel and Wessel, 1982). A significant amount of 4-H work in the
USA continues to be done by volunteers. These competitive events help train students
for later challenges and leadership roles, and are a potential university recruitment
tool.
PRESENT STATUS OF EXTENSION PROGRAMS
Advances in technology and vertical integration, with commensurately large financial
investment decisions, have led to the industiy's requirement for rapid and highly technical
advice. The degree of technical assistance required has generally exceeded the capabilities
of county agents, and often that of poultry' specialists or other university faculty, so
consultants are used extensively by the large companies. The county dehvery system has
been modified for poultry programs in many states, and is useful for hobby flock questions.
The poultry speciahst is responsible for development of apphed research, educational
programs (e.g., management, biosecurity), or demonstrations to address industry needs,
which may also reflect societal concerns (e.g., food safety, environmental, animal welfare),
and may be responsible for portions of 4-H poultry programs.
Industry associations have been instrumental in providing information to their members,
and in providing financial and advisory support for the university research, teaching
and Extension programs. Extension and other university personnel have a history of
interacting with association representatives, both informally, and through formal advisory
committees. Only by listening and interacting regularly with clientele, then making
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research or programming priority decisions based on this input, can researchers, teachers,
and Extension personnel provide programs that meet industry needs.
RegionaHzation of youth programs, research projects and multi-state meetings have
been successful in providing information used extensively in the industry and youth
development areas. Regional programs may refer to multi-county efforts, but are
generally multi-state, and have worked because they were timely, specific, offered quality
information or training not available elsewhere, and because organizers wanted them
to succeed. Goodwin (1990) indicated that regionalization of the Cooperative Extension
Service poultry programs present wide-ranging possibilities, and concerns, which
include: the possibility of elimination of personnel through consolidation; reduction of
industry contacts due to distance and cost restraints; and funding, monitoring and
evaluation difficulties.
Smith (1988) noted that many poultry departments have had to face the political reality
of trying to defend a small or shrinking department within the University. He noted the
major rationale for maintaining departmental status relates to the teaching curriculum,
and to a lesser extent to maintaining industry identity, as student numbers are the
yardsticks by which departments must defend their existence. Berry et al. (1991)
concluded students having a degree in poultry are preferred for certain industry positions,
that students needed better training in areas such as personnel management, and the
universities needed to increase their recruitment efforts. Extension and other faculty
should actively participate in recruitment programs. At some universities, certain faculty
are assigned recruitment duties. In other universities, faculty members involved in
recruitment efforts have generally not been given proper credit during promotion and
tenure evaluations, as is often the case for Extension and teaching personnel. Peer
review publications of research continue to be the major point of emphasis, regardless
of whether or not the faculty member has an official research appointment. Thus
Extension, recruitment and teaching efforts have often suffered.
An issue which creates conflict within departments is that of consulting (Reynnells,
1991). In some states faculty having a research and/or teaching appointment are allowed
to consult in-state. While all Extension personnel are allowed to consult across state
lines, in at least one state it is possible for a person in Extension to consult in-state.
Extension and other faculty are used extensively as consultants for international programs
funded by commodity organizations such as the US Feed Grains Council (USFGC).
These market development groups have successfully created export markets, by
increasing customer loyalty and demand for its commodity, through educational
programs and other assistance. For example, in the People's Republic of China, a model
Extension program developed for the poultry industry under the leadership of Beng T.
Oh of the USFGC (Lai, 1992), further resulted in the Worid Bank utilizing principles
developed in this project for their loan programs.

454

Budget problems only increase in severity in most states, which causes reduced flexibility
in departmental budgets. This situation negatively affects the funds available for
publication development and distribution, Extension related travel, etc. Effective
Extension poultry programs often require on-site assistance to solve problems, and to
maintain on-going demonstration or management assistance programs. Therefore, some
states are considering implementation of user fees for farm visits and publications.
Several variations on this theme have been proposed, including partial recovery of
costs.
FUTURE REQUIREMENTS
Poultry chentele are becoming increasingly diverse and poHtically astute. They include:
live bird markets, hobby flock, gamebird, ratite and other specialty producers;
independent producers; contract growers; and increasingly consolidated vertically
integrated companies. Extension specialists may at one time or another be expected to
provide expert assistance to each segment, which is very difficult in states having one
Extension poultry faculty; and some states have none. Without sufficient support.
Extension will not be a serious contributor to the development of clientele skills.
The continuing decline of poultry programs and faculty has been chronicled by numerous
articles in Poultry Science and the trade press. Due to this situation, Reynnells and
Marion (1992) related full time equivalents (FTE's) to commodity value by state. They
indicated that the calculation of total value of the poultry industry per ETE is a useful
guide to compare poultry with other commodity programs regarding the allocation of
scarce resources. However, it is obvious that no one can justify retention of a department
or positions if recruitment efforts are inadequate or unsuccessful. Bradley (1988)
contends that youth programs are the major way of exposing young people to poultry
production, and must be supported for a rehable flow of undergraduates into poultry
departments. The future success of poultry programs will in part be measured by the
quality and quantity of students trained, so all faculty and industry must develop
cooperative recruitment programs.
Extension must decide if solving food production, processing and related problems are
a higher priority than an emphasis on social programs. Also to be addressed are the
limits to our ability to compensate for inadequate budgets, and reduced number of
faculty and support funds by development of regional programs, increased personal
sacrifice, and improved electronic communication capabilities.
Participation on the information superhighway (computer networks, full text and
summary material stored on compact discs, data storage and manipulation of records,
etc.) is touted as the savior of farmers and accurate indicator of good management.
Although many Extension personnel and fanners fit this technology model, many others
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are still on a dirt road, in a ditch, or perhaps on an on-ramp to this highway. This mode
of learning, communication, and record management does have the capacity to do many
wonderful things if everyone has the capability of accessing the information. They all
do not. Extension programs must address the needs of advanced clientele, train the
majority, but not use this advanced form of communication as an excuse to reject their
responsibilities (e.g., site visits, and distribution of publications) to more traditional
clientele or those that cannot join their more computer literate counterparts.
With the tremendous increase in poultry meat production, and concentration of meat
and Qgg production facilities, there is a corresponding increase in by-products such as
dead birds, manure, and processing plant residue that must be processed, used, or
disposed of in an environmentally sound manner. Extension personnel have the expertise
required to help develop local, state and national policies related to these situations,
and in the training of private and agency personnel. An example of a very successful
program conducted by volunteers in the land grant universities in poultry and related
departments, industry, and government is the biennial National Poultry Waste
Management Symposium, started in 1988. Voluntary environmental management
programs by industry have been highly successful, and superior to command and control
options, but require trained personnel capable of training clientele. For example,
Extension personnel in Pennsylvania have been actively involved in training farmers
in the construction and management of dead bird composters, and Maryland Extension
faculty cooperate with their Department of Agriculture to offer training required for
farmers to obtain cost share money for dead bird composters.
The USDA Food Safety and Inspection Service is taking the lead on food safety issues
and intends to implement a preharvest food safety program, which will require Extension
involvement in farmer training. Extension poultry specialists also are involved in
preharvest food safety programs such as California's modification of the United Egg
Producer's program. The need for poultry faculty involvement in all areas of food
safety is expected to increase in the future.
The opportunity for facilitation of conflict-laden issues, will be of increasing importance
to Extension and society. To do so, Extension must be credible, provide objective research
based information, and let participants on both sides of an issue determine the outcome.
Values, beliefs and desires are not always compatible with science, but the research
basis for information must always be available for consideration. Extension must
determine the difference between actively taking sides, and trying to ignore an issue
and by this sin of omission taking the side of any party presenting misinformation.
With an increasing population in rural areas, and the development of
controversial social issues, the potential role of facilitator and providing objective
information on both sides of issues may become as important as providing
general or commodity specific educational material. Extension must be an advocate
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for truth and objectivity, restricting personal opinion or values regarding controversial

Extension specialists have assisted farmers and communities address environmental
issues such as odor, insect pest and zoning problems. The animal rights and welfare
issues are of increasing importance in our society. Although of great importance, the
actual well-being issues are of secondary concern to the intended imposition upon
society, via legislation or long-term active youth educational efforts, of certain group's
philosophical or religious values, all under the guise of animal welfare. Perhaps to the
apparently more intellectual among us, value shifts may be based on arguments such as
perceived inconsistencies of human and animal relationships (e.g., rights of a mentally
incompetent human vs. those of an animal). Other issues for which Extension educational
programs would be appropriate include: food safety issues (e.g., food handling); the
Endangered Species Act; and the National Organic Standards Board regulations.
It is safe to say that regional programs are not based on the desire to develop potentially
comphcated cooperative multi-state program.s, rather the necessity to do so. The necessity
may be defined as the need for specific expertise for a project, a broader perspective to
a situation, or to compensate for budget problems. There are several existing or proposed
regional programs developed precisely for these reasons, and other more informal
arrangements that grew out of declining numbers of poultry faculty (e.g., Oregon's and
California's assistance to surrounding states). The Midwest Poultry Consortium (MPC)
was formed by industry leadership and LGU faculty in response to grossly insufficient
student numbers, the elimination of all poultry science departments in the area, and
greatly reduced numbers of faculty in the universities, and thus the need to provide
support for a teaching program, which will be initiated at the University of Wisconsin.
Dick Adams at Purdue University was a driving force behind the development of several
regional programs in the North Central Extension region (Indiana; Illinois; Michigan;
Ohio; Kentucky, Southern Region). Northeast specialist's publish an excellent newsletter
but inter-state travel is generally not feasible for the few faculty that remain. Regional
programs will become of increasing importance, until they too are unable to provide
sufficient assistance, and in either case will probably be of greater hardship to small
producers. Budget constraints appear only to increase, w^hich should further stimulate
interest in establishing user fees in addition to regional programs.
Reporting of Extension success stories has historically been a problem to accurately
quantify due to the ethereal nature of much Extension work. Additionally, a very real
problem in Extension is many of the people are "doers", and find report writing a
nuisance. Yet reporting and accountability are essential to continued funding, and may
be the greatest challenge to Extension in this era of dechning budgets. As essential as
reporting and evaluation is to administrators who justify our existence and funding,
reports may be of greatest value to the person actually doing the work. Any outreach
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program is designed to create a change in the knowledge, skills, abilities and aspirations
of the target audience. These changes must be measured from a reference point, and be
valid, reliable, objective, practicable and simple (Kelsey and Heame, 1949). Bennett
(1982) developed a process to quantify systematic evidence of program success by
documenting the results participants perceive to have occurred during their involvement
in a program.
Local and state programming is currently based on Plans of Work and Accomplishment
Reports, which federal Extension uses to evaluate eligibility for continued funding.
Accountability has been the watchword in the last decade, and exacerbated by the
Government Performance Review Act which mandates quantification of federally related
programs at all levels. Thus reporting requirements that were deemed overly burdensome
and inherently inaccurate by many specialists have now been moved to a higher level.
In the future, reporting, evaluation, and achieving recognition of our quantitative and
quantitative accomplishments will continue to be a burden, but will also become of
critical importance to all Extension personnel.
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After political and economical transformations, introduction of the free market
economy has been since 1990 a part of the national economy reform in Poland.
After 45 years of centralization, the process of privatization and new organization
has been initiated. Although Polish agriculture was always in 75% private, the
process of the market economy creation was difficult and long-lasting. With the
whole agriculture, the structural and economic transformations embraced the
poultry breeding and reproduction sphere as well as the egg and meat production
with the processing of poultry products.The first and the most significant effect
of the poultry market economy introduction was a violent decrease in the demand
of the egg and poultry meat in connection with the rise in prices and steep
decline in the standard of living. Export, which could alleviate these negative
results for Polish poultry industry, have not played this part because of poultry
products surplus in the West European market and on the other hand of very
restricted food demand in the post-communist countries, where the poultry
industry also changed in the similar way. At the same time through all borders,
the uncontroled import of breeding material and poultry products to Poland
has begun. In effect a break down of poultry production in the 1990 - 1993 was
observed. After significant organizational changes as well as full privatization of
poultry proccesing and feed industry, an increase in egg and poultry meat
production in 1994 was observed. At present the average poultry meat
consumption is about 10 kg/head as against 8.5 kg/head in 1993. The expected
egg production will be 6.7 bin eggs in comparison with 6.1 bin in 1994 and 5.8
bin in 1993. Simultaneously integration of numerous poultry producer unions
and also the integration of poultry farmers with feed mills and slaughter-houses
has also started. It is possible that in the nearest future the stabilization of
Polish poultry production will follow and will be competitive in the European
Union countries.
INTRODUCTION
In the wake of political and economic changes in Poland after 1990, the marketization
of agriculture became an integral part of Polish economic reforms. After years of
centralism, decreed prices and great state subsidies to food, privatization of the
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whole food economy started and new organizational structures were made. Although
after 1945,75% of Polish agriculture was in private hands, the process of market
economy formation in agriculture turned out to be difficult and long-lasting. Structural
and economic changes embraced poultry breeding and reproduction as well as
commercial egg and poultry meat production and the processing industry.
Thanks to the introduction of a free market economy into the Polish poultry industry,
the latter can be successively rationalized and intensified, satisfying internal market
demand and exports of surplus poultry products (eggs, meat and feathers). A drop in
egg and poultry meat production in 1991-1993 was caused, among other things, by
the fact that imported products were cheaper than those produced in Poland. Such
imports are not conducive to an improvement in domestic market supply, for they
will limit domestic production for years to come. Since the great depression in 1993
poultry production has been on the increase, so in the near future the level from the
late 1980s, that is 8.9 bin table eggs and 615,000 mt live poultry, should be achieved.
Poultry industry was the first agricultural sector to be 100 percent privatized.
Refractions of tgg and poultry meat production curves in 1981 and 1993 (Fig. 1 and
3) are closely correlated with political and economic changes then prevalent in
Poland.

Fig.1 Egg production (in min) in Poland from 1%0-2000

BREEDING SECTOR
Egg and poultry meat production is based on home and imported breeding material
of high genetic value. Domestic breeding has a typical "pyramid" structure, where
genetic progress is transferred from breeding flocks, to grandparental and parental
462

flocks, to commercial flocks. Before marketing, it is required that domestic and
imported commercial poultry flocks be evaluated at testing stations (there are two
such stations for laying hens and one for turkeys).
The domestic programme of genetic poultry^ improvement is carried out on 4 pedigree
layer farms and on meat-type hen, turkey, duck and goose farms (one farm for each
fowl). Market demand for waterfowl is fully satisfied from own breeding, for laying
hens, 80%, and for meat-type hens and turkeys, only 5-10%. Compared to 1994,
analysis of the number of chicks introduced in 1995 into parental herds showed a
considerable increase in the demand for turkeys (130.7%) and geese (140.5%) and a
slight decrease in the demand for laying hens (86.0%) and meat-type hens (91.6%).
TABLE EGG PRODUCTION
The year 1990 concluded years of balanced egg supply (see figure), which then
achieved 7,597 mln eggs. Production drastically dropped in the next two years, and
in 1993 it decreased by 2 bin on 1990. This lead to stoppage of exports completely
and increased imports by 730 mln eggs, with a drop in average egg consumption
from 240 to 157 eggs per capita (Fig. 2). A drop in egg consumption was caused by
a cholesterol phobia promoted by the mass media.

Fig.2 Egg consumption (pcs/head) in Poland from 1960-2000

The introduction of minimum tariffs in mid-1993 (0.03 ECU/1 egg) improved the
efficiency and amount of table eggs produced by 4.6%. The high rate of return was
maintained also in 1994, causing further increase in supply in 1994 and 1995 to
5,973 and 6,350 mln eggs, respectively. On the other hand, such an increase in the
number of eggs produced resulted in egg surplus and lowered production profitabiHty
in the spring of 1995. Because of unprofitable production, a large number of
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commercial farms were closed, and in effect a growing trend for egg prices has been
observed since September 1995 (from 0.11 to 0.28 zl/egg, that is from $0.04,4 to
0.11,2), which makes production profitable. Table egg production technology also
underwent comprehensive changes. Many farms switched to cage systems, increasing
profit per 1 m^ poultryhouse area. Farmstead hen keeping, yielding 2,220 mln eggs,
supplied eggs mainly for the rural population.
MEAT-TYPE POULTRY PRODUCTION
The years 1991-1993 have seen a rapid drop in live poultry production, which in
1993 reached 287,000 t (Fig. 3). This considerably decreased average poultry meat
consumption from almost 14 kg per capita in 1981 to a mere 8 kg in 1991 (Fig. 4).

Fig.3 Poultry meat (in 1000 t) in Poland from 1960-2000

Following a growth in imports, and from 1993 in own production, the average
poultry meat consumption increased from 9.8 kg per capita in 1993 and reached 10
kg in 1994 (Fig. 4). In 1993, following an improvement in production profitabiHty,
production increased in 1994 and 1995 to 474,000 and 520,000 mt slaughtered
poultry, that is 332,300 and 364,000 mt poultry meat. Domestic poultry meat
production in 1996 is estimated to be 560,000 mt (Fig. 3), and annual imports are not
expected to cross 26,000 mt. Broiler chickens dominate the Polish poultry meat
industry, constituting 78% of production, that is about 250,000 mt live poultry, with
40,000 mt turkeys, 17-18,000 mt geese and 5,500 mt ducks. As well as egg production,
poultry meat industry is regrettably characterized by a very changeable economic
situation. The growth of this line of poultry production will be stimulated by a
growing social demand for lean meat.
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Fig.4 Poultry meat consumption (kg/head) in Poland from 1960-2000

PROSPECTS FOR THE POLISH POULTRY INDUSTRY
Considering Poland's integration with the European Union and the near lifting of
customs barriers as part of CEFTA, the Polish poultry industry should undertake
efforts at increasing competitiveness of Polish poultry products by decreasing
production costs and improving quality, not only on the European, but also on the
world market. It is therefore necessary to initiate eiïorts for accelerating an integration
of the poultry branch by creating economic ties between producers of, e.g. live
poultry, producers of feeds, parental flocks and chick producers (hatcheries) and the
slaughterhouse, conferring the integrating role to the economically strongest paity in
the agreement. Under Polish conditions, this will most often be a poultry
slaughterhouse (in about 80% cases) or a feed plant. The main integrating party
should, on the one hand, decide about the size of production, taking account of
quantitative, qualitative and product demands of the internal market, and on the other
hand, affect the market by offering low-cost and high-quality poultry products. In the
case of table eggs, the role of the main integrator will be probably assumed by large
wholesalers, supplying eggs to the market and to the growing egg processing industry.
The success of this programme will largely depend on effective organization in
Poland of a data collection and processing system in the field of production, processing
and sales of poultry products. The Foundation of Assistance Programmes for
Agriculture (FAPA), in cooperation wdth the British firm Goulds Consultants,
implemented in 1995 in Poland the "Training aid programme for individual farmers
in poultry production of high trade value", is aimed to suit Polish poultry production
to the demands of a market economy. As part of the programme, a Poultry Information
Centre was also set up. It will provide information to poultrymen and various state
and local government institutions (poultry producers associations, National Poultry
Council, and National Chamber of Poultry and Fodder Producers).
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EXTENSION AND EDUCATIONAL NEEDS
DEVELOPMENT OF HUMAN RESOURCE : THE USE
OF RESEARCH TO SOLVE PROBLEMS IN THE
POUTRY INDUSTRY
C. M. Hann
Little Orchard, Back Lane, Westbury-sub-Mendip, Wells,
Somerset BA5 IHZ, UK
PURPOSES AND TYPES OF RESEARCH
The purpose of research is to find out or derive information. The information may
help us to provide the solutions to problems, answer questions, assist in the
development of theories to account for observed phenomena or contribute to a better
understanding of applied practices. The reasons for undertaking research are to discover
information that does not already exist - or if it exists, is inaccessible - or as an
educational or intellectual exercise to develop investigational skills. This presentation
focuses on the need for information to help provide solutions to problems. This is
often described as applied research and can, to some extent, be contrasted with
fundamental or 'pure' research which is motivated by a desire to increase human
knowledge. Both types are important, although the results of the latter may take
longer to become useful.
There are many ways in which research can be undertaken, with the choice being
particularly dependent on the type of information being sought, the nature and extent
of relevant existing knowledge and the resources available. Because research requires
inputs that include expertise, time and facilities of various kinds, it has a cost and,
depending on the circumstances, this may be high. For this reason, whether we are
concerned with situations in developing, or developed countries the first question we
should always ask is: has the need or desirability for a particular piece of research
been established?
When confronted with a problem, a well trained and experienced adviser or research
scientist follows a logical series of stages to assess its nature and size. For this, a
good background knowledge of the processes involved, together with knowledge of
relevant economic and environmental factors are essential. In general, it is very
difficult to be able to make a proper assessment without visiting the place, or places,
where the problem exists.
Correct diagnosis is fundamental and depends on adequate and accurate information.
This applies when overcoming current problems that have already been identified.
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commonly known as 'fire fighting', or action in anticipation of a future problem - or
in the belief that a process, a system or product might be improved by bringing about
a change.
Deciding on how to solve an identified problem in an appropriate (cost effective)
way is the next stage. Fortunately the great majority of problems in the poultry
industry are not new and often can be solved by the application of the large body of
existing knowledge and existing technology. The most effective procedure is therefore
to match or adapt existing solutions to newly identified problem^. The skilled and
experienced adviser will often already know how to solve a particular problem, or if
not, will usually know where to look for a solution.
BACKGROUND INFORMATION
In seeking information there is a great wealth of published information in books and
journals including the World's Poultry Science Journal. However, modern
communications technology is making it easier for problem solvers to search
interactively for relevant information from a wide range of data sources around the
world. The good adviser is able to adapt solutions to the particular circumstances of
problems that have been identified. Only when it is clear that the necessary information
to solve a problem does not exist, or is not available, should thinking turn to research.
Just as clear problem identification is vital when trying to find the solution, so is a
clear identification of objectives vital when deciding what kind of research may be
appropriate - including its scale, where and by whom it should be undertaken and
what sort of project should be designed.
Particularly where experimentation is contemplated, it is frequently of benefit to use
existing knowledge and experience to develop a hypothesis. The hypothesis then
provides a focus and helps to establish a discipline that is invaluable when experiments
are designed. The object becomes the proving or disproving of the hypothesis.
Emphasis has been placed on a logical progression from the identification of problems,
or gaps in information or understanding, to the measures needed to provide solutions
and answers. Although this is a common scenario, there is also a place for intuitive
creativity that may lead to good ideas, or the development of theories, worthy of
evaluation and testing..
The variety of problems and the circumstances in which they occur in the poultry
industry is so diverse that there can be no universal prescriptive rules. However,
there are some important principles that can help in the process of designing and
conducting investigations and experiments and increase the chances that a research
project will produce information that is worthwhile.
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METHODOLOGY
Whether the idea for research arises entirely from a systematic assessment of the
situation or involves elements of intuitive thought, time spent in ensuring that the
objectives are sensible and realistic can often avoid subsequent disappointment and
wasted resources. There is also a particular need at this stage to consider how the
results could be applied and how appropriate they may be to the prevailing
circumstances, bearing in mind any constraints that may exist. There is often more
than one approach that might be followed, so care is needed in choosing the most
appropriate research strategy to solve the problem and also, as far as possible, satisfy
the need to achieve results which will be generally applicable. Discussion with
others with knowledge and experience of the subject area is normally very valuable
in this regard. However, caution is also needed where the results may have a potential
market value that it is hoped to exploit. For example a new product or a new process
that might be sold, or used within an enterprise to give it commercial advantage.The
process of refining objectives leads on to the ways in which they can be achieved.
Here, the first principle is the use of sound methodology, whether the intention is to
conduct some kind of survey or observation study, to collect, collate and analyse
existing data or to undertake a programme involving one or more experiments.
Sometimes research projects embody several stages - for example, a survey is often
best preceded by a pilot study (a kind of experiment) to refine terminology and
procedures, while some experiments are best undertaken following surveys aimed at
learning more about the nature and scale of the problem to be investigated.
In many parts of the world there are constraints that may influence the type of
research undertaken. In some countries, experiments involving animals are tending
to attract increasing public criticism and are subject to strict control; in others there
may be limitations on the availability of expertise, finance or other resources.
Considerable scope usually exists to consider alternative strategies. In some cases,
for example, an analysis of the experience or the opinions of a suitable range of those
with knowledge and experience of a problem may provide solutions more quickly
and more cheaply than could be obtained by traditional experimentation. With
increasing knowledge of the physiology and biochemistry of poultry species and the
ways in which birds respond to environmental factors, including variation in nutrition,
it has been possible to develop 'models'. As these become refined, their ability to
predict likely responses to changes in diet and/or the physical environment are
becoming more accurate. For some purposes they can already be used as a realistic
and highly cost effective alternative to traditional experimentation.
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BIOLOGICAL LEVEL AND TYPES OF RESEARCH
Within the poultry industry there are many levels at which research is conducted.
The scale ranges from the molecular to the population response, from the many
technologies of the poultry industry (and its ancillary sectors) to product development
and marketing. The complex facilities and back-up resources needed for some kinds
of research mean that world-wide there are only few centres where these can be
undertaken. By contrast, market research that identifies consumer preferences can
only be undertaken within the relevant population. In between, and dependent on the
resources available, there is a vast range of opportunities for useful research to be
undertaken.
Much could be said about the design and conduct of research that utlizes survey or
other data gathering methods as part of the process of deriving new information.
However I want to devote the rest of this presentation to research that is based on
experimentation.
METHODOLOGY IN THE CONDUCT OF EXPERIMENTS
When planning and conducting an experiment there are a number of factors we strive
to optimise in order to increase the chances that a clear result is achieved. In other
words to make sure the experiment is a good one. When considering the treatments
to include the likelihood of interaction effects has to be constantly kept in mind. Like
all living things, the performance of each bird is the product of a genetic component,
manifest in its phenotype, and the various environmental factors that surround it.
When, for example, two different stocks of birds fail to respond in the same way to
two different treatments an interaction can be said to have occurred. The phenomenon
is widespread and some interactions are complex. Experiments can be designed to
identify and measure interaction effects and so add to the value of the information
produced and assist in its wider application.
It is a paradox that the process of designing and conducting good experiments may,
in some areas, make the information produced less representative of the 'real world'
and therefore harder to interpret and to use under normal conditions. For example;
•

compared with commercial scale production, small or very small, group sizes are
used in order to make the measuring process easier, to facilitate replication of
treatments so as to allow statistical analysis of results, and to keep down cost.
Although some types of survey and some large field-scale studies have a rightful
place in research, it is totally unrealistic to think that proper experimentation
could be undertaken with groups of birds that begin to approach those commonly
found on modem commercial poultry farms.
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•

to assist with the interpretation of results, much greater effort is made to minimizing
the impact of variables outside the scope of the experiment, than is feasible in a
commercial operation. Put another way, there is a limit to the number of possible
interaction effects that can be investigated.

•

to help to maximise treatment effects, great care is taken to try to ensure uniform
application of treatments. Comparable uniformity is probably impossible to achieve
on a commercial scale. For example, while it might appear superficially attractive
to allocate particular treatments to all the birds in each of a number of large
poultry sheds, all that may be achieved in practice is to show that results vary.
There would be no way of knowing the extent to which the differences in
performance were due to the sheds themselves rather than the treatments that
were applied.

This is not an argument in favour of modifying or relaxing the standards we use in
experiments, but a warning that we should fully understand the limitations of the
results. It also reinforces the need to use results cautiously and to undertake pilot
scale and commercial trials before wider application. It should be remembered too
that the appHcation of experimental results to commercial practice is a process that is
familiar to the experienced adviser
STATISTICAL DESIGN
The design of experiments is a large and complex subject which it would be out of
place to try consider in detail here, however it really is worth devoting time and
effort into getting it right. If not already involved, at this stage the help of someone
with a clear understanding of statistics can make an enormous beneficial difference
to costs and to the value of the results. Invariably there are limiting resources that
will have a great influence on how an experiment is designed and conducted.
Traditionally, the concept of 'square' or 'rectangular' shaped treatment designs were
widely advocated. For example two treatments each applied to two groups or replicates
of birds, or eight treatments each apphed to four replicates. Such designs have a
place, but because it is usually desirable to assess trends or response levels it is better
to think in terms of three or more levels of a particular treatment to produce data that
can be used to construct response curves. More complex experiments involve
determining the combined effects of different levels of two or more different
treatments. Although it is usually not necessary to have all possible combinations
represented, even with only two or three treatment factors and only two or three
replications, it is easy to end up with large numbers of groups to be measured - often
for several different performance characteristics. The implications in terms of faciHties,
time and effort need careful assessment.
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If we consider a poultry shed divided into an number of pens, or containing blocks of
laying cages, the first step should be to try to ensure that the physical conditions
(light intensity, tempeature etc.) are as uniform as possible across all the pens or cage
blocks to be used. Facilities for feeding and drinking should be identical (unless part
of the experiment). The exclusion of some pens or cages - for example at the ends of
a shed may be appropriate. Such excluded pens should contain birds, but not be
considered as untreated controls. Control groups should be allocated in the same way
as the groups receiving specific treatments. It is desirable that the allocation of
treatments should be completely at random. In practice this may be very difficult to
achieve. In the case of blocks of multiple tier cages, there are well known position
effects on performance, so representation of birds within each treatment should be
equalized between tiers. Where compromises are made they always tend to reduce
the power of the experiment.
As with the accommodation, so with the other inputs that do not form part of the
experimental regime. Thus great care is needed to ensure that samples of birds within
each treatment group are as similar as possible e.g. in relation to sex, body weight,
disease status. Feed should have uniform composition and in nutrition experiments
great care is needed to ensure that diets are accurately formulated to the correct
specifications.
The human input is often one of the most difficult to control. Where an experiment is
carried out entirely by the experimenter him- or her-self there is the potential to keep
track of any operational, monitoring or recording errors that may occur, and also to
strive to avoid bias. However, when there is dependence on employees there are
often imaginary or real pressures for them to avoid admitting mistakes and/or a wish
to produce results that will please by fulfilling the expectations of the experimenter.
This can spell disaster through creating misinformation and consequent bad advice.
Among measures that can be taken to counteract such effects are concealing the
identity of treatments (blind trials), the use of dummy treatments (placebos) and
taking great care to achieve a maximum understanding of objectives by all those
involved.
USE OF STATISTICAL ANALYSIS IN INTERPRETATION
I have already touched on the need for care in the interpretation of the results of
experiments. For example, proper statistical analysis is invaluable in helping in the
interpretation of results. However the whole basis of statistical probability theory
means that random effects dictate that a proportion of results shown as having
statistical significance will, in reality, not be statistically significant - with the converse
also being true. One of the reasons for the repetition of experiments (or conducting
corroboratory experiments) is to help overcome this problem. It has also be emphasised
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that differences found to have great significance in an experiment may prove irrelevant
or insignificant under commercial conditions. While treatment differences that have
been shown in an experiment to be marginal or non-significant in size may, in
practice, turn out to have large commercial importance.
In outlining some of the factors that should receive serious consideration before
contemplating research I am conscious that I have hardly done more than scratch the
surface. A great deal has been omitted, however I hope that I have said enough to
encourage adequate time and thought to be given to the vital stages where objectives
are identified and clarified and where research projects are designed and their
implementation planned.
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POULTRY DEVELOPMENT POLICIES AND
PLANNING FOR HIGHER PRODUCTION,
ENVIRONMENTAL PROTECTION, INCOME AND
EMPLOYEMENT
S.Shanmugasundaram
Tamil Nadu Veterinary and Animal Sciences University, Madras
600007, Tamil Nadu, India

INTRODUCTION
Early understanding of the needs for the adoptation of a series of ideas in a proper
sequence and associated emotions, each giving way to another in a balanced way has
made the poultry industry to witness a sea change and the industry has gone through a
metamorphosis in a relatively shorter period.
The global share of Indian poultry industry will witness a phenomenal increase from the
current 15 crore rupees to 470 crore rupees with the signing of GATT treaty. With
liberalised government policies, unleashing of protected foreign markets and removal
of subsidies, industry is wide open for further development. At the same time, quality
inputs interms of feed, medicines and other materials have to be pumped in and the
quality of the output in terms of meat and egg also will have to be on par with international
standards. The paying public has become more aware of the quality and with the
simultaneous increase in the buying capacity of the people, more and more amount of
quality consciousness has come into practice.

EXTENSION AND EDUCATION NEEDS - DEVELOPMENT OF HUMAN
RESOURCES
It is to the credit of the poultry industry, that the progressive efforts by poultry scientists
and industrialists has been absorbed really well, thereby making it possible today, to
produce 300 eggs a year in a layer and a broiler to weigh 1600 kg at 6 weeks of age.
The development of human resources is increasingly assuming significance in effective
functioning of any society and organisation. Human resources are the most important
assets in the organisation. Unlike other resources, human resources can be developed
and increased to an unlimited extent. The creation of the Human Resources Development
Ministry at the level of Government of India in the mid 1980s heralded in the ushering
of HRD departments in various organisations. A variety of activities under the broad
umbrella of HRD including selection, placement, induction, performance appraisal,
training, career planning etc. got initiated in different organisations largely based on the
initiative of the HRD Manager. A majority of the problems related to these organisations
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or enterprises are lack of human relation skill and training, work approach rather than
physical, technical and cultural problems. The failure to recognise this fact causes
immense loss to the whole process of dissemination of agroinformation and technical
knowhow. Government, semi-government and voluntary organisations have formed a
number of training institutions to train extension workers, change agents and different
sections of the rural population in improving their occupational skills, and also to imbibe
skills for new occupations. One of the foremost components in improving the development
of human resources is training and it has attained special significance in the contest of
human resources development. The underlying principle in the plan, for the rural areas
of the country is increasing productivity through a strategy of growth for social justice
and providing full empoloyment in the rural sector.
Any modem organisation exists for a specific purpose or goal. To achieve this, these
organisations combine people and technology. People and technology are typical to be
understood by themselves. When these two are combined the organisation becomes a
more complex system to understand. In order to understand atleast partially, though not
fully, the behavioral science, management and other disciplines are useful.
Most of the organisations decide their ideal training by setting its goal, providing the
means for employees to make satisfactory adjustment to the challanging demands of the
organisations. To achieve these goals organisation should provide opportunities so that
employees are able to develop to the fullest extent, their potential in the work situation.
According to Devesh Kishore (1993), the training challanges in the present era are two
fold:
1. Skills Improvement
Each and every worker in the organisation must be provided enough opportunities
to develop their specific job skills that will allow them to perform predictively
according to the established standards and goals. Skills requirement are far from
static, they change as the demand of the organisation changes. Skills development
therefore must be a planned activity which should adjust to organisational and
individual needs.
2. Employing The Wholeman
The use of a man as a machine tool is a possible misuse of an available human
resource. In hiring a worker, one always hires the wholeman. We should not forget
that it is the people who make the organisation, not the physical sources like
buildings, machines, tools, etc.
To deal with the topic more specifically, the extension needs can be discussed upon from
the point of an academician. Extension is often picturised as the intermediary between
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the research system and the farmer. Infonnation from research is passed on to extension
for transfer to the farmers and farmers problems are fed back by extension to help shape
research. While an eloborate research extension linkage mechanism has been established
in India for the past one and half decades, actual functioning and quality of interactions
in these fora leaves much to be desired.
A popular model developed by Sudarsanam (1978-79) for an UGC supported research
would serve the purpose of main extension need of Science and Technology
communication to the lay audience. Every information may now draw the attention of
the lay audience. They will be motivated to attend to such information which may appear
useful to them or appear to fulfil their immediate needs.
Generally being
supposed to

a science and technology communicator, the extension man is

I.

convert the Science and Technology information into a personal message (in terms
of needs) for a given audience.

II.

interpolate it with such information which may offset the fears and uncertainities
of the audience

III. structure it suitably in terms of their
a.

meta-cognition (like methods of understanding, perceiving and remembering)
and

b.

discourse conventions (like social modes, use of words/phrases/process etc)
of the given audience and finally

IV. edit the words and structures to suit the channel (like the Radio, T.V., Journals,
Oral, written etc.,) to reduce the scope of distortion, mis-interpretation and noise.
Education is a life long process by which an individual (a) adopts himself/herself
to the real world through participation and reciprocal interactions (transactions)
with the environment (outside world of knowledge, skill, attitude and values) and
(b) shapes / transforms his/her environment, enhancing social, professional and
personal qualities.
Another definition states that education is a life long process which helps to
cultivate competencies that may contribute to (1) knowledge (2) understanding (3)
application (4) discovery (5) creativity (6) evaluation and judgement (7) social and
personal values (8) learning to learn further and (9) professional values and
leadership required to operate in the given context and other relevant job/work
situations and to fashion / change the quality of our life along desirable ways.
With this background information on extension and education needs in general, let
us focus our attention more specifically to the poultry education and extension
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needs. Browsing through the literature on the research that has been carried in the
field of poultry education and extension would give an overall idea as to how to
plan and shape the HRD needs in this particular industry.
Panda (1988), in his lecture during the XVIII World Poultry Congress in Japan, on
structure and problem of poultry industry in South Asia, observed inadequacy of
extension services as one of the major constraints. Further, he stated that many
schemes initiated in the past for promoting small scale rural poultry production
have not had the desired impact on augmenting rural poultry production. According
to him, the main reasons are lack of close coordination between the authorities and
farmers, delay and/or inadequate supply of necessary inputs, insufficient credit/
incentives and training facilities and lack of assured marketing system.
Keeping in view that poultry production is no more a backyard avocation and it has
multiplied leaps and bounds to become a booming industry, belonging to the rural
rich, the training and educational needs are to be prioritised from the poultry
farmers as well as extension workers point of view. Poultry farming, Narmatha and
Subramanian (1994) stated that level of involvement of farm women was the least
in commercial activities like purchase of feed, chicks and construction of poultry
shed and they concluded that farm women were more involved in operational
decisions than in investment decisions.
As an offshoot to the poultry industry concentrating mainly on chicken egg and
broiler production, newer thrust areas could be identified like duck, quail, guinea
fowl and ostrich farming and in one such area, duck farming, Rajasubramanian and
Subramaniam (1992) observed that extension agencies need to take care of
impressing the farmers about the scientific practicality of this farming and care
should be bestowed to train and educate the rural poor to take up this farming as a
means of improving their family income.
Mathialagan and Subramaniam (1992) in their studies with poultry farmers in
Namakkal block of Salem Dist.( India), have found that majority of the poultry
farmers and extension personnel perceived the needs in the major areas of disease
prevention and control, general management,- feeds and feeding, disinfection and
sanitation. While majority of the extension personnel perceived the poultry
housing, marketing and finance as the areas requiring training, the farmers did not
require training on these aspects. Peripatetic training of 1-2 days duration in the
villages during March-April and skill teaching followed by "do it yourself and
field trip were preferred by the farmers.
The socio-personal characteristics of the trainees have a bearing on the design and
plan of the training. The findings of one of the studies of this type by Shukla et al.
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(1996) revealed that there was no specific age prescribed for the admission to
poultry training, 41% of trainees were from the age group of 31 to 40 years, rural
trainees were more in number (70.31 %) and all the trainees were educated ranging
from primary to post-graduate level.
In another study to identify the training needs of tribal farmers on poultry
husbandry and allied practices, Nikam et al. (1996) stated that intensive training
was needed in the areas of disease control and management, poultry feeds and
planning for poultry farming.
Today, the poultry science education has come to the forefront, with most of the
State Agricultural Universities creating separate departments for teaching poultry
science. At Undergraduate level, poultry management with a credit load of 1+ 1
and poultry breeding, feeding and technology with a credit load of 2 + 1 are being
taught as regular courses with theory and practicáis, and two practical training
courses are offered with 0+1 credit load each, to impart hands on training in poultry
farming.
Separate courses on extension are being offered on principles of extension and
cooperation (1+1 credit load) and Extension methods and techniques and rural
sociology as applied to extension education (2+1 credit load).
To sustain the momentum created in the field of poultry science education by the
formation of separate department of poultry science, rétrogradation should be
avoided by way of merging the poultry science department under a common
umbrella of Livestock Production Management.
Extension education should concentrate more on rural work experience mode in
Undergraduate education so that the students are exposed to the farmers and their
problems at the field, which will give them more confidence to deal with all sorts
of field problems. In fact the Rural Work Experience mode has become part of the
curriculum in most of the State Agricultural Universities but more emphasis should
be laid on this particular aspect.
At the University level, a separate Directorate of Extension Education should be
formed, if one does not already exist, to cater to the needs of livestock farmers in
general. Transfer of Technology should be the prime motive and in fact a separate
project has been conceived by Department of Biotechnology and it was operating
in Tamil Nadu Veterinary and Animal Sciences University under the name Transfer
of Technology project on broilers and the farmers response to the project was
overwhelming, signifying the existence of need for such attempts. Besides, the
Directorate of Animal Husbandry in respective states have equal responsibilities
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in meeting the extension needs on poultry farmers, through their end units spread
throughout the States.
To conclude, the following can be the set as guidelines to be followed in the
education and extension needs in the development of human resources with special
reference to poultry.
1.

Maintenance of separate poultry science department to sustain the momemtum.

2.

Organisation of more practical training at Undergraduate, Post-graduate and
refresher training to meet the needs and it can be of three types.
a.

Supplementary Training

b.

Specialised Training

c.

Inservice Training

3.

Starting diploma and U.G. Degree courses for poultry science with associated
fundamental and applied course.

4.

Identification of the extension needs of the poultry farmers.

5.

Increasing role for transfer of technology from lab to land.

6.

Increasing role for transfer of technology from land to lab.
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EXTENSION AND EDUCATION NEEDS DEVELOPMENT OF HUMAN RESOURCES - INDIAN
EXPERIENCE
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INTRODUCTION
The technology for modem poultry development in India during the last quarter of the
present century has come mainly from the West. It is capital-intensive and springs from
a world of cut-throat competition. The governments at the Centre as well as in the
states have provided incentives in such a manner that now we have with us two distinct
classes of poultry farmers : one is the modem, educated person who may have never
seen poultry farming earlier, but who is sharp enough to see its monetary advantages,
and took to poultry farming as yet another system of making money; tomorrow, if you
ask him to manufacture nuts and bolts because these may fetch greater profits than
poultry, he is likely to switch over and call it a day as far as poultry farming is concemed:
the other is the traditional, poor, caste-and-religious-ridden, illiterate, small scale poultry
farmer who has been keeping poultry since ages and takes it as subsistence farming
or as a way of life.
This sharp division of poultry farmers has been deliberately brought into focus in this
paper because the extension and education needs of these two classes are different.
This phenomenon has taken shape wherever Westem technology has been introduced
into India. For example, in the marine fisheries sector, two distinct classes of fishermen
have emerged, much on the same lines as poultry farming. It has been a standing criticism
of the green revolution that it has made the poor farmer poorer and the rich one richer.
It is not the aim of this paper to ridicule the new technology. However, we have to take
into account the socio-economic changes associated with the adoption of these
innovations. For a developing country like India, it is very important to increase animal
production. Towards that and, birds and animals with higher production potentials have
to be introduced, feed manufacturing factories have to come up, veterinary health services
have to be strengthened and broadened, the biological research base has to be vastly
strengthened, and so on. However, the differential benefits to the producers cannot be
ignored. If the traditional poultry farmers had been educated and supported with required
services and goods from the very beginning, this situation would not have arisen at
present.
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In a country like India, it seems that there are hardly any specific policies and
programmes directed solely at and implemented for the poor, the downtrodden, and the
under- privileged, although they form the majority of our population. Most of the benefits
available are grabbed by the influential and the rich. When the general political situation
is such, poultry farming cannot be an exception. The old social values are changing
gradually, and the values of gauging success in terms of money, are slowly raising their
head.
NEEDS OF COMMERCIAL POULTRY FARMERS
Commercial poultry farming is highly competitive, and during the last few years, a
number of such poultry farmers have been driven out of business because of cut-throat
competition. In India, poultry economics has just not been touched by research workers
to a sizeable extent. Project reports are also difficult to come by. Most of the technology
now available in India has been developed by biological scientists, and the social
scientists do not figure in their scheme of things. Such attitudes have left a big gap in
the practical knowledge needed for sustained development. For example, the basic
economic questions which a commercial poultry farmer generally asks, remain
unanswered even to this day.
Viewed simply, a commercial poultry farmer would like to know how much return
would he get from an investment of one rupee in poultry farming. What is the minimum
size of the farm necessary to begin with ? What is the cost of production in case of
different breeds and different strains ? What is the production function with different
breeds/strains in different agro-climatic zones ? How do these things change over time?
What managerial practices should be followed to stay in business ? How do the
requirements of land, labour and capital change when factors like farm size, farm
location, and other socio-economic parameters change ? Unfortunately, satisfactory
answers to such questions are not forthcoming in the Indian context at present.
A number of new strains of poultry are now available. Their performance in different
agro-climatic regions needs to be studied, and location-specific recommendations need
to be made. In fact, poultry farming needs to be treated as a commodity like wheat or
paddy, and location-specific packages of practices need to be made available to the
farmers. It is significant to note that poultry hardly figures in the monthly workshops
of various officers at the state agricultural universities. Actually, there are no similar
workshops for field veterinarians, and this gap needs to be bridged soon.
Although a great number of commercial poultry farmers are now functioning, the
biology-biased poultry' scientists have not created any feedback mechanism worth the
name. The result is that the technologists do not know what practical problems get
associated with the technologies when these are used in the field. There are several
poultry extension centres in the country, but they hardly ever provide any feedback to
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the research laboratories. In fact, the only work done by these centres is to supply
chicks to those who pay for these, and the role of the centre stops after that. There is
decidedly a strong need to study the socio-economic consequences of various poultry
farming technologies in the field.
The rate of closure and expansion of the commercial poultry farms needs to be studied
and documented, together with the reasons therefor. The managerial practices followed
in successful and unsuccessful poultry farms need to be studied. The impact of state
government policies and practices, and the tax structure and policy, on commercial
poultry farming needs special study.
The projected demand for poultry products in the coming years far exceeds the present
production levels. Thus, it is expected that commercial poultry farming will have to
be increased very substantially in the near future. However, the existing functioning
of poultry farms and the existing bird-rearing practices followed therein have not been
studied so far to a desirable extent. We are also not aware about any re-inventions or
innovations private poultry farmers may have generated themselves. We do not know
what is the cost of production of poultry products in different regions of India, and
what are the factors influencing it. Similairly, data regarding profitability in different
regions are lacking.
The data regarding existing feeding practices of commercial poultry farmers need to
be collected systematically and in a detailed manner, since feeding accounts for a
considerable share of the cost of production of poultry products. Moreover, some poultry
diseases are associated with feeding practices, and hence the increased importance of
poultry feeding.
Poultry diseases are a very important area. We do not know how many farms have been
forced to close down owing to this problem. The poultry farmers need a lot of training
in the prevention and control of poultry diseases. Poultry disease research is perhaps
unique in veterinary science, because it has all along laid more stress on preventive
medicine rather than the treatment of affected cases. The epidemiology of poultry
diseases needs urgent study.
With a small generation-interval in poultry, it should be possible to develop research
programs for establishing disease-resistant strains without a significant fall in production
parameters. This is the need of the present times.
There are several institutions providing training in commercial poultry farming.
However, how many of the potential trainees come here for genuine training and not
primarily for obtaining loans from banks ? How many of the trained people actually
open new farms ? How many established poultry farmers come for on-the-job training?
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What is the actual impact of poultry training programs ? What is the ratio of lectures
to practical skill transfers in such training programs ?
It is unfortunate that in India we do not have any extension service in animal husbandry
worth the name. The state investment in animal husbandry in general, and extension
service in particular, is woefully inadequate and far short of the needs of the farmers.
This situation needs to be corrected at the earliest.
Many mouth-watering recipes and techniques for preparation of value-added products
from poultry, have been developed in the laboratory. However, before these go into the
field, pilot projects need to be set up at research institutes and the cost-benefit ratio
needs to be worked out for the more promising ones among such techniques. Then the
industry will be able to evaluate and select those which can be profitably used in the
field. There is also a need for proper hygienic disposal of poultry wastes.
NEEDS OF TRADITIONAL POULTRY FARMERS
The traditional poultry farmer has been conveniently forgotten by modem scientists.
In their keen enthusiasm to increase poultry production, the scientists and the planners
have ignored this class of farmers who should have been the prime target of change.
Traditionally, poultry farming has been done by certain caste and religious groups,
who have not been organized so far. Nobody has even bothered to study what they have
been doing, and nobody has heard their voice.
Traditionally, poultry farming in India has been done on a subsistence level, with flock
sizes varying from one to about twenty per family. The objectives are for domestic
consumption and for sport. The production is very little as compared to the modem
breeds, but the inputs are almost zero. The birds feed mostly on kitchen waste and
insects, etc., obtaining from the soil nearby, and whatever little they produce is only
a premium. The labour inputs are also minimal and easily afforded by the family.
Hatching of eggs takes place in the natural way through the hen.
There is an urgent need to study the bird-rearing practices of traditional poultry farmers.
What are the breeds available with them and what are their characteristics ? One would
suspect that such birds have a good deal of resistance to diseases which needs study.
Conservation of the native germplasm is also indicated. What inputs are available to
such birds and what are their production potentials ? In order to improve their potential,
how much value of additional inputs may be required for how much value of additional
output ? What are the traditional methods of slaughter and preparation of poultry products
? What is the scope of improvement in such methods ? What is the percentage of the
mral, semi-urban and urban population rearing birds in the traditional manner? What
is the labour requirement in traditional poultry farming ?
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If we are not to ignore this sector of poultry farmers, such questions need urgent answers
in the times to come. The rural farmers, the tribal farmers, and the rural poor come in
this category.
A CASE FOR UNDER-DEVELOPMENT
Many Indians and most foreigners would have us believe that we are under-developed,
under-privileged and backward in the global reckonings. Even if we believe it, we
should not forget that we have a long heritage of historical and current importance.
Indians are slow to change and the developing societies are quite complacent. However,
complacency and fatalistic values prevent us from frustration and protect us from the
evil effects of sudden and drastic social change. Poverty is not necessarily bad, when
quaquaversal parameters are considered.
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REVITALIZING THE POULTRY INDUSTRY: GHANA
EDUCATION SERVICE'S MEASURES
C. K. Acheamponig

^-*

Ghana Education Service Hatchery Project, Presby Boys' Secondary
School, P. O. Box. 98, Legon, Accra - Ghana

One of the industries which has made considerable strides in Ghana over the
years is the Poultry Industry. The rapid growth in population, increasing disposable
income, and the recent awareness of the nutritional value of poultry and Poultry
products have contributed to the industry's spectacular growth. Recently many
problems have cropped up in the industry, thus making it impossible for many
new comers to boldly join it. The Ghana Education Service in its effort to make
the teaching-learning process more practical has taken concrete and sustainable
measures towards helping students to take up Poultry Farming in future as a
business, through proper education. Thus the Ministry of Education in its policy,
has embarked on an active practical programme in Poultry Production in our
Secondary Schools to help the revitalization process currently going on in Ghana.

INTRODUCTION
In Ghana, animal production, particularly in the poultry industry has been very slow.
Of the total meat requirements in Ghana to day, an estimated 30% of poultry products
are imported. The importation of poultry and its products is not only a drain on the
country's foreign exchange resources but also adversly affects the local production.
Poultry accounts for 35% of all meat sold in Ghana yet still the average consumption
per head per day is less than one kilo, and 20-30 eggs per year per head. This is below
the required yearly average of 44 eggs and 3 kg of poultry meet for Africa. With the
fore-going, the need to break new grounds, poultry production has become important.The
Government has been looking critically at the poultry industry to revitalize it to improve
the nutritional level of its people. Similarly, the poultry farmers have also been striving
hard to keep the industry going amidst all problems.In the light of the changing trends
in the present poultry industry, it is not just the poultry farmers who have to feed the
nation with their time, old methods and techniques, but educated people should be
encouraged to join the crusade.For this reason, the Ghana Education Service has in its
on going educational reform programme, emphasized the production of a student who
will take up farming after school as a business - especially in the field of poultry
production in particular and livestock in general.
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GHANA EDUCATION SERVICE'S REFORM PROGRAMME AND
AGRICULTURE
Background: The main aim of the on-going Educational Reforms is to produce a student
who can engage in productive agriculture, at least the self-provisioning type. Realizing
the problems of food shortages, the government in its educational reforms have embarked
on agricultural development programmes aimed at increasing food supply. The teaching
of agriculture at all levels in schools which used to be more theoretical and towards
passing examinations, is now made more practical.
To make this new system work a lot of changes have taken place in the whole educational
set up which include the following:
The pre-university education, which was in 4 stages, namely: Kindergarten,
Primary, Middle, and Secondary schools is now grouped under 2 headings - Basic
and Secondary Schools.
The number of years for a student to study from the kindergarten to secondary
school is slashed down from 14 years, thus reducing the age of the student after
the secondary education from 21 years to 18 years before entering the university.
Unlike the old system where a student could not work on his own even after the
secondary education, the new system has two exit points. After completing the
Junior Secondary School, a student has the chance to divert into a vocation. These
vocations include subject like Agriculture, Visual Art, Woodwork, Dressmaking,
Designing, etc. The second exit point is after the Senior Secondary School
Education. Thus the student can be on his own an start a private business without
entering the university first. There are other institutions also like Teacher Training
Colleges, Polytechnics, Vocational Training Colleges, Agri-cultural Training
courses etc.
In the curriculum, emphasis has been placed on the teaching of some subjects,
thus making them core subjects which every student in Ghana must study. These
include Mathematics, Science, Enghsh and Agriculture. In the case of Agricultural
Science the teaching of Poultry production has been given special attention to
meet the revitalizing process going on in the poultry industry in Ghana at the
moment.
On this score some innovative strategies have been adopted to make the teaching of
poultry production practical, useful and sustainable.
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INNOVATIVE STRATEGIES ADOPTED
Gender Issues : To address gender issues in its right perspective exclusively female
institutions are now allowed to take up poultry production as students project in addition
to their home economics study.This decision came up after a survey was conducted to
find out how the establishment of poultry farms in Ghana was started. It was revealed
that about 90% of all the well-established poultry farms were started by women in a
very modest way. Their husbands joined mid-way and became the owners or Direc1;ors
at times, with the women ending up to be sales girls and the like. This showed that
if our female students are introduced to the scientific way of keeping poultry, they will
not depart from it if they are to pick a life long business.
Poultry studies made compulsory : Looking at the numerous benefits from the keeping
of poultry and our traditional background knowledge , the Ghana Education Service
selected among other livestock / animals, poultry to be studied by all students at the
Secondary school level. It is made a core subject.
Grants : The Ghana Education Service in its action programme has made provision
for giving grants to individual schools to set up poultry farms, where students can have
their practicáis. The grants are normally in cash and the supply of inputs. It has been
recommended that a simple wooden slatted floor house could be purchased or
constructed for schools without having poultry houses.
Training the trainers : At present there are not enough competent or professionally
competent Agricultural Science teachers who have specialized in the field of poultry
education to manage all the institutional farms. The Ghana Education Service has
taken opportunity of some fellowship programmes to have some teachers take up courses
in poultry production. Such teachers on their completion of the courses are made as
Regional and District Coordinator. Those who go back to their schools after such
courses, are used as resource persons during workshops for Agriculture teachers.Every
year a good number of Agricultural Science teachers gain admission to both foreign
and local colleges offering poultry production courses. The most popular among these
colleges is the Bamereld college in the Netherlands, The Scottish Agricultural college
in Auchincruive, Harrer Adams etc. Mostly female teachers are selected for poultry

Students supervise poultry practices : With the saying "practice makes a man perfect"
individual students now have the chance to rear their own birds from day old to maturity.
Inputs in a form of chicks drugs, feed etc. are provided by the school managing the
project with the teacher acting as the supervisor.The idea of this supervised practice
is seen to be very important as management is the core of every business. Student's
performance or behaviour must receive attention at all times and monitored. This is
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because every worker's performance affects the profitability of the estabhshment and
therefore one's contribution must be appraised continuously. This supervised practice
is also followed in student's cockerel and pullet exchange programme. Profits realized
are given to students as an incentive.
Model schools' poultry projects : Some schools are selected in each community to
embark on commercial poultry keeping. Such schools receive funds from the Ghana
Education Service. It is also compulsory that each student entering any secondary
school in the first year pay the Agricultural fund. This money form a revolving capital
for the Agrie. Department. At the end of the studies, the money is refunded with
interest to the students. The main aim of establishing these farms is to help provide
meat and eggs at a much lower prices.
Establishment of a hatchery : Looking at the bold steps taken by the Ghana Education
Service towards improving and helping to build the poultry production process, it became
necessary that hatcheries should be established at vantage points to help in the supply
of day old chicks to schools. At the moment a modem hatchery has been established
in a school in Accra - capital city of Ghana to serve over 200 secondary schools in the
Southern sector. The hatchery which has incubators with a capacity of 19,400 eggs
is in operation. This hatchery is being managed by a female Agricultural Science
teacher. This hatchery, apart from supplying day-old chicks, also help students from
all over in acquainting themselves with the hatching processes. It has ensured the
continuous supply of chicks to the schools, a problem which disrupted former attempts
to revive poultry keeping in schools.
MAIN BOTTLENECKS IN THE PROGRAMME
Parent stock farm : The major problem that emerged since adapatation of new
strategies was with the establishment of the hatchery by the Ministry of Education.
Unfortunately, the hatchery was built and equipped without a parent's stock Farm to
provide hatching eggs. To get this project going, appeals were made to local hatcheries
for help. The response was not favourable and this led to a lot of disappointments,
that affected the school programmes and projects. There was , therefore, the need to
start a parent stock farm.
Availability of feed and raw materials : Expanding poultry production required the
development of the feed industry, because feed may account for over 75% of variable
production cost. This area needs to attention and understanding to maintain the
profitabiUty and viability of the industry.
Unfortunately throughout the reform programme there was no decision on the
establishment of a feed mill. The continuous changes in the price and the quality of
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fee and their ingredients have affected the smooth running of the programme. This has
led to the reduction of a number of birds a school can handle at a time. To make this
programme sustainable, it is very important that a feed mill be established.
OPTIONS FOR SUSTAINABILITY
The poultry business, like any other commercial business has periods of prosperity and
depression. Since the poultry business is not a paltry business, the Ghana Education
Service in its effort to make this successful, some steps have been taken to see the
programme through.
As a matter of urgency, one of the secondary schools has been selected to establish a
parent stock farm to supply the much needed hatching eggs for the hatchery. By so
doing the price of hatching eggs for will be much lower than the imported eggs which
are being used now. It will also lead to cheaper day- old chicks.
It is a well known fact that a successful feeding programme is one that meets the need
for all nutrients at a minimum possible cost and achieves the optimum performance in
growth, egg production or number of hatched eggs.
To this end, another school has been selected to start a feed mill which will produce
feed to be sold mainly to the schools. Another female Agricultural Science tutor had
returned home after studies to handle this project. The teaching of agriculture in schools
and colleges is faced with many problems requiring attention. With the attention given
to make the introduction of poultry production an integral part of the on-going
educational reform programme, the Ghana Education Service is on the path of helping
to revitalize the poultry industry in Ghana.
There is surely a very bright future for the poultry industry in Ghana.
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DEVELOPMENT OF POULTRY INDUSTRY THROUGH
TECHNOLOGY AND CREDIT
P. Kotaiah
National Bank for Agriculture and Rural Development, Mumbai, India

INTRODUCTION
Poultry farming which was considered a mere backyard activity only a few years ago
in India has now taken the shape of a thriving industry, providing quality human food,
organic manure for agricultural crops and employment to a large number of people.
Poultry industry provides direct and indirect employment to about one million and four
million persons respectively. The value of poultry products in 1993 estimated at
Rs.63,400 million is likely to reach Rs. 1,09,360 miUion by 1998. The industry has
also given rise to many subsidiary industries in the field of compounded feed, equipment
and pharmaceuticals. During the last decade, the production of eggs and broilers is
estimated to have grown annually at the rate of about 10% and 20% respectively.
PRESENT STATUS
As per 1987 Hvestock census, the poultry population in India was 251 million of which
61 million comprised of improved birds. Of the estimated laying stock of 150 million
during 1993, the improved stock was about 56 per cent. The total egg production of
5340 million in 1971 has grown to 26,300 miUion in 1994, keeping India in the fifth
position in table egg production in the world. The contribution of improved birds to
total egg production is about 75 to 80 per cent. The production capacity of improved
layers has also increased from 250 eggs in 1971 to about 290 eggs in 1993 under
optimum conditions. The broiler production which was only 4 million in 1971 has
gone up presently to about 275 million in the same period. This clearly indicates the
phenomenal growth in the broiler industry during the last 25 years. The average feed
efficiency which was about 2.6 : 1 has now come down to 2.2 - 2.3 : 1. The birds would
reach the desired body weight of 1.5 kg in about 8 weeks earlier whereas now this
period through genetic improvements and feed efficiency, has come down to an average
of 6 weeks.
STRUCTURE
As in several other developing countries, the poultry sector in India also reflects the
dualism of intensive and backyard poultry production systems. With reference to the
intensive production system, attention is already being paid mostly by the private sector
to improve the availability of quality chicks and other input supplies like poultry feed,
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health care, marketing, storage and infrastructural facihties in order to produce quahty
eggs and meat which could compete in the international market, besides catering to the
growing domestic demand. It is estimated that 60 percent of poultry meat and 56
percent of eggs are currently produced under Intensive Production System. In all about
60,000 poultry farms are under intensive system. The backyard poultry segment
represents about 40% of the output and has a direct bearing on the income and
employment opportunities of the weaker sections, especially rural women. There are
about 1,00,000 farmers scattered in rural areas with flocks ranging from 25 to 250 birds
in their backyard.
SUPPLY AND DEMAND
Despite the fact that India is the fifth largest egg producer in the world, the per capita
egg and poultry meet consumption is one of the lowest i.e., 33 eggs and 434 gm. of
poultry meat per year, as against around 200 eggs and 15 kg poultry meat in many of
the developed countries. Keeping in view the recommendations of the National Institute
of Nutrition, Indian Council of Medical Research (ICMR), it is estimated that by the
year 2015, the domestic requirement could be 183 billion eggs and 9.1 billion kg poultry
meat, at consumption level of 180 eggs and 9 kg poultry meat per capita per year, while
the production will be 46.2 billion eggs and 3.04 billion kg poultry meat. This points
to a substantial gap and available potential for growth of poultry in the current decade.
There is a large rural market of over 500 million people which has largely remained
untapped so far.
DEVELOPMENT OF INPUT INDUSTRY
Birds
The poultry farmers in India are rearing almost all well known commercial breeds of
USA, UK and Europe. About a dozen of pureline and Grand Parent franchise projects
supported with 115 layer and 280 broiler parent farms in the private sector and 200 in
government sector, produce 1.3 million layer parents and 2.6 million broiler parents.
Feed
The annual production of poultry feed exceeds 5 million tonnes. The bulk of this is produced
on the farms and the balance by the large feed plants. The feed industry is increasingly
relying on research and use of computers for working out low cost feed formulations. The
need of farmers is a network of laboratories for quick testing facilities to monitor the
quahty of feed and ingredients including level of contaminants like aflatoxins etc.
Pharmaceuticals
The veterinary pharmaceutical industry has kept pace with the rapid growth of poultry
sector by providing medicines and vaccines to ensure sound health of birds reared
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under intensive system of poultry production. The number of units supplying medicines
and vaccines rose from about 2000 in 1971 to around 10,000 in 1993 with a turn over
of about Rs.3000 million.
Equipment
India is self-sufficient in all basic equipment required for rearing and breeding poultry.
Gas brooding, automatic feeding and watering systems, foggers and sprinklers, electronic
control setters and hatchers, controlled environmental housing and slat as well as cage
system of rearing are becoming popular in case of large size commercial farms.
Training
The Agricultural Universities and the Central Avian Research Institute, Izatnagar, Uttar
Pradesh are providing necessary courses for obtaining graduation in veterinary science
and post graduation in poultry to meet the man power requirements of the industry.
The Central Poultry Training Institute at Hessarghatta, near Bangalore and the Institute
of Poultry Management of India (IPMI), Pune provide training to the entrepreneurs as
well as technicians working in the poultry sector. The Department of Animal Husbandry
of State Governments through their poultry training centres established under Intensive
Poultry Development Blocks provide extension support and also short duration training
programmes for the new entrepreneurs.
Exports
Although India has emerged as a major poultry producing country, its contribution in
the international trade is negligible. However, the export of poultry and poultry products
is expected to reach about Rs.2000 million in the next 5 years with India's entry into
poultry processing and allied industries. The potentiaLimporters of poultry products
could be Bangladesh, Maldives and Philippines etc.
Planning
The National Bank for Agriculture and Rural Development (NABARD) as an apex
financial institution, is concerned with poHcy, planning, development, monitoring and
supervision in the field of agricultural credit and other economic activities including
poultry development. NAB ARD is preparing Potential Linked Credit Plans (PLPs) for
various investments. These plans are prepared district-wise and later aggregated at
state level. While preparing the plans, care is taken to look into the available
infrastructural facihties like supply of chicks, feed, medicines and vaccines, marketing,
entrepreneurship and the credit absorbing capacity. The exercise helps in planning the
credit requirements for this sector and its close monitoring.
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Credit and Development
The term loan and working capital requirements of the industry are normally provided
by commercial banks, regional rural banks, state cooperative banks and state land
development banks. The cumulative refinance assistance of NAB ARD till 1994-95
for poultry was of the order of Rs.5230 millions, involving ground level investments of
roughly about Rs. 10,460 miUions.
There is considerable response to poultry development and institutional finance in some
of the states like Andhra Pradesh, Maharashtra, Karnataka, Punjab, Haryana and
Tamilnadu. Some of the states like Uttar Pradesh, Madhya Pradesh and Bihar which
have a very large human population and considerable potential for poultry development
have not developed poultry sector and hence flow of institutional credit for the purpose
is also not much. It is necessary to tap this potential.
NAB ARD had estimated that during the 8th five year plan (1992-97), the ground level
disbursement of credit by banks for poultry development would be of the order of
Rs. 13,359 million. The ground level investment credit is expected to grow from the
present level of Rs.2900 million per annum to Rs. 13,000 million per annum by the year
2010.
In addition to supporting direct investment in poultry units of layers, broilers and
hatcheries, refinance support has also been extended by NAB ARD for production of
specific pathogen free (SPF) eggs, poultry vaccines, health products and feed, chicken
processing into value-added products, etc. Some details of the type of projects/ schemes
taken up for financing by banks are given in the Annexure. Bank financing is subject
to compliance of various technical and financial conditions like floor spacing, flock
schedule, bio-security, spacing between the sheds. Besides, the sanction of loan is subject
to contribution by the individual borrowers to the project cost varying from 5% to 15%
depending on the category of beneficiaries. In the case of firms or corporate bodies the
debt equity ratio is kept at favourable level of 3:1 as against 2:1 in case of most of the
industrial enterprises. The repayment period for loans is flexible depending upon the
surplus generated in the scheme and usually the period ranges between 6 and 8 years
with a grace period of 6 to 18 months. The rate of interest on loans is as prescribed by
Reserve Bank of India/NABARD from time to time. The interest rates for small
poultry units with investment upto Rs.2,00,000/- are low.
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Table 1. Types of Bankable Schemes assisted by NAB ARD under Poultry Sector
1. Breeding Schemes

Pureline/Grand parent breeding
Parent breeding farm
cum hatchery

2. Commercial production
schemes

Egg Production
Central Grower unit
with satellite layer units
Broiler Meat Production
Quail Production
Duck farming

3. Marketing schemes

Egg/Broiler carts in rural and Urban areas
Poultry Meat Processing
and manufacture of fast food products
Egg processing
Integrated schemesHatchery cum broiler rearing cum processing unit

4. Infrastructural
Development Schemes

Production of specific
pathogen free (SPF) eggs
Production of Poultry Vaccines
Production of Animal
Health Products and
Medicines
Poultry Feed Plants

5. Schemes for by products

Shutde cocks from poultry feathers
Conversion of by products into meal

6. Innovative schemes

Amino acids from poultry feathers
Utilisation of poultry droppings as an ingredient
in livestock feed

7. Innovative technologies
incorporated

Cage system/Slat flooring
Environmental Controlled System of housing
Automatic feeders/drinkers
Foggers and sprinklers
Gas brooding
AI in poultry breeding
Modernised incubators
Water and effluent treatment plants
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TECHNOLOGYCAL ADVANCEMENT IN POULTRY INDUSTRY
I would now like to delve on some of the technological developments in the poultry
industry in India for which NABARD has extended financial support. Briefly these
developments have been grouped into 5 major areas viz., poultry breeding, housing
and management, processing, marketing and environment.
Poultry Breeding
Import of pureline and grand parents from the western countries and developing strains
which are suitable for Indian conditions has been encouraged through financial
assistance. In some of the hatchery projects, modernised incubators have been
considered for production of day old chicks which have distinct advantages like
minimum requirement of space and labour, saving in electricity consumption, better
quality of chicks and increased number of chicks per bird over conventional/ traditional
incubators.
Housing and Management
The cage system for layers and the slat system for boiler rearing are increasingly
encouraged. Gas brooding of chicks which is cost effective has become popular under
environmentally controlled system of housing and the same has been adopted. It has
the advantage of utilising the poultry droppings for gas production. In areas where the
temperature goes beyond 40 °C and spreads over a longer period sprinklers on the top
of the sheds, foggers within the sheds and the environmentally controlled mechanisms
in the form of cooling pads, exhaust fans and winching system of curtains have been
incorporated in the projects so that optimum temperature can be maintained in the
sheds for better production.
Processing Technologies
The technological development has helped the egg producers to process eggs into
powder/frozen form for various uses. The processing of eggs into various forms helps
the farmers to tide over fluctuations in egg prices as also to increase the shelf life. With
the changing food habits especially in urban areas, the demand for value added products/
convenient foods from poultry is increasing. NABARD has refinanced setting up of
poultry dressing plants with backward integration with producers and forward integration
with consumers. This processing includes preparation of whole chicken, cut-ups,
boneless chicken and products like kababs, soups, etc.
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Marketing
In order to promote consumption of eggs in rural, semi-urban and urban areas as also to
provide employment to the educated and handicapped persons for earning a livelihood,
the purchase of egg/broiler carts through bank finance is also encouraged.
TECHNOLOGIES FOR ENVIRONMENTAL PROTECTION
While financing various activities under poultry industry, care is taken to ensure that
they do not in any way cause environmental degradation by strictly following the
standard norms in respect of removal of various wastes, (solid as well as liquid) and
convert them into usable by-products. The solid wastes are economically converted
into usable products through rendering process without creating any environmental
pollution, whereas liquid waste comprising blood, detergents and chemicals are treated
in effluent treatment plants before releasing them into water bodies. In respect of
chicken meat processing plants, the provision of rendering plant has been incorporated
to convert the inedible parts of poultry like viscera, inedible meat, bones etc. into meal
which is used as an ingredient in the livestock feed, while the poultry feathers are used
for manufacturing shuttle cocks and also for extraction of amino acids. As supply of
quality water free from bacterial and other solid substances is essential for poultry, the
water softening/treatment plants are considered eligible investments for bank finance
in the poultry projects.
RESEARCH AND DEVELOPMENT SUPPORT FROM NABARD
NAB ARD is supplementing the Research and Development efforts of State Agricultural
Universities and ICAR institutes by supporting R & D for applied research work through
which poultry farmers are benefitted in terms of higher productivity or saving in
investment/expenditure. It has identified a few areas of research, such as cost effective
poultry housing for different agro-climatic conditions, use of alternative feed ingredients
in the poultry rations, extraction of amino acids from poultry feathers, use of poultry
droppings in livestock feeds and biofertilisers, etc.
Some of the R & D projects being supported by NABARD in the field of poultry
science relate to :a.

Investigation into the problem of Egg Drop Syndrome (EDS) in layers and
development of vaccine.

b.

Establishing training and research activities at the Institute of Poultry Management
of India.

c.

Socio economic upliftment of rural duck farmers through cross-breeding in Andhra
Pradesh.
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In addition to these research projects, support has also been extended selectively for
conducting workshops/conferences/seminars by the poultry and feed associations for
the benefit of scientists, farmers and planners.
PROSPECTS FOR FUTURE
Viewed against the backdrop of the tremendous potential yet to be tapped in the poultry
sector, notwithstanding the developments made in the past three decades or so as also
the emerging scenario brought about by the GATT Agreement coupled with the new
and bold policies of Government of India in the context of economic liberahsation, I
am sure that the poultry industry in India is poised for a quantum leap in the 21st
century. I am also confident that given the above perspective, the poultry industry will
play very significant role in the matter of employment generation, nutrition and
inexhaustible export potential in the years to come.
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PROFITABILITY, PROBLEMS AND PROSPECTS OF
POULTRY PRODUCTION
P.B. Parthasarathy
Bharatiya Agro-Economic Research Centre, Hyderabad, India

INTRODUCTION
Despite the impressive achievements of poultry industry in India, a big gap exists
between the current egg and poultry meat availability and the minimum needs of the
country. As against the recommended 180 eggs and 9.0 kg of poultry meat per individual
per annum, the current per capita of egg and chicken moat is only 30 and about half a
kg respectively. It is also seen that in India the per capita consumption of eggs per
annum varied from as low as 10 in rural area to 170 in metropolitan cities. Another
unfortunate thing in our country is the decreasing per capita availability of pulses, the
only source of vegetable protein. It has, decreased from 69 grams in 1961 to 37 grams
per day in 1995 (Economic Survey, 1995-96). To mitigate this problem of nutrition
deficiency, eggs and poultry meat seems to be the only alternative since these are the
cheapest and most readily available source of animal protein and also due to prohibitive
cost of sheep and goat meat.
Though the poultry industry has transformed itself from the age-old back yard venture
to an increasingly self reliant and more sophisticated enterprise, still it has to go a long
way to fulfill its role as an effective instrument of socio-economic transformation of
rural masses to provide employment, generate income and to bridge the nutritional gap
as per ICMR recommendations. Since the industry provides vast scope for expansion
in our country, many new entrepreneurs are venturing to set up new units due to
liberalized loan pohcy of the existing financial institutions and GATT's grand global
design. Under these circumstances it is felt desirable to examine some of the important
economic issues of poultry production like costs, returns and profitability, remunerative
nature of egg and poultry meat production, resource use efficiency, price spread, and
marketing strategies for poultry and poultry products. The present paper addresses
itself to these aspects and poHcy options available to put the industry on firm footing to
meet the challenges of 21st century.
COST OF PRODUCTION
The economic analysis of any enterprise starts with the assessment of costs in the
production. Various studies undertaken in our country have brought out the fact that
feed formed the single largest component of poultry production, either layers or broilers
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(Kamat, 1975; Reddy, 1975; Talukdar, 1977; Sen, 1978; Shamia, 1978; Basu, 1980;
Rao, 1981; Kulkami, 1982; Badrinath 1983; Rammohan, 1985; Reddy, 1985; Reddy et
al.,1986; Ashok, 1987; and Seema, 1988). For economic analysis of costs and returns
in poultry production in Andhra Pradesh, particularly around Hyderabad, studies under
taken by research scholars of the Department of Agricultural Economic and Poultry
Science of Andhra Pradesh Agricultural University, over a period of time have been
considered. Information was also collected from the Indian Poultry Industry Year (IPIY)
Book of 1994 to have a comparative analysis.
COST AND RETURNS IN EGG PRODUCTION
For analysis purpose three studies which were undertaken by research scholars of Andhra
Pradesh Agricultural University (Kulkami, 1982; Reddy, 1985; Ashok, 1987) and the
data provided in the IPIY Book of 1994 were considered.
Particulars of costs of production for 100 layers of poultry are presented in Table 1.
The analysis revealed that in and around Hyderabad the total cost of production for 100
layers has increased from Rs. 7,667 in 1980 to Rs. 10,167 in 1985 and to Rs 25,409 in
1994, indicating an increase of 32 per cent in 1985 over that of 1980 and 66 per cent in
1994 over that of 1985. In between 1980 and 1994 the total production cost per 100
layers has increased by 231 per cent. The variable cost of production has accounted for
about 88 per cent in general, in all the time periods. Among the variable costs the single
most important cost item was feed, which accounted for 83.6 per cent in 1980, 82.3 and
81.8 per cent in 1981; 81.9 per cent in 1985 and 82.3 per cent in 1994. Further it can
also be observed that while the feed cost has increased by 32.6 per cent in between
1980 and 1985 the same shot up by 150.9 per cent in between 1985 and 1994. As such,
it could be safely concluded that feed is the most important factor which pushed up the
cost of production of layers as well as eggs. The economic analysis presented in Table
2 revealed that the net cost of production of 100 eggs has increased from Rs. 27.74 in
1980 to Rs. 37.34 in 1985 and to 80.00 in 1994.
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Table 1. Cost of production for 100 layers
(In Rupees)
Particulars

June 1979
to
Dec. 1980
(a)

March 1981 March 1981
to
to
Aug. 1982
Aug. 1982
(b)
(c)

Hyderabad

Hyderabad Vijayawada

June 1984 Indian Poultry
to Industry Year
Book 1994
Dec. 1984
(d)
(e)
Hyderabad

Variable cost
Feed
(72.61)
Labour
Medicine
Electricity etc.
(9.45)
Litter
Miscelleneous
Interest on
working capital
Total

544.71
(72.32)

7046.05
(72.41)

7102.33
(71.96)

7354.05
(72.34)

203.43
(2.65)
219.28
(2.86)
44.83
(0.58)

271.26
(2.79)
297.07
(3.05)
99.29
(1.02)

324.75
(3.29)
306.67
(3.11)
97.70
(0.99)

510.00
(5.02)
358.76
(3.53)
118.42
(1.16)

25.67
(0.33)
85.38
(1.11)
510.27
(6.66)
6633.57
(86.52)

22.83
(0.23)
86.86
(0.89)
732.97
(7.54)
8556.33
(87,93)

19.30
(0.20)
85.22
(0.86)
743.15
(7.53)
8679.12
(87.94)

33.21
(0.32)
90.22
(0.89)
519.58
(5.11)
8984.24
(88.37)

395.00
(5.15)
275.87
(3.60)
362.97
(4.73)

450.00
(4.63)
262.09
(2.69)
462.19
(4.75)

450.00
(4.56)
263.94
(2.67)
477.38
(4.83)

490.00
(4.81)
292.67
(2.89)
399.73
(3.93)

1000.00
(3.93)
1095.00
(4.31)
900.00
(3.54)

1033.84
(13.48)
7667.41
(100.00)

1174.28
(12.07)
9730.61
(100.00)

1191.32
(12.06)
9870.44
(100.00)

1182.40
(11.63)
10166.64
(100.00)

2995.00
(11.78)
25408.75
(100.00)

18450.00

2400.00 *

1563.75
(6.15)
22413.75
(88.21)

Fixed cost
Chicks
Depreciation
Interest on
fixed capital
Total
Total cost of
Production

Source (a) Anil Kulkarni, 1982; (b&c) D. Narsa Reddy. 1985 ; (d) A. Ashok, 1987
(e) Indian Poultry Industry Year Book, Delhi 1994.
* Includes labour, medicine, electricity and fuel, litter and miscellaneous costs.
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Table 2. Economic analysis of poultry farming with reference to egg production

Total cost of
Production
(Rs./l 00 layers)

June 1979
to
Dec. 1980
(a)

March 1981 March 1981
to
to
Aug. 1982
Aug. 1982
(b)
(c)

June 1984 Indian Poultry
to Industry Year
Dec. 1985
Book 1994
(d)
(e)

Hyderabad

Hyderabad Vijayawada

Hyderabad

7667.41

9730.61

9870.44

10166.64

25408.75

76.67

97.31

98.70

101.67

254.09

10.31

11.85

11.98

12.16

30.00

1.47

2.47

2.45

1.40

8.00

Total

11.78

14.32

14.43

13.56

38.00

Net cost of Production per
layer (Rs.)

64.89

82.99

82.27

88.11

216.09

234

238

240

236

270

Cost of Production
of 100 eggs (Rs.)

27.74

34.86

35.11

37.33

80.00

Sale of 100
eggs (Rs.)

32.09

38.57

38.52

41.05

90.00

4.25

3.71

3.41

3.72

10.00

Cost of production
per layer
Receipts (Rs/bird)
Sale of spent hen
Sale of manure etc.

Average egg production per
layer (No.)

Net Profit for
(100 eggs)

Between 1985 and 1994 the price for 100 eggs has increased from Rs. 41.05 to Rs.90
indicating an increase of 119.2 per cent as against feed cost increase of 150.9 per cent.
Infact this feed cost would be the most important factor which may inhibit the future
growth of industry unless the farmers get a remunerative price for eggs. During this
period the net profit for 100 eggs has increased from Rs. 3.72 to Rs. 10.00 which
amounted to 168.8 per cent. This profit may not be uniform for the entire country since
the wholesale prices of eggs vary from centre to centre. It ranged from Rs. 80 to
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Rs. 109 with an average of Rs. 82.14 in Bombay, from Rs. 86.69 to Rs. 112.90 in
Calcutta with an average of Rs. 99.38, from Rs. 69.27 to Rs. 96.52 in Hyderabad with
an average of Rs. 80.76, from Rs.76.23 to Rs. 112.48 in Delhi with an average of Rs.
91.13 and from Rs. 82.13 to Rs. 101.29 with an average of Rs. 89.64 in Madras.
It is observed that the prices of eggs are not determined on the basis of cost of production.
Farmers tend to depend on wholesales who ignore the cost of production. The price
paid by wholesalers depend upon the market forces. When the demand dropped the
price paid to farmers would be reduced promptly. But the reverse would not happen
and as such farmers would not be benefited under raising demand immediately. Thus,
it can be stated that the price of eggs does not depend even on market forces but on the
whims and fancies of middlemen wholesaler. Instead of leaving the farmers completely
under the mercy of wholesalers, there should be a mechanism to relate the price to cost
of production. Since this has not come under the purview of the Commission for
Agricultural Costs and Prices there is need to protect the interests of the poultry farmer.
COSTS AND RETURNS IN BROILER PRODUCTION
For economic analysis two studies which were undertaken in Andhra Pradesh have
been considered (1987 and 1994). The information on cost of production of broiler
production is presented in Table 3.
It is observed that the total cost of production for 1000 broilers was of the order of Rs.
19,316 in 1987 and Rs. 40,000 in 1994. Out of the total cost of production, variable
costs accounted for 97 and 95 per cent in the above respective years. For this enterprise
too, the feed has accounted for highest share which indicated around 59 per cent in
both the years. The next major item of cost was chick which accounted for 29 and 25
per cent respectively in the years 1987 and 1994.
The analysis further revealed an increase of 198.7 per cent in feed cost in the year 1994
over that of 1987. Similarly the chick costs too has increased by 82 per cent.
The economic analysis (Table 4) indicated that the total cost of production per bird
indicated an inverse relationship with flock size. This must be due to the problems of
indivisibilities of fixed capital revealing the capital intensiveness of small farms.
However the net returns per bird indicated a direct relationship with farm size revealing
economies of size. It is observed on an average, the net returns per bird varied from Rs.
2.12 to Rs. 2.91 with an overall average of Rs. 2.77 in 1987 as against Rs. 4.58 to
Rs.5.90 with an overall average of Rs. 5.69 for the sample as a whole in 1994. Thus, the
broiler production in and around Hyderabad has revealed increasing profits over time
and as such attracting many new entrepreneurs.
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Table 3. Cost of production of broiler in and around Hyderabad
1994(2)

1987<i)

Particulars

%

Rs.

% to total

Cost

VARIABLE COST
Chick
Feed
Labour
Medicine
Electricity & Fuel
Litter
Miscelleneous
Interest on working
expenses

5615.74
11343.88
312.09
799.80
38.20
199.00
56.72
405.57

29.07
58.73
1.62
4.14
0.20
1.03
0.29
2.10

10000.00
23680.39
1066.26
1684.03
94.66
448.00
200.00
887.32

25.00
59.20
2.67
4.21
0.24
1.12
0.49
2.22

Total

18770.98

97.18

38060.66

95.15

FIXED COST
Depreciation

291.00

1.50

1060.00

2.65

Interest on Fixed Capital

254.28

1.32

880.00

2.20

Total

545.29

2.82

1940.00

4.85

19316.27

100.00

40000.66

100.00

TOTAL COST OF
PRODUCTION

to total

Source: (1) Seema, 1988 ; (2) Department of Agricultural Economics, APAU, Hyderabad, 1995.

RESOURCE RETURNS, RETURNS TO SCALE AND RESOURCE USE
EFFICIENCY
Though many research scholars and agencies have undertaken surveys to assess costs
and returns in poultry production, not many ventured to estimate resource productivity.
Among various econometric models used to examine the resource returns experience
has shown that Cobb-Douglas production function model as the most appropriate one*.
This function also known as power function is of the form
Y = ax,^'
x.'^^-x
i'"
1
2
n
where 'x' is the resource and 'y' is the output, 'a' is a constant and 'b' is the production
elasticity which defines the transformation ratio when 'x' is at different magnitudes.
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Table 4 . Economic analysis of poultry farming with reference to broiler production in Andhra
Pradesh
(Rs./bird)
1987'

Small
1994^

1.42
19.61
21.03
23.15
2.12
1.10

2.00
40.30
42.30
46.88
4.58
1.11

Particulars
Fixed cost
Variable cost
Total cost
Gross returns
Net returns
Input-output
ratio (O/I)

Medium
1994
1987
0.75
18.88
19.63
22.11
2.48
1.13

1.86
38.62
40.48
46.02
5.54
1.14

Large
1994
1987
0.42
18.67
19.09
22.00
2.91
1.15

1.77
37.53
39.30
45.40
5.90
1.16

All Farms
1994
1987
0.55
18.77
19.32
22.09
2.77
1.14

1.94
38.06
40.00
45.69
5.69
1.14

Source : 1. Seema, 1988 ; 2. Department of Agricultural Economics, APAU, 1995

Several important economic measurements can be obtained from the above function :
1. The type of returns to a given factor
2. The type of scale returns
3. The value of marginal product of the given factor.
Once the estimates of the productivity of various resources have been obtained, it is
possible to answer the following questions:
1 .What affects will increase in one input have on output, when other inputs are used at
a given level ?
This will be answered by the analysis of resource returns which are nothing but
production elasticities. If b, is equal to one it indicates constant factor returns, if it is
less than one decreasing returns to factor and if it is more than one increasing factor
returns.
2. If all inputs are increased proportionately, what is the proportionate increase in output?
This will be indicated by scale returns viz., S bi. If this is equal to one it indicates
constant scale returns; less than one diminishing scale returns and more than one
increasing scale returns.
3. Are the various marginal value products more or less than their costs?
This will be answered by comparing marginal value product with factor cost (for various
resources, the factor costs are the market cost that prevailed during the period).
4. How to measure resource use efficiency and achieve profitability in production ?
The resource use efficiency is measured with the help of marginal value product to
opportunity cost ratio. If this ratio is equal to one it indicates optimum resource use
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efficiency. Deviation from unity indicates resource use inefficiency of different
magnitudes. Higher profitability will be achieved by moving towards unity. If this ratio
is more than one it is beneficial to use more of that resource and if it is less than one it
indicates excessive use of that resource and needs rationalisation or reduce its use.
In the studies mentioned previously the returns to scale, resource returns and resource
use efficiency of various inputs have been estimated. Kulkarni (1982) used five
independent variables viz., flock size, feed cost, labour cost, medicine cost and overhead
costs. Reddy (1985) used eight variables viz., flock size, pre-laying feed cost, prelaying labour costs, pre- laying medicines cost, laying period feed costs, labour costs,
medicines and miscellaneous costs. Ashok (1987) used five variables viz., flock size,
feed cost, labour cost, medicines and electricity and fixed cost. Seema (1988) and
Department of Agricultural Economics, APAU study (1994) used four independent
variables viz., flock size, feed cost, labour cost and miscellaneous costs.
In all these studies, in general diminishing factor returns and constant scale returns
were in operation. All the variables included in the functions indicated resource use
inefficiency of different magnitudes since the marginal value product to factor cost
ratios have deviated from one. There is ample scope to reorganise resource structure to
achieve higher production and profits on the layer and broiler farms. In most of the
cases there is need to increase the number of birds, and feed and to reduce the labour
and medicine costs to increase profits in poultry production.
PROFITABILITY IN POULTRY PRODUCTION
In industry the profitability is measured with the help of Break-Even Analysis (BEA).
The BEA is a management technique to find out what happens to total cost and total
revenue as output changes from one level to another. The point of break-even sales
value of eggs or broilers has been estimated with the help of the formula :
Y = F/P
where, Y is the break-even sale value of eggs or broilers in the cycle, F is the fixed
costs and P is the contribution of sales of eggs or broilers (in percentage). At the breakeven point there is neither profit nor loss. If the enterprise is producing below the
break-even point then it should be considered that production is carried in loss zone
and if it is produced beyond the break-even point then it is under profit zone.
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Table 5. Break-even analysis in poultry production around Hyderabad
Broiler Production

Egg Production

Particulars

June 1979 March, 1981 June,1984
to
to
to
Dec.,1980
Aug., 1982 Dec.,1985
I. Sale value of eggs (Rs. per layer)
or Sale value of 1000 birds in
Broiler (Rs.)
2_ Total variable cost (Rs./layer
or Rs./1000 broilers)
3. Net variable costs (Rs.)
4. Percentage of net variable cost
to sale value of eggs or sale
value of 1000 birds
5. Percentage contribution of sale
of eggs or sale of 1000 birds
6. Fixed costs per layer or 1000
birds (Rs.)
7. Break-even sale value of eggs
per layer or 1000 birds (Rs.)
8. Break-even sale of number of
egss/layer or break-even sale
of weight of 1000 birds
9. Egg Production per layer or
Body weight in kgs for 1000
birds
10'. Break even percentage

1987

1994

75.10

91.81

97.09 21730.16

44470.82

66.34

85.56

85.59 18770.78

38057.45

54.56
72.65

71.24
77.59

71.25 18339.17
73.39
84.40

36829.78
82.82

27.35

22.41

26.61

15.60

17.18

10.33

11.74

10.90

545.29

1940.00

37.77

52.39

40.96

3495.45

11292.20

118

136

102

234.84

418.61

234

238

242

1459.91

1648.57

50.4

57.1

42.1

16.1

25.4

Note:
Net variable cost (NVC) = Total variable cost (TVC) - (Sale value of manure -i- gunny bags)
% of NVC to sale value of bird =

NVC per bird
sale value per bird

^ j QQ

% contribution of sale of bird =100 - % of NVC to sale value of birds
Break-even sale value of birds =

Fixed cost
^ }QQ
Percentage contribution of sale of birds

Break-even sale number of birds = Break-even sale of birds x No. of kgs of live weight per bird
Sale value of birds

The results of BEA are presented in Table 5 for eggs as well as broilers. It is seen that
in all the three studies with reference to egg production the break-even sale of number
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of eggs per bird was the order of 118, 136 and 102 indicating the unit breaks at 50.4,
57.1 and 42.1 per cent of egg production per layer respectively indicating the profitability
nature of egg production. All the units were producing under the profit zone and it is
advantageous to expand the units with more number of birds in egg production.
With respect to broiler production the break-even sale of weight of 1000 birds was the
order of 234.84 and 418.61 kg as against live weight of 1459.91 and 1648.57 kg
respectively. This shows that the unit of 1988 has achieved the break-even point at 16
per cent compared to 25 per cent in 1994. Thus, the break-even analysis has clearly
revealed the high profitability of broiler production in Andhra Pradesh.
PRICE SPREAD IN POULTRY MARKETING
Though the poultry industry in India has achieved break through in production, the
marketing development seems to be lagging far behind than desired. There is a long
chain of middlemen between the producer and consumer. Only a small portion of total
egg or broiler meet produced is sold directly by the producer to the consumer. The
producers do not have an assured market at a particular price and as such they fail to get
often remunerative prices which ultimately fail to result in a substantial returns on
investment. The investment in any enterprise should be considered highly productive
only when it earns double of the existing bank rate. From this angle, the Indian poultry
industry does not enjoy sound footing.
Another important aspect of Indian egg marketing is selling of eggs by numbers rather
than the size. This is also one reason why the poultry grower fails to get an appropriate
price for his product. Similar is the case some times even in broiler marketing. Still
there exists a practice in certain markets selling of broilers by numbers. Further, eggs
and broilers are not sold mostly where they are produced. They are taken to distant
places. Though there seems to be good demand in several areas this could not be
translated into potential sales due to absence of retail outlets in rural areas. This warrants
innovative marketing as well as production of eggs with low cost to meet unsatisfied
demand. Before exploring marketing strategies, it is pertinent to examine the marketing
costs, profit margins and producer's share of consumers rupee in poultry marketing.
This information is presented in Table 6.
The analysis showed that in egg marketing the Indian poultry producer generally gets
more than 80 per cent of the consumer price. A look at the table supports this. During
peak period, depending upon the channels of distribution, the poultry producer in egg
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Table 6. Marketing costs, profit margins and producer's share in poultry marketing in and around
Hyderabad
Particulars

Channel I

Channel II

Channel III

Peak
Period

Lean
Period

Peak
Period

Lean
Period

Peak
Period

Lean
Period

Kulkarni, 1982
Consumer price
Producer's share
Marketing cost
Profit margins

100.00
85.40
5.50
9.10

100.00
74.92
9.95
15.13

100.00
86.99
4.35
8.66

100.00
79.04
7.44
13.52

100.00
95.07
4.93

100.00
91.70
8.30

—

—

Narsa Reddy, 1985
Consum^er price
Producer's share
Marketing cost
Profit margins

100.00
86.54
5.19
8.27

100.00
81.19
7.73
11.08

100.00
88.16
3.97
7.87

100.00
84.12
5.61
10.27

100.00
95.66
4.34

100.00
93.74
6.26

—

—

Ashok,1987
Consumer price
Producer's share
Marketing cost
Profit margins

100.00
88.41
4.38
7.21

100.00
80.66
7.85
11.49

100.00
89.63
3.25
7.12

100.00
83.68
5.95
10.37

100.00
96.71
3.29

100.00
93.57
6.43

—

—

Seema, 1988
Consumer price
Producer's share
Marketing cost
Profit margins

100.00
67.82
24.78
7.40

100.00
56.55
32.33
11.22

100.00
70.71
23.70
5.59

100.00
59.89
32.10
8.01

100.00
75.99
24.01

100.00
67.79
32.21

—

—

Dept. of Agrl.Econ.
A.P.A.U., Hyd., 1995
Consumer price
Producer's share
Marketing cost
Profit margins

100.00
79.37
13.42
7.21

100.00
66.90
17.13
15.97

100.00
83.23
12.99
3.78

100.00
66.91
16.42
16.67

100.00
85.12
14.88

100.00
81.65
18.35

—

—

A. EGGS

B.BROILERS

Channel I
Channel II
Channel III

:
:
:

Producer — Wholesaler — Retailer — consumer
Producer — Retailei- — Consumer
Producer — Consumer

marketing receives in general 85 to 96 per cent of consumer's rupee. In lean period
their share gets reduced and generally ranges from 74 to 84 per cent. Thus it could be
safely concluded that on an average inespective of period, the Indian poultry farmer
would normally get about 88 to 90 per cent of the consumer's rupee. As compared to
this, his counterparts in European Union countries get as low as 45 per cent. The foreign
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experts cite the low margins available to Indian marketing agencies as one of the reasons
for poor consumption level of eggs (IPIY Book, 1994).
With respect to broiler marketing the margins are relatively more to marketing agencies.
The producer's share of consumer's rupee ranged from 67 to 85 per cent during peak
period and from 57 to 82 per cent in lean period.
TRENDS IN PRICE INDICES OF POULTRY PRODUCTS AND INPUTS
It has been observed earlier that over a period of time the cost of feed and chicks have
gone up. This perhaps forced some of the producers who are on the margin not to enter
the industry. The surveys also showed that all most all the poultry farmers indicated the
high cost of feed forced them not to go for expansion. However the profitability has
showed a direct relationship with flock size. Further the resource productivity analysis
also indicated the flock size as the significant variable which influenced production.
Similar is the case with feed too. There is need to examine the increase in the price of
poultry products and feeds. Since feed accounted for a large share of production costs
in egg as well as broiler production, it is desirable to know how egg and broiler prices
behaved in relation to the price of poultry feed.
The indices for egg and feed, broiler and feed and the parity ratios indicated that feed
prices in egg production have registered an increase of 126.74 per cent in 1993 over
1980 (base year) as against 132.73 per cent in broiler production. Compared to this
during this period, the egg prices have increased by 149 per cent and that of broiler by
141 per cent. During this year the index of parity ratio was above hundred for both eggs
and broilers. During the whole period, only in 1990 for eggs and in 1992 for broilers
the parity ratio was less than 100. This clearly shows that egg and broiler prices remained
much favourable to the producers in general. In fact the study of Kulkami (1982) showed
that out of 15 years from 1967 to 1981 only in one year ie., 1969 the parity ratio was
more than hundred for eggs. Thus compared to the decade of 1980, the first part of the
decade of 1990 was far better to poultry industry- in general and to producers in particular.
PROBLEMS AND PROSPECTS OF POULTRY INDUSTRY
It is seen earlier that in India, poultry farming has come a long way since its humble
beginnings as a few hens and chickens cluking outside the thatched shed of poor farmers.
After three decades of rapid and unparalleled progress and achievement, the industry
stands on the threshold of a new phase in poultry production and marketing. One enters
the beginning of the 21st century with both optimum and misgivings about the future
of the industry in India.
On the brighter side of the coin, it may be pointed that the industry has developed to the
stage where stock is bred on scientific lines within the country based on high quality
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genetic strains originally imported. Today the country is self sufficient in all aspects of
poultry industry from proper breeds to balanced feed, vaccines, animal health products,
equipment, adopting automotion in feeding and managerial practices. Of late our country
has become a torch bearer to many developing countries in poultry development.
At the same time the industry is not without night - mares. On the darker side of the
coin, the industry is plagued with the prohibitive cost of compound feed coupled with
paucity of nutritious feed and economic feed ration for poultry, outbreak of epidemics
among birds, unscientific way of determining the prices of poultry products, poor rural
marketing structure, failure to provide better incentives for the poultry sector by state
governments, lack of proper infrastructure for collection, transportation, handling,
processing and marketing of poultry products, inadequate export promotion measures,
lack of group action in production, processing and marketing of poultry products and
last but not least, little or no organised animal husbandry extension and technical services
to small scale poultry units.
All these drawbacks will not deter the Indian poultry producers for expansion, the new
entrepreneurs to enter the field, and to devise innovative marketing practices. However,
the industry needs a perspective plan for the sustained growth. Considering the need to
achieve nutritional security and economic access to animal protein, high cost of meat
and goat, taboo of consuming beef and pork by certain communities due to religious
customs, there seems to a tremendous scope and future prospects for poultry industry.
Another dimension of poultry industry is that it has to provide more and more direct
employment to rural women and in this regard the rural small scale poultry units offer
tremendous employment potential particularly to women.
To put the poultry industry in India on a sound footing there is an absolute need to
examine certain policy options.
To increase the per capita consumption of eggs and broilers in rural areas, serious
thought should be given to set up very small scale rural poultry units without
sophistication and with local birds. Though the egg laying capacity of these birds is
low say 50 to 60, still it should be encouraged because the cost of production of eggs is
almost negligible say not more than 20 to 25 per cent of egg production under
sophisticated, modern large scale units. This will certainly help to increase the
consumption of eggs as well as poultry meat in rural areas since the costs would be
within the reach of rural masses. This warrents encouragement of small and marginal
farmers to go for a poultry unit of just 25 to 30 birds. Scavenging chickens are to be
kept at little cost. Here the real issue is not the number of eggs produced per layer but
at what cost. These rural units are to be based as back yard or semi-intensive system.
This should also be encouraged due to growing demand for free range poultry products.
There is an absolute need to devise marketing management strategies in poultry industry
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(Parthasarathy, 1989). the product development should take place on the felt needs of
the target market. The international market revealed preference for processed poultry
products. For export purpose this should be considered. In the metropolitan cities the
target group wants poultry meat in convenient packs say 1/2 kg, 1 kg and so on and as
such poultry meat should be made available in such packs. Further, the target group
wants eggs near their houses. There is need to develop outlets at convenient places.
With regard to prices of poultry products, there is need to consider the cost of production
as a basis to determine prices. Further, eggs should be sold not in number but by weight
or some standards are to be developed with respect to size. Similarly broiler should be
sold by weight but not by numbers.
The promotion management of marketing strategy involves advertising campaign,
publicity and propaganda. There is need to educate that eggs are not part and parcel of
non-vegetarian basket. Promotional measures, should include organisation of exhibitions
and demonstrations to show how eggs and poultry meat can be used in preparation of
various types of delicious dishes not only in metropolitan cities and towns but also in
rural areas. To stimulate demand both in urban and rural areas there is need to provide
better margin for the promotion of egg consumption to marketing agencies. The National
Egg Coordination Committee (NECC) has done a commendable job of advertising
campaign.
Group oriented action is needed to get remunerative price for poultry products. The
poultry industry is now in the hands of private sector. Some form of co-operative
organisation is the pressing need of the hour. The poultry grower should become a
price maker rather than a price taker. Further, value addition to the product is possible
only when the co-operatives undertake poultry complexes ie., production, processing
and marketing activities. The ultimate goal of this organisation should be to undertake
exports so as to make the poultry industry as an agri- business unit.
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INTEGRATED STRUCTURE BIENG RAPIDLY
CHANGED IN THE KOREAN BROILER INDUSTRY
Young In Park
U.S. Feed Grains Council, 146-1, Soosong-dong, Seoul, Korea

This study was conducted to review the status of rapidly changing pattern of
integrated broiler production and marketing in Korea. Six key integrators were
thoroughly analyzed on coordinated management in breeding stock through
growing, processing and distribution to consumption of broilers in order to
figure out the picture of emerging integrated system, focusing its trend and
effectiveness. It was noticed that around 55% of total broilers were handled in
1995 by integrators surveyed, almost completely integrated, or 67% including
the partially integrated nationwide, significant increase from 40% in 1992. As
a result of expanded integrators' role, it appeared to have the cost of ready-tocook broiler lowered by some 25%. In addition, the effects of consistent quality
control as well as lessened price fluctuation were also realized. It is indicated
that the trend of the structure change will continue in very fast pace towerd the
totally coordinated system, resulting in productivity increase and industry
stabilization as a whole in due course.
INTRODUCTION
Korean broiler industry began to develop commercially since 1960's by introducing
broiler breeds and importing sufficient feedstuff, coupled with increased demand for
broiler meat.
Over the 1970's, however, it has been experienced that the supply and demand of
broiler products was not balanced due to fluctuating markate prices, bringing
unstability in farmers income and industry as well. Farmers tended to sale chicks
depending on the market price so as to make the supply variable. The structure of
transaction, dressing, dispersing and consumption was not orderly established, so the
price used to fluctuate even up to double in a month or down to a half in a few
weeks, because of a fragmented, individual operation at all levels of production
through marketing.
It was in early 1980's that the integrated system was introduced to solve the problems
chronically existed in the industry. A few suppliers went into the integrated
management by making contracts with farmers however, none of them was successful
due to lack of understanding on newly coordinated system. In late 1990's with an
521

upcoming trend of wordwise free trade forced the industry to eventually reach an
agreement on integration as a measure to make the industry survive.
This study was intended to review the background and process of the structural
changes and predict the development of broiler integration by conducting literature
survey and field investigation on six key integrators during 1995.
CHANGING ENVIRONMENT
Trade Liberalization : Free trade and protectionism has been confronted with each
other since the 18th century in the world economy, which created the environment
for global trade liberalization by establishing the General Agreement on Trade and
Tariff (GATT) in 1948. The Uruguay Round of the GATT begun in 1986 had
ultimately created the World Trade Organization in 1995, calling for the free trade
atmosphere including services and agricultural commodities such as broiler products.
Imminence of Increasing Competitiveness : The bestway to survive in today's
world economic system is to increase the competitiveness. The basis of the competition
to greater extent relies on the increase of the productivity, lowering down the cost,
improvement in the quality and consumer services. It was imminent to change the
traditional concept of production, shifting it from farm to consumption level and
concentrating on the productivity and competition.
Emerging Younger Generation : Although the integration sustem was introduced
to agribusinessmen and farmers in 1970's response was poor due to older generation's
status quo attitude in altering the existing system. The younger generation, however,
accepted the new concept of integrated structure in the late 1980's Half a dozen of
broiler related businessmen enthusiastically planned, initiated and implemented the
system and took a leadership in the broiler integration system.
Attitude Change of Progressive Farmers : Once the integrated structure was known
as an essential tool to make the industry competitive, some of progressive farmers
began positively to think about the coordination between integrators by participating
in a contract farming, whose managerial position had to be changed from the
independent operation. More and more aggressive farmers appeared to become a
contract grower.
Policy Support and Industry's Joint Effort : Since 1985, the government went
into a policy for broiler integration by developing a loan program to the potential
integrators. The Uruguay Round made the government to expand the ceiling
individually on the loan up to $4 million. By the same token, farmers group,
integrators, agribusinessmen, cooperatives and academia leaders constituted the Broiler
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Development Council in 1989 and carried out the programs to expedite the progress
of the integration.
EVOLUTION OF VERTICAL INTEGRATION
Better Understanding on Integration : It is normally not easy to have the farmers
and agribusinessmen understand the reality of the integrated system in a short period
of time unless they voluntarily initiate the new structure. Table 1 shows the response
of farmers to the questions on integration, according to the survey conducted in
1990.
It is obseved that the farmers are generally positive to the integration, particularly
with the result of the joint operation.
Table 1. Response of Contract Farmers to Integration
Questions

Responses

%

Participation

Voluntarily
Recommended
Other
Very well
Well
Other
Partnership
Principal/Subordinate
Other
Advi^ntageous
Disadvatageous
Other
Continue
Under Review
Other

43.9
29.3
26.8
51.2
39.0
9.8
63.4
21.7
14.9
65.9
2.4
31.7
63.5
34.1
2.4

Understanding on
contract terms
Relationship with
integrators
Comparing independent
operation
Future plan

Specialization of Horizontal Functions : The important function of horizontal stages
can be classified into four components; input supplies, growing, processing and
marketing, »requiring a high level of spesialization. The supply of chicks, feeds,
health products and equipment is plenty in quantity, but lots of room to inprove in
quality, meaning that the efficiency of each fuction is needed to increase. The growing
of chicks at the farm level requires better facilities and management. Traditionally,
imdividual farmers were not interested in capital investment and were less focussed
on management, but today the farmers tend to work togather with integrators in
growing broilers. Dressing birds and processing them in final products used to be
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most neglected and undeveloped area. Although some birds are still custom slaughtered
with related sanitation problems, the new modem facilities and products are upcoming
up fast. Broiler distribution was relied heavily on a traditional pattern, but more cutup and ready to eat chickens are being distributed through modem marketing channels.
It is also fantastic to see a tremendous number of franchised chicken fast food
restaurants operting around the country.
Coordination of Vertical Factions : It appears that the vertical integration of
horizontal functions has been taking place very rapidly, starting from a partial
integration toward the complete or perfect integration. As of 1992, a total of 16
integrators handled about 40% of total production, all of which were trying towards
perfect integration. A few almost completed their coordinated stmcture while the
remaining are working hard to complete the system.
Table 2 shows a brief idea of six key integrators surveyed in 1995 on the degree of
vertical integration, which marketed around 55% of total production.
Table 2. Degree of Vertical Coordination
HI

HM

HR

MW

YY

0

0

X

o

0

0

o

0

0

X

0

0

0

0

o

o

o

0

0

0

0

o
o
o
o

0

0

0

o

0

0

0

0

0

0

o
o
o
o
o
o
o

0

0

0

0

0

0

DY
Breeding
Hatchery
Feed
Growing
Dressing
Processing
Marketing
Fast food

o : perfct-coordination

x : partial/non-coordination

Terms of Contract : Industry associations made a standardized terms of contract
with farmers in 1989 so as to minimize the possible conflict of interest between
integrators and growers.
The survey made with contract farmers indicated that the terms were generally
acceptable as shown in Table 3.

524

Table 3. Farmers Response on Contract Terms

Feed efficiency
Death loss
Grower payment
Delivery weight
Guarantee

Advactageous

Adequate

Disadvantageous

29.4
26.6
25.5
12.9
24.6

44.1
48.9
49.7
65.3
58.9

26.5
24.5
24.8
21.8
16.5

Cost Efficiency : The greatest advantage of the integration is reduction of cost at the
ultimate consumer level. According to the study on comparative cost efficiency,
integration vs non-integration, shows the reductin of 25% at the ready-to-cook level
as in Table 4, while 23% and 34%, respectively, could be lowered at the level of live
birds and ready-to-eat chicken.
Table 4. Possible Cost Cutting of Integration over Non-integration
Non-integration
Integration
Korean Won
Live, Kg
Dressed, Kg
Cooked, Kg

1,743
2,035
3,374

1,422
1,631
2,520

Saving
... % ...
22.6
24.8
33.9

PERSPECTIVES
Moving toward Complete Integration : It is quite cirtain that the broiler industry
as a whole looks to be fully integrated in due course to make it internationally
competitive. The prevailing pattern of independent operation gradually changes its
structure into a partially integrated, then moves toward the completely integrated. A
competition is also predicted among integrators, particularly between integrators of
entrepreneurs and cooperatives, so the compete integration shall be imperative in due
coursse of time.
Solving the problams : A number of problems which emerged during the course of
developing integration could be solved as new system settles down. One of the big
problems with falsified integrators who made a contract with farmers resulting in
loss to growers at the end tends to disappear as the mew structure takes root. Above
all, the managerial ability of the integrator is also a key successful structural change,
especially during the early evolution perod, because lots of capital investment and
risks are unavoidable.

525

Leading to the Industry Development : When the industry is predominantly
integrated, it is expected to reach the integration's primary aims such as cost reduction,
quality improvement and consumer satisfaction. Considering the facts of saving the
marketing costs and setting a single profit center in the integrated operation, it is
possible to get the advantages of the changed structure. Such an accomplishment will
make the industry competitive, thus to guaruntee the farmers' income, which will
eventually result in leading the industry towards develpment.
CONCLUSIONS
Over the past quarter century, the integrated structure has been steadily evolved in
the Korean broiler industry in such a way to improve the competitiveness by
reengineering all stages of independent operatiosns from production to consumption
under one management.
During the course of the structure development, problems and lessons have continually
been brought up mainly from the vested group and emerging interest group as well.
It is, therefore, essential for parties as academia and trade associations to coordinate
the interests and conflicts for the beneñt of the industry as a whole.
Toward the year 2000, the industry is projected to be almost competely integrated
nationwide, so as to achieve the target of lowered cost, improved quality and customer
service that will make the industry survive in an open, liberalized world market.
REFERENCES
KIM, H.K.(1989) Current Status of Broiler Integration in Korea, Korea Poultry
Association.
KIM, J.J. (1990) Study on Integrated System of Korean Broiler Industry, Korea
Broiler Industry Development Council.
KWON, K.J. (1995) Increasing Competitiveness of Broiler Industry, Korea Industry
Development Institute.
RYU, C.H. (1989) Study on the Direction of Broiler Integration in Korea Rural
Economics Institute.
PARK, Y.I. (1994) Integrated Management of Korean Agriculture, Hongikje Inc.

526

ECONOMIC STUDY OF POULTRY PRODUCTION IN
INDIA
R.K. Pandey, S.P. Bhardwaj, V. K. Mahajan and K. P. S.
Niraman

^

Indian Agricultural Statistics Research Institute, New Delhi -12, India

Production of eggs in India is 23000 million in the year 1992-93. India's share
in the egg production of the world is more than 2.8 percent. In the decade of
1970-80 egg production witnessed a three fold increase to over 14000 million
eggs during the same period. The broiler production increased from 4 million
heads to 35 million heads. The objectives of the present paper are :
1. To study the present status of poultry production in India.
2. To examine the Growth in poultry products in the major producing states and
3. To analyse the behaviour of production cost of poultry enterprises on different
size of poultry farms in the state of Harayana.
The preliminary analysis indicated that growth of egg production during 197993 was 5.83 percent per annum and was maximum in the state of Harayana
(15.73 percent). The states of Karnataka and Kerala have witnessed a decline
in the growth during this period. The study further indicated a continuous
improvement in the quality of hybrid parent stock of birds. The regression
coefficients associated with price are positive and statistically significant in all
the egg producing states. The analysis also concentrated on estimates of cost of
production of poultry enterprises using field data from the state of Harayana.
Cost Components for various size of enterprise are also being examined for
formulating rational policies for poultry development in India.
INTRODUCTION
Poultry production in India has developed from a small subsistence enterprise to a
highly specialised one requiring the appliction of scientific knowledge and economic
principles. Poultry is the most efficient converter of low value food into high value
nutritional food for human consumption. In the countryside the polutry production
is also carried on as a supplementary enterprise and is vital component of farm
economy as it provides additional income and job opportunities to the weaker sections
of society.
Polutry farming in India, inspite of several constraints, has progressed well and egg
production in the country has increased 12 fold since the fifties. The technological
advance has revolutionalised the role and structure of polutry industry and it has
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become one of the most specialised enterprise in many parts of the contry. The
present study has been undertaken to examine the growth of polutry and behaviour
of production cost. The main objectives of the study are : to study the present status
of Poultry production and growth of poultry products in main producing states and
to analyse the behaviour of production cost of poultry products in the selected areas.
STATUS AND GROWTH OF POULTRY PRODUCTION IN INDIA
Poultry enterprise has become popular and the poultry products such as eggs and
poultry meat have witnessed many fold increase during the past decade. The egg
production has increased from 10.06 biUion in 1980-81 to 23.72 bilHon in 1993-94.
The indices given in Table-1 reveals that during the period of 1985-1986 the egg
production has nearly doubled i.e index has increased from 100 to 186 points and
in absolute number from 16.12 billion to 30.00 billion. The broiler production during
the same period, has shown a much impressive figure, it has grown more than five
times. The index of per capita avaibility of eggs has, however, marginally increased
from 100 to 145 and in absolute number, from 22 eggs to 32 eggs. However, the per
capita avaibility of poultry meat has nearly doubled during the same peirod.
Growth pattern of egg production among different states during the period of 19791993, is given in Table-2. A statistically significant and positive linear growth was
observed in the states of Hariyana, Rajsthan, Uttar Pradesh, Tamil Nadu, Maharashtra,
Andhra Pradesh, and Madhya Pradesh, but a negative growth was observed in the
states of Kamataka and Kerala during the same period. At the national level the
growth in egg production remained 7.66 percent per annum. The coefficient of
variation in egg production during this period was 48 percent in Hariyana, 45 percent
in Rajsthan, 41 percent in Uttar Pradesh, 30 percent in Andhra Pradesh and it varied
between 10 to 20 percent in the remaining states.

COST OF PRODUCTION OF POULTRY PRODUCTS
Marutiram et al. (1978) conducted a survey for estimation of cost of production of
poultry and eggs in Hoshiarpur District of Punjab state during 1967-69. This was
undertaken at the Indian Agricultural Statistics Research Institute, New Delhi. Another
survey on similar pattern was also taken up on Delhi farms by the same authors
during 1969-71 and on the basis of the results obtained from these surveys, technique
for estimation of cost of production was finalised. The main objective of these
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Table 1. Index of Production and Per Capita Availability of Poultry Products in India
Years

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

Index of egg
production

Index of Broiler
prod.

Index of Poultry
meat prod.

Index per capita
eggs

( Base-16.28
billion eggs)

(Base-75
million)

(Base-0.18
million tonnes)

(Base-22
eggs)

100.00
107.32
116.25
128.96
141.86
144.46
146.69
140.99
153.76
162.99
174.41
186.00

100.00
133.00
172.90
233.44
266.00
252.70
285.95
279.30
312.55
365.75
438.90
532.00

100.00
110.00
132.00
154.00
178.75
226.60
242.00
234.85
249.70
278.85
317.90
362.45

100.00
104.12
108.96
118.04
127.12
127.12
127.12
118.04
127.12
131.66
140.74
145.28

Index of per capita
availability of
poultry meat.
(Base-341
gm.)
100.00
76.27
89.61
102.66
110.87
144.42
154.09
142.97
149.93
164.14
183.57
205.03

Source : Based on Indian Poultry Year Book.
Table 2. Growth of egg Production in India (1979-1993)
Major Polutry
Producing States
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Andhra Pradesh
Bihar
Gujarat
Hariyana
Kamataka
Kerala
Madhya Pradesh
Mharashtra
Crissa
Punjab
Rajsthan
Tamil Nadu
Uttar Pradesh
Delhi
All India

Compound Growth
8.89**
1.65
5.36**
15.73**
-1.0256
-4.48**
7.45**
7.60**
5.65**
3.36**
3.69**
8.34**
12.19**
4.47**
5.83**

Linear Growth
13.34**
1.79
6.49**
33.26**
-1.033
-3.87 *
10.42**
10.63**
7.13**
3.92**
25.04**
11.83**
20.94**
5.07**
7.66**

Coeficient of
Variation
30.27
10.77
22.99
48.92
16.34
25.07
25.75
27.37
22.27
16.03
45.10
28.39
41.54
20.30
20.69

** Significant at 1 percent level.
* Significant at 5 percent level.

Studies was the estimation of cost of production of eggs and cost of rearing birds
upto various ages covering from day old to adult stage and cost of maintenance of
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layers and cocks with reasonable degree of precision. The data for these studies was
generated by adopting a sampling design of single-stage random sampling with
poultry farms as unit of observation. In all a sample of 130 commercial poultry farms
having at least 50 layers were selected for detailed study for two years.
Table 3. Cost of production in Ruppes of various poultry products at Hoshiarpur (1967-69)
Cost of
Production
per egg

Maintenance
cost per
year

Cost of
rearing per
young bird in wks

Table

Hatching

upto 8

8-12

12-16

16-20

20-24

Layer

Cock

First

0.22

0.24

3.20

1.38

1.67

2.09

2.60

32.75
(1.28)

28.06
(3.36)

Second

0.19

0.22

1.97

1.19

1.45

1.99

2.26

29.04
(1.32)

25.98
(2.02)

The average cost of production per egg was Rs. 0.22 in the first year and Rs. 0.19
in the second year, corresponding average number of eggs laid per layers being 171
in the first year and 183 in the second year. The average cost per tgg in the second
year was less by Rs. 0.03, one of the reason for this being eggs laid per layer were
more in the second year than the first year. Net cost per hatching type egg was Rs.
0.24 in the first year and Rs. 0.22 in the second year.
The total expenditure on rearing young birds till 24 weeks of age was estimated as
Rs. 11.02 in the first year and Rs. 8.86 in second year. From the break up of this
total cost, it was seen that net cost upto 24 weeks of age, 29.0% was incurred upto
8 weeks, 12.5% from 8-12 weeks, 15.2% from 12 to 16 weeks, 19.0% from 16 to
20 weeks and 24.3% from 20 to 24 weeks in the first year.
Average annual net cost of maintenance of a layer was Rs. 32.75 plus 1.28 including
family labour in the first year and Rs. 29.04 plus 1.32 in the second year. The study
shows that feed alone constituted 64.7% of the total cost in the first year and 73.11
% in the second year. Unpaid labour was major component of cost forming, about
28.4% of the total cost in the first year and 20.7% in the second year.
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fable 4. Cost of Production of in Rupees Various Poultry Products on Delhi Farms (1969-71)
Maintenance
cost per
year

Cost of
rearing per
young bird in wks

Cost of
Production
per egg

20-24

Layer

Cock

1.44

1.64

25.11

25.34

1.53

1.76

25.88

27.44

Table

Hatching

upto 8

8-12

12-16

16-20

First

0.15

0.18

2.31

0.75

1.24

Second

0.15

0.19

3.12

0.91

1.25

Average cost of production per egg was Rs.0/15 in both the years where as the
corresponding average number of eggs laid per layer being 176 in the first year and
169 in the second year.
Average cost of rearing a young bird upto 8 weeks of age was Rs. 2.31 in first year
and Rs. 3.12 in the second year. The rearing cost for age group between 8-12 weeks,
12-16 weeks, 16-20 weeks, and 20 to 24 weeks was Rs. 0.75, 1.24, 1.44 and 1.64
respectively in the first year. The corresponding figures for the second year were Rs.
3.12, 0.91, 1.25, 1.53 and 1.76 respectively.
Average yearly net cost of maintenance per layer was Rs. 25.11 including family
labour in the first year and Rs. 25.88 in the second year. About 94% of the total cost
was incurred in feeding the layers in both the years. The cost on labour accounted
for 3.9% of the total cost in the first year and 4.8 % in the second year.
Somayazulu et al. (1983) took up another study in the state of Andhra Pradesh. The
sampling design adopted was stratified two stage random sampling with taluka as
strata and villages as the primary stage units and poultry keeping households as
second stage units. In all 350 households were covered over 20 fourtnightly rounds.
Average rearing cost of young birds upto 24 weeks of age was Rs. 5.55 for male bird
and 5.45 for female bird. The average total cost of maintenance of an adult female
bird for one year was Rs. 28.76. The average egg production was 168 in a year per
layer bird. On the basis of maintenance cost of a layer bird the cost per egg was
worked out to be around 0.18 for table Qgg and 0.22 for hatching egg.
A study on economic aspects of poultry production was undertaken by Thakre (1984)
in Maharashtra state during 1982. For this purpose data was obtained from a random
sample consisting of 34 layer and 26 broiler farms in Pune district. From each
selected farms information on capital investment, purchase value of day old chiks,
feed requirement and its price, labour requirement and its wages, expenditure on
medicines and other items, eggs/live weight produced and number of birds raised
were collected from the farm records. The resuls were as follows
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Table 5. Cost of Production in Rupees of various Poultry Products in Andhra Pradesh,
(1979-80)
Component

Total Cost
Net cost
(excluding
family labour)
Av. No. of
birds/farm

Unsexed
upto 8 wks

Young birds
8-24 wks

Adult birds
(1 Year)

Eggs

Male

Female

Male

Female

Table

Hatching

0.23
0.12

5.55
2.93

5.45
2.88

26.97
14.24

28.76
15.18

0.18
17

0.22
21

6

2

4

1

4

-

i)

Cost of raising chick upto Qgg production Rs. 17.86 /chicks.

ii)

Cost of production of eggs Rs. 0.40/egg.

iii)

Cost of production of live wieght Rs. 11.0/Kg.

In all cases feed alone consisted of 43% of 68% of total cost of production. Cost of
production of eggs was also sutdied by the authors of the present paper through a
sample survey in Ambala district of Hariyana. In all 159 such villages in the district
were completely enumerated and 60 poultry farms/house holds having more than 5
laying birds were taken up for detailed enquiry. For the purpose of analysis, the
farms having 500 birds were classified as small firms, where as farms with 1000
birds were grouped as medium and farms having more than 1000 birds at any stage
of study were grouped as large farms.
Table 6. Cost of Egg Production in Rupees in Ambala District (Haryana) during 91-92.
Seasons
Siz(

Summer

Rainy

Winter

1.

Small

0.70
(15.75)

0.70
(9.97)

0.77
(16.90)

2.

Medium

0.67
(13.83)

0.66
(11.76)

0.71
(13.96)

3.

Large

0.65
(12.24)

0.68
(11.41)

0.70
(13.30)

* Figures in bracket indicates standard errors.

The analysis indicated that in Ambala district, the cost of production was marginally
higher in winter season. The cost of production per egg remains the same on three
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catagories of farms and there is hardly any economy of scale visible in the production
process.
CONCLUSIONS
The study suggests that the poultry sector has witnessed a significant growth in the
country and is becoming much popular in many states. It is becoming a vital
component of the farm economy as it provides additional income and job opportunities
to weaker sections of the society. The cost estimates reveal that feed alone accounts
for about two third of total costs. Thus, avaibility of quality feed at reasonable prices
would provide an incentive to the producers to produce more poultry and poultry
products. Proper marketing facilities and price for products would go a long way in
expanding the production base.
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IFAD'S EXPERIENCE IN SUPPORTING
SMALLHOLDER POULTRY PRODUCTION SYSTEMS
H. Nabeta
International Fund for Agricultural Development, 107, Via del
Seráfico, 00142 Rome, Italy

IFAD finances projects to support activities of small and marginal farmers in
developing countries, placing special attention on the socio-economic well-being
of poor women-headed households. IFAD's experience with poultry includes:
provision of credit for small-scale poultry enterprise; training of credit
beneficiaries on improved husbandry practices including vaccination; support
for improved veterinary services; support to public poultry farms for distribution
of improved day-old chicks; provision of processing plants for village-based
production; and research support. Resource poor rural women have taken a
large proportion of credit for poultry production shovdng that poultry rearing
represents a familiar income generating activity. Demand for improved day-oldchicks is generally high; however, credit repayment for poultry enterprises has
been sometimes poor, especially those with confined rearing, mainly due to high
bird mortality and marketing problems. Some projects that marketed products
outside the project area suffered from competition with larger commercial
enterprises both for feed and products. Experience demonstrates that individually
managed operations generally work better than group operations, and that
vaccination schemes can be successful when training is provided to women as
Village Vaccinators. Although poultry rearing is a known technology to
beneficiaries, rearing and marketing a larger number of poultry is an untested
innovation, and circumstances are more difficult when the credit itself is a new
practice. Research is needed towards the development of village-based, improved
poultry production technologies based on scavenging and confined rearing
practices, taking into consideration the provision of health services through
rural women trained as village auxiliaries.
INTRODUCTION
IFAD is an international financial institution with a specialised mission aimed at
poverty alleviation. It invests resources on projects in the agricultural sector and
supports activities of small and marginal farmers, particularly women, in the rural
areas of developing countries. It has been financing more than four hundred and
twenty projects in about one hundred countries in Africa, Asia, Latin America and
the Caribbean, and Near East and North Africa regions. The projects financed by
IFAD are in general of a multi-component type because problems of poverty in the
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rural, agricultural areas are multi-faceted: low crop productivity, poor infrastructure,
limited access to agricultural extension and veterinary services, scant on/off-farm
income generating opportunities and limited access to formal credit facilities available
to small and marginal farmers. Therefore, activities supported by projects are aimed
at addressing constraints facing IFAD target groups, with a overall goal of increasing
agricultural production and incomes of target beneficiaries and improving their
standard of living.
This paper attempts first to summarise the experience gained from IFAD financed
projects with regard to poultry development, to analyse and highlight successful
features, lessons learnt and noteworthy technical and design issues. It also aims to
identify areas of research that would improve the performance of the future project
interventions in the context of poverty alleviation. The conclusions place emphasis
on the role of poultry development in poverty alleviation projects.

METHODOLOGY
The present paper is based on a desk study conducted on twelve projects selected
from IFAD's portfolio of investment projects. Documents and reports were the main
source of information. The criteria used for selecting projects was that they have
poultry related activities supported either as a major component, a small subcomponent, or as an option of the credit schemes. Also selected were projects already
closed or in the twilight of their implementation, with mature information on the
performance of the aforementioned activities. The titles/abbreviations, countries and
categories of selected projects are listed in Table 1 (see Table 1 for abbreviations
used in the text).
Information collected include the projects' main objectives, specific poultry
development activities, the production systems and poultry breeds promoted, other
livestock related activities supported, and achievements and problems. Some projects
are briefly described in Boxes (1-5). Accomphshed activities, problems faced and
successful experiences were analysed. Furthermore, cross-cutting analysis was made
on technical features related to the production systems, breeds and basic marketing
strategies (Table 2).

536

Table 1. Selected IFAD fínanced projects with poultry related activities
Project title (abbreviation)

Country

Project category

Smallholder Livestock Development Project (SLDP)

Bangladesh

Livestock development

Special Assistance Project for Cyclone Affected Rural
Households (SAPCARH)

Bangladesh

Rural development

Livestock Sector Development Project (LSDP)

Cameroon

Livestock development

Shandong/Yantai Agricultural Development Project
(SYADP)

China

Agricultural development

Minya Agricultural Development Project (MADP)

Egypt

Agricultural development

Income-Generating Project for Marginal Farmers and
Landless (IGPMFL)

Indonesia

Credit

East Java Rainfed Agriculture Project (EJRAP)

Indonesia

Rural development

Local Initiative Support Project (LISP)

Lesotho

Rural development

Dowa West Rural Development Project (DWRDP)

Malawi

Rural development

Production Credit for Rural Women Project (PCFvWP)

Nepal

Credit

Neelem and Jhelum Valleys Community Development
Project (NJVCDP)

Pakistan

Rural development

Second Badulla Integrated Rural Development
Project (SBIRDP)

Sri Lanka

Rural development

FINDINGS
General Trends : By project category half of the projects consulted are rural
development projects, and two projects each belong to agricultural development,
livestock development and credit projects, reflecting the fact that poultry play an
integral part in various types of poverty focused projects (Table 1). For example in
the IGPMFL of Indonesia, a credit project, livestock loans have been the largest
share in number (49%) in which poultry loans alone represent 9.3% (IFAD 1994a).
The DWRDP of Malawi, mainly aiming at increasing the production of maize,
groundnuts and tobacco, also constructed poultry distribution centres; and it is reported
that farmer demand for improved day-old chicks has always outstripped supply
(IFAD 1981 & 1992). There has been only one project in which poultry development
constitutes a main activity: the on-going SLD Project of Bangladesh. This project
focuses on landless and marginal farmers, particularly women ( Box 1).
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Table 2. Successful features and problems identified in relation to production systems, breeds and marketing strategied in twelve projects
oo

Production systems
Project/Country

SLDP/Bangladesh

Marketing Credit repayment '

Marketing

Women

Feed

High

confined scavenging (improved (within or good problem in good
problem managed problem mortality
and/or
only
or
outside repayment repayment progress
in
better reported reported
semilocal)
project reported reported reported marketing than men
confined
area)
reported
I

X*

LSDP/Cameroon

X

SYADP/China

X

MADP/Egypt (a)

X

In

Out**

X

I

Out

X

I

In

X

EJRAP/Indonesia

X
X

X

IGPMFL/Indonesia

X

X

&L

SAPCARH/Bangladesh X

LISP/Lesotho

Breeds

L

In

X

Out**

X

DWRDP/Malawi (a)
PCRWP/Nepal

SBIRDP/Sri Lanka

X

X

NJVCDP/Pakistan

X
X

X

In
In

X

(a) : Project intervention is to strengthen the capacity of existing institutions to supply DOCs of improved breeds, and the information presented here
does not refer to the production at farmer level.
*:
The project supports confined, semi-confined and modified scavenging systems for production of different objectives.
**: Though the project is not meant to market by exportation, international competition for products exists in the country.
***: This refers to the training provided to beneficiaries to become village veterinary auxiliaries.

Activities in support of poultry production include strengthening of veterinary
institutions, training of beneficiaries on animal health and husbandry practices,
provision of production credit for small-scale poultry enterprises, and on-farm and
adaptive research on poultry production related subjects. Such activities are generally
supported as small sub-components or options for the credit schemes. Ten projects
directly support production activities of the target beneficiaries through credit {Table
3). The remaining two projects are basically intended for strengthening existing
institutions for the supply of improved breeds of day-old chicks or pullets.
Support for improved veterinary services is included in seven out of ten projects that
are assisting farmer managed production. The MADP of Egypt provides facilities for
the production of the specific pathogen free (SPF) eggs required for the production
of Newcastle disease vaccine, in addition to the provision of improved and vaccinated
day-old chicks to beneficiaries (Box 2). The research supported in the SLDP of
Bangladesh includes comparative study of local breed, improved breed and crossbred poultry on the viability and productivity, and identification of the local strain of
Gamboro disease. Availability of direct information on the increase of production
and income levels of beneficiaries is generally limited in projects where the weight
given to such activities are relatively small in the entire scope of projects.
Table 3. Types of support provided for poultry development in twelve projects
Project/Country

Credit supported Provision of
Training to
Activities
and farmer
improved women on animal specifically
managed
veterinary
husbandry and focused on
production
services
health
women

SLDP/Bangladesh
SAPCARH/Bangladesh
LSDP/Cameroon
SYADP/China
MADP/Egypt
IGPMFL/Indonesia
EJRAP/Indonesia
LISP/Lesotho

X
X
X

PCRWP/Nepal
NJVCDP/Pakistan
SBIRDP/Sri Lanka

X
X
X

X
X
X
X

X

X

Support to
research
related to
poultry

X

X

X

X
X
X

X

X

X

X

X

X
X
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Box 1. Smallholder Livestock Development Project / Bangladesh
The project aims to provide village-based food and income generation opportunities to landless
and marginal farmers especially women through small-scale poultry enterprises. Poultry enterprises
consist of the Chick Rearer, Key Rearer, Model Rearer and Feed Mixer. Provision is made for
training on health/husbandry practices, credit to women, and for adaptive research support. The
production systems include: confined system for the chick rearer, semi-confined system for the
model rearer and modified scavenging system for the key rearer. Breeds: Rhode Island Red,
Black Australorp, White Leghorn and Fayoumi. Other livestock activities include: Adaptive
research on catde nutrition and duck/goat development. Achievements: Establishment of 4,500
Village Organisations- basic units of the programme - consisting of 109,000 members formed in
collaboration with NGOs. Training has been provided to 3,900 Poultry Vaccinators, 1,400 chick
rearers, 400 feed sellers, 71,500 key rearers and to 110 mini hatchery owners. Research has been
initiated for the identification of native strains of Gumboro and production of salmonella vaccine.
Nutritional trials on different hybrid varieties of poultry also started. No overdue loan has been
reported so far. Remarks: Supervision mission expressed concern about the quality of the pullet
produced by chick rearers and price/quality of the feed. A steep increase of the feed price (50%)
and a changing input/output price ratio is observed. (IFAD 1991a & 1995b)

GENDER ASPECTS
Poultry development activities are designed specifically for women in seven out of
twelve projects (Table 3). The MADP of Egypt aimed to strengthen the Minya
Goveronate's extension services to increase target group's crop and livestock
production, and sold 137,000 improved and vaccinated day-old chicks mostly to
poor women. A women in development case study on this project reported overall
economic benefits from this support accruing to women (Badr 1992). The LSD? of
Cameroon is designed to support the formation of poultry and dairy producer groups
for input supply and marketing focusing on women (IFAD 1988). Poor women
supported by PCRWP of Nepal successfully provided health services by working as
village para-veterinarians (Box 5). In the SLDP of Bangladesh, a fully womenfocused project, poultry enterprises have been successful and good credit repayments
are exhibited. In this project, the project trained women poultry workers are
contributing to the improvement of the health situation and to the good standard of
husbandry skills of participants. These two cases provide evidence that rural women
are capable of supporting animal health services as village based para-veterinarians
following appropriate training and incentives. In the IGPMFL of Indonesia credit
repayment is reported better for women managed operations than for men managed
although project places an equal focus on men and women (IFAD 1987a & 1994a).
Technical Setup
Production systems: Two types of production systems are supported in the selected
projects: semi-intensive systems based on confinement or semi-confinement, and
scavenging systems where birds range freely in the backyard. Eight out of twelve
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projects support semi-intensive systems, and three projects support scavenging system
only. The remaining project (DWRDP) is in support of the construction of poultry
distribution houses, and production is not directly supported (IFAD 1981).
Breeds : Projects are grouped into two by the types of breeds they promote: projects
promoting exotic/improved breeds, and projects promoting local breeds. To the former
belongs one project in Indonesia, and to the latter belong projects in five other
countries (see Table 2). The SAPCARH of Bangladesh supports both local and
improved breeds; local breed is distributed on the grant basis to cyclone affected
households, and improved breeds are for the credit schemes (IFAD 1991b). In other
projects, however, promoted breeds are not specified.
Marketing strategies : Similarly, projects are grouped into two types by the basic
marketing strategies: those selling products within the project areas, and those selling
outside. Five projects market within the project areas, and three projects market
outside. For the remaining projects, either information was not available or project
intervention is not directly related to marketing.
Box 2. Minya Agricultural Development Project / Egypt
The project aims to strengthen the Minya Governorate's extension and research services to
increase small farmers' crop and livestock production. Poultry development activities include:
(a) establishing 20 Chicken Rearing Units (rearing of day-old chicks for 40 days by District
Councils) and distributing improved and vaccinated birds against New Castle Disease (NCD) to
small-scale poultry producers, especially women; (b) provision of a feed mill and mixing plant,
operated by the Directorate of Animal Affairs (chicks and feeds are sold at-cost); and (c) provision
of support to Vaccine Production Centre for the production of SPF eggs for NCD vaccine
production. Production systems: Intensive system for the Chicken Rearing Unit (5,000 pullets
per batch). Breeds: Rustant/Fayoumi crossbred. Other livestock related activities: Support to
Artificial Insemination services for cattle/buffalo, improved animal health services, provision of a
feed mill and credit for small farmers for farm mechanisation. Achievements: More than 137,000
chicks have been sold with a good farmer response to the activity. Planned 20 Chick Rearing
Units have been constructed. Women in Development (WID) case study reported that the overall
economic benefits from poultry production were accruing to rural women and reflected in their
economic status. Remarks: Poultry Rearing Units have run into problems: (a) high feed prices,
(b) low production performance, (c) high chick mortality during the summer, and (d) marketing
difficulties - poor demand by farmers. (Badr 1992, IDA 1992, IFAD 1982 and 1986a)

Successful Features and Problems : Credit repayment and marketing were the
major areas of successful features and problems. Marketing constraints include
competition with large enterprises and poor demand by farmers. Other common
problems are high mortality rates and high feed prices. Generally high mortality and
high feed prices are attributed to marketing problems and a cause for poor credit
repayment. Common features, identified during implementation with a bearing on
overall success or poor performance of the project intervention, relate to: credit
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repayment trends, marketing progress, mortality rates, and feed costs. Notwithstanding,
these issues can be easily addressed through the technical setup of projects, which
would include selection of the appropriate production system, breeds, and marketing
strategy. The analyses in the following sections are therefore based on these aspects.
Evaluation of Technical Set-up
1. Production Systems
By credit repayment: When viewed in the light of credit repayment, farmer production
by scavenging systems has been more successful than production with semi-intensive
systems. Poultry farmers are showing good credit repayments in three projects, and
repayment is poor in two projects. In two out of the three successful cases farmers
production is based on scavenging system only (IGPMFL & EJRAP), but both of the
two poor repayment cases are based on semi-intensive systems (LISP & PCRWP).
The PCRWP has empowered poor rural women in Nepal by providing credit; for this
project, while no overdue loans were reported for cottage industries, potatoes, ginger
and oilseed, most of the poultry loans were overdue mainly because of bird mortality
(Box 5). The SLDP of Bangladesh supports either confined, semi-confined or modified
scavenging systems for operations with different objectives. It is reported that credit
repayment by farmers has been good. Nevertheless, a supervision mission to this
project expressed a concern about the quality of pullets sold by the Chick Rearer
with whom production is based on confinement (Box 1).
By mortality and feed prices: Poultry farmers faced problems of high mortality
and/or high feed prices in six projects (SLDP, LSDP, MADP, PCRWP, NJVCDP and
SBIRDP). In five out of the six cases production is based on semi-intensive system,
and in only one project it is bases on scavenging system (NJVCDP). Two out of
three projects supporting scavenging system have been free of problems like high
mortality, high feed prices and marketing constraints (IGPNFL and EJRAP). For the
NJVCDP, while the production is based on the scavenging system with exotic breed,
farmers faced high chicken mortality mainly due to the absence of appropriate technical
follow up (IFAD 1991c, UNOPS 1995c). High chicken mortality was the most
important cause of the delinquency in PCRWP of Nepal.
By marketing: Results have shown that production based on semi-intensive systems
tends to increase farmer risk in the marketing of products over production based on
scavenging systems. It is reported that women's groups of the scavenging-based
systems in the EJRAP of Indonesia are successfully marketing eggs (Box 3). However,
for all projects with marketing problems, farmers' production is based on semiintensive systems (LSDP, SYADP, MADP and LISP). The fact that semi-intensive
systems in general are more prone to other problems such as mortality and feed costs
would be the reason.
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2. Breeds
All projects promoting improved breeds have met one or more problems as discussed
in the previous sections (SLDP, SYADP, MADP, PCRWP and NJVCDP), but the
project supporting local breed was free of such problems (EJRAP). However, it is
difficult to make a reliable assessment on this point since analysis is based on a
single project regarding the project with local breed only. It would be more reasonable
to consider that problems are probably related to the production system since projects
promoting improved breeds are normally supporting semi-intensive production systems
as well Apart from the breeding effects, an advantage of the use of improved breeds
is the generally good demand by beneficiaries. Nevertheless, the use of improved
breeds in projects supporting smallholders should be conditional on the efficient
vaccination programme, technical follow-up, and nutritional improvement measures
at the beneficiary level.
Box 3. East Java Rainfed Agriculture Project / Indonesia
The project aims to raise incomes and living standard of farmers operating in predominantly
upland and rainfed areas by introducing improved and sustainable agricultural production systems.
Poultry development activities: (a) support for improved health/nutrition, particularly control of
New Castle Disease; (b) training of villagers, especially women, and livestock extension staff on
animal health; and (c) production credit. Production systems: Backyard, free range system.
Breeds: Ayam Kampung. Other livestock related activities: (a) support for improved health/
nutrition, including scabies and intestinal diseases in goats/sheep in 240 villages; (b) training of
villagers (women) and livestock extension staff in animal health procedures; (c) provision of
subsidy for selected village groups for the construction of small dips and distribution of drugs
and vaccines; (d) provision of veterinary equipment to sub-district Hvestock offices; and (e)
credit for income-generating activities. Achievements: Credit repayment rates have been over
90%; out of the total credit disbursed 60% was for goat and sheep and 6% for poultry. Good
progress in the group marketing of eggs is reported. Remarks: One of the reasons for the success
of credit component is that credit activities tend to integrate into the local economy (ready
market) rather than exporting from the immediate area unless there is an established marketing
channel. (IFAD 1990 & 1994b)

3. Marketing Strategies
Projects selling products locally tend to perform better than projects selling outside
when viewed in the light of marketing progress. Farmers' production activities in
EJRAP of Indonesia tend to integrate into the local, ready market, and group egg
marketing is showing good progress. However, three out of four projects facing
marketing difficulties sought market outside project areas. For the LSDP of Cameroon
and the LISP of Lesotho, competition against products from neighbouring countries
was the major cause, i.e. Nigeria for Cameroon (IFAD 1995) and South Africa for
Lesotho (Box 4). The SYADP in China, promoting semi-intensive 500-bird broiler
units, faced competition against large industrial enterprises (IFAD 1989 & 1993a).
The MADP of Egypt represents a different case: chicks and pullets were sold within
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the project area, and farmers' initial demand for improved day-old chicks was
favourable, but it failed after the Poultry Units suffered high chick mortahty and high
feed prices which decreased the quality of chicken (Box 2). As reviewed, projects
supporting semi-intensive production systems tend to face marketing problems more
often than projects supporting scavenging systems. Thus, issues of marketing are
closely linked to issues of the production systems in the context of smallholder
managed poultry production. However, no relation was observed between marketing
strategies and general progress in the credit repayment.
DISCUSSION
It is generally recognised that livestock play an important role in rural agricultural
households of developing countries. Small livestock including poultry are more
important to the poorer households than are large ruminants mainly because of
limited access to the land. Traditional poultry production at the IFAD target group
level is based on scavenging and free range systems with minimal requirement for
purchasing feeds. On the other hand, rearing a relatively large number of poultry
under confinement or semi-confinement poses problems. Notwithstanding, there is a
need for development projects to continue to introduce some technologies by which
increased level of profit can be achieved from poultry rearing as it constitutes one of
the few options to IFAD target groups.
As observed in the previous sections, problems experienced often relate to farmers'
management skills and husbandry practices required to undertake unconventional
types of production. Therefore farmer training is considered to be of primary
importance. In three projects, training is provided to women beneficiaries on husbandry
practices and health (SLDP, EJRAP and PCRWP), and credit repayments for poultry
enterprises are good for SLDP and EJRAP (Table 2-3). The women credit beneficiaries
in SLDP of Bangladesh receive intensive training on animal husbandry, and other
selected women are trained as vaccinators. Such training is provided to women
beneficiaries and livestock extension staff of EJRAP. For the PCRWP of Nepal,
however, credit repayment of poultry schemes became a problem while vaccination
training was successful. The production strategy for this project is based on the
confined system, calling for 85 % commercial feed, and as a result, high mortality
lead to the delinquency of loan repayments.
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Box 4. Local Initiative Support Project / Lesotho
The project aims to support local initiatives to increase household incomes and agricultural
production in Quthing District. Low-input crops package, adaptive research and soil conservation
activities are promoted. Credit for on/off farm income-generating activities is also provided, and
women are an important target group. Poultry development activity is through the provision of
medium-term credit for egg production units, where the two hundred-bird poultry units are
co-operatively managed by two families. Production systems: Confined. Breeds: Not specified.
Other livestock related activity includes medium-term credit for dairy and piggery units.
Achievements: Women actively participated in village group activities, and the proportion of
women was 96%, 100% and 58% for poultry, piggery and dairy. The general pattern is towards
greater women's participation in traditionally female activities. 92% of the livestock beneficiaries,
51% of crop/irrigation and 77% of the non-farm income generating activity beneficiaries are
female. Remarks: A rapid deterioration of the repayment performance for poultry and dairy were
observed. The local Egg Circle co-operatives could not pay as expected since the market was
flooded with eggs from South Africa. Loan recovery was 42% for poultry whereas for the
livestock in general was 79%. In general, individual borrowers showed better results than group
or collective operations. (IFAD 1986b & 1993b)

As to the production system, research is necessary for the development of more
appropriate systems for IFAD target groups by shifting the emphasis from semiintensive systems to much more scavenging-oriented systems. According to a recent
study, the survival rates of exotic breed ducklings are generally high when they are
introduced into village production systems after 30-60 days of intensive care (Dolberg
1995). Introduction of exotic and/or improved breeds are a useful tool for genetic
improvement of local birds either in terms of productivity and viability if conditions
required for the health and nutrition are met. Such breeds can be used as a good
incentive for farmers to participate in projects. However, the promotion of improved
breeds should be conditional on the provision of intensive training to farmers and
improved health services.
Profits to farmers are generally squashed during the credit repayment period. Higher
mortality rates than expected make products expensive or profit thinner. A rise in
feed prices or decrease in feed quality/quantity would make the situation even worse.
All these factors are common with the semi-intensive systems in village conditions.
Therefore, in order for projects to avoid such risks, production based on confinement
only should be avoided. Development of location-specific, practicable feed
supplementation measures is also indispensable. Expensive shed should not be
promoted for credit supported production as operation with a large initial investment
would inevitably require a large number of chicken raised per cycle and increase the
risk. The SBIRDP of vSri Lanka is experiencing escalating costs and facing the
situation that the originally planned 10-bird (or even 50) unit is no longer economically
viable (IFAD 1991d, UNOPS 1995a).
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Box 5. Production Credit for Rural Women Project / Nepal
The project aims to improve the economic conditions and the social status of approximately
16,000 poor rural women through provision of credit for on/off-farm income-generating activities,
training and community development. Poultry development activity includes provision of
production credit for poultry enterprises. Production system: Confined system (25-bird egg
production unit; using 85% commercial concentrate feeds). Breeds: Exotic breeds. Other livestock
related activities: (a) production credit for goat, pig and buffalo development; (b) livestock
insurance; (c) breeding and improved health services (by village veterinary workers); and (d)
credit for establishing livestock drug supply and vaccination services by beneficiaries.
Achievements: Livestock vaccination was a noticeable achievement in the project area; 61% of
the women in Kaplvastn and 33% in Gorkha had vaccinated their livestock. Women borrowing
for livestock took training about loan transaction and veterinary services. Livestock represents
the highest share in all the credit (66.9%) whereby poultry constitutes 1% in amount and 3% in
number of loans. Remarks: While no overdue loans were reported for cottage industries, potatoes,
ginger and oilseed, nearly one-fourth of the borrowed amount and 46% of the due amount for
livestock was reported overdue. All due loans for poultry were overdue. Mortality has been the
single most important cause of delinquent livestock loans. Interim evaluation mission indicated a
view that livestock insurance is a necessity. (IFAD 1987b & 1996)

Market should be sought locally for the production of smallholders. Productions
requiring market outside the project area are often too risky for poor farmers. It
should be noted that production models that are economically viable only under a
certain price condition for the product are not appropriate for poverty focused projects.
The Mid-term evaluation mission for the SYADP of China recommended that broiler
chickens should not be included in projects supporting poor farmers (IFAD 1993a).
Livestock production is popular among poor rural households, and a major share of
total loan amount disbursed to the rural poor has been invested in livestock in IFAD
financed projects (Boxes 4-5). The poorer households are, the more important are
poultry and small ruminants. For women, poultry rearing is one of the most widely
practised and important income generating activities. Because of this, intervention
has mostly focused on poultry development activities suitable for women. As
demonstrated, poultry development activities have helped rural poor women become
more vital in playing their parts in the economic and social contexts. In concluding
the review of twelve IFAD financed projects with poultry development activities,
following recommendations have been drawn to support future interventions better
serve IFAD target beneficiaries.
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RECOMMENDATIONS
Research is needed for:
•

Identifying options of production systems for poor farmers that could serve to
shift from semi-intensive systems to more scavenging-oriented systems keeping
confinement period as short as possible to minimise costs for feed; and

•

Developing village-based feed supplementation strategies for scavenging rearing
taking into account region's agro-ecological conditions and seasonal aspects.

Training and technical follow-up should be provided to credit beneficiaries.
Such services should particularly consider the following:
•

Mortality and feed costs are the most important parameters and need to be closely
followed up by farmers as well as by project technical staff; and

•

Training should be focused on women, and should take into account that poor
women have the potential for providing veterinary services with adequate training
and incentives.

Production models for smallholders should meet the following conditions:
•

The production models should not require large initial investment, and the minimum
managable number of chicken reared per cycle should be maintained; and

•

Production models that are economically viable with product prices in local markets
should be promoted.
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ECONOMIC CONSTRAÜSÍTS IN BROILER
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The growth in the Indian Poultry industry has been production oriented but little
attention was paid to production economics and marketing. The producer is
sandwiched between the input suppliers and traders. The present study was aimed
at identifying and understanding the lacunae in production and marketing of
broilers. The study was undertaken in Bangalore zone and the relevant data was
obtained at the farmers level. On analysis, the problems of farmers were found
to be of great significance. The major problems were in the marketing sector in
the form of unremunerative and fluctuating prices and delayed payments which
were made in installments. Among the problems in the input supplies high cost
of feed, chicks, medicine and their quality, sales tax on feed, unavailability of disease
diagnostic facilities and complicated procedures prevailing with the financial
institutions were highlighted by the farmers.
INTRODUCTION
In India, during the last 10 years, poultry sector has emerged as the fastest growing
segment of agriculture registering a phenomenal growth in production. The production
of eggs increased from 12,500 million in 1980 to 25,290 million in 1993. During the
same period, poultry meat output increased from 17,900 to about 4,54,000 tonnes. By
the turn of the century the annual production is likely to reach the level of 36,513.8
million eggs and 969.38 thousand tonnes of poultry meat from 622.5 million broilers
(Ahmed, 1995). Despite the rapid growth, the broiler segment of the poultry industry
continues to be plagued with problems which could undermine its viability. Most of
the problems have been traced to market related factors and some to input supplies
over which the producer has very little control.
Unlike agricultural commodities broiler meat does not come under the minimum support
price policy of the Government of India. Pricing is one crucial area as the traders
determine broiler prices. The major inputs such as feed and chick costs decide the cost
of production which escalate independently without any reflection on the broiler prices.
Marketing parastatals have been established in different states in India but have met
with limited success (Nadeem, 1981). The experience, particularly in Kamataka state,
has not been very encouraging. The problems faced in broiler production are manifold.
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The identification and recognition of constraints is essential to formulate adequate
measures to circumvent the crisis befalling the broiler industry.
The higher price of chicks and feed, high cost of medicines, poor quality of chicks,
shortage and poor quality of feed, incidence of diseases, inadequate disease diagnostic
services, disorganised marketing, sharp increase in the cost of inputs mainly of the feed
without corresponding increase in prices for poultry products, non availability of
adequate finance at right time, high mortality, water scarcity in summer, price
fluctuations, irregular supply and inferior quality of chicks, no regulation in the feed
quality, insufficient self finance and difficult procedures in getting credit are the major
constraints in poultry production reported from different parts of India. (Nagasekhar
et al, 1988, Panda 1989, Pothurulu 1991, Shivaprasad and Shankaramurthy 1992 and
Sharma and Grover 1992). The present study was therefore undertaken to examine the
production, technological and marketing constraints faced by the broiler farmers.
MATERIALS AND METHODS
Bangalore urban district was deliberately selected for the present study. It accounts for
about ñfty percent of Kamataka state's broiler population with 11 million birds per
annum and is considered as the third most important production and consumption centre.
To document the problems and factors which constrained broiler production, 100 farmers
from among 450 commercial broiler producers of Bangalore district were selected at
random. These observations thus obtained were studied to rank the economic factors
that were detrimental to broiler production. The study pertained to the year 1994. The
Garett's ranking technique was adopted to analyse the ranks assigned to the problems
faced by the broiler farmers. The order of merit thus given by the respondents was
changed in to ranks per cent position by using the relation ;
100(Rij - 0.50)
Per cent position

=
Nj

where Rjj
Nj

=

Rank given for i^^ item by j^^ individual

=

Number of items ranked by j^^ individual

The per cent position of each rank thus obtained were converted in to scores by referring
to tables given by Garett (1969).
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RESULTS AND DISCUSSION
Among the constraints, related to the supply of day old chicks, poor quality, uneven
size, livability, mortality and time lag in availability emerged as most important factors
(Table 1). The constraints relating to feed supply, high price, poor quality and the sales
tax levied emerged as other important constraints (Table 2). All the farmers in the study
area opined that there was great hardship to avail disease investigation facilities. The
farmers complained about the non-availability and/or inaccessible location and meager
number of such laboratories which forced them to incur losses due to time factor in the
disease diagnosis and treatment of birds. The exorbitant costs of drugs, feed additives
and supplements coupled with the brand loyalties for the pharmaceutical preparations
of the consultants further deterred treatment of birds (Table3).
Table 1. Supply of day old chicks
SI. No. Constraints
1
2
3
4
5

Poor quality
Uneven size
Mortality48.32
Time lag in availability
High price

Mean Score
53.59
48.36
37.14
34.85

Table 2. Supply of feed
Sl.No.

Constraints

1
2
3

High price
Poor quality
Sales tax levied

Mean Score
65.84
62.19
60.35

Table 3. Health Coverage
Sl.No.

Constraints

1
2
3

Availability of disease investigation facility
High cost of medication
Brand name loyalties of Technical consultants

Mean Score
74.78
68.41
55.19

The important problems relating to finance were the existing rigid procedures for the
supply of credit by banks, lack of self finance and inadequate credit to meet the costs
(Table 4).
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The high price and the quahty of commercial feeds available were of great concern to
the respondents. On account of the absence of Governmental authority on feed quality
control, non-availability of regular feed analytical services to the farmers, the quality
was compromised. The high costs involved in sale promotion, overheads and sales tax
levied on the feed led to increase in cost of the feeds.
The absence of any imposed quality control over the hatcheries and the non-availability
of diagnostic facilities to implicate hatchery borne problems as a cause of mortality in
the early part of the chicks life, were the reasons put forth by the farmers for the poor
quality of chicks and their livability. Besides the time lag in availability, high prices
were the other problems.
The problems in marketing were expressed with much emphasis and anguish by the
farmers. The price formation at the market was of prime concern to the respondents
along with the problem of delayed payments which was received in installments. The
farmers faced difficulty in disposing broilers in the slack season (Table 5). In addition,
the farmers faced a ohgopsony market for their produce. The problems of fluctuation
in prices, delay in payments, unilateral price fixation and non-lifting of birds during
off season characterised imperfect market situations (Table 5).
Table 4. Finance
Sl.No.

Constraints

1

Rigid procedures for the supply of
credit by ñnancial institution
Lack of own finance
Inadequacy of institutional finance

2
3

Mean Score
70.26
63.52
47.96

Table 5. Marketing
Sl.No.

Constraints

1

Unremunerative price

Mean Score
93.46

2

Delayed payments

84.35

3

Lifting of birds during off season

56.60

4

Payments made in fraction

56.60

CONCLUSION
The analysis of problems faced by farmers revealed that they confronted more difficulties
in marketing the birds. Unremunerative and fluctuating prices delayed and part
payments were the main difficulties faced by most of the respondents. Among the
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problems in the input supplies the high cost of feed, chicks, medicine and their quaUty,
sales tax on feed, non availability of disease diagnostic facilities and complicated
procedures prevailing with the financial institutions were identified as the etiology.
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EFFECT OF SELECTION FOR BETTER FEED
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High temperature impedes the performance of birds under tropical conditions.
In the present study, selection for better feed conversion ratio (FCR) during growth
in a dwarf broiler dam line from the 5th to 7th week of age over 5 generations
resulted in a reduction of this trait by 0.34 kg (sire) and 0.41 kg (dam). The realized
heritabilities for FCR were 0.13 and 0.16 for the sire and dam respectively. The
selection progress of 4 to 10% for FCR in the dam line was reflected in broilers
mated with Cornish males. There was a tendency that broilers with genetically
improved FCR have a better adaptability to hot climate. The negative effect of hot
temperature on growth was more pronounced in broilers of control population.
Carcass and meat quality were not influenced. The immune response to sheep
erythrocytes was not affected.

INTRODUCTION
Stress due to high temperature is widely recognized as one of the primary problems in
poultry production especially in tropical and subtropical areas. High temperature is the
most important inhibiting factor to poultry production in these regions (Horst, 1982).
The birds cannnot dissipate fast enough the heat produced following feeding, which
subsquently leads to reduced feed intake and lower weight gain or egg production.
Cahaner and Leenstra (1992) have found that broilers selected for high feed efficiency
grew better than the weight selected broilers under hot climate. They also maintained
their superior efficiency. Several authors (Sorensen, 1984; Leenstra, 1986) demonstrated
the success of direct selection for feed conversion ratio (FCR). The advantage of this
selection is the decrease of carcass fat content as it was shown by Hailu (1991). Based
on these mentioned facts it seems to be necessary to select directly for better FCR in
broiler dam lines (Hailu et al., 1995).
With the rapid development of poultry production in hot countries, it appeares to be
important to know if birds selected for higher feed efficiency would be more efficient
under high environmental temperatures. Thus, it was the aim of this paper to find out
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how lines selected for favourable feed conversion ratio respond to higher environmental
temperature.
MATERIAL AND METHODS
From the base population of dwarf White Rocks one Hne was selected for feed conversion
ratio (FCR) and compared with a control (Ctrl). After 5 generations of selection,
difference in the selected trait as obtained is shown in Table 1.
Table 1. Feed conversion ratio of the selected (FCR) line (5th - 7th week) after 5
generations of selection

Line

FCR

Ctrl

n

275

123

mean

2.98

3.36

s%

15.0

16.2

FCR was calculated by division of feed consumption from the 5th to 7th weeks of age
and body weight gain at the same age. After testing a total of 2299 chicks in 5 generations
of selection for FCR, a selection progress of -0.38 kg was achieved. Division of this
figure by cumulative selection difference (-2.56) results in a realized heritability of
0.15 in both sexes.
To find out the effect of selection for FCR in a broiler dam line, in three experiments
females of the selected (FCR) and control (Ctrl) lines were crossed with White Cornish
males by artificial insemination and compared for growth and FCR up to the age of 7
weeks. Broilers were wing banded at hatching, reared in separate floor pens with deep
litter and ad libitum access to the broiler diet and drinker. Each broiler type was divided
in two groups, kept under moderate and hot (above 30^C) temperature.
In all experiments, carcass composition and meat quahty (pH-value of breast and thigh
meat) were determined. From two fattening experiments a sample of 8-10 chicks of every
line were immunized with sheep erythrocytes in which one week after immunization blood
samples had been taken for antibody determination with help of hemagglutination test
(Wanka 1987). All statistical analysis were done with ANO VA and Duncan test.
RESULTS
Table 2 reveals the results for body weight, FCR and mortality at the age of 7 weeks, of
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WC X Ctrl broilers. In these experiments body weight was significantly decreased by
hot temperature especially in the broiler type Cornish x Ctrl. The selection progress for
FCR was reflected in the broiler type Cornish x FCR in both environments but more
pronounced under high temperature. Comparing both environments, FCR was better in
the broiler type Cornish x FCR by 4.2 and 11.8 %, by 4.7 and +0.9 %, by 3.1 and 12 %
in experiments 1, 2 and 3 respectively. With the exception of exp. 2 under hot
environment FCR was better in the broiler type Cornish x FCR than the controU group
Cornish x Ctrl.
Table 2. Effect of selection for better FCR in a dwarf broler line on the fattening
performance of broiler at the age of 7 weeks under normal and high temperature
Normal temperature

Exp.l
n
body weight, g
FCR, kg
mortahty, %
Exp.2
n
body weight, g
FCR, kg
mortality, %
Exp.3
n
body weight, g
FCR, kg
mortality, %

High temperature

Cornish
xFCR

Cornish
xCtrl

Cornish
xFCR

Cornish
xCtrl

78
1410^
2.29
3.8

75
1466^
2.39
6.7

76
1124^
2.39
5.0

75
1112^
2.71
5.3

66
1323^
2.24
2.9

67
1274^
2.35
1.5

69
1192^
2.07
4.4

68
1086^
2.05
19.1*

102
152P
2.20
3.5

112
1420^
2.,27
4.5

102
1345^^
1.77
6.1

103
1153^1
2.01
6.9

Different letters denote significance for p < 0.05; * = coccidiosis outbreak
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Table 3. Effect of selection for better FCR in a dwarf broiler line on the carcass
quality of broiler at the age of 7 weeks under normal and high temperature
Normal temperature

Exp. 1
n
carcass, %^
breast muscle^
breast skin^
thigh muscle^
pH-value
breast muscle
thigh muscle
Exp. 2
n
carcass %'
breast muscle^
breast skin^
thigh muscle^
pH-value
breast muscle
thigh muscle
Exp. 3
n
carcass %'
breast muscle^
breast skin^
thigh muscle^
pH-value
breast muscle
thigh muscle

High temperature

Cornish
xFCR

Cornish
xCtrl

Cornish
xFCR

Cornish
xCtrl

78
62.0''
2.9^
31.5^

75
64.8^
15.8^
3.2^
30.9^

76
65.6^
13.7"
2.6^
32.P

75
66.3^
14.P"
3.P
32.P

5.78^
6.19^
66
66.9^
16.3^
2.4^
31.P

5.74^
6.22^
67
66.0^
16.P
2.0^
31.9^

5.92"
6.32"
69
66.3^
16.P
2.3^
32.4^

5.83"
6.29^"
68
66.6^
16.P
2.5^
32.9^

5.94^'
6.22^'
102
67.P
14.3^
2.8^
29.9^

5.90^
6.25^
112
66.6^
13.7^
2.9^
29.9^

5.83^
6.26^
102
66.9^
14.5^
2.6^
30.P

5.90^
6.26^
103
66.5^
13.6^
2.8^
29.9^

5.70^
6.14^

5.66^
6.19^

5.6P
6.19^

5.77^
6.25^

i5.œ

1 = percentage of carcass to body and 2 = percentage to carcass weight; different letters
denote significance for p < 0.05
Broilers from feed conversion line (Cornish x FCR) and its control (Cornish x Ctrl)
shown in Table 3, had comparable carcass composition with an increased pH-value of
the thigh muscles under high environmental temperature in experiment 1. Considering
selection for FCR, carcass quality of the tested broiler types demonstrates only few
significant differences without specific tendencies. With high temperature, there was
no tendency that antibody titers were reduced in FCR and Ctrl lines (Table 4).
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Table 4. Antibody^ production against sheep erythrocytes in dwarf White Rocks
lines crossed with Cornish (n = 64)

Normal temperature

Lines

Higher temperature

Cornish x FCR Cornish x Ctrl Cornish x FCR Cornish x Ctrl
Exp. 1

9.1

8.6

6.9

7.5

Exp.2

2.5

3.4

2.6

3.9

1 = titers mean in log 2
DISCUSSION
Nowadays White Rocks with the recessive sex linked "dwarf' gene are used more and
more as broiler dams, especially in hot climates, because the body weight of adult birds
is reduced by about 30 % and they have a better adaptability to high environmental
temperture. Crossing of dwarf mothers with fast growing fathers leads to a fast growing
broiler.
It is now widely accepted that Stressors of environmental origin reduce the efficiency
of animal production. Environmental temperature above 30^C influence growth of
broiler and the 7 wk. body weight was decreased as a consequence of reduced feed
consumption. Reduced feed consumption induces a decrease of metabolic activity, so
that excessive heat production will be minimized, which is in turn very important for
the maintainance of body temperature during higher temperature (Lohle et al., 1987).
Birds from all lines grew better in the normal environment.
The FCR lines showed a better adaptability in hot environment which also confirms
the results of Cahaner and Leenstra (1992). The reduction in body weight due to high
temperature was much larger by Cornish x Ctrl than Cornish x FCR. Therefore, tendency
seems to be available that broiler with the genetically improved FCR have a better
adaptability to hot climate as was acknowledged by Cahaner and Leenstra (1992).
The effect of high compared with the normal temperature on examined traits of the
carcass composition was not notable. However, in some cases birds had a higher pHvalue of thigh muscle in the hot environment. The chronic heat stress which leads to
higher pH-value of thigh meat was due to reduced glycogen stores. In analogy, Osman
et al. (1990) found a linear temperature effect on the pH-value of thigh muscle.
Climatic stress can alter B-cell functions, resulting in reduced antibody production
(Thaxton and Siegel, 1973). Immune response can be different between strains and
environmental conditions. Comparison between dw- and DW-hens showed that immune
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response of the dw-hens is higher than the later ones (Kassim, 1980; Mauldin et al.,
1981). Our experiment demonstrated, that the chronic heat stress does not have a negative
effect on the antibody production by all broiler lines. Perhaps the influence of high
temperature is less in dwarf birds than in normal birds.
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IMPROVEMENT IN THE EFFICffiNCY OF MEAT DUCK
PRODUCTION IN VIETNAM
D.X.T\iyen, N.C.Quoc
Mgova Duck Breeding Farm, The Centre for Animal Husbandry
Research and Technology Transfer, Quarter 17, Govap Dist., Ho Chi
Minh City, Vietnam
INTRODUCTION
Duck population in Vietnam is 24-30 million, of which about 15-20 million are kept in
the Southern provinces. Mekong Delta is the most developed duck rearing area in
Vietnam. Duck meat is very preferable here.
Generally, breed is a very important factor to improve the efficiency of duck production.
The local duck breeds such as Co, local Cherry Valley (that were imported into Vietnam
during 1970-80) and the crossbred ducks between local cherry valley males and Co
females have a low growth rate and carcass yield but high feed conversion (Bac and
Tuyen, 1989 ; Thien and Dong, 1993; Nho, 1993).
To improve the performance of meat type ducks in Vietnam, The National Institute of
Animal Husbandry (NIAH) imported in 1990 and 1991 from Cherry Valley Company
(England) CV Super-M male line and female line grandparent stock. Until 1995, this
breed has been selected through 4 generations to improve growth rate and carcass yield
of male line and reproductive characteristics of female line.
Studies were carried out at Vigova Duck Breeding farm (HCM city) to determine the
productive characteristics of CV super-M parent stock, CV super-M commercial, Local
Cherry Valley and crossbred ducks between CV super-M males and local Cherry Valley
females. Compaiison between breeds was also made.
MATERIALS AND METHODS
Birds : 55 males and 300 layers of CV super M parent stock produced by combining
male line and female line, which had been selected for 3 generations from 1991-1994.
Experiment was carried out on CV super-M commercial local Cherry Valley (LCV)
and crossbred ducks between CV super-M males and LCV females from 1 to 56 days
of age, each breed with 100 ducklings (50 males -i- 50 females).
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Observations of the Study : Egg production during 40 laying weeks , average egg
weight, fertility rate, hatchability on fertile eggs and on set eggs of parent layers were
recorded (Table 2).
Body weight at 49 and 56 days of age and feed conversion for 1 kg weight gain were
determined. At 49 and 56 days of age, 3 males and 3 females of each breed were
slaughtered after 12 hours of holding without food. Oven ready carcass yield (including
the neck, heart, liver and cleaned split gizzard) and proportions of breast muscle, thigh
+ leg muscle and fat + skin were observed.
The percentage and chemical composition of ration offered to three age groups of birds
are given in Table 1.
Table 1. Composition and calculated nutrient content of the rations
Ingredients (%)

Layer

Grower Rations
0-21 days

Paddy
Broken rice
Rice bran
Soybean meal
Fish meal
Bone meal
Shell powder
VGV 4V (Home made premix)
Laymix (Home made premix)
Methionine
Lysine
Crude protein (%)
ME (Kcal/kg)
Ca (%)
Avail P. (%)
Lysine (%)
Methionine (%)
Meth + Cyst (%)
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22-56 days

—

-—

42.0
18.7
27.0
10.0
0.3
0.7
1.0

63.7
14.0
10.0
10.0
0.5
0.5
1.0

—

—
0.2
0.1

—
0.15
0.15

19.38
2711
2.93
0.46
1.16
0.42
0.71

22.36
2987
0.98
0.48
1.1
0.54
0.90

17.06
2915
0.90
0.41
0.87
0.43
0.66

50.0
8.9
—
23.5
10.5
0.3
5.7
—
1.0
0.1

RESULTS AND DISCUSSION
Table 2. Reproductive characteristics of some local breeds
Parameters
Age at the first egg
(days)
Body weight at first egg (Kg)
Female
Egg production (EÍB/Y)
Average egg weight (gr)
Fertihty (%)
Hatchability (on fertile eggs
set (%)

LCV

Crossbred
(LCV X Co)

Co

172-200

145-160

135-140

2.26-2.60
90-120
71.0-76.8
85.0-92.0

1.9-2.1
170-180
70.0-72.0
95.0

1.2-1.4
210-220
60.0-70.0
94.32

60.0-73.0

85.0-86.0

81.25

Source : N.V.Bal, D.X.Tuyen (1989) ; N.Thien, L.X.Dong (1993) ; L.T.Nho (1993).
Table 3. Reproductive characteristics of super M parent layers
Age at P^ egg (days)
Body weight of females at P' egg
(on restricted feeding)
(N=100)
(E/B/40 laying wk)
Egg production
Average egg weight
(N=300)
Fertile rate
(N=6320)
Hatching rate/fertile eggs
(N=6320)
Hatching rate/set eggs

187
(gm)
(gm)
(%)
(%)
(%)

2712.2 ±20.4
200.20
79.67 ± 0.40
93.40
81.96
76.55

The local breeds have light body weight, low egg production and small eggs, although
fertility and hatchability are rather high (Table 2).
The body weight of CV super M females were controlled by restricted feeding program,
egg production and egg weight were higher than those of local breeds. Laying rate
increased quickly and reached the maximum of 94,0 % at the lO^*" laying week (See
table 3 and chart 1). On an average, one CV super-M female can produce 122-130 dayold commercial ducklings during 40 weeks of lay.
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GROWTH AND MEAT CHARACTERISTICS OF COMMERCIAL DUCKS
Table 4. Body weight and feed conversion

Parameters

CV Super M
Commercial

Crossbred

LCV

B
2405.5^± 19.5
96
2620.8^± 21.55
90

A
1899.7^± 16.48
96
2135.5^± 18.69
90

2.81
3.05

2.95
3.22

Body weight (gm)
At 49 days of age, gm 2953.3 ± 20,67
N=98
At 56 days of age, gm 3217.0 ± 24.15
N=92
Feed conversion
To 49 days of age
2.68
To 56 days of age
2.87

(N) No. of observations. Values bearing different super scripts are significantly different
Growth rate of CV Super M commercial ducks was superior to that of the local cherry
valley breed. Crossing between exotic males and females had improved the growth of
the local breed.
CV Super M has the highest oven ready carcass yield and proportions of breast muscle
and thigh + leg muscle, although they are fatter than the local ducks (chart 2,3).
Results of Table 5, show that, the percentage of oven ready carcass, breast muscle and
fat + skin at 56 days of age are higher, but the percentage of thigh + leg muscle is lower
than that at 49 days of age. Females are fatter than males.
By the importation of CV Super M ducks to Vietnam and selection of this breed through
3 generations at Vigova duck breeding farm, reproductive, growth and carcass
characteristics of meat type ducks have been noticeably improved. Performance of CV
Super M was superior to that of the local duck breeds. They show good adaptation to
hot climate and rearing conditions in Vietnam.
Cross between CV Super M males and local cheny^ valley females gave good results.
At present, Vigova Duck Breeding Farm and other private parent stock farms are
producing millions of commercial ducks annually gradually replacing low quality meat
type duck breeds in Vietnam.
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Table 5. Proportions of oven-ready carcass (ORC), breast muscle (BM), thigh +
leg muscle (T+LM) and fat + skin (F+S)
Age/
Char

CV Super M
Commercial
M

49 Days
Live Weight
(gm)
ORC
(gm)
As %/LW
BM(gm)
As % ORC
T+LM
(gm)
As % ORC
F+S (gm)
As % ORC
56Days
Live Weight
(gm)
ORC
(gm)
As % LW
BM(gm)
As % ORC
T+LM
(gm)
As % ORC
F+S (gm)
As % ORC

F

LCV

Crossbred

MF

M

F

MF

M

F

MF

3026.7 2893.3 2960.0 2516.7 2383.3 2450.0

1933.3 1833.3 1883.3

2208.0 2116.3 2162.2 1726.8 1644.0 1685.4

1259.6 1215.8 1237.7

72.95
256.7
11.63
296.7

73.13 73.05
273.3 265.0
12.91 12.26
267.0 281.8

68.61
179.2
10.38
223.7

68.98
175.3
10.66
204.7

98.79
177.3
10.52
214.2

65.15
122.8
9.75
148.7

66.32
116.9
9.62
135.7

65.72
119.9
9.69
142.2

13.44
515.7
23.36

12.62
539.9
25.51

12.95 12.45
374.8 386.5
21.70 23.51

12.71
380.7
22.59

11.81
263.9
20.95

11.16
262.1
21.56

11.49
263.0
21.25

13.03
527.8
24.41

3316.7 3220.0 3268.4 2656.7 2523.3 2590.0 2233.3 2083.3 2158.3
2530.7 2423.3 2477

1933.3 1806.4 1869.9

1523.4 1395.8 1459.6

76.3
383.30
15.15
315.0

72.77
267.2
13.83
229.9

75.26 75.79
371.3 377.3
15.32 15.23
282.0 298.5

12.45 11.64
656.9 661.4
25.96 27.29

12.05
659.2
26.61

71.59
240.9
13.34
206.5

72.20
254.1
13.59
218.2

68.21
171.1
11.23
148.7

67.0
171.2
12.27
135.8

67.63
171.2
11.73
142.3

11.89 11.43
486.5 479.3
25.16 26.53

11.67
482.9
25.82

9.76
367.5
24.12

9.73
347.1
24.87

9.75
357.3
24.48
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INVESTIGATIONS ON THE EFFECTS OF HIGH
TEMPERATURES ON CARCASS COMPOSITION AND
MEAT QUALITY OF PEKINS AND MULARDS
U. Kiiust, H. Pingel and G. v. Lengerken
Martin-Luther-University Halle-Wittenberg, Institute of Animal
Breeding and Husbandry with Veterinary Clinic, Adam-Kuckhoff-Str.
35, 06108 Halle, Germany

The aim of the study was to investigate the effects of high temperature on carcass
composition and meat quality of pekings and mulards. Four experiments with
126, 94, and 88 pekings and 44 mulards were conducted respectively. Half of the
birds in each experiment was grown at temperatures of BO^'C, the other half was
kept at 20°C as a control. The pekings and mulards were slaughtered at the ages of
7 and 12 weeks respectively. M. pectoralis and the whole leg were removed from
the left half of each duck, packed in PVC bags, and stored at -SO'^C until analysis
of meat quality. High environmental temperature led to a signifícant reduction of
body weight (10%). The portion of breast meat was higher in birds grown under
high temperatures. Peking meat quality is influenced negatively by high
environmental temperatures (higher pH-values, higher grill loss, higher shear
value, worse sensory traits). However, mulards kept under high environmental
temperatures show higher meat portions and better meat quality (lower shear
value, better tenderness), which indicates a better adaption of mulards in
comparison to pekings to high environmental temperatures.
INTRODUCTION
The influence of ambient temperature on poultry growth, carcass quality, and meat
quality has been investigated in numerous experiments with chickens (Kubena et al.,
1972a,b; Kozlowski, 1984; Tawfik et al, 1986; Osman, 1988; Chwalibog and Eggum,
1989; Hacina et al., 1993). Only a limited information is available on ducks
(Hanh, 1990).
In general, a decrease in feed intake in order to reduce metabolic heat production and
thus maintain homeothermy was found in chickens and ducks kept under high
temperatures (Kozlowski, 1984; Powell, 1984, 1985; Osman, 1988; Hanh, 1990). This
was correlated with a reduction in body weight. Raising ambient temperature resulted
in increasing carcass fat content and higher amount of abdominal fat (Kubena et al.,
1972b; Swain and Farrell, 1975; Chwalibog and Eggum, 1989; Howlider and Rose,
1992; Hacina et al., 1993), which can be explained by a change in fat matabolism.
There is little information on the effect of high ambient temperatures on poultry meat
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quality. Osman (1988) and Osman et al. (1990) found a linear temperature effect on the
pH-value of meat in broilers. Hanzl and Somes (1983) observed a high significant
effect of ambient temperature on grill loss. In first experiments on the influence of high
temperatures on duck meat quality, darker colour of the muscles has been found (Hanh,
1990).
To further investigate the influence of high ambient temperature on carcass and meat
quality of ducks, a series of experiments with ducks in high (BO^'C) and normal (20''C)
temperature groups were conducted.
MATERIALS AND METHODS
Three experiments were carried out with 126, 94 (mixed sex), and 88 (female) pekins
Furthermore, one trial was made with 44 male mulards (table 1).
Table 1. Experimental series for the investigations on the effects of high
temperatures on carcass composition and meat quality of pekins and mulards
Ambient temperature,°C
Trial

Sex
NT

HT

Total

Age (d)

Pekings I

F

29

33

62

49

Pekings I

M

33

31

64

49

Pekings II

F

23

23

46

49

Pekings II

M

25

23

48

49

Pekings III

F

44

44

88

46

Mulards

M

22

22

44

84

NT= normal temperature, HT= high temperature
During the first two weeks, all birds were reared at temperatures of 35°C to 30''C. After
that period, half of the birds in each experiment were grown at temperatures of 30''C,
the other half at temperatures of 20°C. Air temperature was controlled by means of
electrical heating. The stock density was 3.3 to 5.0 birds/m^.
The animals were kept on deep litter (wood shavings). All ducks had free access to
water and were fed ad libitum with a commercial feed (12,6 MJ ME and 185 g crude
protein per kg). Intake of feed for ducks was recorded at the end of the fattening period.
At 7 weeks of age, birds were weighed and slaughtered manually, killed by neck cut.
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bled for two minutes scalded at 58°C for 4 minutes and picked in a rotary drum picker.
Carcasses were eviscerated, the abdominal fat and eatable giblets were weighed. pHvalues were measured in the M. pectoralis and M. iliotibialis lateralis 30 min and 24 h
p.m. The whole carcass was weighed and chilled in a cold room at l^'C prior to deboning.
Then breast muscles, the whole leg and the skin were dissected according to the method
suggested by the WPSA (1984) for broilers.
Breast muscles and legs were packed in PVC-bags and frozen at -SO'^C. Meat quality
parameters were determined 3 month later. Samples were thawed. After that the
following traits were analyzed: pH-value, colour, grill loss, juice loss, shear value
(Wolodkewitsch shear cell, Wamer-Bratzler), and sensoric values. The following grades
were given for sensoric traits ranging from 6 = excellent to 1 = bad.
RESULTS AND DISCUSSION
Body weight (LW), feed consumption (FC), and feed conversion ratio (FCR) of pekihs
and mulards kept under normal and high temperatures are presented in
table 2.
Body weight of pekins and mulards was significantly lower when they were grown
under high temperature in comparison with the normal temperature groups in all three
experiments.
Animals have biologic optimal temperatures (BOT). The BOT is the temperature under
which the organism is strained minimally and there is only little energy necessary for
temperature regulation (Nelte et al., 1979, L'hle et al., 1987). At the age of 40 d pekins
and muscovies have a BOT of 20''C and 27''C, respectively. No detailed information on
mulards BOT is available. Temperatures in the experiments were higher than the given
BOT and thus influenced the developement of the ducks. The reduction of live weight
by 10% is in agreement with observations of Powell (1984, 1985), and Hanh (1990) in
ducks, and Stilbom et al. (1988), Osman (1988), Osman et al. (1989) in broilers, and
Kriesta et al. (1979), Hester et al. (1984) in turkeys.
Reduction in feed consumption is recognized as the main reason for reduced body
weight. For peking ducks kept at high temperature, the proportion of total feed
consumption was 89 %, 72%, and 87% of the consumption of ducks kept in groups
under normal temperature. In the mulards that value was 89% too. In this way birds
reduce their heat production to maintain body temperature under hot conditions
(Harrison, 1987). Feed conversion was slightly decreased in high temperature (pekins:
96%, 89%, 97% mulards 89%). These results are corresponding with those of Powell
(1984, 1985) and Hanh (1990) in ducks.
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Table 2. Live weight (LW), feed consumption (FC), and feed conversion ratio (FCR)
of pekins and mulards kept under normal and high temperatures
Genotype/
exp. no./sex
Peking I
M
F
Peking II
M
F
Peking III
F
Mulards
M

Normal temperature
LW(g)
FC
FCR

High temperature
LW(g)
FC
FCR

MW
s
MW
s

2096 a
210
1882 a
156

1912 b
182
1798 b
243

MW
s
MW
s

2315 a
192
2206 a
290

MW
s
MW
s

6.18

3.10

5.73

2.53

1998 a
166

5.67

2.84

3256 a
297

12.04

3.70

5.50

2.97

4.12

2.25

1798 b
130

4.94

2.75

2941b
183

10.72

3.64

1926 b
166
1734 b
145

Different letters indicate significant differences between the NT and HT groups, t-test (p<=o,05)
The results concerning the yield of carcass, breast muscle, and leg skin of pekings and
mulards kept under normal and high temperatures are shown in table 3. For the yield of
carcass weight no uniform reaction on high ambient temperature is observed. In
experiment pekin I, the relative carcass weight is reduced under high temperature, but
in pekin III this trait is increased.
Hot conditions increase breast proportions in all experiments compared with the normal
conditions, significantly in the experiments I, II and in the mulard experiment. This
observation confirms results from Hanh (1990). The leg skin yield is decreased in each
experiment under high temperature, significantly in the experiments II, III and the
mulards. Also breast skin yield and abdominal fat (both not given) are decreased. That
points to the fact that fat metabolism of the ducks is changed by high ambient
temperatures. Conversely, an increase of fat proportion is observed in broilers (Kubena
et al., 1972; Swain and Farrel, 1975; Chwalibog and Eggum, 1989; Howhder and Rose,
1992; Hacina et al., 1993)
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Table 3. Yields of carcass, breast muscle, and leg skin of pekins and mulards kept
under normal and high temperatures
Normal temperature
High temperature
Carcass
Breast
Leg skin Carcass Breast
Leg skin
weight
muscle
weight muscle
(%)
(%)
(%)
(%)
(%)
(%)

Genotype/
exp.no./sex
Peking I
M
F
Peking II
M
F
Peking III
F
Mulards
M

MW
s
MW
s

64.74 a
1.71
64.97 a
1.52

13.35 b
1.21
13.77 b
1.39

5.92 a
0.96
5.86 a
1.40

63.57 b 14.57 a
3.38
1.45
63.91 b 14.56 a
4.20
1.25

5.47 a
1.05
5.63 a
1.27

MW
s
MW
s

66.21
1.70
66.56 a
1.74

17.56 b
1.27
17.54 b
1.15

6.41a
0.84
7.02
1.55

65.79 a
1.32
67,12 a
2.36

18.27 a
1.54
18.41 a
1.12

4.82 b
1.03
5.63 b
1.53

MW
s

65.96 b
2.23

12.33 a
1.23

6.21a
0.93

67.21 a
2.16

12.63 a
1.21

5.31b
1.25

MW
s

67.56 a
1.46

17.72 b
2.03

4.12 a
0.80

67.53 a 19.70 a
1.87
2.12

2.80 b
0.80

Different letters mark significant differences between HT, NT (t-Test bzw. MannWhitney-Test; p<=0,05);
Quality of breast and thigh meat of pekings and mulards kept in high (HT) and normal
(NT) ambient temperature is presented in table 4. In experiment pekin I, the results of
both sexes were calculated together because there were no differences between them in
any trait.
Peking ducks exposed to heat showed significantly higher pH values 30 min p.m. in
their breast meat in experiment II. In experiment I for pekins, but not mulards, this
effect tended to be the same. At 24 h p.m. no differences in pH value were detected.
This points to the fact that the glycogenolysis is slowed down in the pekings. The lower
feed consumption in the groups grown under high ambient temperature could have
resulted in a lower glycogen content in the muscles. Thus the glycogenolysis slowed
down and was partly incomplete. Hanh (1990) only finds a significant influence of
high temperatures on thigh meat in ducks. There are no comparable experiments in
ducks in the literature.
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Table 4. Quality of breast and thigh meat of pekins and mulards kept in high (HT) and normal (NT) ambient
temperature
Pekin II

Pekín 1

Mulards

Pekin III

Temperature

NT

HT

NT

HT

NT

HT

NT

HT

NT

HT

Sex

m+f
(n=62)

m+f
(n=64)

m
(n=23)

m
(n=22)

f
(n=25)

f
(n=21)

f
(n=44)

f
(n=44)

m
(n=22)

m
(n=22)

Breast meat
PH30.™n

m
s%

5.90 a
3.05

5.91a
3.66

6.16ax
3.08

6.32bx
2.85

6.27ay
2.39

6.37ax
3.30

6.05a
3.80

5.97a
2.51

6.15a
2.60

6.14a
3.09

Cooking
loss (%)

m
s%

31.6a
11.39

31.7a
9.78

33.5ax
6.21

34. lax
9.41

33.4ax
13.95

34.8ax
9.37

36,8ax
12.69

38.9a
9.71

34.6a
9.42

30.9b
12.91

Shear
force

m
s%

56.3b
16.87

64.3a
38.57

2.89bx
16.61

4.04ax
26.24

3.35by
28.66

4.17ax
28.30

1.93a
35.75

2.08a
30.29

2.14a
25.23

1.58b
15.82

Tenderness

m
s%

4.6a
8.70

4.3a
11.63

4. lax
14.63

4.2ax
17.76

4.2ax
10.95

4. lax
20.49

4.4a
11.59

4.0b
17.75

3.7a
11.89

4.1b
10.73

P^.lOmm

m
s%

6.25 b
3.52

6.38a
3.60

6.68ax
3.14

6.72ax
2.38

6.62ax
3.17

6.72bx
2.08

6.35a
3.46

6.14b
3.42

6.54a
2.75

6.53a
2.76

Cooking
loss (%)

m
s%

30.3a
12.87

29.0
15.86

33.1ax
10.33

34. lax
12.92

33.6ax
11.84

35.3ax
9.18

30.7b
8.85

32.3a
8.98

26.7a
12.17

24.6a
22.28

Shear
force 1)

s%

103.2a
14.73

105.2a
24.24

3.28ax
33.23

3.36ax
29.17

3.5 lax
29.63

3.58ax
27.93

2.20a
32.73

2.48a
29.84

2.45a
35.92

2.20a
40.45

m
s%

3.9a
10.26

4.2a
14.29

4.5ax
18.22

4.5ax
16.22

4.2ax
11.67

4.0a
15.75

3.8a
13.94

3.8a
16.05

4.0a
14.50

3.9a
14.47

Thigh meat

Tenderness

Different letters mark si gnificant d ifterences between hIT, NT (a, b) sexes ( x,y) (t-Test bzw. Marun-Whitney-Test; p<=0, 05);

1) PI Wolodkewitsch shear cell (N), PII, PHI and Mulards Wamer-Bratzler (kg)

In all pekin experiments cooking losses are higher in the breast meat of heat exposed
ducks, hi experiment III this effect was significant. Hanzl and Somes (1983) found a high
significant effect of ambient temperature on cooking loss. The broilers grown in high
temperatures (37,7°C) had a higher grill loss compared with birds grown in normal
temperature (21,1°C). Osman (1988) and Osman et al. (1990) did not find any clear influence
of high ambient temperatures on grill loss in broilers. Conversely, in mulards the cooking
loss is significantly lower in the group grown under high ambient temperature.
The breast meat shear values of the heat exposed pekins were increased in all
experiments, the effect reaching significance in experiments I and II. Also sensoric
tenderness was worse, in experiment III this effect was significant. The reason could be
an alteration of the composition of the muscle tissue. The lower feed consumption
could have led to a higher portion of connective tissue in the muscle, resulting in higher
toughness. Further studies have to be made to get more information on these relations.
Tawfik et al. (1990) did not observe any influence of high ambient temperature on
sensoric traits in broilers.
In contrast mulard breast meat is significantly more tender and has a significant lower
shear value in the high temperature group. Juiceness and flavour (not given) were
improved. For the pH values 30 min p.m. in thigh meat an uniform reaction could not
be detected, the same situation was observed 24 h p.m. (not given). Osman (1988) and
Osman et al. (1990) observed a linear temperature effect on the pH value in broiler
thigh. As observed in breast meat, cooking losses of the thigh are higher in most of the
heat exposed groups as in the control. In experiment III these effects were significant.
In all groups with high ambient temperature shear values of thigh meat were increased.
However, in the mulards tenderness and shear value were only slightly improved. The
reaction of the mulards often is in contrast to that of the pekins. Possibly, mulards are
better adapted for growing and developement under hot conditions because of genes
from the muscovy duck, wich has a higher BOT.
It can be concluded that high ambient temperature (30°C) has an effect on the growth of
ducks. The low feed consumption results in lower live weights of pekins and mulards.
The reduction of carcass fat indicates a different fat metabolism of ducks under hot
conditions. Controversial tendencies of the portions of meat and fat point to differences
in the ability of adaption to high temperatures between ducks and broilers.
Hot conditions had a negative impact on the meat quality (higher cooking loss, higher
shear value, worse tenderness). A compaiison of pekins and mulards points out a better
fitness of mulards for growing and developement under hot conditions. Further studies
are required to consider these aspects.
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DUCK PRODUCTION SCENARIO IN INDIA - SCOPE
FOR IMPROVEMENT
A. Ramakrishnan
Centre for Advanced Studies in Poultry Science, Kerala Agricultural
University, Mannuthy-680 651, Kerala, India

INTRODUCTION
It is believed that the present day domestic ducks originated from the wild mallard
ducks Anas platyrhynchos. It is generally accepted that ducks were domesticated in
South-East Asia first and subsequently in Europe. However, the present day conmiercial
ducks have all been developed in Europe and America. Of the many reasons are the
economic constrains of the nations which have large population of ducks detering them
from spending significantly for duck studies and development and the fact that the
duck production is in the hands of economically and socially weaker sections of the
society. Ducks warrant better attention by researchers and planners especially in
developing nations because of their versatahty.
POPULATION SPREAD
According to 1987 census the duck population in India is 23.48 millions which is
8.53% of total poultry population in the country. Desi (local) ducks out-number
improved or exotic ducks. Desi (local) ducks constitute 92% of total duck population.
West Bengal and Assam put together have the largest number of ducks in the country.
Bihar, Manipur, Kerala, Andhra Pradesh, Tamil Nadu and Crissa have sizeable duck
population though far lower than West Bengal and Assam. In all the states, desi (local)
ducks out-number exotic ducks. In Assam, Manipur and West Bengal there is sizeable
population of improved ducks compared to other States. Eventhough duck production
is confined to limited pockets, it is estimated to contribute around 4 crores to national
income and provides jobs for 2-3 lakh of rural families.
BREEDS AND VARIETIES
In many parts of India where there are large duck populations, groups of ducks have
been identified as distinct local varieties. For example in Assam contrasting groups
like 'Pati', 'Deo', 'Hanh', 'Raj Hanh', 'Nageswari', are known as local groups.
Likewise, in Kerala 'Chara' and 'Chemablli' are some of the local groups. Thus, the
local farmers have identified groups which have similar characteristics, some of them
capable of laying good number of eggs. However, systematic classification is wanting.
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Bhat et al. (1980) have listed 24 breeds and 34 varieties of local ducks but here again
systematic report is wanting. Thus, even though large groups comprising of ducks
having similar phenotypic characters have been known to duck farmers in their respective
locality little information is available on their history, genetic composition or other
information for genetic characterisation of desi (local) ducks.
Recently, efforts have been made to introduce exotic ducks especially Khaki Campbell
for eggs and White Pekin for meat. Some studies have been carried out at the Agricultural
Universities on evaluating their productivity and on their effect on cross breeding with
desi (local) ducks. But perusal of population statistics of ducks indicate that these
exotic breeds have not made any impact in tilting the population ratio between native
and exotic ducks in any part of the country. Ramachandran and Ramakrishnan (1982)
and Revindran et al. (1984) recording the opinions of duck farmers in Kerala have
reported that the poor acceptability of Khaki Campbell is due to their poor egg size and
increased susceptibility to diseases compared to desi (local) ducks.
MANAGEMENTAL PRACTICES
In India ducks are mainly kept for egg production, meat being a by-product. The type
of fanning system employed by the duck farmers in India is one of free range or extensive
system as described by Ramakrishnan and Ramachandran (1982), Ravindran et al.(1984),
Sivaselvam and Prabhakaran (1986), Ritambar et al. (1986).
Semi intensive system of maintaining ducks are practiced only by few farmers and is
commonly employed by organised government and similar agencies.
By and large traditional farmers belong to marginal and landless labour category whose
main source of income is from duck farming. A well knit vertically integrated system
functions in most places with the 'middle-man' as pivotal point.
The layer duck operation is one of nomadic type. Farmers migrate from place to place
in search of post-harvest paddy fields. If the distance between migrating points is
shorter the ducks are bearded on foot. On the other hand, if long distance is to be
covered special lorries are used in transporting the birds.
The flock strength held by the farmers varies from 100 to 1000 which consist only of
desi (local) ducks. Elaborate housing is not provided. The laying ducks are bearded in
the evening after feeding in the harvested paddy fields/rivers into a circular enclosure
made with chicken mesh or bamboo slates on the bank of the paddy field/river in the
open. The farmer or his assistant keeps sentry for his flock during night to safeguard
against predators and theft.
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The ducks start laying from midnight till around sunrise. The eggs are collected in the
early hours of the day and the flock let out for foraging in paddy field/river. The farmers
are charged for foraging the ducks by the owner of paddy field either in the form of
duck eggs or money. Where extensive paddy fields are available under single owner or
under co-operative sector the paddy field is auctioned for foraging by ducks.
During the laying season no food other than that available during browsing in paddy
field is given to ducks by farmers. During non-laying season the ducks are hand fed.
The feed items include milo, jowar,(sorghum), unsalted fish, palm pith etc.
Separate breeding flocks are not maintained by farmers. Each flock has 3-4 drakes for
every 100 ducks. The drakes are chosen based on their physical appearance. The
farmers claim a fertility of 85%. The drakes are maintained not only for producing
fertile eggs; the farmers claim that presence of drakes in the flock controls social order,
custom and behaviour of the flock.
The eggs intended for hatching are collected clean and without contamination by faecal
matter and are sold at 8-10% extra cost.
Affluent among the farmers dispose off their flock after one year of production. While
others either maintain their flock for two years of production or purchase layer ducks
which have completed one year production and maintain them for another year. Seldom
farmers keep their flock for more than two laying seasons. The spent ducks and surplus
drakes are sold for meat.
Hatching operations are carried out by separate set of farmers, by purchasing hatching
eggs from layer flock farmers or arranged through financiers (middle man). Hatching
is done using broody hen. Usually only large sized broody hens are used for hatching
duck eggs. Depending upon the size of hen 15 to 18 eggs are set under each hen.
Experienced farmers get 80-85% hatchability on all egg set. Instances of using same
broody hen for taking out 5-6 hatches are not uncommon. Likewise, some of them use
10-15 broody hens at a time for hatching duck eggs. Thus, hatching of duck eggs is
used as a side-line.
Some State Government farms and few private entrepreneurs custom hatch desi duck
eggs using incubators on charge. There is a singular instance of hatching duck eggs
using Chinese method by a farmer and his family in a hamlet in Tamil Nadu.
The ducklings hatched are reared upto one month by the hatcher himself or purchased
by farmers who involve in rearing of ducklings. The ducklings are generally removed
on the second day from the broody hen and are housed in temporary confined sheds.
Each farmer brood about 2000-3000 ducklings. No artificial light is provided. The
ducklings are kept confined for 7 days and iire hand fed with cooked rice.
591

They are allowed to swim in water after 7-10 days of age. They are hand fed till about
one month of age and there after they are herded to harvested paddy field/ponds. Males
are identified at around two months of age by their voice and are sold off retaining only
the few required for the flock.
Thus, the hatching, brooding and rearing of ducklings and maintaining adult flock are
carried out by specialized groups in each area.
Majority of farmers depend on private individuals for capital finance for carrying out
their business. These individuals also function as duck egg whole salers and
consequently the duck farmers are compelled to sell their eggs to their financiers. The
financiers in certain cases also act as suppHers of ducklings, procurers of spent hens
and transport men of adult ducks from place to place thus occupying a pivotal position
in duck farming similar to that of 'integrators' in chicken farming.
Studying the investment-returns profile of duck farming as is practiced in their locality
Ravindran et al., (1984) has reported a net profit of Rs. 1.36 per bird per month in layer
duck operation and Rs. 1.25 in hatching operation in Kerala. Sivaselvam and Prabhakaran
(1986) reported a net return of Rs.81.13 per 100 eggs in hatching operation Rs.276.25
in rearing of 100 straight-run ducklings from 0-20 weeks and Rs. 12.33 per layer duck
from 20-72 weeks in Tamil Nadu. Ritambar et al. (1986) reported a profit from Rs.l5/
- to Rs.30/- per duck per year for a farmer who engages himself in hatching, rearing
and maintaining layer stock for 2 consecutive years. Working out the expenditure and
return obtained by some commercial duck hatcheries they have observed a net return
of Rs.0.50 to Rs.1.00 per duckling hatched.
NUTRITION
The research information on nutrition of desi (local) ducks is practically lacking. But
Redddy et al. (1980), Reddy et al. (1981) and Gowd et al. (1983), have reported on the
protein-energy requirements of Khaki Campbel ducks. Likewise, Singh et al. (1979),
Singh et al. (1980) and Chopra et al. (1981) have reported on the effect of feed restriction
on White Pekin ducks. Intensive duck holding establishments by and large use the
nutrient recommendations suggested by NRC (1984).
DISEASES
Ducks, especially, desi (local) ducks, are generally considered hardier than chicken.
However, reports of disease outbreaks have appeared from time to time.
Outbreak of duck plague (Duck virus enteritis) was first reported by Mukerji et al.
(1963a) from West Bengal and subsequently by Bowmic and Chakraborthy (1985).
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Outbreak of this disease has also been reported from Tamil Nadu (Duraiswamy et al.,
1979) and from Kerala (Rajan et al, 1980).
An outbreak of duck cholera has been reported from Orissa (Das et al., 1991).
Duck Virus Hepatitis was first reported by Rao et al. (1958) in West Bengal and
subsequently by others (Mukerji et al., 1963b and Bowmic, 1983). Rao (1965) has
reported an outbreak of Duck Pox in Andhra Pradesh. Incidences of parasitic diseases
in ducks have been reported by Rao and Rao (1981). Disease surveillance as such does
not exist for duck diseases. Consequently information on duck diseases comes to notice
only when the outbreak occurs.
DUCK MEAT PRODUCTION
Spent ducks and drakes constitute the sole meat source from ducks. Broiler duck
production is practically non-existent.
MARKETING
The major share of marketing of duck egg and spent ducks takes place in the producer
- wholesaler - retailer - customer chain. Majority of the wholesalers are financiers to
the duck farmers. The role of other maraketing channels is very insignificant.
DUCK-CUM-FISH FARMING
Integrated farming system has been identified as one of the methods to increase
productivity from unit area, and to generate higher income. Duck-cum-fish farming
offers promise. Jhingran and Sharma (1978), Jhingran and Sharma (1980) and Sharma
(1981) have reported experiments on duck fish integrated farming system.
CONCLUSIONS AND STRATEGIES FOR FUTURE
The duck production system in India is essentially in the hands of rural poor contributing
to their economy and welfare. Desi (local) ducks constitute over 92% of duck population
and are distributed in rice cultivating regions. They are exclusively maintained for egg
production. Duck meat production as an avocation is non-existent. Spent ducks and
drakes contribute to duck meat. Herding system of duck keeping is the norm.
Eventhough distinctive groups among desi (local) ducks have been identified, no serious
efforts have been made to characterise and evaluate the genetic architecture of the
ducks. Some of the groups, as reported by farmers, are good layers and therefore offer
promise for development into a prolific layer if suitable breeding technologies are
adopted. The Thaiwan experiment with Tsayia can be a model.
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Efforts to introduce exotic breeds like Khaki Campbell and White Pekin into the existing
duck rearing system has not made any noticeable impact. The reason for the nonacceptability of these breeds has not been fully studied. Cross breeding may change
the situation but comprehensive information of cross bred performance is wanting.
The nutritional management of ducks has not received any attention. The productivity
of the existing stock can possibly be tilted favourably by introducing low cost
supplemental feeding during laying period.
Disease surveillance is one of the adjunct for improving productivity. Information on
duck diseases is scattered and scanty. Therefore, there is a strong case for establishing
a disease surveillance system even for catering to the need of herded system of duck
farming.
Duck-fish integrated farming can be thought of as a means of increasing productivity
on unit area. This can lend itself easily even with small holdings. But information on
the different aspects such as stocking density in terms of duck and fish, impact of duck
manure on the water ecosystem, types of fish amenable and acceptable to this system
etc. is lacking and hence needs further study.
Intensive duck production as with chicken may appear to be a means of increasing
productivity especially in the context of increasing pressure on land by human
population. But it has limitations. Primarily intensive duck farming increases capital
cost; secondly this system requires hand feeding which therefore results in competition
for grains with human population. Above all, the introduction of intensive duck farming
may have far reaching effects on the socio-economic fabric of rural areas. Therefore,
this has to be initiated with caution.
According to a recent report of FAO, the food need of the developing countries will
double by the turn of the century. Duck production offers promise as an alternate and
additional system in food production in the rural sector. Therefore, extensive adaptive
research is required before planning massive developmental strategies. Eventhough
the experiments and experiences in some of the South East Asian countries like,
Malaysia, Taiwan and China can be of help in giving shape to duck development
programmes, technologies suited to the socio-economic conditions of India, for which
intensive research efforts have to be made. Currently the research information on ducks
in India is very negligible and lacks direction.
Considering the above aspects the priorities for the future should be:
1.
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Estabhshiment of a National Research Centre on Ducks as the nodal agency for
conceiving, monitoring and evaluating duck research in the country.

2.

Characterisation, classifications and evaluation of desi (local) ducks with an
objective of identifying potential varieties/groups for egg production and evolving
suitable breeding techniques for further refinement and improvement.

3.

Simultaneously, cross bred performance making use of desi and exotic breeds
needs evluation.

4.

Establishment of a disease surveillance monitoring unit for duck diseases.

5.

Evaluation of duck-fish integrated farming as an additional strategy for increasing
productivity.

6.

Assessment of socio economic impact of introducing intensive system of duck
farming for egg prdouction.
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NUTRIENT REQIREMENTS OF DUCKS
V.D. Bulbule
Central Duck Breeding Farm, N-5, F-12, " Tara", Shrinagar Colony,
Cidco, Aurangabad, 431 003 (Maharashtra) India

Nutrient requirements of egg and meat type ducks have been discussed. This
report mainly deals with the requirements of energy, protein, some amino acids
minerals and vitamins. On the basis of the trials practical nutrient levels have
been suggested for feed formulations.
INTRODUCTION
The information on the nutrient requirements of ducks in India is not adequate. Even
in the developed countries duck has been very neglected as research animal.
In the world 75% of the ducks are in south and East Asia and the population is
increasing at the rate of 5% per annum. Most of the countries from Southern China
to Indonesia and from India to Philippines are rice producers. In these areas ducks
are reared on rice fields, low lying areas near lakes ponds canals streams or sea
shores where water facilities are available. They move from rice field to rice field,
some times covering many kilometers in search of food which mainly consists of
paddy grains fallen during harvest, shrimps snails , small fishes, earthworms water
weeds, insects etc. Thus the overheads are low and the cost of production is negligible.
The rate of production is also low. Because of this cheap duck rearing system adequate
attention was not paid to evaluate their natrient requirements. Duck eggs are favoured
in this region and the demand is increasing with the increase in human population.
Production can be increased by rearing the ducks on modem lines for which knowledge
on their nutritional requirements is essential.
NUTRIENT REQUIREMENTS OF LAYING DUCKS
Energy and Protein
In an experiement Pan et al. (1981) reported that egg production and egg weight
were significantly increased with an increase in the diatary crude protein from 15 to
19% in laying ducks fed corn-soy diets. The dietary ME levels of 11.8 and 11.92 MJ
ME/kg have no significant effect on egg production but the birds laid significantly
heavier eggs than those fed 11.92 MJ ME / kg. The best feed conversion ratio was
obtained at dietary levels of 11.92 MJ ME/kg and 19% crude protein. Prasad et al.
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(1988) estimated the protein energy requirements of Khaki Campbell female ducks
from 1-6 weeks of age and found a protein level of 16% and ME of 10.9 MJ/kg to be
optimal.
Methionine and Lysine
It was reported that addition of 0.1 - 0.2 % DL methionine to duck layer diets
formulated to contain 0.3% methionine, gave the best efficiency and egg weights.
Similarly, the dietary lysine level for optimum egg production and feed efficiency
ranged from 0.85 to 1.0% (Chen et al.l981).
Leucine, Isoleucine and Valine
Chen et al. (1994) studied the requirements of laying Tsaiya ducks fed on a control
diet (and supplying 18% CP, 3.0% calcium 0.46 available phosphorus, 0.85 leucine,
0.85 isoleucine, 0.86 valine and 11.5 ME MJ / kg of the diet) by supplementing the
diet with graded increments of 0.15 % lysine. From the dose response curve the
leucine requirement for maximum production was calculated to be 1.46%.
MINERALS
Calcium and Phosphorus
Ducks are prolific layers; hence the demand for calcium and phosphorus is high. Wu
(1978) recommended an optimum calcium level of 2.5 to 3.1% and total phosphorus
0.5 to 0.6% in a com soybean diet for brown domestic ducks while Pan et al. (1977)
recommended total dietary phosphorus level at 0.70% (available phosphorus, 0.47%)
Chen et al. (1983) reported that a requirements of white 2.9-3% calcium to be
adequate for laying Tsaiya ducks fed diets containing 0.52% available phosphorus
(0.82% total phosphorus). In white Pekin breeder ducks Dean and Hayden (1979)
obtained comparable responses in feed consumption, fertility, hatchabiUty shell and
percent crocked eggs at all Ca levels between 2.25 to 3.75 % during the first laying
cycle. But there was an indication of a small increase in egg production as calcium
was increased to 3.25%. But when calcium was reduced to 1.25% the egg production
egg shell thickness and feed conversion were markedly inferior as compared to those
fed 1.75, 2.25 and 2.75% calcuim (Dean 1981). Kuang and Shen (1988) in feeding
trials on Tsaiya ducks recommended that dietory calcium of 3% and phosphorus of
0.25% should be used for laying ducks. Shen (1985) while reviewing the available
literature on calcium / available phosphorus ratio for laying ducks indicated that a
ratio between 5.2 to 5.9:1 appears to be adequate.
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Sodium
Dean (1978) and National Research Council (1984) recommended 0.14% sodium for
breeding ducks. Chen (1984) observed that ducks fed com / soya diets (0.08%
sodium) achieved optimum egg production, egg weight and feed efficiency when
sodium levels were increased to 0.19 - 0.28%
Manganese
The Natorial Research Council (1984) recommended 25 ppm manganese for breading
ducks. However Pan et al. (1984) at Duck Research Centre in Taiwan observed that
addition of 40-60 ppm of manganese to a com / soybean diet containing 23 ppm
manganese may improve fertility and hatchability. Pan et al. (1985) reported that the
optimum Mn content for the diet of laying ducks was 79.8 mg / kg.
Zinc
Lee et al. (1984) observed that addition of 30 ppm zinc to a com / soybean diet is
adequate.
VITAMINS
Vitamin A Yang and Chiang (1984) showed that brown domestic ducks fed a barley
/ soybean/fishmeal diet containing 2200 lU vitamin A/kg without additional vitamin
A resulted in low egg production, egg weight, fertility, hatchability and progeny
livability as compared to those fed diets supplemented with 10,000 lU Vitamin AA^g.
Vitamin E Pan et al. (1985) concluded that in order to obtain better laying performance
20-30 mg DL-alpha-tocopherol acetate per kg should be added to a practical diet.
Linoleic acid Chen et al. (1981) examined the effects of feeding different levels of
linoleic acid ranging from 0.3% to 2.2% gave lower egg to white domestic laying
ducks and found that though 0.3% of linoleic acid production and hatchability as
compred to other treatments but egg weight and fertility were not affected by any
level of the falty acid.
Choline
Chen et al. (1993) suggested that the minimum level of choline in the diet of Tsaiya
ducks should be 1200 mg /kg when fed on a diet of maize / soybean meal with 18%
CPand 11.5MJME/kg.
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Pigmentation
In Taiwan, Thailand etc. consumers like to eat processed eggs like salty with a red
orange yolk. For this yolk colour it is essential to add a colouring agent such as
canthoxanthin to the diet. Yang (1982) observed that in a practical layer diet the
supplementation of canthoxanthin at 4 ppm is sufficient to meet this requirement.
Table 1. Recommended requirements of some nutrients for laying ducks (Lee et al. 1984)
Nutrient
Metabolizable energy (MJ/kg)
Protein (%)
Methionine + Cystine (%)
Lysine (%)
Calcium (%)
Available phosphorus (%)
Manganese (mg/kg)
Zinc (mg/kg)

Requirement

-

11.92
19.0
0.70
0.88
2.90
0.47
25
60

NUTRIENT REQUIREMENTS OF GROWING DUCKS
Energy and protein
Yang (1980) investigated the energy and protein requirements of starting domestic
ducks. He suggested that 0-3 week old ducklings required at least 10.25 MJ ME/kg
and 19.5% CP in the diet for best performance.
MINERALS
Calcium and phosphorus
Wu (1978) examined the calcium and phosphorus requirements of 0-3 weeks old
Brown Tsaiya ducklings. His results showed that the minimum calcium requirement
was 0.58 % for maximum growth and 0.18% for optimum tibia ash content. The
minimum available phosphorus requirement was 0.34% (total phosphorus 0.64%) for
both growth rate and tibia ash content.
Zinc and Manganese
Wu (1982) studied th zinc and manganese requirements of Tsaiya ducklings. Minimum
zinc and manganese levels required for optional growth were 52 and 39 ppm. However
it is essential to add at least 20 ppm of manganese to com/soybean diets.
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Energy
The availabily of energy from feed stuffs for ducks and chicken appears to be similar
but the ducks utiUze more of this energy for conversion into body fat. Mohmed et al.
(1984) found slighly higher ME values for various diets in ducks than with chickens.
Improvements in feed conversion in ducks have been reported to occur upto a level
of approximately 14.22 MJ ME/kg. Above this level Siregar et al. (1982) did not
observe any further improvement in feed conversion. Dean (1978) observed no
significant effect on weight gain by varying the energy density of the diet from 9.20
to 11.97 MJ ME /kg. Only feed conversion was affected by these changes. However
slight increase in ME occured as energy density increased.
Protein
Diverse protein requirements for optimal growth have been reported in the literature.
Dean (1967) and Wilson (1975) reported as high as 22% and Scott (1959) as low as
16% of protein in the diet for the starting period of 0-2 or 0-3 weeks. A protein
requirement of 24% (0-8 weeks) was reported for ducks grown in tropics by Oluyemi
and Fetuga (1978). When expressed per unit of dietary energy the starting protein
requirements of Pekin ducklings fall within the range of 17.5 to 17.7 g protein /MJ
ME. Somewhat lower requirements all within a range of 14.8 - 15.5 g protein /MJ
ME were reported by Shen (1977) for mule ducks; by Leclercq (1975) for muscovy
ducks; and Siregar et al.. (1982) for Australian meat-type ducks.
For the post starting period after 2 or 3 weeks age a majority of investigators have
indicated requirements within a range of 11.5 to 13.9 g protein / MJ ME. (Helder
,1962; Dean 1967; Rous et al., 1974 and Leclercq and de Carville, 1976). However
values as low as 8.6 (Siregar et al. 1982) and as high as 17.4 ( Jeroch et al. 1977)
have also been reported.
For the late finishing period of muscory ducks (6-10 weeks) Leclercq and de Carville
(1975, 1976, 1977) reported requirements in the range of 9.6 to 10.3 g protein / MJ
ME. Ali and Ahmed (1990) in a study on protein requirements of muscovy ducklings
observed 21, 18, and 15% of CP as optimum for starters (1-28 days), growers and
finishers (29-70 days) and age at market (84 days ) respectively. The concentration
of energy relative to protein in the diet (Energy: Protein ratio) appears to exert a
greater infleuence on carcass composition (Dean, 1978 and Scott et al. 1959).
In an experiment for 8 weeks with Beijing ducklings, Yunyan et al. (1989) gave diets
containing ME 2.6, 2.7, 2.8 or 2.9 M cal /kg and 14, 16,18, 20 or 22% digestible
protein. Optimum results were obtained from ducks given 2,8 M cal ME /kg and
20% protein. Mazanowski et al. (1991) obtained optimum results for growth, carcass
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composition and feed conversion efficiency with diets containing 13-16% CP and
10.1 to 11.1 MJ ME / Kg fed to 4 week old duckings. Roy and Choudhury (1994)
that the protein requirements of Pakiri ducklings during the starter period (1-3 weeks)
and grower- finisher period (4-12 weeks) depends on age at marketing. If marketed
at 6,9 and 12 weeks of age, 22-18% , 20-16% and 18-14% of CP would be adequate.
He et al. (1994) studied the nutrient density of diets in China for starter (0-3 weeks)
and grower (4-7 weeks) ducklings for peak body weight gain. The optimum levels of
CP were 21-23% and 16-23% for starter and grower diets. They further recommended
that both diets should contain ME 11.82 MJ/kg and Ca : P ratio 1.0 : 0.90.
Reports are scanty on the requirements of meat - type breeder ducks. Dean (1971)
showed no improvement in the performance of laying Pekin breeder ducks as a result
of increasing the protein level of their laying diet above 16% (at 11.39 MJ ME/kg).
AMINO ACIDS
Methionine
In com /soybean meal starter diets with 22% protein and 12.55 MJ ME / kg, the
methionine requirements of ducklings for optimal early growth was found to be
0.47% or 0.38 g MJ ME (Dean 1977; and Dean and Shen, 1981). Similar results
were reported by Elkin et al. (1985) who found that Pekin ducklings fed a com / peanut diet required 0.47% methionine (0.38 g/MJ) for maximum growth for 0-12 days.
Elkin et al. (1987) in an experiment with male White Pekin ducklings concluded that
the calculated methionine requirement was 0.382 to 0.422% (0.666 to 0.706 total
sulphur containing amino-acid) in a diet based on maize and groundnut meal with
22% CP and 0.268% methionine and 0.284 cystine. Leclercq and de Carville (1977)
found that methionine + cystine requirements to be 0.60% (0.50 g/MJ ME) and
0.50% (0.42 g/MJ ME ) for the Muscovy growing ducks during the periods of 3-6
and 6-10 weeks respectively.
Leucine
Yu and Shen (1984) reported minimum requirements of leucine, isoleucine and valine
of mule ducklings aged 8-20 days as 1.26, 0.63 and 0.78% of diet respectively in a
maize/ soybean/wheat bran based diet with CP 18% and ME 11. MJ / kg.
Lysine
A 22% protein com /soybean meal starter diet (1.22%) meets the requirements
during early growth for lysine ( Dean and Shen, 1981). A lysine requirement of
1.06% (0.90 MJ ME ) was reported by Chen and Shen (1979) for mule ducklings of
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and 2. control (Ca 0.80%, P 0.65%), with 20 in each group. The birds were housed
in electrically heated units and provided water and one of the two diets for three
weeks.
The natural diet deficient in phosphorus was puoduced in Sichuan, China. Nutritional
requirements (exept phosphorus) were adequate according to NPC (Table 1).
Table 1. Composition of experimental diets.
Ingredient (%)

P deficiency

Control

Yellow com

61.33

59.88

Soybean

28.00

28.00

Rapeseed cake

2.00

2.00

Wheat flour

6.00

6.00

NaCl

0.25

0.25

Lys

0.20

0.20

Met

0.22

0.22

Vit. and trace minerals

0.21

0.21

CaCo^

1.79

1.80

-

1.44

20.11

20.00

NaH^PO^
CP (%)'
ME ( Mool/kg)

2.88

2.84

Ca (%)

0.80

0.80

TP (%)

0.366

0.65

Vitamin premix contained (per kg diet ) : Vit. A 4000 lU, Vit. D 220 lU, Vit. E 10
lU, Vit. K3 Img, B, 4mg, B^ 3mg, nicotinic acid 55 mg, folie acid 0.56 mg, biotin
0.15 mg, B^2 O.lmg, Ca pantothenate 12mg, choline Cl 1.3g.
Trace mineral premix contained (per kg diet) : CuSO^ 12.5mg, FeSO^ . 7H2O
217.40mg, MnSO^ 164.80mg, ZnSO^ 150mg, KI 0.52mg, Na^SeO 0.5mg.
Clinical observations : Ducklings were daily observed for signs and weighed per
week during the experiment. At the end of experiment, five ducklings in each group
were randomly selected to collect their serum for examining for calcium and
phosphorous concentration and AKP activities; the left tibias of the above ducklings
were taken for examining ash, ash calcium and phosphorus content at the same time.
Pathological examination : After postmortem examination, bone tissues ( humérus,
femur, tibia, matatarsal, and rib) were taken and fixed in 10% formalin solution,
decalcified, embeded in paraffin, and stained with hematoxylin and eosin for
histopathological examination.
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PHOSPHORUS DEFICIENCY IN DUCKLINGS
Cui Hengmin and Luo Lingping
College of Animal Science & Technology, Sichuan Agricultural
University, Yaan, Sichuan 625000, China

A total of 20 one day old Tianfu duckling were fed on a natural diet defecient
in phosphrus (Ca 0.80%, P 0.366%) for three weeks and examined for signs and
lesions. Signs began to appear at the age of one week, and became serious at two
weeks. Thirteen ducklings died during the experiment. Morbidity was 100%
and mortality was 65%. The affected ducklings mainly showed leg weakness,
severe lameness, depression, lack of appetite and stunted growth. The serum
alkaline phosphatase activities increased markedly. The serum phosphorus
concentration, tibial ash, ash calcium and phosphorus content decreased
obviously. At necropsy, maxillae and ribs were soft, and the latter was crooked.
Long bones were soft and broke easily. The hypertrophie zone of the growthplate in the epiphysis of long bones was lengthened and osteoid tissue increased
in the metaphyseal spongiosa histopathologically. The above mentioned symptoms
and lesions could be prevented by adding phosphorus to the natural deficient
diet ( up to 0.65%). The relationship between lesions and signs,
pathomorphological characterisation and pathogensis were also discussed in the
paper.
INTRODUCTION
It is reported that avian rickets produced by phosphorus deficiency mainly occur in
chickens. Rickets in chickens are characterised by bone lesions, reduced X-ray contrast
and bone ash and serum phosphorus concentration , increased alkaline phosphatase
(AKP) activities, lameness, depression, lack of appetite and retard body growth,
(Cui, et al 1992; Cui, et al 1993; Riddall 1975; Long, et al. 1984; Riddell, 1981;
Lacay, et al 1982 and Nerin, et al 1981). However, duckling rickets caused by
phosphorus deficiency have not been reported so far. The objectives of our study are
to characterise signs, biochemical findings, lesions of the ducklings fed on the natural
diet deficient in phosphorus produced in Sichuan, China, and to provide the helpful
materials for diagnosing and preventing rickets in ducklings.
MATERIALS AND METHODS
Experimental ducklings and diets : A total of 40 one-day-old Tianfu ducklings
were randomly divided into two groups, 1. phosphorus deficient (Ca 0.80%, P 0.366%)
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Hegsted and Perry (1948) concluded that 4 mg/kg riboflavin was sufficient to support
maximum early growth. Lin and Yang (1987) observed that the maximum requirement
of riboflavin for mule ducks from 3-21 days old was 4.6 mg/kg diet.
Pantothenic acid
The pantothenic acid requirement for optimal early growth was satisfied at a level of
11 mg / kg of diet (Hegsted and Perry, 1948).
Pyridoxine
A pyridoxine level of 2.5 mg/ kg prevented all signs of pyridoxine deficiency as
reported by Hegsted and Rao (1945). Dean (1985) suggested nutrient levels in practical
diets for meat type ducks in (table - 2) which are mostly applicable to rapidly
growing Pekin duckling, but are useful guides for all meat type ducks.
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Table 2. Suggested nutrient levels in practical diets for meat type ducks ( Dean ,1985)

Njitrient

Energy base

Growing
finishing
(after 2
weeks)
12.97

Breeding
(during
lay)
11.72

0.47

16
0.35

16
(0.35)

0.18
1.20
1.20
0.23
0.65

0.60
0.80
1.00
(0.20)
0.60

(0.60)
(0.70)
(0.80)
(0.16)
2.75

0.40
0.15
0.13
600
40
70
0.15
(0.15)

0.35
0.14
0.12
500
35
60
0.15
(0.15)

(0.30)
(0.14)
(0.12)
(500)
(35)
(60)
0.15
(0.30)

4000

3000

(4000)

Units
per kg
(or %)
MJME

Starting
(0-2 weeks)
12.97

%
%

Protein
Methionine
Methionine
+ cystine
Lysine
Arginine
Tryptophan
Calcium
Phosphorus,
available
Sodium
Chlorine
Magnesium
Manganese
Zinc
Selenium
Iodine

mg
mg
mg
mg
mg

Vitamin A
Vitamin D

lU
ICU

%
%
%

%
%

22

500
400

500
(20)

Vitamin E
Vitamin K
Riboflavin
Pantothenic
acid

lU
mg
mg

4

5
1
3

mg

12

10

(12)

Niacin
Vitamin B 12
Choline
Pyridoxine

mg
mg
mg
mg

50
(0.01)
2000
3

50
(0.005)
1000
3

(50)
(0.005)
(1000)
3

20
2

(2)
(4)

* Energy concentration to which nutrient levels in table relate. 2 Values in parentheses are estimates.

Riboflavin
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Vitamin E
Jager et al. (1969) suggested a requirement of 20 mg d-alpha-tocopherol acetate
(equivalent to 27 lU Vitamin E) per kg feed.
Vitamin K
The comnion practice of debilling ducklings to control cannibalistic behaviour like
feather pecking increases the importance of providing adequate diatary levels of
vitamin K in a suitable form.
Choline
The minimal requirement of ducklings for choline is in excess of 580 mg/kg but not
no more than 1020 mg/kg as reported by Dean (1982).
Niacin
The niacin dificiency in the ducklings is associated with bowing of the legs. Hegsted
(1946) reported a level of 25 mg kg to support normal growth. Wu et al. (1984)
indicated that the addition of 20 mg / kg niacin to com/soya diet was necessary to
maximise growth and efficiency of feed conversion. Similar results were obtained by
Dean (1972).
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Sodium and chloride
Dean (1972) observed 100% mortally by 19 days of age in Pekin ducklings fed a
com / soya diet without supplemental sodium chloride. Mortality was prevented by
adding 0.2% NaCl to the diet. For optional early growth dietary level of 0.14 %
sodium and 0.12% chlorine were found to be required. These requirements are usually
met by addition of 0.3% NaCl to com / soy diet.
El-Deek and Shebl (1988) recommended sodium chloride between 0.4 and 0.8%of
diet in growing ducks.
Manganese
Bemard and Demers (1952) observed that supplementing the diet with 35 mg/kg
manganese prevented perosis and supported normal growth. Wu and Shen (1978)
obtained similar results in mule ducklings.
Zinc
Wu and shen (1978) observed that the maximum growth response to zinc was obtained
at 68 mg/kg.
Selenium
Jing et al.(1987) in a study on growth and mortalily in Pekin ducks found that based
on body weight blood glutathione peroxidase activity and liver content, a dietary
level of 0.03 PPM Se content was adequate.
VITAMINS
Vitamin A
The studies carried out at Cornell University during 1950 indicated that market
Pekin ducklings require approximately 2200 lU of Vitamin A per kg of feed, with a
generous margin of safety added to practical duck diets.
Vitamin D
Fritz et al. (1941) and Motzok and Branion (1948) indicated a vitamin D requirement
of ducklings of 300 A.O.A.C. units /kg feed which is equivalent to 225 ICU/kg.
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9-21 days of age using a cereal grain / soy /peanut meal diet containing 18% protein.
Leclercq and de Carville (1979) found lysine requirements of 0.65 % (0.54 g/MJ
ME) and 0.59% (0.47 g/MJ ME) for the muscovy growing periods of 3-6 and 6-10
weeks respectively.
Tryptophan
Wu et al. (1984) concluded that 0.23% tryptophan (0.18 g / MJ ME) was adequate
for the growth of mule ducklings during the period 7-19 days, using com / soybean
meal / gelatin diet (18% protein, 12.97 MJ ME/kg)
Arginine
Chen and Shen (1979) recommended that mule ducklings require a dietary level of
1.08% arginine (0.92 g/MJ ME ) for maximum weight gain during 9-21 days age
using a diet containing 18% protein and 11.76 MJ ME/kg.
MINERALS
Calcium
Dean et al. (1967) demonstrated optimum growth and bone ash percentage in Pekin
ducklings at a dietary level of 0.56% calcium (in diets containing 12.13 - 12.97 MJ
ME /kg). Lin and Shen (1979) reported a calcium requirement of 0.58% (at 11.52 MJ
ME / kg) for optimum growth and bone ash in mule ducklings. Limited research on
calcium requirement of meat type breeder ducks indicated that no more than 1.75%
calcuim (at 11.79 MJ ME /kg ) is necessory for optimum egg production and tgg
shell thickness (Dean, 1981). This level of calcium is considerably lower than the
requirements of 3.0% reported for egg type Tsaiya ducks by Chen et al. (1983).
Phosphorus
The phosphorus requirement of Pekin ducklings (0-4 weeks ) at different levels of
dietoy calcium ranging from 0.6 to 1.5% (at 13.15 MJ ME/kg) was investgated by
Dean (1972). Weight gain and bone ash percentage were maximised at 0.60% total
phosphorus (0.35% available). Lin and Shen (1979) reported a similar phosphorus
requirement for mule ducklings (0-3 weeks of age). Leclereq and de Carville (1979)
reported that during the periods 0-3, 3-6 and 6-10 weeks of age Muscovy ducklings
required 0.40, 0.22 and 0.18 available phosphorus (0.67, 0.49, and 0.45% total)
respectively for maximum growth.
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RESULTS
Signs : Phosphorus deficient ducklings began to develop signs at the first week and
bacame all sick at the second week, and 13 died during the experiment. Morbidity
was 100% and mortality was 65%. Signs appeared suddenly among ducklings which
showed obvious lameness and difficulty in standing. Control ones did not exhibit
signs.
Affected ducklings mainly showed leg weakness and deformities with "O" shape
characterized by an abnormal gait and obvious lameness. Maxillae were very soft.
Long bones of the wing and leg were soft and tibiae were curved with semicircle
shape. Depression, lack of appetite and severely stunted growth were also observated.
At the final stages of disease, ducklings dropped to the ground and were unable to
stand and to move with their legs splayed, and showed heavy depression, emaciation,
exhaustion and stoped body growth. A total of 13 ducklings died during the
experimental period.
Phosphorus deficient ducklings were visibly smaller than controls and their body
weight also was much lighter. ( Table 2)
Table 2. Body weight gain (g) in ducklings.
Groups

Before Experiment

One week

P deficient

51.0 ±1.23

103.5 ±5.94 *

Control

50.25±0.75

134±5.68

Two weeks
170±3.54 **
409.4±8.96

Three weeks
113±6.5 **
890±10.58

* differs from control ( P < 0.05) : ** differs from control (P < 0.01).

Biochemical findings :
When the experiment ended, the serum AKP activities
were much higher and the serum phosphorus concentration, tibial ash, ash calcium
and phosphorus content much lower in phosphorus deficient ducklings than in control
ones, as showed in Tables 3 and 4.
Table 3. Tibial ash, ash Ca and P content in ducklings
Groups
P deficient
Control

Ash (%)

Ca (%)

P(%)

22.67
36.74

7.81
13.01

4.70
8.31
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Table 4. Changes of the serum AKP activities and Ca and P concentration in ducklings
Groups

P deifcient
Control

AKP

Ca

P

unit

mmol /L

mmol / L

51.7 ± 5.01 **
32.26 ±1.45

2.94 ± 0.06

3.66 ± 0.21 **

3.10 ±0.10

5.10 ± 0.09

** differ from control ( P < 0.01)

Pathological changes : Lesion were observed only in bones, other organs were
normal. Maxillae were very soft, ribs were soft and curved, vertebrae were mildly
soft and crooked with "s" shape, Long bones, including humérus, radius, ulna, clavicle,
femur, tibiba and metatarsal, were also soft and crooked. Fracture of tibia was also
observed at the diaphysis.
Microscopically, the hypertropied zone of the growth-plate in the epiphysis of long
bones was mildly lengthened. In many birds, osteoid tissue increased around the
osseous trabeculae in the metaphyseal spongiosa. Osteoblasts and osteoclasts were
normal. In the fracture of tibia, hemorrhage, necrosis and granular tissue were observed.
Control ducklings were normal.
DISCUSSION
In addition to major constituent of bone, phosphorus is also an essential component
of organic compounds involved in almost every aspect of metabolism. So phophorus
deficiency in diet largely affects the health of animals which can develop stunted
growth, signs and pathological changes in the form of ricket. In this study, ducklings
fed on the natural diet deficient in phosphorus developed signs at the first week and
were all sick at the second week. Morbidity was 100% and mortality was 65%. The
above experimental results demonstrate that ducklings are very susceptible to
phpsphorus deficiency in the earlier stages of their life.
From the results of the gross and histopathological characterisation of phosphorus
deficient ducklings is very different from that of calcium deficient ducklings (Cui,
at al 1993) and of phosphorus deficient chickens. In phosphorus-deficient rickets,
lengthened hypertropied zone of the growth-plate in the epiphysis of long bones is
due to a decreased résorption of hypertrophie cartilage by chondroclasts (Lacey, et
al 1982). Bones are soft and crooked because the diet deficient in phpsphorus results
in reduced calcium and phosphorus accumulation in the bone tissue (Table 3).
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PROTEIN AND METABOLIZABLE ENERGY
REQUIREMENTS OF KHAKI CAMPBELL LAYER
DUCKS
D. Ravindra
National Bank for Agriculture and Rural Development, Worli, Bombay,
400 018, India

A study was conducted to determine the protein and energy requirements of Khaki
Campbell layer ducks(140 - 280 days age) in a 3x4 factorial experiment with 18,20
and 22 per cent protein each at four ME energy levels of 2200, 2400, 2600 and
2800 Kcal ME/kg. The 20 per cent dietary protein resulted in significantly (P<0.05)
higher hen-day egg production, whereas the energy levels tested had no significant
(P>0.05) influence on egg production. 20 per cent dietary protein promoted
significantly (P<0.05) better feed efficiency than the 18 per cent level, but was
comparable with that at 22 per cent. Dietary energy concentration of 2600 Kcal
ME/kg resulted in significantly (P<0.05) lower feed consumption as well as better
feed efficiency. Egg weights were significantly (P<0.05) higher at 18 per cent protein
level, whereas energy content had no significant (P>0.05) influence on egg weights.
No significant (P>0.05) influence on body weight gain or loss was observed either
by dietary protein or energy. For maximum egg production together with
satisfactory feed efficiency 20 per cent protein at 2600 Kcal ME/kg in the diet of
layer ducks is found to be optimal.
INTRODUCTION
Importance of protein and metabolizable energy (ME) requirements of laying ducks
has long been recognized (Horten„1932; Sullivan, 1961; Cvetanov et al.,1969). While
working with Chinese laying ducks Wu(1980) observed that the ducks which were
offered 3097 Kcal ME/kg recorded maximum egg production. Pan et al.(1981) reported
significantly greater egg weights with lower ME values and significantly higher egg
production with 19 per cent protein than the lower levels. Reddy et al. (1981) suggested
that laying ducks require 19 per cent protein and 2400 Kcal ME/kg for optimum egg
production. It was, therefore, proposed in this investigation to critically examine the
effect of varying dietary protein levels and their interaction with ME content of the
diets in promoting optimum egg production and associated production parameters using
Khaki Campbell layer ducks.
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MATERIALS AND METHODS
An experiment was conducted to determine the protein and energy requirements of
Khaki Campbell layer ducks by using 3x4 factorial design. 20-week old female ducks
were distributed to 24 floor pens at random such that the group average weights were
comparable. Eight birds were placed in each pen and two such replications were allotted
for each experimental diet. Twelve dietary treatments containing 18,20 and 22 per cent
each at 4 energy levels of 2200, 2400, 2600 and 2800 Kcal ME/kg were formulated
(Table 1) and analysed for proximate composition, calcium and phosphorus (A.O.A.C,
1970). Feed and water were offered ad lib. and the feed consumption of each group was
determined. The experimental period (140 - 280 days) was divided into five 28 day
periods and data on daily egg production initial and final body weights of birds for
each period, mean weights of all the eggs produced during the last three days of each
period and period wise feed consumption were recorded. Feed efficiency was calculated
as gm. of feed consumed for production of one dozen eggs. The data were
analysed(Snedecor and Cocham, 1967) and significant differences were identified by
Duncan's Multiple Range Test (Duncan, 1955).
RESULTS AND DISCUSSION
Data on the effect of different protein and energy levels on the productive performance
of Khaki Campbell layer ducks are presented in Table 2. The dietary protein x energy
interaction had no significant (P > 0.05) effect on hen-day per cent Qgg production ,
feed consumption, feed efficiency and body weight gain or loss. The effect of interaction
between dietary protein and energy was significant (P < 0.05) on egg weights. The
highest egg weight was recorded at 18 per cent protein and 2400 Kcal ME/kg diet
whereas the lowest egg weight was recorded at 20 per cent protein and 2400 Kcal ME/
kg diet. The results of the cumulative effect of protein or energy independent of each
other are summarised in Table 3.
Irrespective of energy levels , egg production in ducks receiving 20 per cent dietary
protein was significantly higher (P < 0.05) as compared to that with 18 per cent
dietary protein but was not significantly (P > 0.05) different from that with 22 per cent
dietary protein. The energy levels tested had no significant (P > 0.05) influence on egg
production. However egg production numerically increased with each increase in dietary
energy level. Feed intake at 18 and 20 per cent dietary protein levels was comparable
but with 22 per cent dietary protein it was significantly (P < 0.05) lowered. A significant
(P < 0.05) decrease in feed intake of layer ducks was noticed with increase in the level
of dietary energy from 2200 Kcal ME/kg to 2600 Kcal ME/kg . Further increase in
energy level had no significant (P >. 0.05) influence on feed intake. A significant (P <
0.05) improvement in feed efficiency of layer ducks was noticed with increase in the
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Table 1. Ingredient composition of experimental rations(%)
Protein(%)
20

18
Ingredients
2200

ME kcal/kg
2400 2600

2800

2200

ME kcal/kg
2400 2600

22
2800

2200

ME kcal/kg
2400 2600

2800

57.50 57.50 57,50 57.50 53.20 53.20 53.20 53.20 48.90 48.90 48.90 48.90
Cereal mixture *
27.60 27.60 27.60 27.60 33.30 33.30 33.30 33.30 39.00 39.00 39.00 39.00
Protein mixture * *
Micro-mineral,
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
vitamin and antioxidant premix * * *
0.30
0.30
0.30
0.30
0.50
0.50
0.50
0.50
0.70
0.70
0.70
0.70
Dicalcium phosphate
2.90
2.90
2.90
2.90
3.30
3.30
3.30
3.30
3.70
3.70
3.70
3.70
Shell grit
0.05
2.95
5.85
8.75
0.62
3.52
6.42
9.32
1.19
4.09
6.99
9.89
Saw dust
8.70
5.8
2.90
8.70
5.80
2.90
8.70
5.80
2.9
Tallow
0.14
0.14
0.14
0.14
0.28
0.28
0.28
0.28
L-lysine HCl
0.09
0.09
0.09
0.09
0.17
0.17
0.17
0.17
DL-methionine
Cereal mixture comprised of maize, 56%; rice polish, 26%; wheat bran, 18%.
Protein mixture comprised of soybean meal, 31.9%; til(sesame)cake, 32.2%; fish meal, 35.9%.
Micro-mineral, vitamin and antioxidant premix provided per 100 kg diet comprised of ZnS04.7H20,25gm; MnS04.H20,
25 gm; FeS04.7H20, 20 gm; CUSO4.5H2O, 1.5 gm; KI, 0.1 gm; vitamin A, 10,00,000 lU; vitamin D3 , 1,25,000 ICH;
riboflavin, 500 mg; thiamine, 100 mg; pyridoxine, 200 mg; vitamin B12 , 1000 meg; niacin 1500 mg; calcium
pantothenate, 1000 mg, vitamine E, 1000 mg; BHA (antioxidant), 25 gm.
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Table 2. Interactive effect of dietary protein and energy léveles on performance of Khaki Campbell layer ducks
18

Protein(%)
20

22

2200

ME kcal/kg
2400 2600

2800

2200

ME kcal/kg
2400 2600

2800

2200

ME kcal/kg
2400 2600

2800

74.76

76.29

79.29

77.74

76.02

79.67

83.44

84.27

79.89

81.54

76.78

80.71

181

172

157

154

178

172

157

153

176

161

149

154

3037
bed
63.70

2765
a
66.29

2416
bed
63.76

2479
be
64.16

2836
cde
62.99

2550
e
62.15

2293
de
62.85

2222
bed
63.99

2701
b
64.29

2460
be
64.18

2357
b
64.35

2385
bed
63.98

22

17

27

17

27

14

43

34

21

14

21

31

Ingredients
Per cent hen-day
egg production
Feed consumption
(gms/day)
Feed efficiency
(gms/dozen eggs)
Egg weights(gms)
Body weight gain
or loss (gms)

Means bearing the common letter super scripts in a row do not differ significantly (P > 0.05)

Table 3. Cumulative effect of dietary protein and energy levels on productive
performance of Khaki Campbell layer ducks
Protein( % )
Paramètres
Per cent hen-day
egg production
Feed consumtion
(gm/day)
Feed efficiency
(gm/day)
Egg weights(gm)
Body weight gain
or loss (gm)

18

20

ME kcal/kg
22

2200

2400

2600

2800

77.02'' 80.85^79.73^''

76.89

79.17

79.84

80.91

166^

165^

lóO''

178?

168^

154^

154^

2.67^

2.48"

2.48^^

2.86?

2.59^1

2.36^

2.36^

64.48^ 63.00'' 64.20^

63.66

64.21

63.65

64.04

23

15

30

27

21

29

22

Means bearing the common superscripts in a row do not differ significantly( P>0.05)
level of dietary protein from 18 to 20 per cent. Further increase in protein content to 22
per cent had no significant effect (P > 0.05) on feed efficiency. Similarly an increase in
dietary energy levels from 2200 Kcal ME/kg to 2600 Kcal ME/kg significantly (P <
0.05) improved the feed efficiency. The two higher energy levels however did not
differ significantly (P > 0.05) from each other. Irrespective of dietary energy levels
higher egg weights were recorded with 18 per cent protein which were significantly
(P < 0.05) different from those at 20 per cent but not from that at 22 per cent. Dietary
energy concentration had no significant (P > 0.05) effect on egg weight. Varying levels
of either dietary protein or energy had no significant (P > 0.05) effect on body weight
gain or loss. Present study revealed that per cent hen-day egg production was highest at
20 per cent dietary protein. Earlier , Cvetanov et al. (1969) observed that the optimum
protein levels for laying and breeding ducks may not be higher than 18 per cent. More
recently Reddy et al.(1981) and Pan et al. (1981) have suggested that laying ducks
require 19 per cent dietary protein for optimal egg production. Comparable egg
production at the lower as well as the higher dietary energy levels were also reported
by Sullivan(1961) and Pan et al.(1981). However, Reddy et aL(1981) opined that higher
egg production was obtained with lower dietary energy than with the higher one.The
present investigation revealed that the feed consumption was the lowest at 22 per cent
dietary protein. The effect of dietary energy on feed consumption was also significant
(P < 0.05) with increasing levels resulting in decreased feed intake upto 2600 Kcal
ME/kg above which no further lowering was observed. The best feed efficiency was
with a minimum of 20 per cent protein level and 2600 kcal ME/kg. Since the primary
consideration was optimal egg production together with optimal feed efficiency , while
optimal feed intake was only secondary , it is justifiable to choose those levels of
dietary protein and energy that promoted the highest egg production and best feed
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efficiency. Accordingly it is therefore suggested that the requirements of laying ducks
may not exceed 20 per cent for dietary protein and 2600 kcal ME/kg diet.
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2. INFLUENCE OF GENOTYPE, NUTRITION AND
PRODUCTION SYSTEMS ON THE EFFICIENCY OF
TURKEY GUINEA FOWL PRODUCTION
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INFLUENCE OF GENOTYPE AND NUTRITION ON
EFFICIENCY OF POULTRY PRODUCTION
P. B. Siegel and E. A. Dunnington
Animal and Poultry Sciences Department, Virginia Tech, Blacksburg,
VA 24061-0306, USA

During the genetic history of a population, there is a continuing series of
interactions of that population with differing environments over time. Success or
failure of the population depends upon its ability to respond to the varying array
of environments. Similarly, during the lifetime of each individual within a
population, the genetic composition of the individual interacts with its past
experiences and exposures to environments to determine its success or failure.
Efficient production of poultry meat involves providing a nutritional environment
that allows maximum expression of growth potential from stocks intensively
selected for growth and reared under a modern production system. These practices
often disrupt homeostatic factors because resources are directed to growth at the
expense of other biological functions such as reproduction and immune response.
This paper provides a brief discussion of allocation of biological resources necessary
for efficient production of poultry meat.
INTRODUCTION
All animals require resources (e.g., food, body stores of fat and protein) in order to
grow, maintain their bodies, reproduce, and resist disease. They differ, however, in
relative emphasis on those functions, depending on age, stage of life, health status,
nutritional environment, and other factors. In poultry we have developed specific stocks
for meat production and for egg production through intense selection programs. These
selection programs have diverted the allocation of resources to the primary selected
trait at the expense of other traits. This presentation will address the consequences of
resource allocation in broiler chickens and turkeys where the primary selected trait has
been growth.
Growth is a dynamic process and is governed by the acquisition and allocation of
resources. Competing with accretion of body tissues are integral survival functions
including reproduction , maintenance, and immunocompetence. Both acquisition and
allocation of resources are influenced by stage in the life cycle and past history of the
individual. Further influences on the dynamics of resource acquisition and allocation
are interactions among background genome, diet, and macro-and micro-environmental
factors. In the broiler chicken and market turkey, growth to market weight culminates
prior to sexual maturity. In broiler breeders and turkey breeders, the increased life span
makes these considerations even more important.
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BACKGROUND
Breeding of chickens has a history of thousands of years, and turkeys have been
domesticated since the discovery of the Americas, but only during the last half of this
century have quantum changes occurred in the breeding for poultry meat. Selection
and crossing are genetic tools that have been used effectively to make improvements
in growth and carcass-related traits. Poultry breeders have judiciously coupled available
science, technology, and husbandry to develop an economically efficient source of
chicken and turkey meat for global consumption. The pace of development in poultry
meat breeding has been , and will continue to be, rapid with keen competition among
breeding organizations. Advances from selection for growth have followed what is
called repeated incremental improvement. Namely, there has been cumulative genetic
improvement in poultry meat stocks generation after generation. Hetrosis resulting
from crossing has probably been the single greatest contributor to health and wellbeing and has provided some reversals of the declines in general health resulting from
selection.
It is instructive to ask what factors in addition to selection, crossing and heterosis have
facilitated development of commercial breeding programs that are the foundation of
the poultry industries. In our opinion, other factors include strong public research base
(both to provide fundamental research and to train the next generation of breeders and
geneticists), sound genetic theory, large populations, and considerable capital investment.
Developments in communication, transportation, and computer technologies have
ensured availability of improved genetic stocks throughout the world. Concomitant
advances in poultry nutrition have occurred including the development of specialized
feeding regimes. These improvements in nutrition provide a means for non-genetic
methods of reducing the deleterious relationship between rapid growth and reproduction.
In both turkey and broiler breeding there have been 50 generations of intense selection
for rapid growth to market age — an easily measured trait with moderate heritability.
Negative correlated response to growth, such as "lazy" immune systems, undesirable
body composition, and reduced reproductive efficiency, have accompanied this process.
In chickens and turkeys, many changes occur during the early posthatch period when
supply organ (e.g., intestine, hver) grow at a faster rate than demand organs (e.g., muscle,
adipose tissue). This pattern of growth and development is logical because the supply
organs must function in the process of assimilating food before demand organs can
exhibit accelerated growth. There is transition during the early posthatch period from
embryonic absorption of yolk to utilization of exogenous foodstuffs which is
accompanied by synthesis and secretion of digestive enzymes. Other changes in the
developmental process include maturation of thermorégulation and onset of
immunocompetence.
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In a biological system, advancement in one area generally is accompanied by a debt
or regression in another area-concomitant to the efficiencies in growth and feed
utilization have been correlated responses in other traits. Today's meat poultry will eat
at near gut capacity when provided a high nutrient density diet ad libitum. Skeletal and
metabolic disorders, including leg problems, ascites, sudden death syndrome, and deep
muscle myopathy, have become increasingly common and evidence is accumulating
that immunocompetence has been compromised. Although nongenetic programs such
as feed restriction to control body weight are routine and are relatively successful in
breeder populations, similar approaches for market broilers and turkeys have, at best,
met with limited success. Before discussing these factors it may be worthwhile to
describe difficulties in non-genetic and genetic approaches to improving disease
resistance as well as the concept of resource allocation.
NON-GENETIC IMPROVEMENTS
Body weight is a trait that has moderate to high heritabihty and thus responds well to
selection. Unfortunately, such progress is achieved at a price because the resulting
genetic changes upset homeostatic mechanisms. Some of these deleterious effects have
been ameliorated through husbandry procedures which have changed dramatically in
the industry. Nongenetic improvements in production practices related to disease control
have dramatically reduced mortality and incidence of subcHnical infections. For example,
poultry breeders have made use of maternal antibodies. Because chicks and poults are
marketed at younger ages and maternal antibodies offer proportionately longer
protection, there is less time for exposure to infectious agents.
Breeders are also aware that nongenetic solutions may be more efficient than the time
and expense of incorporating resistance to particular infectious agents into breeding
programs. An example in chickens occurred during the 1970s with the development
of vaccines for Marek's disease. In contrast, the use of anti-coccidials has been less
successful because the continued use of these drugs has allowed for resistant pathogens,
and because anti-coccidials may have negative effects on feed consumption and
processing characteristics.
Other non-genetic solutions for disease control include successful eradication of egg
transmitted pathogens such as pollorum and mycoplasmas and vaccination programs
to produce maternal antibodies which are passed by the dam through the egg to the
chick. Chicken breeders are attempting to identify and eliminate leucosis shedders
from their breeding flocks and they and turkey breeders routinely use immunological
tests to monitor antibody titers to vaccines.
BREEDING FOR GROWTH AND DISEASE RESISTANCE
Demands continue for genetic stocks with greater disease resistance and improved
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responses to vaccines. Evidence shows genetic variation for resistance to infectious
agents and properties of the immune systems. Poultry breeders are reluctant to dilute
progress in primary traits by adding peripheral traits to selection programs, and they
are rightfully concerned with risks involved with planned exposure of their flocks to
select for resistance to specific pathogenic agents. Moreover, improving resistance to
one pathogen does not necessarily confer resistance to others. An additional complexity
is that thresholds may be involved in the inheritance of responses to specific pathogens
and that host-pathogen relationships are dynamic. Thus, it is obvious that selection
programs for resistance to specific pathogens are difficult to design and execute. Yet,
evidence is accumulating that selection for growth has compromised the immune system
as well as increasing the incidence of skeletal and metabolic disorders.
Rapid growth to market weight is an essential trait in poultry meat production ; whether
a breeder uses a specific and/or general approach to enhance immunity and health will
vary with the situation, i.e. how much progress in growth can be forfeited while
remaining economically competitive. Approaches may vary depending on whether the
underlying mechanisms and responses are qualitative or quantitative. A poultry breeder
may have some Unes with a high incidence of tibial dyschondroplasia (TD). To ascertain
the incidence of this condition, they may screen individuals using x-ray imaging for
diagnosis. Use of the resulting information may vary, however, ranging from culling
all TD individuals to culling only those with severe cases. Also, culling may be done
in one generation or over several generations.
A literature is developing on effects of selection for resistance to a combination of
disease agents, early maturation of the immune system, and response to multideterminant
nonpathogenic antigens such as sheep erythrocytes(SRBC). In case of the latter, two
independent studies with chickens (one in Virginia and the other in The Netherlands)
showed reduced juvenile body weight as a correlated response to selection for increased
antibody response to SRBC. These results were consistent when a reduction in SRBC
antibody response was observed when we selected for high juvenile body weight.
Moreover, comparisons among commercial broiler stocks(where the primary selected
trait is juvenile body weight) showed antibody titers to SRBC that were similar to
those for the line selected directly for low SRBC titers. We suggest that these observations
are consistent with the thesis of how an organism allocates its resources.
Resource Allocation
An individual allocates resources to various functions with the main categories being
growth, maintenance, reproduction, and health status. A young animal devotes a majority
of its resources to growth followed by maintenance with minor reserves for health
status. In contrast, maintenance is the major requirement of resources in the mature
individual, with reproduction generally secondary(greater for females than males) and
that for growth minimal. When an individual becomes sick however, allocation of
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resources for reproduction and growth are greatly diminished, maintenance is reduced
and forces are directed toward improving health status. Although it may be argued that
energy requirements for antibody response to a single antigen challenge are small, the
cumulative drain created by a continued response to a variety of challenges in the
environment may be great. In some cases, a gradual response to a disease challenge
may be successful, but other situations may require an extremely rapid response to
avoid serious health problems.
Genetic selection for growth results in changes in the allocation of resources. Faster
growth requires more resources per se, as well as for maintenance, which in turn, reduces
resources available for health. This manifestation can be even more serious when, as
in the example given for compensatory growth, there is a further depletion of resources
available for health. These illustrations demonstrate trade-offs that occur with genetic
selection for increased growth rate. The improvements in growth resulting from genetic
selection and sophistication in formulations of rations to maximise this genetic potential
contribute to an allocation of genetic and nutritional resources to maximize growth.
The cost is a reduction in immunocompetence and an increase in metabolic and skeletal
disorders in meat type poultry.
The thesis of resource allocation may be illustrated from an experiment we conducted
with broilers maintained under three feeding regimes. These regimes were ad
///?/íMm,altemate-day feeding, and alternate-day feeding to 28 days posthatch and then
released to ad libitum. At 47 days of age when an E. coli challenge was given, the
group released to ad libitum had the highest growth rate and the alternate-day group
the lowest growth rate of the three groups. Percentage mortality from E. coli was 50,
20 and 7 for the alternate-day to ad libitum feeding, ad libitum, and the alternate-day
feeding groups, respectively. From these results it may be inferred that broilers released
to ad libitum after alternate-day feeding preferentially allocated a substantial quantity
of resources toward growth compensation leaving minimal quantity of resources for
resistance to the infection.
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THE INFLUENCE OF FEED INTAKE FACTORS ON
COMMERCIAL GROWING PERFORMANCE
Cliff Nixey
British United Turkeys Ltd., Warren Hall, Broughton, Chester CH4 OEW

The turkey is a very rapidly growing animal. To achieve such growth rates requires
that food intakes be high in proportion to the body weight. Factors which affect
food intake have a signifícant influence on the growth rate achieved. Factors
reviewed which have such an influence are the form of the food, the presentation
of the food, pellet quality, metabolizable energy of the food and the environmental
temperature. It was concluded that the breeds most likely to perform nearer to
their growth potential under hot climates are likely to be those classed as heavy
medium type breeds as opposed to heavy breeds.
The turkey is a very rapidly growing animal. The male of the fastest growing commercial
bird on the market will multiply its day old poult weight by 22 times by 28 days of age
and by 140 days by 327 times (British United Turkeys 1996). To achieve such rapid
growth rates it requires high nutrient intakes. The amount of research work on the
requirements of the turkey is not comprehensive and is further weakened by the fact
that it has been carried out on turkeys with a lower growth potential than birds currently
on the market. The improvements in the turkey's genetic potential for growth rate are
impressive as illustrated in Table 1.
It will be seen that male turkeys of today have the potential to grow 50% faster than
those on the market 20 years ago. Female turkeys of today grow as fast as males of 20
years ago.
To achieve such growth rates it requires that food intakes be high in proportion to the
bird's bodyweight. At 7 days, the Big 6 male will be required to eat food equivalent to
approximately 20% of its bodyweight each day to achieve its growth goals. By 10
weeks of age this has fallen to approximately 6% and 20 weeks to 4% of its bodyweight.
At 20 weeks the male needs to consume 0.66kg each day to achieve the growth goals.
The turkey's growth rate is therefore very sensitive to factors which may influence
food intake.
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Table 1. An illustration of genetic progess in growth rate of turkeys (Nixey, 1995)
Year

Brand Name

1966

TRIPLE 6

18 Week Live weight Kg.
Males

Females

9.45

6.75

1969

TRIPLE 6

9.77

6.95

1972

BUT 6

10.27

7.27

1974

BUT 6

10.68

7.56

1977

BUT 6

10.96

7.80

1981

BIG 6

12.67

8.78

1982

BIG 6

12.80

8.84

1984

BIG 6

13.40

9.13

1986

BIG 6

13.96

9.88

1993

BIG 6

15.29

10.85

1996

BIG 6

15.80

11.01

There are a variety of forms in which the food can be presented to the turkey e.g. mash,
crumbs or pellets. Within these forms there are also variations in particle size and the
amount of fines or dust present. The influence of the form of the food has been shown
to be large. Nixey(1989) compared crumbs versus mash from day-old to 28 days. The
results are shown in Table 2.
It will be seen that there is a large reduction in early growth rate when the food was fed
as a mash compared to crumbs. Food intake is also greatly reduced. It is likely that food
wastage will have been higher on the mash feed. In the same experiment, the early
growth rate was shown to have a long term influence on growth rate (Table 3),
particularly if the protein level was less than optimal. There is no recent experimental
work comparing the feeding of mash or pellets to older turkeys. It has been shown by
Meijerhof (1989) that the proportion of fines or dust in a sample of pellets will influence
the growth rate and FCR as illustrated in Table 4.
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Table 2. The influence of the form of the food on early growth rate (Nixey, 1989)
Age
(Days)
1
7
14
21
28
Food Intake (gm)
0 - 28 Days

Crumbs

Mash

55.8
139.7
318.0
596.7
1017.4

55.65
117.4
246.6
451.7
780.6

1343

1069

Liveweight (gm)
Mash Reduction

16.0
22.5
24.3
23.3

%
%
%
%
|

20.4 %

Table 3. The influence of 4 week weight on subsequent growth rate (Nixey, 1989)
Age (Days)
% Protein
0 - 28 Day Treatment
Crumbs
Mash
Difference
% Protein
1 0 - 28 Day Treatment
Crumbs
Mash
Difference

28
30

57
27

1.02
0.78
0.24
30

4.16
3.67
0.49
23

1.02
0.78
0.24

3.96
3.42
0.54

Liveweight (gms)
86
113
18
23

140
18

8.76
8.21
0.55
18

12.73
11.85
0.88
18

16.54
15.63
0.91
14

8.12
7.34
0.78

10.95
10.06
0.89

12.62
11.48
1.14

I

Table 4. The influence of pellet quality on growth and food conversion rate
(Meijerhof, 1989)
Age
(weeks)
5-9
10-14
15Liveweight (kg)
1 141 Days
1 Food Conversion to
same liveweight

% FINES
Experiment 1
Low
High
5
10
5
18
5
30

ExperiiTient 2
Low
High
10
20
7
21
7
34

14.3

14.97

14.43

15.02

2.71

2.54

2.77

2.68
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The protein fraction of the diet has a large influence on the cost of the diet. In countries
which do not produce protein rich ingredients such as soybean, these must be imported
with the consequent adverse effects on the country's balance of payments. The work
outlined above indicates that investment in feed mill machinery will have a very
beneficial effect on turkey performance. This effect could be quantified in terms of
protein sparing ability. Feeding a 24% protein diet in crumb form would give the
equivalent performance to feeding a 30% protein diet in mash form. At the older ages
feeding a 19% protein diet as a good pellet is likely to give the equivalent performance
to a 21% protein diet fed as a mash.
Easy access and good presentation of the food was shown in Table 5 by Nixey (1989)
to also be iihportant for poults in the early weeks of life.

Table 5. Food presentation to day old poults (Nixey, 1989)
Age (Days)
7
14

Tube Feeders +
Food in Floor Trays*
133.7
293.8

T\ibe Feeders
Alone
123.4
270.8

Floor Tray
Effect
+ 8.3%
+ 8.5%

* After 7 days the floor trays were removed.
A recent development in Europe is the use of 2mm pellets fed either from day old or
from 7 days. The indications are of a benefit of 3 - 4% in 28 day weights over the
feeding of crumbs.
A major influence on the amount of feed eaten will be the Metabolizable Energy content
of the feed because the bird's appetite strives to meet its energy requirements as a first
priority (Macleod and Jewitt, 1985). On the other hand the bird's growth rate is Hkely
to be determined by its intake of the first limiting amino acid (Nixey ,1991). For this
reason often dietary requirements are stated as ratios to the ME content of the diet. An
example of such recommendations (British United Turkeys, 1996) is given in Table 6.
The environmental temperature will have a large influence on food intake. The process
of digesting food and depositing bodyweight gain creates heat. The speed with which
the heat can be lost is dependent on the environmental temperature and air flow. If the
heat cannot be lost fast enough, to maintain its body temperature constant as it must to
stay alive, the bird's only resource is to produce less heat by eating less and growing
slower. There are a number of experiments which have demonstrated the adverse
influence of high temperature on growth rate.
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Table 6. Nutrient : Energy Ratios for Growth T\irkeys

Ages Lysine

Meth

Nutrient (g/MJ ME)
TSAA
Tryp
Thr

Arg

Ca

Av.P.

Na

Salt

EFA

0-4

1.57

0.57

1.02

0.27

1.00

1.69

1.14

0.64

0.13

0.28

1.27

4-8

1.34

0.53

0.94

0.23

0.86

1.46

1.04

0.58

0.13

0.28

1.09

8- 12

1.10

0.46

0.83

0.19

0.75

1.21

0.94

0.53

0.13

0.28

12- 16

0.89

0.40

0.71

0.15

0.58

1.02

0.86

0.49

0.13

0.28

16-20

0.75

0.36

0.64

0.13

0.48

0.88

0.78

0.45

0.13

0.28

20-24

0.65

0.32

0.57

0.11

0.42

0.80

0.74

0.41

0.13

0.28

Emmans(1989) in a theoretical model demonstrated that male turkeys are most sensitive
to temperature in the age range of 10 to 14 weeks. Breeds with the greatest potential for
growth rate will require a lower environmental temperature to obtain optimum growth
rates than breeds with a lower growth potential.
It has been demonstrated (Bray, 1987) that if growth rate is reduced below the breed's
potential growth rate, the percentage meat yield particularly breast meat, is reduced.
As breeds with the highest growth potential are more sensitive to adverse feed intake
factors and high environmental temperatures, the breeds most likely to perform nearer
to their growth rate and meat yield potential under hot climates are likely to be those
classed as heavy medium type breeds as opposed to heavy breeds.
REFERENCE
BRAY,T.S. (1987) Response of a heavy strain of turkey to amino acid levels. ADAS
Poultry Journal.l.^o3 5-35.
BRITISH UNITED TURKEYS LTD (1996) Pubhshed guides to performance. Chester,
British United Turkeys Ltd
EMMANS,G.C. (1989) The growth of turkeys. In: Proceedings of 21st Poultry Science
Symposium on Recent Advances in Turkey Science. London, Butterworth.
MACLEOD,M.G. and JEWITT,T.R.(1985) The rate of response of growing turkeys
to changes in dietary energy concentration. Proceedings of Nutrition Society, 44, 60.
MEUERHOF (1989) Turkeys need quality pellets. Poultry, 5, No.5 Oct/Nov 1989
NIXEY,C. (1989) Nutritional responses of growing turkeys. In: Proceedings of 21st
Poultry Science Symposium on Recent Advances in Turkey Science. Nixey,C ,
Grey,T.C,(Eds) 183-199, London, Butterworth.
NIXEY,C. (1991)The lysine response of the turkey.Ph.D.Thesis. Nottingham University.

635

TURKEY PRODUCTION IN RETROSPECT AND
PROSPECT IN A TROPICAL ENVIRONMENT
A.A. Owoade
Department of Veterinary Medicine, University of Ibadan, Nigeria

INTRODUCTION
Turkey production in most tropical countries commenced with the black plumage breed
or strain and they are usually referred to as "local breed". They were reared under the
traditional system. The period of commencement is obscure. It was unorganized with
little or no commercial motives. The traditional system is principally an extensive
system of production with little or no attention to their housing and health requirements.
Feeding consists of a handful of grains and farm by-products once a day. The turkeys,
usually in small groups of hen and poults, fend for themselves, pecking and picking
worms, insects, some little forages, seeds and fallen fruits on range or in the yard. At
the end of the day they return to a comer of the compound under whatever shed they
can find to keep in the night. They are thus exposed to predators, pilfering, hazardous
weather conditions, disease agents and inadequate feeding. Consequently, the survival
rates of turkeys reared under the traditional system in the tropics are low. A good
turkey hen may hatch up to 10-15 poults per breeding and only 4-8 of these may survive
to slaughter weight of about 6-8kg at one year old.
Breeding in the traditional system is by natural mating which is not seasonal. 5-15
clutch of eggs may be laid by a turkey hen. She broods on these and 4-12 poults may
hatch. A traditional practice to increase egg production by the local turkey hen is to
remove her eggs as they are laid. Such eggs are used to substitute chicken eggs during
brooding. Brooding and rearing of poults takes 2-3 months. Breeding is therefore
possible 2-3 times a year. Poults hatched under the traditional system are known to
have poor visual acuity, hence their inability to see and feed properly within the first
few days of life. This usually contributes to high mortality rates in turkey poults.
Turkeys reared under the traditional system are usually not vaccinated hence outbreaks
of fatal diseases such as Newcastle Disease are common. It may sometimes wipe out a
whole colony. Fowl pox, ectoparasite and endoparasite infestations, and avitaminosis
are also very common in local turkeys. These turkeys had no touch of husbandry
technology, thus resulting in poor expression of their genetic potential and wastages.
Hence the high demand for turkeys could not be met by the traditional system of
production.
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The advent of exotic chicken and concomitant introduction of intensive system of
management in poultry greatly influenced approach to turkey production positively.
Commercial motives in turkey production then started. Initial attempts by farmers in
intensive approach to turkey production were faced with the problems of :(i)

non-availability of poults

(ii)

lack of knowledge on the requirements for successful turkey raising, and

(iii)

diseases problem.

Hence, turkey production remains static.
The importation of turkey poults from developed countries of Europe and America
greatly and positively influenced turkey production in the developing countries. In
Nigeria, for instance, the advent of large number of turkey poults into the country
started during the "oil boom" era of the 1970's. These importations marked the beginning
of meaningful commercially- oriented turkey farming by both government agencies
and private entrepreneur in the tropics.
Following the high demand for turkey poults, attempts were made in Nigeria by some
farms to rear improved exotic parent stock to meet such demands. One of such farms
and some other turkey flocks are the focus of this presentation.
MATERIALS AND METHODS
The breeding turkeys were imported to Nigeria from a temperate country at day-old in
two batches. They were reared on deep litter wire mesh sided house. Information on
the first batch comprising 400 hens and 80 stags was obtained from record book. The
second batch of 500 hens and 89 stags were closely monitored.
The commercial meat turkey flocks are on different locations in the south western part
of Nigeria. Some were visited on regular weekly basis while others are encountered at
disease crisis period. The flock size vary from 60 to 3,650.
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RESULTS
Table 1. Performance of two batches of turkey breeders
Batch 1
Average egg production per hen

Batch 2

21

34

30.65

47.85

4

13

Mortality rate day-old to point of lay,%

—

19.6

Mortality rate point of lay
to end of breeding

—

29.69

Fertüity of egg laid,10%
Average poult per hen

Mortality rates of some meat turkey flocks in the tropical environment were: 6.67 (105),
30.17 (1,150), 100 (420), 65 (60), 21.45 (1,100), 38 (3,500), 29 (3,650), 35 (450), 22
(1,200), 100 (750), 45.12 (255), 37.28 (169), 22.21 (3,634), 44.77 (2,799).
Note: Figures in brackets are the flock size
DISCUSSION
The performance characteristics were considered poor and wasteful. The performance
of one other turkey breeder farm was observed to be similar to the above. The farms
had to discontinue due to the associated economic losses. The following factors were
considered responsible for the poor performance of those turkey breeders.
Climate
The tropical environment was characterized by high temperature and humidity. The
temperature which could be as high as 32°C was detrimental to poultry production
generally. Reduced feed consumption which normally results from high environmental
temperature coupled with poor feed quality were believed to be partly responsible for
the very low egg production, low fertihty and hence poor turkey poult yield per hen.
As similar turkey breeds in the temperate environment were known to perform
excellently, it was concluded that the tropical environment is inhibitory to the breeding
potential of turkeys from temperate zone.
Husbandry
The breeders were reared in open sided house where they were subjected to natural
uncontrollable and variable photoperiod. Also, for this reason it was impossible to
synchronize egg production by turkey hen with fertility age of the stag through
manipulation of the natural photoperiod exposures. A large number of eggs were usually
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wasted as infertile during the first few weeks of Qgg production before the stags are
sexually matured. The photoperiod exposure of the breeding hen during rearing and
egg production were considered inadequate.
Semen contaminations, poor quality semen, wrong handling of artificial insemination
materials and incorrect insemination were other factors noticed to be contributory to
the poor performance.
Rearing wastes of 19.69% and production wastes of 29.60% mortality were caused by
various diseases precipitated by poor feeding and the hot climate. The stress of breeding
was believed to be responsible for the higher mortality rate during production than
rearing period of age.
Mortality rates as presented above in meat turkeys were very high and unsatisfactory.
The problems responsible for these are
(i)

In turkey poults: Suffocation through piling up especially under low brooding
temperature, infected yolk, aspergillosis and perosis.

(ii) In growing and adult turkeys: Persistent low grade mortality was characteristic
of loses during this period. Disease conditions commonly diagnosed were
fowl cholera, coUisepticaemia, Newcastle Disease, aflatoxicosis and pendulous
crop. On two occasions a haemorrhagic idiopathy characterized by bleeding
from the moot of feathers of the tail and wing were observed. Morbidity was
40% and 3% in the two instances, respectively. Aflatoxicosis in its different
clinical presentations was very common. Once, Infectious Bursal Disease
was diagnosed in a 14- weeks old turkey flock.

HEALTH CARE PRACTICES FOR TURKEY FLOCKS IN THE TROPICS
Health care dehvery on turkeys include
(i) Supplementary vitamin administration for the first 5-7 days of age, two days
before and after vaccine administration, during recovery from disease, during
viral disease outbreak and occasionally during the dry season of the year.
(ii) Though coccidiosis seldom encountered, coccidiostats were administered in
feed or in drinking water in preventive dose at the 3rd-4th and 11th-12th
weeks of age.
(iii) Vaccination practices to prevent common diseases were: Newcastle Disease
vaccination at day-old using B1 strain. Fowl Pox vaccination at 4th-5th week,
Newcastle Disease vaccination at 6th week of age with Komarov strain. Fowl
Cholera vaccination at 8-10 week.
640

(iv) Medications, mainly antibiotics and antibacterials were administered to control
diagnosed bacterial diseases. Local turkeys were often treated for ectoparasites
by spraying or dipping in insecticide. They were also usually treated for worms.
Once, malaria infestation was treated with chloroquine sulphate in a flock of
exotic turkeys.
NUTRITION
The nutritional requirements of different age groups of turkeys under tropical conditions
are poorly understood. In addition, ingredients used to compound poultry feeds are,
most of the time, of sub-standard quality.
PROSPECTS AND CHALLENGES
Turkey meat is usually in high demand as there are no cultural or religious taboos
against it in most countries of the world. It is a favored meat at ceremonies, during
festivals and a highly priced gift item. These make demand for it to be high especially
in the developing countries. Interests in turkey production will therefore continue to
rise among existing poultry farmers and investors. In spite of its current unsatisfactory
performance in the tropics, it is still a practiced. The demand for turkey meat which
hitherto is restricted to Christmas and festival periods has now grown to an all-year
round feature. In Nigeria for instance turkey meat is now being sold at some local
restaurants and food canteens. International trade activities in turkeys is now on the
increase in day-old turkey poults, and frozen turkey meat.
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PERFORMANCE OF TURKEYS OF DIFFERENT
ORIGIN, KEPT UNDER THE SAME ENVIRONMENTAL
CONDITIONS
J. Jankowski^ A. Faruga^, H. Puchajda^ and S. Wezyk^
^Olsztyn University of Agriculture and Technology, 10-718 Olsztyn,
Poland. ^National Research Institute of Animal Production, 32-083 Balice
n. Krakow, Poland

An objective estimate of the turkeys of different origin can be made only if the
research is carried out in the testing stations. Uniform environmental conditions
results in the fact that the differences as to the bird performance are caused by the
genetic potential, or else are due to genetic-environmental interactions. In the
paper are presented some results of studies in 1994-95 concerning the estimate of
performance of three parental flocks (Big-6, Hybrid Large White and WAMA-3)
and some genetic groups of slaughter turkeys (Big-6 and 9, BUT-8 and 9, HLW,
GBN, WAMA-3, A, B, Ex and bronze). The parental flocks were assessed as to the
bird body weight, feed use, egg laying performance, egg quality, semen quality,
fertility and hatchability. Tests on slaughter turkeys comprised bird survival, body
weight, feed conversion and meat quality and quantity.

INTRODUCTION
The market of turkey breeding material is not so uniform as that of meat hens. Nowadays
it has been practically dominated by three breeding companies offering 4 parental heavy
type breeds (Big-6, Hybrid Large White, Nicholas 900 and 700) and 5 medium-heavy
types (BUT-8, BUT-9, Big-9, Hybrid Super Medium and Nicholas 300). Over the last
years, a large number of regional breeding flocks have been beaten in the competition
with three world major companies (Benkova and Jankowski, 1995). In Europe, medium
type turkeys - Goubin (France) and WAMA (Poland) are utilized on a limited scale in
internal markets.
An objective estimate of the turkeys of different origin can be made only if the research
is carried out in the testing stations. Uniform environmental conditions results in the
fact that the differences as to the bird performance are caused by the genetic potential,
or else are due to genetic-environmental interactions.
PARENTAL FLOCKS
An objective evaluation of the value in use of different origin turkey parental flocks
under uniform environmental conditions is very costly, hence so few evaluation results
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(Faruga and Puchajda, 1995a: Faruga et al., 1995). Table 1 shows body weights and
reproductive characteristics of three turkey parental flocks evaluated at the Polish Turkey
Testing Station. At the age of 30 weeks, the body weight of heavy type males and
females (HLW, Big-6) was significantly greater than that of WAMA-3 turkeys. The
reason for a relatively small number of eggs obtained from one hen and low hatchability
was too high temperature in the building.
Table 1. Body weight and values of selected reproductive characteristics of different
genetic groups of turkeys utilized for 20 laying weeks (Faruga and Puchajda, 1995a)
Specification

HLW

Body weight at 30 weeks,kg
- males
- females
Age of laying the first egg, days
Number of eggs^
Fertihty, %
HatchabiUty, %
Number of poults from 1 layer
Feed conversion^ / 1 poult/kg

25.8
12.2
229
60.6
89.6
65.1
33.3
3.89

Big-6
25.9
11.6
224
73.8
88.6
63.2
39.2
3.47

WAMA-3
21.8
9.2
223
67.3
91.8
72.0
41.3
2.74

' Hybrid Large White *
- in terms of 1 layer starting ç^g% production
^ total of rearing and reproduction period
which was caused by the hot summer. From the economic standpoint, the most important
result of turkey parental flock utilization is the number of poults per one layer and feed
conversion per 1 poult. In both cases these characteristics tended to be most favourable
in WAMA-3 turkeys.
Average values of some egg quality characteristics, evaluated in the 11th, 15th, and
20th weeks of ç.%g laying, are shown in Table 2 (Faruga et al., 1996). The lighter hens
(WAMA-3) were laying smaller eggs, with a higher yolk percentage and a lower content
of the white of egg, compared to the eggs laid by heavy hens. This was reflected in the
hatch results. Hybrid Large White were laying more prolate eggs (a lower shape index)
than layers from other genetic groups.
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Table 2. Some traits of quality of turkey hens eggs (Faruga et al., 1996)
Quality characteristics
Egg weight, g
Shape index, %
Shell thickness, mm
Shell, %
Yolk, %
Albumen, %

HLW

Big-6

91.2±2.8A
70.5 ± 2.7A
0.390 ± 0.04
10.5 ±0.8
29.8±1.9A
59.7 ± 2.2A

91.7±2.7A
72.3 ± 2.9B
0.380 ± 0.04
10.3 ± 0.7
29.3±1.8A
60.4 ± 1.8A

WAMA-3
87.6
72.4
0.387
10.4
31.3
58.3

±
±
±
±
±
±

3.4B
2.6B
0.03
0.7
1.9B
0.2B

Means with different superscripts differ significantly (p _ 0.01).
The quality of semen (Table 3), evaluated in toms aged 52 weeks, showed little
differentiation. HLW toms were characterized by a lower ejaculate volume and the
spermatozoa concentration, but at the same time the highest spermatozoa motility. The
WAMA-3 toms were distinguishable by the highest spermatozoa concentration, but
the lowest motility.
Table 3. Some traits of quality of toms semen (Faruga et al., 1995)
Quality characteristics

HLW

Ejaculate volume, cm^
0.260 ± 0.213
Spermatozoa concentration, xl07cm' 3.30 ± 2.13
Spermatozoa motility, %
81.1 ± 7.8
Normal spermatozoa, %
76.7 ±7.P

Big-6
0.298
3.49
80.0
85.7

±
±
±
±

WAMA-3

0.157 0.283 ± 0.098
1.58
3.90 ± 1.13
9.4
76.0 ± 10.7
7.2^^
82.1 ±5.2^^

Means with different superscripts differ significantly (P< 0.05).
COMMERCIAL FLOCKS
The value in use of evaluation of different commercial turkey genetic groups is the
subject matter of more research than parental flocks are. Faruga and Puchajda (1995b)
compared the rearing results and carcass dressing percentage of five turkey genetic
groups (Table 4). HLW, Big-6 and WAMA-3 turkeys were parental flocks progeny, the
chosen utilization results of which are shown in Table 1. Hens were raised to the age of
16 weeks and toms-24 weeks. The HLW turkeys were characterized by the largest
body weight. It is noteworthy that the body weight of WAMA-A turkeys (medium
type) approximated that of Big-6 turkeys. Feed conversions both in females and males
were similar in particular genetic groups. It was only in the Big-6 male group that this
index was definitely more favourable than in other groups.
The synthetic rearing results are expressed by the European Productivity Index. This
tended to be most favourable in WAMA-A turkeys (282 - average for males and females)
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and Big-6 (263). The turkey carcass dressing was very approximate (82.0 - 82.7%),
however among hens it was more favourable in the HLW group (80.0%) and WAMAA group (79.2%). The HLW toms were characterized by the largest breast muscle
percentage in the body weight (26.3%).
In another experiment Faruga and Puchajda (1995c) evaluated the value in use of three
medium weight turkey genetic groups (Table 5). Hens were slaughtered at 15 weeks,
and toms at 22 weeks. Goubin turkeys (GBN) were characterized by the largest weight.
Feed conversion was most favourable in the BUT-8 group. A high mortality of the
GBN group toms (11.7%) had an adverse affect on the feed conversion ratio in this
group. The carcass dressing percentage of both females and males was very approximate
in the evaluated groups. The variation in the breast muscle percentage in females was
only 0.9%, and in males 1.0%.
Table 4. Some characteristic data for investigated turkey groups^^Faruga and
Puchajda, 1995b)
Specification

Heavy type
HLW

Big-6

Body weight, kg
- males
19.3
18.5
- females
8.4
9.1
Feed conversion.
- males
3.28
3.03
- females
2.64
2.59
Mortality, %
- males
8.8
4.7
- females
2.4
3.6
European Productivity Index
- males
255
301
- females
237
225
Carcass dressing, %
- males
82.7
82.4
77.2
- females
80.0
Breast muscles^^ %
- males
26.3
25.5
- females
23.3
23.4

Heavy medium type
WAMA-3
17.4
7.6
3.29
2.72
10.7
3.4
238
221

18.7
8.2

16.4
7.2

3.24
2.58

3.30
2.63

6.7
0.0

4.7
1.3

302
261

246
217

82.9
77.7

82.0
79.2

82.1
77.7

24.8
23.4

24.5
23.1

25.0
22.1

'^ hens were slaughtered at 16 weeks and toms at 24 weeks
^^ body weight before slaughter = 100%
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WAMA-A WAMA-B

Grashom (1995) evaluated the growth rate, feed conversion and carcass dressing in
five turkey genetic groups, including bronze turkeys (Table 6). The final body weight
of bronze hens (15 weeks) was approximate to that of BUT-8 and BUT-9, while bronze
toms (21 weeks) were 1.9 kg Hghter than BUT-8 toms and 4.7 kg hghter than Big-6.
The lowest feed conversion both in females and males was found in the Big-6 group. A
good feed conversion by bronze turkeys as well as their very high carcass dressing
percentage (females 81.5%, males 84.3%) are worthy of notice. The breast part
percentage in bronze hens was 1 - 2.1% lower than in white hens, however, in toms
those values were very similar in all genetic groups (39.1 - 39.6%).
Table 5. Some characteristic data for investigated turkey groups^ (Faruga and
Puchajda, 1995c)
Specification

BUT-8
females

males

BUT-9
females

GBN

males

females

males
Body weight, kg
Feed conversion.
Mortality, %
Carcass dressing. %
Breast muscles^^, %

8.0
2.53
4.4
80.0
22.0

16.6
2.97
6.9
81.2
23.0

8.0
2.51
7.5
80.5
22,0

17.1
2.96
7.5
81.4
22.4

8.3
2.59
5.2
80.2
21.1

17.6
3.12
16.2
81.2
22.0

'^ hens were slaughtered at 15 weeks and toms at 22 weeks
^^ body weight before slaughter = 100%
Modem turkeys for slaughter, in comparison with traditional turkeys, are characterized
by a lower meat juiceness, which is particularly apparent during cooking. In fast-growing,
well-muscled turkeys, the amount of muscle fibres does not increase, however they
become larger in size. This results in both a reduction of the connective tissue percentage
in meat and an increase in intracellular water quantity (Francis, 1995). In modem
breeding programs, apart from improving turkey gains, the quaUty of meat should also
be taken into consideration (Savage, 1993; Francis, 1995; Benkova and Jankowski,
1995).
Filus et al. (1995) evaluated the breast muscles quality in six genetic groups of turkeys
(Table 7). Hens were slaughtered at 15 weeks and toms at 22 weeks. The chemical
composition of muscles was very similar in all groups, at the same time showing very
little individual variability. In no group did the meat show any PSE or DFD defects.
Although the brightness of the meat colour in HLW-1 turkeys (28.9 and 28.8%), WAMA3 hens (26.8%) and WAMA-Ex toms was quite liigh, the pH^^ values did not indicate
that the meat of those birds deviated from the characteristics adopted for normal meat.
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Table 6. Characteristic data for investigated turkey groups^^Grashorn, 1995)
Specification
Body weight, kg
- females
- males
Feed conversion,
- females
- males
Carcass dressing,
- females
- males
Breast part, %
- females
- males

Bronze

BUT-8

BUT-9

Big-9

Big-6

7.8
14.2

7.7
16.1

8.1
-

9.0
17.7

9.7
18.9

2.16
2.54

2.10
2.55

2.12
-

2.16
2.78

2.07
2.45

81.5
84.3

82.4
83.0

82.5
-

82.8
82.8

82.9
83.1

34.9
39.1

37.0
39.6

36.4
-

36.6
39.1

35.9
39.6

'^ hens were slaughtered at 15 weeks and 4 days and toms at 21 weeks and 4 days
Table 7. Physicochemical properties of turkey breast muscle (Filus et al., 1995)
Property

pH,
- males
- females
PH.
-males
-females

WAMA-Ex

HLW-1

HLW-2

Big-6

6.17^
±0.13

6.54^
±0.26

6.28^
±0.19

6.35^«
±0.13

6.40^«
±0.19

6.3r«
±0.27

7.18^
±0.29

6.83^
±0.21

7.04^^^
±0.27

7.17^
±0.24

7.13^«
±0.39

6.99^«
±0.17

5.98«c
±0.06

6.14^
±0.08

5.97«^
±0.1

6.10^«
±0.13

±0.17

5.92^
±0.11

6.17
±0.08

6.12
±0.15

6.18
±0.15

6.16
±0.09

6.22
±0.17

6.05
±0.21

24.20«
±3.85

26.80^«
±3.67

28.60^
±3.17

23.40«
±2.76

23.22«
±2.17

27.20^
±3.58

25.44^«
±2.88

24.00«
±4.08

Brightness» of colour, %
-males
28.90^
25.60^«
±3.24
±5.46
-females

Heavy medium type

Heavy type

28.80^
±3.52

22.60^
±3.34

WAMA-3

6.04^«c

BUT-8

Values at the same line followed by different letters are significantly different - p_ 0.01
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Of other latest research on the problem being analysed, worth mentioning is the paper
by Walters et al. (1995) comparing the rate of growth of BUT, Hybrid and Nicholas
turkeys. Brake et al. (1995), while evaluating the same turkey genetic groups, also
determined the relation of origin, sex and body weight to the carcass dressing percentage.
It results from the presented data that all described turkey genetic groups are
characterized by a similar (within one type) value in use. The turkeys utilized only
regionally (GBN and WAMA) may in the near future constitute a widened offer in the
turkey breeding material market.
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ENERGY AND PROTEIN NUTRITION IN TURKEYS CURRENT GAPS AND FUTURE RESEARCH THRUSTS
R.A.Singh
Department of Livestock Production and Management, Haryana
Agriculture University, Hisar 125004, India

l\irkey production is becoming popular in many developing countries of tropics
and sub-tropics. It is no longer a festive food in Europe and North America.
Often nutritional research fîndings in chicken are extrapolated for use in turkeys,
but there is evidence to indicate that two species differ considerably in their
nutritional status. The present paper provides a brief review to highlight such a
situation and need for conducting research in turkeys to solve the problems
encountered in tropics.

INTRODUCTION
Turkey meat is no longer a festive food in many developed countries. Now it appears
more often in family menus than a decade ago. As far as production is concerned
turkey population has touched the record hight of 259 millions in 1992 as compared
to 200 millions a decade ago in 1979 (FAQ, 1989). This growth was due to the
advances made in nutrition, genetics, disease control and husbandry practices followed
in turkey farming. In this text, a review of the research work on energy and protein
requirements in turkey that has been done with a view to identify gaps in the present
knowledge or unresolved problems for future research.
ENERGY REQUIREMENT
The nutritive requirement of chicken and turkey vary considerably (NRC.1984). But
there is an indirect evidence that metabolizable energy values derived with the help
of chicks have reasonably good application in estimating the metabolizable energy
content of turkey diets (Slinger et al. 1962 a,b). In an effort to persent the direct
evidence, Slinger et al. (1964) studied the relative efficiency of two breeds of chicken
and two varieties of turkey to metabolize dietary energy. The results obtained are
shown in Table No.l
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Table 1. Relative ability of chickens and turkeys to metabolize dietary energy
Classical M. E.
( kcal / g )

Species

N-Corrected M. E.
( kcal / g )

High
Energy

Low
Energy

High
Energy

Low
Energy

Chickens

3.36

2.59

3.17

2.46

Turkeys

3.30

2.72

3.09

2.55

It is evident that chickens metaboHze more energy than turkeys from high energy
diets, while reverse in true for low energy diets. Therefore, it may be desirable to use
turkeys to derive metabolizable energy values for formulating turkey diets. Misra
and Potter (1970), and Chu and Potter (1969) recommended the use of nitrogen
corrected ME values as there was considerable variation in retention on nitrogen in
différant varieties of turkeys.
Factors affecting energy intake
There are several factors which affect food intake and intum energy in animals and
birds. It is recognized that under normal physiological conditions animal body adjusts
feed intake with remarkable precision although many variables like sex, environmental
temperature, physiological age, stress, energy requirements and genetic make - up
affect feed intake of birds. As far as the characteristics of feed are concerned factors
like chemical and physical properties related to feed weight, feed volume, feed
protein ate responsible for intake of the feed in question. Very little data are available
on the role of these and other factors on feed intake of turkeys.
Nutrient density
The quantitative relationship of nutrient density to daily feed intake in relation to fed
weight, volume, energy and protein content have been studied by Thayer et al.(1965)
in growing turkeys. From the data obtained in their experiment (Table 2) it appears
that where nutrient density has been progressively lowered within a series of rations,
a conditioning effect is exerted upon rations and phisical capacity for feed consumption
steadily increased during the growing period.
The minimum energy densities which allow maximum feed intake till the limit of
physical capacity in starting and growing turkeys are 2825 and 2500 kcal. ME per
Kg feed, respectively (Sibbald, 1964). The optimum overall performance based on
live weight, feed conversion and monetary returns was achieved with starter-growerfinisher regimes with 12.35, 13.19 and 13.60 MJ per kg metabolizable energy (Hulan
et al., 1984).
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Table 2.

Feed intake and efficiancy as affected by dietary energy levels in turkeys

Metabolizable
Energy
(kcal/kg)

M.E.intake
(kcal/kg)

Feed Intake
(g/day)

Feed
Conversion
Ratio

2200
2640
3080
3520
3960
4400

635
605
608
573
584
608

298.2
238.1
204.0
170.9
154.1
139.6

5.98
4.29
3.40
2.72
2.60
2.13

Thayeretal. (1965)

The data on feed intake and nutrient densities from various experiments related to
turkey are difficult to compare and interpret, mainly for three reasons. First, the
calories derived from fat in diet is substantially higher than derived from carbohydrate
and as such it becomes difficult to conclude where both sources of energy are varied
simultaneously. Secondly, the lability of the fat content of turkey carcass especially
after 16 weeks of age is quite high and this makes it difficult to interpret data entirely
on the basis of live weight and feed conversion, and thirdly, the fat content of
finished carcass of turkey is of much greater significance in turkey than in broilers
and this affects the choice of an optimum level of energy.

ENVIRONMENTAL TEMPERATURE AN ENERGY REQUIREMENT
Hurwitz et al., (1980) studied the energy requirement and performance of growing
chickens and turkeys as affected by environmental temperature (Fig.l).

Fig.l Energy requirement for maintenance of male (o) and female
(v) as effected by environmental temperature.
653

In both species and sexes, the maintenance requirement decreased with constant
temperature from 12 to 24°C, reaching low between 24 and 28°C, followed by
increase in energy requirement as the temperature was raised further. At 12°C
maintenance energy requirements were 2.45 and 2.70 kcal per gram per day for
chicken and turkey, respectively. Accordingly, the requirement for weight gain
averaged 1.87 and 0.7 kcal per gram weight gain in chick and turkey poult. Hurwitz
and Bengal (1983) compared the performance of turkeys maintained under diurnal
cycles with the others kept constantly at high, low or average temperatures.
Performance and amount of energy used for maintenance in turkeys maintained at
cyclic temperature with a high upto 30°C were similar to those of others kept at the
average temperature. When the upper temperature was above 35°C, the performance
of cycled birds was inferior to the birds reared at average temperature, but superior to
those at high constant temperature. A similar trend was observed when the cycle
range was 10 to 20°C.
Proudfoot and Hulan (1988) also studied the effect of ambient temperature and
dietary energy on performance of male and female Nicholas turkey poults given low,
low medium, medium high or high energy diets. Ambient temperature for all poults
was 35°C in the first week then reduced weekly to either 5, 3.5 or 2.0°C. The feed
conversion ratio was 2.11 for males which was better then for females. Higher
ambient temperature with increasing dietary energy intake improved feed conversion
ratio but higher temperature decreased feed intake and body weight.
Table 3.

Effect of environmental temperature on performance of turkeys (20 week old)

Performance

10

Environmental Temperature (°C)
20
27

35

Initial body weight, g

11298

11668

11229

11400

Body weight gain, *g

1913

1788

1306

344

Feed intake, g*

8223

7998

6789

5305

* Figures for entire three weeks period

The older birds responded less to high temperature and much less to low temperature
(Barrot and Pringil, 1945). The weight gain was depressed at 35°C as well as at 27°C
compared to 10 or 20°C in older birds (Hurwitz and Bengal, 1983) as shown in Table
3. A similar trend was also true with feed efficiency. The energy needs for maintenance
were slightly reduced at 20°C from 10°C, but declined continuously with increase in
temperature upto 35°C.
PROTEIN REQUIREMENT
Very little work has been done on specific amino acid requirement of various age
groups of turkeys under different situations. The limited work done in this regard is
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also conflicting and confusing for want of proper experimental design and conditions.
There are some reports, though conflicting, about total protein requirement for
prebreeder and breeder turkeys which may be able to meet the requirements for
various amino acids. Carter et al. (1957) reported that 18 percent protein diet was
superior to 16 percent regardless of dietary energy level. Menge et al. (1979) found
no difference in reproductive performance of hens fed either 18 or 14 percent protein
diets as also reported by Robblee and Clandinin (1959). Krueger et al. (1978) and
Jensen and McGinnis (1961) demonstrated that 10 percent protein diet is adequate
for breeder hens. In general, a low protein diet coupled with high feed intake resulted
in adequate daily protein intake during early phase of reproduction.
Total sulfur amino acids and methionine
The total sulfur amino acids and methionine are among the most investigated amino
acids in turkey nutrition, but the studies are characterized by the lack of agreement
mostly because of differences of strains of turkey used and other experimental
conditions.
Behrends and Waibel (1980) reported methionine requirement as 0.46% of the diet in
poults for 1 to 4 weeks of age. This value is lower than 0.53% recommended by the
NRC (1984) or 0.5% by ARC (1975) for similar age groups. These differences are
difficult to explain as different cystine levels have been used in various investigations
without much evidence of replacement value of cystine for methionine.
Kratzer et al. (1949) presented data for the replacement value of cystine for methionine,
which is about 37%. It is much lower than 55% reported by Behrends and Waibel
(1980) for starting poults.
Wamick and Anderson (1973a), Potter and Shelton (1974) and Murillo and Jensen
(1976) have reported the requirement of total sulfur amino acids in excess of 1.0% for
starting poults while Kummero et al. (1971), ARC (1975) and D'Mello (1975) have
suggested the requirement of order of about 0.82%. This variation may be partly due to
the technique employed for the estimation of methionine and cystine. Murillo and
Jensen (1976) recalculated from the data obtained by Kummero et al. (1971) and have
shown that the requirement is 1.08% instead of 0.82% as reported earher.
Requirement of lysine and other essential amino acids
Lysine requirement of growing turkeys decreased proportionate to the decrease in
protein requirement after four weeks of age. It has been further reported by Carter et
al.(1957) that lysine was first Hmiting amino acid in turkey feeding with low protein
diet (14%) whereas methionine becomes the first limiting with diet having ,17 or 20
percent protein. Potter et al. (1981) estimated lysine requirement in growing turkeys
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(8 to 20 weeks of age) with varying levels of protein and reported the requirement to
be 1.4, 1.2 and 0.9 percent at 12, 16, and 20 weeks of age, respectively. These values
are higher than 1.35, 1.0 and 0.8 percent reported by NRC (1984) for 8 to 12, 12 to
16 and 16 to 20 weeks age groups and much higher than reported by ARC (1975).
The reason for these differences might be the change in the requirement of fast
growing turkeys used in the later studies.
The information about the requiremwnt of other essencial amino acids in turkeys is
very Hmited. Wamick and Anderson (1973b) using semi-purified diets, reported the
requirement for starting poults as: arginine, 1.6%; histidine, 0.58%; leucine, 1.68%;
isoleucine, 1.1%; valine, 1.2%; phenylaline and tyrosine, 1.8%; trptophane, 0.26%;
methionine plus cystine, 1.04% and threonine, 1.0%.
AMINO ACIDS IMBALANCE
Feeding of fifty percent excess of tryptophan and isoleucine requirement decreased
feed intake in Nicholas turkey hens within 24 hours and 50 percent deficient diet in
these amino acids resulted in significant decrease in feed intake in 36 hours (Firman
and Schaffner, 1989).
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GROWING TURKEYS ON A VENTILATED LITTER
FLOOR
T. Veldkamp
Centre for Applied Poulty Research, Spelderholt., Beekbergen. The
Netherlands

In the period from 2000-2005 the Dutch government aims to achieve a 70%
reduction of ammonia emission from livestock production relative to 1980. In this
respect a partially ventilated litter floor has been developed for turkeys. Two
housing trials with both females and males in a summer and winter flock were
conducted to determine the effect of a partially ventilated litter floor both on the
ammonia emission as well as the performance of the turkeys. Housing turkeys at
a partially ventilated litter floor resulted in a decrease of ammonia emission with
60% compared to a traditional full litter floor and in a better performance. The
better performance compensates the increased investment costs.
INTRODUCTION
Acid rain is an environmental threat. It's sources are both industrial (NOx) and
agricultural (NH^;ammonia). A main component in environmental acidifying pollution
is gaseous ammonia. In the period from 2000-2005 the Dutch government aims to a
70% reduction of ammonia emission from livestock production relative to 1980. In the
period 2010-2015 a national average reduction of 80% has to be realised. Livestock
housing will have to be modified in order to bring ammonia emissions down to the
desired level. One of the methods to reduce ammonia emission consists of rapid drying
of droppings and keeping them dry. In this way, microbiological activities converting
uric acid into ammonia are restricted as much as possible. The bacterial activity slows
down greatly if the moisture content of the manure in the litter is less than 30% (Vogels
et al., 1976).
To dry litter rapidly, extensive research has been conducted with different housing systems.
These systems have been designed to dry the droppings as soon as possible. For example:
floor heating, a partially slatted floor with manure belts and forced air stream and a full
ventilated litter floor. These systems had some practical or economic disadvantages.
After two years of research, a system has been developed for turkeys that showed good
perspectives for practice. It consists of a partially ventilated litter floor. The concept
of the partial ventilated litter floor is based on the fact that the treatment is restricted
to the area where most droppings are produced and to enable rapid drying by forcing
a continuous airflow through the litter.
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To reduce the ammonia emission and improve the performance of the turkeys two
trials were conducted to determine the effect of a partially ventilated litter floor on the
ammonia emission as well as on the performance of turkeys.
MATERIALS AND METHODS
The experimental turkey house consisted of four rooms. Each room can be regarded
as a separate house because each room has its own climate control. Each room consisted
of two pens of 90m^. The rooms were ventilated by three fans in the top of the house
and air inlets in the side walls. The ammonia emission is derived from the ammonia
concentration in the outgoing airflow and the ventilation rate. The airflow is measured
permanently by means of a flow rate sensor. The ammonia concentration is constantly
measured by means of converting NH^ into NOx and a chemoluminisence NOx-analyser
(Van aet Klooster et al., 1992). In the trial the partially ventilated litter floor was compared
to a full Utter floor.
Description of the housing systems :
Partially Ventilated Litter Floor
A slatted floor was constructed 20 centimeters above the original floor along the side
walls. The slats were covered with a permeable cloth and a thin layer of wood shavings.
Fans are placed in the ventilated floor to circulate air from above and under the raised
floor. Thus the litter and the droppings on the raised floor are constantly aerated from
below (Ehlhardt et al, 1991, Van Middelkoop, 1994). In the experimental rooms half
of the floor space was covered with a ventilated litter floor. Feeders and drinkers were
installed on the ventilated floor to enable to collect most of the manure.
Full Litter
The traditional way of housing turkeys in the Netherlands is on a full litter floor. It
consisted of a concrete floor fully covered with litter. Wood shavings have been used
for the litter layer.
In both housing systems two groups of male and female commercial BUT-Big 6 turkeys
were placed at 1 day of age. A male flock consisted of 630 birds and a female flock
consisted of 900 birds. The stocking density was 3.5 male turkeys per square meter and
5.0 female turkeys per square meter. The trial was conducted with a winter and a summer
flock.
Every four weeks the performance was determined and breast bhsters and breast buttons
were scored. In the processing plant the quality of the foot pads of the turkeys were scored.
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RESULTS AND DISCUSSIONS
Performance
Females and males from the winter flock were delivered to the processing plant at an
age of 106 and 141 days respectively and from the summer flock 115 and 147 days
respectively. The performance results are presented in Table 1.
Tabel 1. Performance of the turkeys at delivery age at the partially ventilated
litter floor and on full litter.

Winter

Weight Feed\gain Feed/gain Mortality
ratio*
%
ratio
g
9147
2.45
2.46
2.5

Female

Part. vent.

Female

Full litt.

9212

2.40

2.40

2.7

Male

Part vent.

19215

2.73

2.70

ii.o

Male

Full. litt.

18910

2.67

2.67

12.2

Part. vent.

10617

2.65

2.58

1.9

Summer
Female

Full. Utt.

10114

2.63

2.63

2.8

Male

Part. vent.

19768

2.74

2.66

7.5

Male

Ful. Htt.

18917

2.76

2.76

7.0

Female

* Feed/gain ratio corrected to the same live weight of the group on full litter with 0,01
for each 100 g difference in final live weight for males and 0,015 for females.
In the housing system with the partially ventilated floor male turkeys showed a better
performance in both flocks. Female turkeys showed better performance at the partially
ventilated floor in the summer flock only.
In summer, the ventilated floor had a more clear effect on growth. This is probably due
an important cooling effect of the ventilated floor by forced air movement at bird level.
The birds have a choice where to stay. When the birds feel the need to cool down they
can go on the ventilated floor. If they prefer a warm environment they reside on the
lower part. The feed/gain ratio, corrected for the difference in live weight of the turkeys,
at the partially ventilated litter floor is better in the summer flock for females and males
compared to full litter. In the winter flock the feed/gain ratio is higher for both sexes
at the partially ventilated litter floor compared to full litter. It is clear from these figures
that air movement at bird level contributed to a part of the differences in performance.
There were no differences in mortality between both systems.
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EFFECTS OF AFLATOXIN ON GROWTH AND FEED
CONSUMPTION IN GUINEAFOWL
P. S. Bedi^ , Harpreet Singh\ T. S. JohriS and
R. K. Agarwal^
'Central Avian Research Institute, Izatnagar, and
^Department of Chemistry, Bareilly College, Bareilly (U. P.) India

Day old 80 guinea keets of identical weights were randomly divided into four
groups and were exposed to four different dietary aflatoxin levels (0.0,0.5,1.0
and 1.5 ppm), to assess its effects on growth and feed consumption in indigenous
guineafowl. Mean total (upto 9 wk. age) were: 632.8±17.9, 647.5±35.9, 623.5±9.1,
615.7±19.8 and average daily weight gain 10.0±0.3,10.3±0.6,9.9±0.2 and 9.8±0.3g
respectively. Results showed distinct decline at higher levels, eventhough the
differences were not significant among the four groups. The mean values of
daily (week wise) dry matter intake in control and experimental groups
(1433.2±48.7, 1448.9±47.3, 1421.1±39.6 and 1275.7±114.6g respectively) showed
reduction in dry matter consumption. Mortality percentage in different groups
(5.0, 5.0, 10.0 and 15.0% respectively) showed a dose related increase. The
present study revealed that aflatoxin influences the reduction of weight gain
and feed consumption in keets at higher dietary levels.

INTRODUCTION
Aflatoxicosis in domestic fowl is characterized by poor growth and low feed
consumption, malformation and heavy mortality (Uneno, 1985). However, only limited
information is available regarding alternate poultry spacies. The present study was,
therefore, planned to examine the effects of aflatoxin on growth and dry matter
consumption in guineafowl.
MATERIALS AND METHODS
Randomly selected four groups of day old keets (20 each) having identical weights
were subjected to 4 different experimental diets containing aflatoxin. T, -0.5 ppm, T^
-1.0 ppm and T^ -1.5 ppm and the control 0.0. Aflatoxin was produced in rice
following the method of Shotwell, et al. (1966); and its concentration was measured
as per the technique suggested by Pons, et al. (1966).

665

3. INFLUENCE OF GENOTYPE, NUTRITION AND
PRODUCTION SYSTEMS ON THE EFFICIENCY OF
QUAIL PRODUCTION
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attained a commercial proportion today. Though extensive research has been conducted
over the decades to evolve more efficient quail varieties with higher juvenile growth
rate little has been studied on its genetic nutritional interrelationship so far. Reports
regarding variable performance of quail genotypes with respect to dietary protein
variation are scanty. However an attempt has been made here to summarise the few
published genotypic responses in varied protein level environments.
Response of varying genetic stocks and protein levels on economic traits
The bulk of the organised research on Japanese quails has been directed towards
development of genetically superior stocks. Genetic selection has been carried out with
success in various genetic stocks by a number of workers world-wide, to bring in
improvement in juvenile body weight gain. Numerous attempts to improve body weight
at 4th, 5th, and 6th week of age through mass selection on short or long term basis have
been reported (Marks 1978; CoUins et al, 1970; Agarwal and Mohaparta 1988; Caron
et al., 1990; and Panda et al., 1988). Results reveal that positive genetic gains have
been realized in almost all the stocks reported through selection for high juvenile body
weight over the years. Experiments also have been carried out to improve genetic stocks
for egg production and related traits through similar genetic selection on short or long
term basis (Nestor et al., 1982; Panda et al., 1988; Minvielle et al. 1992; and Panait
et al., 1992). As observed in growth studies of quails the amount of improvement in
liveweight which matters ultimately remains largely a function of selection intensity
and time (number of generations) as in the case of chickens and turkeys.
Stocks thus developed have enunciated varying amount of response to changing
nutritional levels with respect to various traits. Since dietary crude protein component
constitutes the most important item of the feed from metabolic as well as economic
point of view studies on response of quail stocks to dietary protein variation have
attracted prime importance in most cases. For ease of compilation here the individual
effects of the genotypes, protein levels and their interactions have been summarised
trait-wise with respect to their significance.
Body weight gain
Significant selection response for body weight at 4 weeks (Marks 1978; Nestor et al.,
1982 Panda et al., 1988 Damme and Aumannn 1992) at 5 weeks (Agarwal and
Mohapatra, 1988) and at 45 days of age (Caron et al., 1990) reahsed from the mass
selections carried out for varying number of generations indicate that genotypic effects
have large influences on the quail production efficiency as compared to other factors.
Studies on growth rate conducted by Marks (1978) indicated that the selection
environment also influenced the rate of genetic gain to some extent. In his study the
P - line quails maintained under 28% protein environment evinced a greater response
per generation in 4 week body weight than the T line quails maintained under 20%
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protein and a thiouracil stress. Though both the Unes eUcited comparable responses
over the 1 st 10 generations of selection the response in T line drastically reduced over
generation 11 to 20 and further over 21 to 30. Cumulative genetic gains achieved
(measured as deviations from control populations) to the tune of 160 gm or more in
P line and 140 gm or more in T line quails through 88 generations of selection by
Marks (1992) 26 grams in an HW line through 7 generations of selection by Nestor
et al. (1982) and 31 grams through 16 generation of mass selection by Panda et al.,
(1988) support the hypothesis that genotypic effects are the largest factors influencing
juvenile body eight in quails. Reports of Okamoto et al, (1988) indicated that the
selected line quails could be almost twice as heavy as compared to the control as a
result of 53 generations of selection for high 6 week body weight. Results from the
study conducted by Mishra et al., (1993) on 3 genetic groups reared on 3 dietary protein
levels revealed the existence of significant genotypic effects for all measures of juvenile
body weight and weekly and cumulative gain in weight between 0 to 5 weeks of age.
The contribution of genotypic variance to the total phenotypic variance was in the
range of 88 to 95 for various measures of body weight and 70 to 86% for the weekly
body weight gains from 0 to 5 weeks of age.
Significant dietary effects (varying in crude protein content) were reported by Marks
(1971 and 1993) for all measures of weekly body weight from 1 to 4 weeks of age
based on the results averaged over 2 to 3 lines of quails. His study (Marks 1993) indicated
that the selected line utilized high protein diets more efficiently to produce higher body
weight as compared to the control line. It was seen that a line selected continuously
in a low protein (20% CP) diet (T line) for 79 generations when fed diets richer in crude
protein (24 % CP and beyond) could not exhibit higher body weight as compared to
the P line selected under 28% CP continuously for 79 generations. However it was
seen that CP levels beyond 24% in the diet did not have any apparent advantage in
maximising 3 and 4 week body weight. Similar dietary protein effects were witnessed
in the experiments of Mishra et al., (1993). Significant effects of crude protein content
averaged over 3 genetic groups of quails were observed in their study on almost all
measures of body weight gain from 1 to 5 weeks of age. Their findings were also
supportive of the observations of Marks (1993) that the body weight at 4 and 5 weeks
of age increased with increased protein levels of the diet. However Mishra et al., (1993)
confirmed that higher protein content beyond 24 % CP has greater influence on body
weight immediately posthatch as compared to later phases of growing. Increase in
body weight corresponding to increase in protein levels have also been reported by
Panda et al, (1978) and Babu et al., (1986).
Significant genotype protein level interaction effect were reported by Marks (1971
and 1993) for 4 week body weight. Similar stock-protein level interaction effects were
also pubHshed by Turedio et al. (1986) for Japaneses quails for 5-week body weight.
The presence of the line-diet interaction (Marks, 1993) indicated that while a quail line
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parts (based on dressed and eviscerated weight). Variation due to genotypes accounted
for major part of the phenotypic variance (80 to 89%) for all the traits. Differences
between lines were also significant for breast angle keel length and weight of individual
cut up parts (leg and breast).
Genotypic differences for certain body compositional traits like carcass weight,
percentage carcass water protein and lipid (p < 0.05) were reported by Marks (1993)
for quails upto 42 days of age. Significant line differences for percent protein, lipid and
dry matter were also recorded by Bacon and Nester (1983) for quail carcasses at 120
days of age. Marks (1993) found that both age and genotype influenced carcass
compositional traits in quails. Age effects appeared to be relatively consistent regardless
of genotype, whereas genotypic effects were age dependent. Genetic differences between
the selected and control line for percent protein,water and total lipids were mostly
pronounced after 28 days of age. Similarly, Bacon and Nestor (1993) observed that
larger body weight strains (selected for high 4 weeks weight for 6 to 8 generations)
contained more fat and less protein than the smaller body weight strains.
Dietary protein levels were also reported to affect certain carcass quality traits
significantly in the study of Mishra et al. (1993). Significant dietary effects (P<0.01)
were observed between protein levels for pre-slaughter live weight, dressed and
eviscerated weight, total meaty parts and weight of individual cup-up parts at 5 weeks
of age but not percent shrinkage loss, evisceration percentage, percentage total meaty
parts on eviscerated yield breast angle and keel length.
Genotype protein level interaction effects were found non- significant for almost all
the carcass quality traits studied and their contribution to the total phenotypic variance
was negligible (Mishra et al. 1993).
Survival
Information regarding influence of genotypes on survival and mortality percentage in
quails is scanty. Little contribution of genetic variation to the gross phenotypic variation
in survival rate of quails from 1 to 5 weeks of age has been reported by Mishra et al.
(1993). On the contrary, reports indicated that reduction in percent mortality is associated
with higher body weight gain as a correlated response brought about due to genetic
selection for high 4-week body weight (Nestor and Bacon, 1982). However, no such
trend was evident with correlated response from five generations of selection for 120
days tgg production in two divergent lines of quails (Nestor et al., 1983).
Dietary protein effects were found significant (P/0.05) in causing variation in percent
mortality (1 to 5 wk) of quails. Quails grown on a lower protein diet (24% CP) were
observed to have a better survival than on a high protein (27% CP) diet. However, very
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little study has been done to examine the clear-cut role of crude protein levels in
controlling survival rate of quails. Genotype-protein level interaction effects were found
to be of no consequence in influencing percent mortality or survival of quail (Mishra
et al. 1993).
Production related traits
Difference between lines were found significant (P<0.01) for egg production to 16
weeks of age and egg weight (16the week) but not for age at sexual maturity (Praharaj
et al. 1990). The study revealed that a line selected for 14 generations for high 4 week
body weight exhibited less number of eggs and higher egg weight compared to its
unselected control as a correlated response to selection for higher body weight.
Significant line effects for age first egg, egg weight, percent fertility and hatchability
between selected and control population were recorded by Marks (1979) as a correlated
response to selection. Significant differences between two selected lines were also
reported for percent fertility and hatchability by Panait et al. (1992). Marks (1979)
noted that the production traits like egg weight, egg production and fertility are less
adversely affected by selection under a deficient protein level environment than by
selection under adequate protein environment. When averaged across 40 generations,
line differences were found significant for mean percent hen-day production. The
selected lines produced significantly larger eggs as compared to control line as expected.
Nestor and Bacon (1982) found that egg production declined significantly in a line
(compared to control) as a result of 7 generations of selection for high 4 week body
weight. However selection for decreased 4-week body weight did not influence egg
production (Nestor and Bacon, 1992).
Significant line differences could be realised from five generations of divergent selection
fçr high or low 120 days egg production (based on individual egg production) by Nestor
et al. (1983) for traits like egg production, egg mass, percent shell weight, percent yolk
and albumen weight. However no significant genetic difference was evident in either
of the divergent lines for egg weight.
Genetic differences between lines were found significant in the study of Mishra et al.
(1994) for average age at 1st egg, age at 50% production, egg weight (10th week) and
egg production upto 18 wk of age.
Dietary protein level effects were recorded to be of no consequence in influencing all
the four production related traits in the study of Mishra et al. (1994). However, the
authors observed that higher egg production was associated with lower protein level
as compared to higher protein levels (24% CP Vs 27% CP) in the diets fed during the
brooding period (0 to 5 weeks) when switched over to a uniform protein level in the
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layer diet (22% CP). But, no such trend was available for all the other traits under
study. The findings of Shrivastav et al. (1980) were also supportive of the latter
observation of Mishra et al. (1994) with respect to non significant effect of feeding
regime (varying in energy and protein levels) during brooding period over production
performance traits.
Significant genotype-protein level interaction effects were encountered by Mishra et
al. (1994) for egg production upto 100 days (P<0.05) and 18 weeks of age (P<0.01),
but not for egg weight or age at sexual maturity. This indicated that the quail lines
studied by Mishra et al. (1994) had differential behaviour with respect to brooding
period protein levels when switched over to a uniform protein level in layer diet (22%
CP). Such interaction effects, however, could not be explained properly for lack of
further studies. Therefore, it might be appropriate to only say that quail genotypes
differ in their crude protein requirement in early stages of growth to optimise egg
production at later stage.
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INFLUENCE OF DIFFERENT NUTRITION LEVELS ON
THE EFFICIENCY OF QUAIL PRODUCTION
J. Baumgartner^ and D. Klecker^
^Research Institute of Animal Production Nitra, Poultry Breeding
Station, 900 28, Ivanka pri Dunaji, Slovak Republic
^Mendel, Agriculture and Forestry University, 613 00 Brno, Czech
Republic

INTRODUCTION
Japanese quail (Cotumix cotumix japónica) has become important in recent years
not only as laboratory animal for poultry and biomédical research but is also important
for production of valuable egg and meat with specific dietetic characters (Baumgartner,
1990, 1994). In comparison with the chickens, Japanese quail annual egg mass
production is twenty times higher than it's female adult body weight while by hen is
only ten times. Similar situation but not so expressive is also in meat production. For
full utilization of the excellent production potency, Japanese quail need optimal
environmental conditions, especially regarding nutrition and feeding technique for
rearing, fattening or laying period.
As a result of various nutrition studies with Japanese quail particularly related to
nutritional requirements, it is evident that a gradual improvement of the production
potentiality has been achieved to meet optimal standards.
PROTEIN AND AMINO ACID REQUIREMENT IN EGG TYPE QUAIL
The determination of requirements of dietary protein and individual amino acids for
Japaneese quail has been the focus of elaborate studies by many workers (Lee et al.,
1977; Kraszewska - Domanska, 1978; Shim and Vohra, 1984; Sinha and Verma,
1984; Straznicka, 1990; Shrivastav and Panda, 1987, 1988; Shrivastav and Johri,
1993; Marks, 1993; Shrivastav et al., 1994; Chrappa et al., 1995 etc.). Based on the
findings of some of these workers above cited authors and NRC values, the
recommended levels of some of the nutrients are given in Table 1.
In the commercial production in our country there has been a scant distinction in
feeding egg or meat type quail by our practical breeders. In view of, this, studies
were conducted to examine the crude protein (CP) requirements of egg type quail
during the growing period and their effect on production during the laying period.
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In a 4 X 2 factorial experiment (Klecker and Baumgartner, 1993) we used 4 protein
diets in rearing periods of 1 - 3 and 4-6 weeks of age : 26 % and 21 % (type 1); 23
% and 19 % (type 2); 23 % and 21 % (type 3); 26 % and 19 % (type 4 of nutrition).
We found in our results that the growth of egg type quails was significantly the
highest during the age period up to 3rd week at 26 % and from 4-6 week at 21%
dietciry protein level. But we considered that egg type quails performed equally well
with 23 % and 19 % of dietary protein for the above mentioned age categories
because the differences between the 3rd and also 1st type of nutrition were small and
nonsignificant. Dietary protein levels of 26 % up to the 3rd week and 19 % of
protein during 4-6 week of age were unsuitable because the growth of quails
reflected the sharp changes in protein nutrition which reduced the body weight of
birds.
Table 1. Evaluation of crude protein and amino acid requirements in Japanese quail

Nutrient
content
(g/kg diet)
Crude
protein
Arginine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Cystine
Phenylalanine
Tyrosine
Threonine
Tryptophane
Valine
Glycine

^

Kraszewska Domanska (1978)

Author

Shim and
Vohra (1984)

NRC
(1994)

Rearing period of quail
0-3
wk

4-5
wk

above 5
wk

growth

adult

250
19
7
15
23
21
8
4
13
10
12
3
15'
19

200
15.6
6.5
11.7
18.2
12.0
5.2
3.9
5.2
9
10.4
2.4
13
13

230
19
7
13
21
21
8
4
12
10
12
3
15
19

240
14
4
11
19
12
5
4
11
10
12
3
12
10

200
20
4
10
17
9
5
4
11
9
11
3
10
10

Igrowth

240
12.5
3.6
9.8
16.9
13
5
2.5
9.6
8.4
10.2
2.2
9.5
11.5*

adult

200
12.6
4.2
9.0
14.2
10
4.5
2.5
7.8
6.2
7.4
1.9
9.2
11.7*

* In NRC (1994) is given glycine + serine.

The metabolizable energy (ME) requirement ranges from 11.7 - 12.5 MJ /kg of diet.
The effect of prelayer protein nutrition on subsequant egg production was examined.
It was found that the highest egg production was obtained with a dietary regimen
comprising of 26% protein up to 3rd week and 21 % during 4 to 6 weeks period
(Fig.l). There was a moderate reduction in egg production (4-5 eggs) with 23-19 %
and 23-21% protein regimen. The reduction in egg output was more severe with 26682

19% protein regimen, which is considered unsatisfactory.

Kiji 1.

Graphic expression of average Japanese quail egg produelion in l-5th month
of hiving period

Dlowcr limit of Cl
Dllighei liniil olCl

Prolcin level in g/kgof (iiet

In a review article of the nutrition of Japanese quail, Shim and Vohra (1984)
summarized data of several investigators. For protein and amino acid requirement
they reported for the first period of life a uniform requirement about 24 % of protein,
1.2 % lysine and 0.9 sulphur amino acids. For the laying period they recommend
about 20 % of protein, 0.9 % lysine and 0.8 % of sulphur amino acids.
These recommendations were based on literature sources where the high levels of
protein (28 - 32 %) during starting period obviously stimulate growth in early brooding
period while the effect of high or low protein levels was not evident during later
stages of life. Shim and Lee (1982) further more optimal growth was obtained with
26% protein, 1.37 % lysine and 0.74 methionine by Svacha et al. (1970) as also with
25% of protein (Young et al., 1978) up to first 3 weeks life of the birds. However,
during the subsequent period upto 6 weeks lower levels of protein or amino acids
(1.2 % lysine and 0.72 % sulphur amino acids) appeared to be satisfactory in promoting
optimal body weights.
The 26 % protein and 1.4 % lysine levels up to 3rd week of age and 21 % protein
and 1 % lysine level between 4th and 6th week of age resulted in optimal growth,
higher egg production and egg weight in comparison to lower level of protein nutrition
(23 % protein and 1. 25 % lysine up to the 3rd week of age and 6th week of age). In
view of this finding, we decided for a more critical examination of these levels
especially regarding lysine requirement.
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Table 2. Nutrient requirements of Japanese quail/kg of diet (Zelenka et al. 1993)
Age in weeks
Nutrient
ME
Crude protein
Lysine
Methionine
Methionine
+ Cystine
Threonine
Tryptophane
Arginine
Linoleic acid
Calcium
Nonphytatephosphorus
Magnesium
Potassium
Sodium
Chlorine
Manganese
Zinc
Iron
Cooper
Iodine
Selenium
Vitamin A
D3
E
K3
Bl
B2
B6
B12
Biotin
Folie acid
Niacin
Pantothenic acid
Choline

Unit

1-3

4-7

MJ
g
g
g

12.1
245
14.1
4.4

12.5
195
11.5
3.8

11.7
200
11.0
4.4

g
g
g
g
g

9.5
7.8
2.0
14.8
10.0

8.4
7.4
1.9
12.1
10.0

7.9
6.4
2.1
11.6
10.0

g

7.2

4.4

g
g
g
g
g
mg
mg
mg
mg
mg
mg

4.7
0.45
2.4
0.8
0.7
90
25
100
6
0.3
0.2

2.7
0.19
1.4
0.55
0.5
90
25
100
6
0.3
0.2

2.2
0.35
1.2
1.1
1.0
70
25
60
6
0.3
0.2

lU
lU
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

12000
4500
45
2.5
3.0
15.0
5.0
0.04
0.3
2.5
100
25
0.6

9000
3000
25
2.0
2.0
10.0
3.5
0.02
0.15
2.0
80
20
0.3

12000
4500
45
2.5
3.0
15.0
5.0
0.04
0.3
2.5
100
25
0.6

g

Adult birds

25

Several authors (Shrivastav and Panda, 1987; 1988; Gazo et al., 1987; Shrivastav
and John, 1993; Mishra et al., 1993) studied amount and quality of protein regarding
amino acid composition on productivity of Japanese quail. Gazo et al., (1987) noted
that the amino acid composition has a priority in productive efficiency of nutrition
and they determined approximate levels of protein and amino acids in the dietary of
quail. Shim and Lee (1986, 1988) studied cystine and methionine during the growth
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period of Japanese quail. They confirmed a lower importance of this amino acids for
growth, food utilization and carcass quality and amino acid composition of quail
muscles.
Protein requirement and amino acid imbalance of quail was studied by Straznicka
(1990). She confirmed a generally higher requirement of protein in amino acid
imbalanced diet in comparison with a balanced one.
Klecker et al., (1994) used in quail brooding period a balanced and imbalanced
lysine level up to the 3rd week of age without (24.3 % protein and 1.2 % lysine) and
with ( 24 % protein and 1.4 % lysine) supplement of synthetic lysine. Between 4th
and 6th week of age they used in both cases a diet with 21% of protein and 1%
lysine. At the end of brooding period they found in a group with a higher lysine level
a higher body weight of quail chickens. There was also a moderate higher egg
production and significantly higher egg weight in the group with lysine supplement.

Fig. 2 Body weight of quail fed on diet B related as % of body weight of quail fed
on diet A (across line)
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PROTEIN AND AMINO ACID REQUIREMENT IN MEAT TYPE QUAIL
Hyankova et al., (1995) in experiments with meat type quail used in the growth
period 2 different diets. Diet A up to the 3rd week of age had 26% of protein and
1.45 % of lysine, and between 4th and 5th week of age 21.16 % protein and 1.10 %
lysine respectively. The diet B had in the same growth periods 23.8% protein and
1.27% lysine and 19.5% protein and 0.95 % lysine. The higher dietary protein level
had positive effect on growth of quails up to the 4th week of age and significantly so
upto the 2nd week of age. Since 3rd week of age, the differences due to compensative
growth began to lower and in the end of the 5th week of age the differences were not
significant (Fig. 2). According to these results, for fattening of quail broilers up to
the 5th week of age a diet with a lower protein and lysine levels suggested by
Hyankova et al. (1995) seems to be sufficient. For selection experiments with a meat
type of quail, it is desirable to use higher level of protein and amino acids in order to
ensure full expression of the genetic potentialities for optimum meat production.
CONCLUSIONS
According to our results and data given in the literature we evaluated the suitability
of different nutritional levels for proteins and in egg type Japanese quail during the
brooding period as affecting subsequent egg production. The protein and amino acid
requirements for the growing quail should be higher than the levels recommended by
several other authors. Very important is the balance of dietary amino acids and a diet
with imbalanced amino acid composition should have generally a higher level of
whole protein. In the meat type Japanese quail, for reaching of directed body weight
gains, currently recommended protein and amino acid levels, especially lysine seems
to be satisfactory. For selection experiments higher levels of proteins and lysine
especially up to the 3rd week of age appear to be essential.
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EFFECT OF DIETARY SUPPLEMENTATION OF
MULTIENZYME MEK-CGAP-M ON MEAT AND EGG
PRODUCTION OF ESTONIAN QUAILS
H. TikkS V. TikkS J. HämmaP, A. Kaldmaa^
^ Department of Small Animal and Poultry Breeding, Estonian
Agricultural University, Tartu EE 2400, Estonia
^ Matjama Quail Farm, Tartu EE 2400, Estonia

Feeding trials with the addition of the new Lithuanian multienzyme, MEK-CGAPM to the diet of Estonian egg-meat type quail chicks were carried out in 1995 in
Estonia. Four groups of quail chicks, 400 in each, were under investigation.
Contents of crude protein and multienzyme in the diet of the tested groups were
different. At the age of 42 days 10 males and 10 females from each group
were slaughtered and carcasses were dissected. Data about the laying intensity of
each bird were evaluated from a 28 day control period, then average egg weight
and the other data on the physical quality characteristics of the eggs were
determined.

INTRODUCTION
The addition of exogenous enzymes to poultry diets is widely practised (Sirvydis et al,
1988; Bedford, and Sheppy, 1995). A new generation of enzymes (multienzymes) have
become a key feature of poultry diets. The effects of supplementation of multienzyme
GPL to the diets of Estonian quails on productivity have been investigated from 19911992 ( Mändmets et al,1992 ).
MATERIAL AND METHODS
This paper describes the addition of new multienzyme, MEK-CGAP-M (produced in
Lithuania), containing cellulase, amylase, ß-glucanase, protease and other enzymes, to
the diet of Estonian quails. The feeding trials on the egg-meat type Estonian quails
chicks were carried out on the Matjama Quail Farm in Estonia in 1995.
Four groups of quail chicks, 400 head in each, were under investigation.
Contents of crude protein and multienzyme in the diet of the tested groups were given
in table. The experimental mixed feed contained L29 MJ metabolizable energy per
100 g feed.
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Table 1. Contents of crude protein (%) in the feed of the quails
Groups

Age,
I

II

III

IV
(control)

27.8
-hO.05%
MEK-CGAP-M

25.2
+0.05%
MEK-CGAP-M

27.8

27.8

1 - 14

25.2
+0.05%
MEK-CGAP-M

23.1
+0.05%
MEK-CGAP-M

25.2

25.2

15-28

20.6
+0.05%
MEK-CGAP-M

20.6
+0.05%
MEK-CGAP-M

20.6

20.6

29-185

days

Feed and water were supplied ad libitum. The lighting period was, for broilers 24 hours
and for laying quails 18 hours. At the age of 42 days 10 males and 10 females from
each group were slaughtered and carcasses were dissected.
Data about laying intensity for each bird were evaluated from a 28 day control period.
Then average egg weight, egg shape index, shell thickness, Haugh unit and colour of
egg yolk of 30 eggs from each group were also determined.
RESULTS AND DISCUSSION
Live weight and carcass yield data of the young quails are presented in Table 2. The
average live weight of 6 week old Estonian quails in the experimental groups were
close to the breed standards.The live weight of Japanese quail populations, selected for
bigger body size, could be higher. According to Panait et al (1992) Japanese quails
selected for bigger body size had an average body weight, for 5-week old females and
males, of 194,0 gm and 176,5 g,respectively. In the trials of Damme and Aumann
(1992) 6-week old Japanese quails achieved an average body weight of 242 g and
226,4 g for females and males respectively.
The live weights of the growing quails in the first group were, at all ages, higher than in
the control group, but the differences were not significant (P>0.05), except for 6 week
old females (P<0.05). The addition of 0.05% multienzyme to mixed feed containing
25.2% crude protein (II group) gave practically the same results as feeding mixed feed
containing 27.8% crude protein without the addition of multienzyme. So, the addition
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of multienzyme to the diets of young quails containing a lower crude protein level than
recommended by the standards, was effective.
Carcass yields, breast muscles, leg muscles and total muscle did not differ statistically
between experimental groups. The absolute value of carcass yields established in the
trial is close to average data published in the literature. For example. Baumgartner et
al. (1988) reported an average carcass yield of young quails to be 72-73%; while Bacon
and Nestor (1983) found a value of 65-67% without edible giblets. Mohar et al. (1986)
and Damme and Aumann (1992) gave values of 75-76%, 71-73% and 75-76%
respectively. It is possible that the above authors had different investigation methods.
Table 2. Live weight and anatomical dissection of Estonian quail broilers' carcasses
Trait

n=400
Live
weight gm

Age
(weeks)
and sex

Groups

I

II

Control

72.9

71.1

71.5

%

123.0

119.5

121.1

&

130.6

123.6

126.1

%

149.8

146.6

147.3

&

189.5

184.5

182.1

%

70.9

70.1

70.7

&

69.8

69.4

69.9

%

22.4

21.8

22.6

&

21.7

21.0

21.6

%

14.1

13.8

14.6

2

4

6
n=10
Carcass yield
(witliout edible
giblets, %
Breast muscles
(% of live weight)
Leg muscles
(% of live weight)
Total muscles
(% of live weight)

6

6

6
&

13.6

13.4

13.5

%

45.7

43.8

45.4

&

44.3

42.2

43.1

6

Data about the laying intensity and average characteristics of eggs are presented in
Table 3. It appears that the highest egg production was shown by quails in the first
experimental group, and the lowest by quails in the second experimental group. The
laying period began earliest in the third group and latest in the control -group. The
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laying intensity was high in all experimental groups but did not achieve the best data
for Japanese quails ( Drbohlav and Metodiev, 1995). The addition of the multienzyme
to mixed concentrate had a favourable influence on laying intensity at both standard
and also lower protein levels in the feed. The differences in laying intensity between
the first and second and first and fourth groups were statistically significant (P<0,05).
The mortality of quails in the trial was normal compared with Japanese quails
(Bandyopadhyay et al, 1992).
The physical quality characteristics of eggs did not differ significantly between
experimental groups. The average tgg weight in all experimental groups was higher
than in light lines of Japanese quails, but was less than the average Qgg weight of
specially selected Japanese quails (Ludrovsky et al, 1992).
Table 3. Laying intensity and characteristics of Estonian quails' eggs
Groups (á 120)

Trait

Laying intesity %
in I month (28 days)
II month (28 days)
III month (28 days)
IV month (28 days)
V month (28 days)
Average
The age of first egg in the
the group, days
Mortahty from 45 to 185
days, %
Live weight at the end
of the experiment, g
Average egg weight, g
Egg shape index
Egg shell thickness, mm
Relative weight of egg
shell, % 8.9
Haughunit 90.5
Colour of egg yolk

I

II

III

IV
(control)

86.2
88.6
90.6
88.9
87.7
88.4

84.2
84.5
84.7
82.4
83.6
83.9

87.4
88.0
87.3
86.8
83.9
86.7

81.1
85.4
86.5
87.1
87.6
85.5

37

39

36

40

0.8

2.5

3.3

2.5

210.4
12.1
77.8
0.25

206.6
11.7
78.0
0.22

207.8
11.9
77.9
0.23

207.5
12.0
78.2
0.24

8.6
89.0
2.72

8.7
89.4
2.80

8.8
89.9
2.69

2.85

SUMMARY
1) Starter quail diets containing lower crude protein than standard, exhibited better
performance when 0,05% multienzyme MEK-CGAP-M; is added;
2) Multienzyme supplementation to the diets of quails in the growing period (1-28
days) had no positive after-effect during the laying period;
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3 ) 0,05 % multienzyme MEK-CGAP-M supplementation to the diets of Estonian quails
resulted in lower age of sexual maturity;
4) The highest laying intensity of Estonian quails was achieved with supplementation
of 0,05% of multienzyme in the diets during the growing and laying periods;
5) Feeding multienzyme only during the laying period did not increase the laying
intensity in this trial.
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The paper reviews the work undertaken to establish the nutrient requirements
and feeding practices suitable under tropical and sub-tropical conditions. Three
types of rations are recommended for commercial rearing of quails. They are the
starter upto 2 weeks, grower for 3 to 5 weeks and layer mash for quails of more
than 6 weeks of age. For optimum growth of quail broilers a level of 27% protein
and 2800 kcal ME/kg is recommended upto 2 weeks of age and 24% protein with
same energy level during 3 to 5 weeks of growing period. The requirements for
layer type starter quails seem to be 24% protein at an energy concentration of
2800 kcal ME/kg ration. A dietary protein content of 20% for growers and 19%
for layers and breeders appears adequate. Experiments with particular reference
to lysine, methionine, vitamin A, calcium, phosphorus, manganese and zinc were
also conducted and based on our own fíndings practical levels of nutrients in feed
for various age groups and production purpose of quails are recommended.
INTRODUCTION
Commercial quail farming is becoming more popular and is being increasingly promoted
in a number of Asian countries. In India, Central Avian Research Institute at Izatnagar
first introduced quail first by procuring hatching eggs from the University of California,
U.S.A. in 1974 under a United Nations Development Project. Since then this centre has
been making very significant contributions in the field of quail production technology.
Evidnce is available for chickens that the nutrient requirements established in temperate
zones may not be entirely satisfactory in tropics and subtropics. Therefore, intensive
research efforts have also been made on scientific feeding of this species to exploit in
more detail its production potential under our agroclimatic conditions. Data on quail
nutrition available so far have been reviewed in this paper.
PROTEIN AND ENERGY
Several reports from temperate zones indicate that starter quails need a protein content
of 24%, which may be reduced to 20% from 3 to 6 weeks of age (Shim and Vohra, 1984
and NRC, 1994). Findings at our laboratory (Panda and Shrivastav, 1978) indicated
slightly higher requirements of 27% protein for starting quails, which may be reduced
to 24% after 3 weeks of age (Shrivastav et al., 1980a). Perhaps amino acid inadequacy
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and stress due to environmental temperature could be the factors for this increased
requirement. An energy requirement of 2600 to 3000 kcal ME/kg diet for starting and
growing quail has been reported from temperate regions, whereas, findings under our
conditions (Shivastavetal., 1980a and Dasetal., 1989) indicated an energy requirement
of about 2800 kcal ME/kg. Though raising the dietary energy levels from 2600 to 2800
kcal ME/kg did not influence the gain in weight, it affected significantly the efficiency
of feed utihzation as the feed consumption was reduced significantly. Experiments
conducted considering the subsequent production and reproduction performance as the
criteria of evaluation of the protein and energy requirements of growing quails indicated
that starter quails of egg type require 24% protein (Shrivastav et al., 1980b) which may
be reduced to 20% from 3 weeks of age (Shrivastav and Johri, 1993).
Shrivastav and Panda (1991a) studied the details of variations in growth, meat quahty
and market possibilities of quail broilers that are associated with dietary protein levels
of 24, 27 and 30% at 3, 5, 7, 9 and 11 weeks of age. They reported a decUne in growth
rate after 5th week, irrespective of dietary protein levels. Carcass component weight,
meat yield and profit over feed cost were maximum at 5th week of age. Feed intake and
feed efficiency ratio increased with each increase of age and fond to be better at 27%
protein.
Studies carried out in growth selected line of quail broilers to determine the optimum
energy, protein concentration and the ratio between them required for maximum growth
and meat quahty at slaughter age of 5 weeks, indicated that quail broilers required a
calorie : protein ratio of 96 at an energy level of 2800 kcal ME/kg (Shrivastav and
Panda, 1990). Experiments to study the influence of C : P ratio during different finishing
periods indicated that quail broilers can be fed a ration containing C : P ratio of 107 at
2800 kcal ME/kg during 3 week finishing period and marketed at the end of 5 weeks of
age for better return and meat quahty (Shrivastav and Panda, 1991b).
Protein requirement with and without dietary casein of quail lines viz., meat line, egg
line and white shell egg line, was also studied upto 5 weeks of age (Shrivastav and
Panda, 1988). Results indicated that inclusion of casein reduced the protein requirement
to 24% in white shell egg line, whereas, it significantly improved the body weight of
meat line even at 27% protein, suggesting that maintaining the quality of protein is
more important than the level of protein alone in diet formulation. Response of genotypes
to dietary protein levels for growth and carcass quality traits in quails (Mishra et al.,
1993) indicated that diets containing 24% crude protein supplemented with methionine
and lysine appeared as efficient as 27% crude protein to maximise growth performance
traits. Interaction effects between genotypes and protein level were of least consequence
for quail broiler performance traits.
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For layer quail, it has been reported from temperate zone, that protein levels higher
than 23% were not beneficial and a protein level of 20% with 2800 kcal ME/kg was
suggested (Shim and Vohra, 1984). Findings at our laboratory (Kumar et al., 1978)
indicated that layer quails need a protein level of 22% and an energy content of 2900
kcal ME/kg diet. However, the quail can perform well at lower energy level of 2500
kcal ME/kg, except that feed efficiency and protein efficiency were slightly less than
on other higher energy levels (2900 and 3300 kcal ME/kg). Subsequent studies
(Shrivastav et al., 1993 and 1994) conducted to examine the effect of different level of
protein and energy at a constant limiting amino acid to energy ratio on the production
and reproduction performances of adult quails indicated 19% protein at 2750 kcal ME/
kg to be adequate for quail layers and breeders.
AMINO ACIDS
The lysine requirement was determined at two growth periods of 0-3 and 0-5 weeks of
age in quails, employing graded levels of dietary lysine at 27% protein and 2800 kcal
ME/kg (Shrivastav et al., 1984). The results indicated that 1.3% dietary lysine was
adequate for maximum growth and feed efficiency of quails during both growing periods
of 0-3 and 0-5 weeks of age. Studies on the total sulphur amino acids requirements of
starter and grower quails (Shrivastav and Panda, 1987) suggested that 0.48% methionine
and 0.27% cystine at 27% protein and 2800 kcal ME/kg were adequate for optimum
perforance during both growth periods of 0-3 and 4-5 weeks of age.
Studies (Shrivastav and Johri, 1994) conducted to determine the lysine and total sulphur
amino acid requirements of quail layers as influenced by dietary protein concentration
revealed a dietary lysine level of 0.8% and sulphur amino acid contents of 0.6% to be
adequate for optimum production performance and egg quality characteristics and were
not found to be directly related to dietary protein concentrations of 16 to 22%.
MINERALS
Available reports from temperate zone indicate that 0.5 - 0.8% calcium and 0.2 - 0.3%
available phosphorus supported satisfactory weight gain and bone ash of growing quails
(Shim and Vohra, 1984). Calcium and phosphorus requirements of growing quail under
our conditions were estimated from day old to 3 weeks of age in a 4 x 3 factorial
experiment comprising 0.5, 0.7, 0.9 and 1.1% calcium and 0.5, 0.6 and 0.7% total
phosphorus or 0.2,0.3 and 0.4% available phosphorus, respectively (Bisoietal., 1980).
Results indicated a progressive increase in dietary requirements of one mineral with
the dietary increase in the other and a level of 0.7% calcium and 0.2 or 0.3% available
phosphorus was needed for maximum weight gain and bone ash. Similarly, quail during
4th and 5th week of age required 0.5% dietary calcium and 0.2% available phosphorus
(Reddy eLal-, 1980).
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Experiments to study the effect of level and sources of calcium for egg production on
shell quality in layer quail (Shrivastav and Panda, 1986) indicated that layer quails do
not require more than 3% calcium in the diet for maximum production performances.
Sources of calcium viz., limestone, oyster shell or egg sell meal did not have any effect
on either egg production, feed efficiency or shell quality.
Studies undertaken (Shrivastav et al., 1989) to determine the calcium and phosphorus
requirements and their inter-relationship for layer quail indicated that laying quails
required around 2.8% Ca and 0.7% total phosphorus (0.40% Av. P. in the diet,
corresponding to Ca : P ratio of 4 : 1 for optimum production performance and egg
shell quality. Shrivastav and Panda (1983) also studied the calcium requirement of
breeder male quail and suggested that males when separately raised can be maintained
on quail layer diet containing 1% calcium level without adversely affecting the
reproductive performance.
Lalmingthanga et al. (1990) working on the effect of dietary levels of manganese (60,
90 and 120 mg/kg) in relation to the levels of calcium (0.5, 0.8 and 1.1%) on the
performance of growing Japanese quail indicated requirement of around 0.8% calcium
and 60 mg/kg manganese for optimum growth, feed efficiency, tibial weight, bone ash
and serum calcium and phosphorus upto 5 weeks of age. Significant Ca x Mn interaction
revealed an increased requirement of Mn (90 to 120 mg/kg) at low (0.5%) dietary
calcium and decreased manganese (60 mg/kg) at high (0.8 to 1.1%) dietary calcium.
Shukla etal. (1993a and b) reported a dietary level of 80 mg/kg of Mn and 75 mg/kg of
Zn to be adequate for optimum production performance, egg quality and bone parameters
of laying quails. The results of reproductive performance (Shrivastav and Shukla, 1993)
revealed fertility to be not related to the manganese or zinc levels. Maximum hatchability
and least embryonic mortality were obtained at 80-120 mg/kg of Mn and 75-100 mg/
kg of dietry Zn. Shrivastav (1992) studying the effect of dietary levels of calcium on
the manganese requirement of laying quails could not reveal any significant interaction
and suggested that manganese requirements of laying quails appeared to be not more
than 80 mg/kg, regardless of the calcium concentration of 2.5 to 3.5% and similarly
calcium requirement of 3%, irrespective of the manganese level from 40-120 mg/kg.
VITAMINS
Sachdeva and Panda (1987) studied the effect of different supplementary levels of
vitamin A in egg line and meat line quails upto 50 weeks of age on growth, egg
production, feed consumption, egg quality, fertility and hatchability traits. The results
showed that supplementation of 6000 and 4000 lU vitamin A in the diet of egg and
meat line quails, respectively may be adequate for their optimum growth, production
and reproductive traits.

697

MYCOTOXINS
Quails have been reported to be more resistant to aflatoxin than ducklings and turkey
poults but less resistant then chickens. John et al. (1989) studying the effect of graded
levels (0 - 0.75 ppm) of aflatoxin B^ on performance of quail chicks from 1 to 5 weeks
of age reported that the growth and nutrient utilization of quail starter chicks were not
depressed by aflatoxin levels upto 0.2 ppm in the diet. At 0.3 ppm and above, the
aflatoxin B^ caused a significant depression in nutrient retention and also caused
paleness, enlargement and haemorrhages in liver and kidneys. Studies on the effect of
graded levels of aflatoxin B, in quail layer diet (Johri et al., 1990) for an experimental
period of 100 days showed that there was no adverse effect in percent hen-day egg
production of quail upto 0.3 ppm toxin containing diet.
Thus the review of work done on the nutrition of quails in the tropics revealed that
although several areas (protein, energy, calcium, phosphorus) have been intensively
researched it still needs concerted efforts to exploit the production potential of this
species under our agro-climatic conditions. Quail production, like chicken production
programmes, is going to play a major role in our socioeconomic conditions in rural as
well as urban India. Based on our findings and information available from the nutrient
requirement data, practical levels of nutrients in feed, for different stages of growth
and production, suitable under tropical and subtropical condition are presented in
Table 1.

698

Table 1. Suggested practical level of nutrients in feeds for Japanese quails (per kg
diet)
Quail broiler mash
Nutrient

ME Kcal/kg
Protein, %
Minerals
Calcium %
Av. phosphorus %
Sodium %
Copper, mg
Manganese, mg
Iron, mg
Zinc, mg
Vitamins
Vitamin A, lU
Vitamin D^, ICU
Vitamin E, lU
Vitamin K, mg
Vitamin B^^, mg
Thiamine, mg
Riboflavin, mg
Niacin, mg
Pantothenic acid,mg
Pyridoxine, mg
Biotin, mg
Folie acid, mg
Choline, mg
Amino acids
Lysine, %
Methionine,%
Methionine+Cyst %
Arginine, %
Glycine, %
Histidine,%
Isoleucine, %
Leucine, %
Phenylalanine,%
+ tyrosine
Threonine, %
Tryptophan,%
Valine, %

Quail layer mash

0-2
weeks

3-5
weeks

0 - 2
weeks

3 - 5
weeks

6 weeks and
above

2800
27

2800
24

2750
24

2750
20

2700
19

0.8
0.3
0.2
8
80
100
80

0.6
0.3
0.2
8
80
100
80

0.8
0.3
0.2
8
80
100
80

0.6
0.3
0.2
8
80
100
. 80

3.0
0.45
0.2
8
80
100
80

8000
1200
50
3
0.005
4
6
60
50
6
0.2
1
3000

8000
1200
50
' 3
0.005
4
6
60
50
6
0.2
1
3000

8000
8000
1200
1200
50
50
3
3
0.005 0.005 0.005
4
4
6
6
60
60
50
50
6
6
0.2
0.2
1
1
3000
3000

10000
1200
50
3

1.30
0.48
0.75
1.57
1.44
0.54
1.08
1.89
1.81

1.20
0.45
0.70
1.40
1.28
0.48
0.96
1.68
1.61

1.20
0.45
0.70
1.40
1.28
0.48
0.85
1.68
1.61

1.10
0.40
0.65
1.20
1.06
0.45
0.80
1.45
1.40

0.8
0.33
0.60
1.00
1.00
0.37
0.80
1.43
1.17

1.0
0.27
1.19

0.89
0.24
1.06

0.89
0.24
1.06

0.75
0.21
1.00

0.64
0.18
0.88

4
6
60
50
6
0.2
1
2000
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QUAIL PRODUCTION IN INDIA
S.K. Agarwal
Central Avian Research Institute, Izatnagar, 243122, India

Commercial quail farming although recent to Indian sub-continent is gaining
momentum. Through concerted research efforts the Central Avian Research
Institute has developed a package of practices for commercial production of quails
on scientific basis. The germ plasm and technology developed at this Institute has
successfully been transferred for establishment of quail farms throughout the
country. Quails now constitute the third largest avian species in number only
next to chicken and ducks used for commercial poultry production. Inspite of
stringent Wild Life Act, the production and consumption of quail broiler is on
increase in some states like Tamil Nadu, Kerala, Maharashtra, Uttar Pradesh and
Punjab and weekly production varies from 50 to 100 thousand quail broilers at
present. The several attributes of this species make it ideal for rural poultry
production, for creation of rural employment, for solving gender issues in
employment and to provide supplemental income and protein requirement to rural
farmers. This paper presents the various research and development efforts
undertaken by the Institute to make quail farming a viable enterprise in the subcontinent.
INTRODUCTION
Japanese quails (Cotumix cotumix japónica) popularly known as 'Bater' in Indian
subcontinent have proved to be very good laboratory animals because of their high rate
of juvenile growth, early sexual maturity, short generation interval, high rate of egg
production, low space and feed requirement etc. They also appear to be less susceptible
to diseases compared to chicken and we have not vaccinated the quails during last 21
years. It is probably the smallest avian species used for production of table eggs and
meat. Quail eggs and meat are very popular in several East Asian countries like Japan,
Hong Kong,Malaysia, Singapore, Taiwan and Phillipines. Processed quail egg and
meat are also eaten in several European countries, USA, Canada and South Arabia
(Baumgartner, 1994). Quails usually start to lay at around 6 to 7 weeks of age. Broiler
quails are marketed around 6 weeks of age. Although crosses excell the pure lines for
growth rate, both pure and crossbred quails are used for production of commercial
quail broilers.
In order to provide a diversification to Indian poultry industry and for use as a laboratory
animal for genetic, nutritional, reproductive physiology, management and oncogenic
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studies, Japanese quails were introduced into Indian Sub-continent by the Centre of
Advanced Studies in Poultry Science at Indian Veterinary Research Institute, Izatnagar
under UNDP and ICAR Collaborative Research project on Post-graduate education
and research in the year 1974. Hatching eggs for this purpose were received by the
centre from the Avian Sciences Department, University of California, Davis during
1974 and again in 1976. During 1978 two more quail lines were procured from the
University of Hohenheim, Stuttgart, West Germany and during 80's another Une was
added which was procured from Democratic Republic of Korea.
In addition to utilizing these germ plasm as a pilot animal for research in different
disciplines of avian species, a project to improve this avian species for better productivity,
primarily as a meat bird was initiated during 1977 at Poultry Research Division of
IVRI (now Central Avian Research Institute, Izatnagar). Not much information was
available at that time in the country with respect to quail production practices. Therefore,
concerted efforts were made to develop package of nutrition, management and health
care practices to optimise productivity. Equipments, like battery brooders, rearing
cages, colony laying cages, individual laying cages, feeders, waterers etc. were fabricated
using indigenous technology. Modifications were made in the incubators and hatchers
used for hatching of chicken eggs for hatching of quail eggs. Rearing practices to
optimize growth and production were worked out. These were tested again and again
for their optimal functioning and a workable package of management practices were
developed to promote quail production on a scientific basis. Extensive studies were
also undertaken to find out quality of quail egg and meat compared to chicken including
consumer acceptability. Results obtained from these studies indicated that quails possess
the potentiality as an alternative to poultry farming in providing gainful employment,
supplementary income and as a valuable source of animal protein in form of meat and
egg. These findings provided enough impetus to the scientists at Central Avian Research
Institute for undertaking extensive research and developmental activities to introduce
quail farming as an alternate to poultry, especially for production of quail broilers.
The consistent support of CARI with respect to the availability of improved quail germ
plasm backed by scientific know-how has resulted in the establishment of quail
production units in the public and private sectors all over the country. Today, the CARI
has established itself as a leading institution in quail production research, training and
transfer of technology in the country. Quails have become the third largest avian species
in number only next to chicken and ducks in the country at present. The number of
quails produced for commercial use has also increased considerably during recent years
and estimated to be about one lakh broilers per week, inspite of obstacles from Wild
Life Protection Act in which quails have been shown to be endangered species. AVM
Hatcheries, Coimbatore has been in the fore front for the commercial utilization of
Japanese quail. Beside receiving germ plasm and know-how from CARI, this unit has
imported some more varieties of quails on its own to improve the performance.
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Some of the salient research efforts made at CARI for improving the productivity of
this avian species and the results obtained thereto have briefly been presented in this
paper.
REARING SYSTEM
Our data suggests that quails can be reared successfully both in battery and on floor
pens(Pandey et al. 1982). However, battery system of rearing appeared to have an
edge over the floor system since it reduced mortality and improved body weight and
egg production.
Twenty four hours of light was found to be essential for brooding upto 2 weeks of age
which can be reduced to 12 hr, thereafter 14 to 16 hr of photo period appeared to be
adequate to optimise production and reproduction. Debeaking at 3 to 4 weeks of age
helped to prevent cannibalism. The requirement for starter, grower and layer quails
were 75, 110 and 115 sq. cm for floor space, 2.0, 2.5 and 3 cm for feeder space and 1,
1.5 to 2 cm for water space respectively in cages. This needs to be increased slightly
when the birds are housed and reared on floor (Bandopadhyay, 1987, Ahuja, 1990).
SYSTEM OF PRODUCTION
Small size of the quails at the time of hatch make them unsuitable for transport from
the point of production to the farmers door. As a result they are usually reared upto two
weeks of age at the production site and supplied to the farmers thereafter where they
are reared upto the age of marketing. Although quails are very sensitive to abrupt
environmental changes, they appear to be more resistant to some common poultry
diseases like RD and round worms. However, they are highly susceptible to some
strains of Emeria which causes heavy mortality. The mortality is usually high between
first two weeks of age (Ahuja, 1990; Panda, 1990).
GROWTH CURVE
Studies on the growth curve of different quail lines suggested that it is sigmoid in
nature. The period of acceleration and deceleration was identified at 8 weeks of age.
Most of the growth occured during the acclerating period. Point of inflection coincided
with age at sexual maturity in females. The females grew somewhat faster than males
and the difference between the two sexes gradually increased with age. Physiological
age of quails progressed two and half times faster than that of chicken (Sreenivasiah,
1977).
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EGG PRODUCTION
No systematic studies have been undertaken so far for improving egg production
performance of different lines. Data collected in various lines however suggest that
quail begins to lay around 6-7 weeks of age. Egg production reaches 50% by 8 weeks
and peak production by 10 weeks. Part period egg production up 18 weeks of age
ranged from 54-65 eggs (Praharaj, 1988; Thomas 1989; Ahuja, 1988; Rajnarayan et
al., 1995) in different quail populations under study. The egg production during first
cycle of lay i.e. upto 50 weeks of age was more than 200 eggs in quail broiler lines
(Sachdeva et al., 1988).
MATING RATIO
In the wild state the quails are generally monogamous. As such there was need to
investigate the optimum males to female ratio under intensive system of rearing. Study
revealed that percent fertility but not the hatchability is significantly affected by the
number of females mated to a male. Fertility was maximum when one male mated to
2 to 3 females (Gulati et at., 1980). Fertility declined with increase number of females
per male. Artificial insemination has not been found to be useful so far for production
of fertile eggs due to very low volume of semen and interference of foam during semen
collection (Shrivastava et al., 1994). Hatchability declined with increase in ambient
temperature. Maximum hatchability on total eggs set was observed for the hatches
taken between October to March. Poorest hatchability was observed between June to
August (Agarwal et al., 1979).
INFLUENCE OF SEPARATE AND MIXED REARING OF SEXES ON SEMEN
QUALITY
Semen quahty was found to be best when males and females were reared together before
onset of maturity. However, semen quality deteriorated when males were introduced to
the females at later ages. Semen quahty was poorest when the two sexes were reared
separately. Rearing of the two sexes together also improved fertility and hatchability on
total eggs set and reduced percentage of dead in shells (Shrivastava et al., 1994).

GENETIC AND PHENOTYPIC PARAMETERS
Genetic and phenotypic parameters for various economic traits have been studied
extensively in the five quail lines which include two meat lines, one coloured egg shell
line, one white egg shell line and one control line. The heritability estimates for all the
traits investigated varied from moderate to high except for egg production and were
comparable in magnitude to those reported in chickens. The correlation among the
traits also followed the same general trend as reported for chickens. Although differences
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were observed among lines as expected, availability to substantial amount of additive
genetic variance for most of the traits suggested that genetic manipulation will be useful
to bring about further improvement in the populations under study (Prakash Babu et
al., 1980; Ahuja et al, 1983; Agarwal and Mohapatra, 1985; Praharaj, 1988; Thomas,
1989).
RESPONSE TO SELECTION
Production of quail broilers received priority in the breeding programme followed.
Mass selection for juvenile body weight was found to be effective to improve growth
rate. The realized response ranged from 2 to 5 g per generation when the selection was
practised either for 4 or 5 week body weight. Rate of response did not vary significantly
between the two sexes although the growth rate was slightly higher in females than in
males (Aggarwal and Mohapatra, 1988; Thomas, 1989 and Panda, 1990).
The rate of realised response differed from population to population and between
selection methods. Individual selection for 4 week body weight appeared to be superior
to RRS in improving performance of pure lines as well as their crosses (Thomas, 1989).
No appreciable difference between the two sexes could be observed for body weight at
the time of hatch and upto 4 weeks of age. However, difference between two sexes
gradually increased thereafter and sex dimorphism was evident for adult body weight
(Gulati et al., 1980).
DEVELOPMENT OF WHITE EGG SHELL LINE
Quails normally lay eggs of different colour with motlings which vary from white to
dark brown. This makes the examination of quail eggs difficult through candling.
Two females laying white egg shell eggs were identified in one flock. Through utilisation
of various mating procedures a white egg shell line has been developed utilising these
two females. Data suggest that the white egg shell line is slightly superior than the
parent line for 3 week body weight but produced slightly less number of eggs of smaller
size than the parent population (Panda, 1990).
GENOTYPE NUTRIENT INTERACTION
Performance of quail lines with respect to body weight, gain in weight, feed consumption
and feed efficiency were significantly affected by the quality and quantity of protein
present in the diet. Differences were also significant among genotypes. However,
interaction was non-signifie ant between genotypes and diets (Mishra, 1989 and Khan,
1994).
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CONCLUSION
That the quails have a bright future to provide an alternate to chicken dominated Indian
Poultry Industry is evident. Quails provide the promise to promote rural poultry
production because of their several attributes like small space and feed requirement,
less initial investment, easy to handle, more resistant to diseases etc. This will not
only provide gainful employment to a large number of rural families but also will help
to provide supplemental income and valuable animal protein in form of egg and meat.
This may also help to provide a solution to gender issues in employment. The situation
is not only true for India but also to all developing countries of the world where
unemployment and protein malnutrition is a problem. However, a concerted effort is
necessary to improve the performance of quails through infusion of superior line and to
develop a package of husbandry practices for adoption in rural areas.
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A DIRECT ACTION OF THE PINEAL HORMONE,
MELATONIN, ON TESTES OF THE JAPANESE QUAIL
T. Murayama\ T. Kuwayama\ Y. Monji^ K. Tanaka^ and
M. Kawashima^
^Department of Zootechnical Science, Tokyo University of Agriculture,
Sakuragaoka 1-1-1, Setagaya-ku, Tokyo, Japan 156
^Department of Animal Production and Technology, Faculty of
Agriculture, Gifu University, Yanagido 1-1, Gifu, Japan 501-11

To elucidate whether melatonin acts directly on the testes, the presence of receptors
for melatonin in the testicular tissue of the Japanese quail (Coturnix coturnix
japónica) was examined by the use of radioligand binding assays. Membrane
fractions obtained from adult (10 weeks of age) coturnix revealed the presence of
a specific binding component to ^H-melatonin, and the binding to ^H-melatonin
was specific for melatonin among melatonin-related substances. Scatchard analyses
of specific bindings indicated that the binding component possessed a single class
of binding sites. The equilibrium dissociation constant was 1.35 ± 0.09 nM (n=6),
and the maximum number of binding sites per mg of protein of the membrane
fraction was 5.22 ± 0.13 fmol (n=6).
The effect of melatonin on the androgen secretion by the testicular cells was also
examined. In vitro incubations of isolated testicular cells with and without various
concentrations of melatonin for 3 h at 37 ^C were performed, and the concentration
of testosterone in the incubation medium was measured by radioimmunoassays.
The testosterone concentration was found to be less when incubated with melatonin.
The results suggest that melatonin may act directly on the quail testis and suppress
the androgen secretion through binding to its receptors existing in the tissue.
INTRODUCTION
Melatonin secreted by the pineal gland modulates the reproductive activity of mammals
(Lincoln and Short, 1980) and the activity rhythms of starling (Gwinner and Benzinger,
1978). Melatonin binding sites were identified in central tissues such as rat hypothalamus
(Vanecek et fl/.,1987), ovine pars tuberalis (Morgan et of/., 1989) and also in peripheral
tissues such as rat liver (Acuna et al.,1993), ovary and uterus, hamster testes (Cohen
et al, 1978), and chicken retina (Dubocovich and Takahashi 1987) and testes (Ayre et
al.,1992). Baratta and Tamanini (1992) demonstrated that melatonin stimulates
progesterone production by ovine granulosa cells. Ellis (1972) reported that melatonin
inhibits androgen synthesis of rat testis. These findings suggest that melatonin acts
directly on the gonad as well as on the central nervous systems in mammals. However
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it is still not clear how melatonin acts on the reproductive system in birds. The aim of
this study was to investigate the presence of receptor for melatonin in the testis of
Japanese quail (Coturnix cotumix japónica) and the effect of melatonin on the androgen
secretion by isolated testicular cells.
MATERIALS AND METHODS
Animals : Male Japanese quail (10 weeks of age) kept under 14h light and lOh dark
were killed by decapitation at the middle of light period, and testes were excised, weighed
and pooled.
Preparation of Membrane Fraction : Plasma membrane fractions of the testes were
obtained according to the method of Takahashi et al. (1992). Testes were decapsulated
and homogenized in TEMB(25 mM Tris-HCl, 2 mM EDTA, 2mM MgCl^ óHp, 0.5mM
Bacitracin; pH 7.4) buffer solution with a Potter-Elvejhem type glass-teflon
homogenizer. The homogenates were centrifuged (800 x g,10 min, 4^C) and supernatant
was obtained. The precipitate was rehomogenized and centrifuged again. The supernatant
was combined and centrifuged (13,000 x g, 30 min, 4^C) The precipitate was suspended
in the same buffer solution and centrifuged again. The precipitates were suspended and
homogenized and stored at - 80 °C until using as the plasma membrane fractions. The
protein concentration of the membrane fraction was measured by the method of Lowry
et al. (1951) using BSA as a standard.
Binding Assay : The specific binding of ^H-melatonin was measured by the use of the
method of Dubocovich & Takahashi (1987) with modifications. The diluent used was
TEMB buffer. Aliquots of the membrane fraction (300 |ig / tube) were incubated at 4
°C for 60 min with ^H-melatonin (0.2 to 6.4 nM) in the absence (total binding) or
presence (nonspecific binding) of unlabeled melatonin (12 JJM) in a total volume of
200 |Lil. After the incubation, they were centrifuged (10,000 x g, 20 min, 4 °C). The
precipitate was washed once with 500 |il buffer and radioactivity was measured. The
specific binding was calculated by subtracting the nonspecific binding from total binding
and expressed as moles per mg membrane protein. The equilibrium dissociation constant
(Kd) and the maximum number of binding sites (Bmax) were determined by the method
of Scatchard (1949).
In vitro Incubation and Radioimmunoassay : In vitro incubations of testicular cells
were performed according to the method of Jenkins et al. (1978) with modifications.
Testes of the quail were incubated with luteinizing hormone (NIADDK-oLH-26) and
melatonin. Testosterone concentrations of incubation medium were measured by the
use of radioimmunoassay according to the method of Kono et al. (1981) with
modifications.
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Statistical Analyses : Student's t test was used to assess the statistical significance of
difference between means of two groups. For comparison among means of more than
two groups, Duncan's new multiple range test was used.
RESULTS AND DISCUSSION
The specific ''H-melatonin binding of membrane fractions (300 \xg protein / tube)
increased within 15 min and then plateaued during the incubation period upto 120 min.
The specific ^H-melatonin binding reduced remarkably by the presence of 100-fold
molar excess of unlabeled melatonin, but little by the presence of an equivalent molar
concentration of unlabeled 5-hydroxytryptophan, serotonin, N-acetylserotonin, 6hydroxymelatonin, 5-methoxytryptophol, 5-methoxyindole acetic acid.
The amount of specific ^H-melatonin binding increased with increasing in the amount
of free ^H-melatonin, and plateaued at about 4 nM. In Scatchard type plots, a straight
line relationship was observed between the amount of the specific binding and the ratio
of bound to free ''H-melatonin, indicating that the binding component possesses one
single class of binding sites. The equilibrium dissociation constant (Kd) was 1.35 ±
0.09 nM (n=6), and the maximum binding capacity (Bmax) was 5.22 ± 0.13 fmol (n=6)
per mg protein. The results suggest that the specific melatonin binding sites with a high
affinity and a limited capacity are present in the membrane fraction of the quail testis.
When the testicular cells were incubated with and without various doses of LH (25,
50, lOOng/ml medium), the testosterone concentration (ng/ml) of the medium after 3h incubation was 0.23 ± 0.02 (Vehicle), 0.29 ± 0.02 (25ng), 0.36 ± 0.00 (50ng), 0.63
± 0.03 (lOOng) indicating a significant increase with the increase in the amount of LH
(P<0.05). When the cells were incubated with various doses of melatonin (10 ^ 10^,
lO^mol/1), the medium testosterone concentration was 0.35 ± 0.02 (Vehicle), 0.31 ±
0.01 (lO^mol/1), 0.29 ± 0.01 (lO^moVl), 0.32 ± 0.01 (lO^moVl) and no significant
change was observed. When Leydig the were incubated with various doses of LH
(Vehicle, 25,50, lOOng/ml medium) in the presence of melatonin (lO^mol/1), the medium
testosterone concentration (ng/ml) was 0.22 ± 0.01 (Vehicle), 0.24 ± 0.01 (LH:25ng),
0.28 ± 0.01 (LH:50ng), 0.55 ± 0.04 (LH:100ng). When the cells were incubated with
LH (50 ng/ml) and melatonin (lO^mol/1), the medium testosterone concentration was
significantly lower that when incubated with LH alone (P<0.05). The results suggest
that melatonin inhibits the LH-induced androgen secretion of the quail testis through
binding to its receptor existing in the tissue.
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INFLUENCE OF AN ACUTE STRESS ON MUSCLE
PARAMETERS IN QUAILS DIVERGENTLY SELECTED
FOR EMOTIVITY
H. Remignon, V. Desrosiers, A.Bruneau, D.Guemene and
A.D.Mms
Institut National de la Recherche Agronomique, Station de Recherches
Avicoles, 37380 Nouzilly, France

The influence of a genetic selection, for high or low level of emotivity in male
quail, on the effects of an acute stress on various stress indicators and meat quality
parameters has been studied. When subjected to an acute stress, birds from the
high fear (LTI) line responded differently than the birds of the control (C) and the
low fear (STI) hues. It was observed that LTI birds presented: Higher plasma
creatine kinase levels and a lesser increase in plasma corticosterone levels. Higher
pHu and drip losses values for breast meat. A higher percentage of fast glycolytic
myofíbres (aw) in the breast muscle. There were no differences between lines in
the size of the different myofíbres of the pectoral muscle nor than did their C and
LTI line counterparts in the energetic metabolism of the muscle. In conclusion,
acute stress differently effected muscle metabolism in the STI, C and LTI lines.
Thus selection for fearfulness effects can indirectly lead to differences in meat
quality.
INTRODUCTION
It has long been recognized that stress can induce changes in muscle metabolism in
farm animals. Thus changes may influence meat quality as it is the case in the DFD and
PSE syndromes. During their lives, birds may be subjected to stressful "manipulations"
such as food withdrawal, handUng, transportation. If these Stressors cannot be avoided
then an alternate or complementary approach is to select animals which are less
susceptible to environmental Stressors.
Lines of birds which have been divergently selected over several generations for
differences in the expression of fear reactions are particularly powerful tools for studying
the biology of stress (Jones et al, 1994). Mills and Faure (1991) divergently selected
Japanese quails for the duration of tonic immobility (TI) response. Duration of the TI
response is thought to be positively related to fear.
The aim of the present study was to investigate the effects of an acute Stressors on meat
quality parameters in high (long TI-LTI), control (C) and low (short TI-STI) fear lines
birds.
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MATERIALS AND METHODS
Sixty male quail from the LTI, STI and C lines were killed by decapitation and bled
well ar six weeks of age. Blood was collected in heparinized tubes. Ten birds of each
line were killed without being submitted to any treatment other than decapitation. These
birds were the controls. Ten further birds of each line were placed in a "crush-cage" for
15 minutes. Blood samples were collected from the wing vein in heparinized tubes.
The birds were then killed by decapitation. Plasma samples were prepared by
centrifugation at 1500g for five minutes, immediately frozen and stored at - 20°C until
assayed.
Creatine kinase ( CK) activity was measured in serially preduluted plasma samples
using a commercial avilable kit (Sigma Diagnostics). Plasma Corticosterone (B)
concentrations were measured using a specific radioimmunoassy (Etches, 1976).
Immediately after death, thepectoralis major (PM) muscles were removed and weighted
correct to the nearest mg. The right PM was used for drip loss (DL) measurements. The
sample was placed in a polyethylene bag and left at +4°C during 24 h. Drip loss was
measured and expressed as the percentage of the initial weight. The left portion of the
PM was divided in to two parts. One of them was used in muscle pH measurements
immediately after death (pHi), and after storage for one day at +4°C (ultimate pH or
pHu). 2g of muscle were homogenized in a solution of iodo-acetate buffer (5mM). The
pH of this solution was recorded with a portable pH-meter equipped with a combined
electrode (Jeacocke, 1977). Ten second part of the muscle was used for histochemical
studies. It was forzen in isopentane cooled by liquid nitrogen and stored at -80°C until
analysed. Serial cross-sections, 12 jLim thick, were obtained at-20'^C and processed for
the determination of the succinate deshydrogenase (SDH) activity and by the myofibrillar
ATPases techniques so that myofibres could be classified according to Ashmore and
Doerr (1971). Percentages and mean cross-sectional areas were determined on
approximately 300 fibers in two random fields using a computerized image analysis
system (Lefaucheur et al. 1992).
Metabolic enzyme activities were measured from forzen tissue. The activities of lactate
deshydrogenase (LDH, EC 1.1.1.27), citrate synthase (CS, ET 4.1.3.7) and ß-hydroxyacy
CoA deshydrogease ( HAD, EC 1.1.1.35) were determined according to Bass et al.
(1969).
Data were analysed by analysis of variance using the General Liner Model procedure
of SAS (SAS, 1985).
RESULTS AND DISCUSSION
Plasma CK and corticosterone levels are shown in Table 1. Michell et al. (1992) have
717

shown that CK can be used as an indicator of physiological stress in poultry. Increase
in Plasma CK values are associated with muscle damage which may occur during
exercise or disease and in response to an acute stress. Corticosterone is a well known
indicator of stress in animals.
Table 1. Effect of an acute stress on plasma creatine kinase (CK) activity
corticosterone levels, and on pH values and drip loss (DL) in the pectroalis major
muscle of quail selected from high (LTI) of low (STI) levels of fearfulness and a
control line. Values are means ±SD (n=10). Within columns values with different
superscripts are significantly different (p<0.05). Within rows ns=non significant,
*=P<0.05, **=P<0.01, ***=P<0.001, between control and stress.
Line
CK
(lU)
Coitico
(ng.ml)
pHi

pHu

DL
(%)

LTI
C
STI
LTI
C
STI
LTI
C
STI
LTI
C
STI
LTI
C
STI

Control
138.00
138.00
115.00
6.69
5.91
7.50
6.54
6.61
6.62
5.63
5.59
5.61
2.81
2.84
2.80

± 34.00
± 93.00
± 62.00
± 3.05
+
0.88
± 4.19
± 0.14
± 0.13
± 0.10
± 0.06
+
0.09
± 0.06
+
0.63
± 0.73
± 0.92

Stress
278.00^
186.00^
167.00^
12.03^
56.32^
71.12^
6.55
6.67
6.64
5.86^
5.68''
5.62^
3.7P
2.90^
2.89»^

± 122.00
± 117.00
+
18.00
+
8.14
± 27.44
+
17.33
+
0.14
0.14
±
+
0.13
±
0.15
±
0.11
+
0.07
0.57
±
+
0.72
+
0.79

Sign.
*
ns
ns
ns
**
**
ns
ns
ns
***
ns
ns
**
ns
ns

In our study basal CK and corticosterone value did not differ significantly between
birds of the LTI, C and STI lines. After stress CK value were significantly increased
only in the high fear (LTI) line. Conversely, corticisterone concentration were
significantly increased in bird from the low fear (STI) emotive and control Unes but not
in the LTI line. These results appear to be contradictory since CK values indicate that
only LTI animals are responsive to the Stressor, whereas corticosterone data imply the
opposite. However, Jones et al. (1994) reported similar results for corticosterone response
and hypothesized that because previously birds of the LTI line were in a permanent
stress state, a novel Stressors could not further affect B levels, whereas STI birds were
not so stressed and show high sensibiUty to the Stressors and an associated rise in
plasma corticosterone levels. The results show that all three lines responded to the
Stressors but the responses of LTI line birds were different from those of STI and C line
birds.
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The influence of stress on pHi value was not significant in any of the hues. However, an
increase in the value of pHu was found in high fear hne. After stress, pHu values were
significantly higher in high fear Hne than in birds of the two other lines. This higher meat
pH, after stress, in LTI line birds, may include a tendency towards a dark, firm and dry
meat. The DFD syndrome has been widely described in red beef meat and has been reported
in duck muscle( Chen et al, 1991). This type of the meet has a major disadvantage of being
unattractive in appearance in having the optimal pH for bacterial growth. An other important
characteristic of the DFD syndrome is the dryness of the meat. Nevertheless, this was not
the case in the present experiment as the animals with the highest pHu values also had the
highest drip loss values. This last result is of grate economical importance since it shows
that an important product weight loss (30 % more that for two other Hues) will occur if
high fear line birds are stressed before slaughter.
The water holding capacity (WHC) of a muscle is partly dependent upon the nature and
the structure of the muscular proteins. These two parameters are greatly influenced by
the type of muscle fibers and by the pH value. Furthermore WHC is more dependent on
variation in pH than the absolute post-mortem pH value and variation in pH value
directly influences myofibrillar protein structure (Goussault, 1978).
Table 2. Percentages and cross-sectional areas (CSA in p,m^) of different fibre
types in the pectoralis major muscle from the quails of the STI, LTI and C lines.
Value are means SD ( n=20). Statistical significance, See Table 1
LTI
% ar
% aw
SCAar
SCAaw

68.63^
31.37^
590*^
2397^

±
±
±
±

STI

C
3.93
3.93
106
406

74.75^
25.25^
58P
2582^

±
±
±
±

7.2
7.2
122
532

74.79^
25.2P
699^
2315^

±6.48
±6.48
± 156
±440

Figure 1 : Comparison of metabolic enzyme activities to line. Values are means ±SD (n=20).
Histological examination of the PM muscle of birds from the different lines revealed
that selection had led to an increase in the percentage of fast glyclolytic ( aw) myofibres
in LTI line birds ( Table 2). The aw miofibre cross-sectional areas (CSA) were not
different in the three lines. Inversely the ar myofibres CSA were higher in STI line
birds than in C and LTI line birds. This tendency towards the more glycolytic character
of the metablism was also present in the activity of lactate deshydrogenase (LDH) and
citrate synthase (CS) enzymes (Figure 1). LDH tended to increase and CS tended to
decrease in muscle from animals of high fear line. It cannot be excluded that this
metabolic drift is the cause of the observed differences in pH and DL values. Indeed a
more glycolytic type of metabolism will lead to fibres having an higher glycogen contents
and consequently a higher sensibility to stress. The hypothesis that the muscle fibres of
LTI line quail have a lower glycogen contact than those of STI and C line quail after
stress remains to be tested.
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Figure 1.
In conclusion, these results show that it may be of economic interest to select birds
with low fearfulness, notably because they seem to be less sensible to acute stress
before slaughter. The removal of fearful animals from a given population could,
therefore, partly reduce the potential negative effects of the stress on meat quality.
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4. INFLUENCE OF GENOTYPE, NUTRITION AND
PRODUCTION SYSTEMS ON PRODUCTION OF GEESE
AND OTHER AVIAN SPECIES
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POSSIBILITIES OF INCREASING REPRODUCTIVE
PERFORMANCE AND MEAT PRODUCTION IN
GEESE
A. Rosinskî , R. Rouvier , G. Guy , D. Rousselot-Pailley ,
Halina Bieliñska
Research Institute of Animal Husbandry, Ko^da Wielka Geese
Experimental Station, 88-160 Janikowo, Poland
Agricultural University of Poznan, Department of Poultry Breeding
and Utilization, Wo^ñska 33, 60-637 Poznan, Poland
INRA Toulouse, Station d'Amélioration Génétique des Animaux, 31326
Castanet Tolosan, France
4
INRA Artigueres, Station Experimentale des Palmipedes a Foie Gras,
Benquet 40090 Mont-de-Marsan, France

Geese are exploited in many ways but mostly for meat production. They are kept
in large scale farms and by smallholders. In order to increase number of goslings
for fattening the increasing of the reproductive performance by using of proper
management technology is necessary. The application of short daylight (8-11 hL)
or two cycles of laying in a year give the possibility to increase the goose productivity
by 20-80%. Feeding of geese can be based on complete mixtures (feeding value:
13-14% CP and 2.2-2.4 Meal ME/kg) or on mixtures with green forage. The semiintensive or extensive (using pasture) fattening of goslings would give the ecological
product with additional bonus to quality. The carcass is less fat and has good meat
content. The feathers and down would increase the income from geese. The selection
of geese is carried in the closed dam strains for reproductive traits and in sire
strains for meat traits in order to use them for commercial crossing. The new
method BLUP Animal Model can be used for goose breeding value evaluation.
INTRODUCTION
Domestic geese, mainly Anser anser and also anser cygnoides are reared all over
the world. They distinguish by high adaptation ability. Geese can live in cold north as
well as in hot climates. They are exploited in many ways but mostly for meat
production. Goose farming is economically important in Central Europe and Asia.
Geese are kept in different management systems: deep litter, free range, cages and
slats.
Geese supply us with by-products namely feathers and down. Moreover in France
and Hungary (Toth, 1991, 1992) there is a traditional custom to utihze the genetic and
physiological ability in some grey goose strains of fattening their Uver cells by eating a
724

large amount of com, which is connected with the migration habit in their wild ancestors.
Goose fatty liver is also produced in Israel Poland and Lithuania. Geese produce the
valuable goose fat too.
For many years geese have been used for biological weed control in gardens and
commercially grown crops in south-western United States, some countries in Africa
and Latin America (Hugo, 1995). Geese appeared to be effective in removing water
weeds clogging ponds or waterways in Florida or Hawaii. In the south-eastern Asia
or high Andes geese play the role of guards instead of dogs. Geese are also reared
for sport (fighting) and for fancy purposes.
Keeping geese by small holders give them possibility of obtaining meat and fat at
low cost. In large scale farming the producers try to increase their productivity by
applying optimal feeding and management conditions.
PRACTICAL ASPECTS OF REPRODUCTIVE UTILIZATION
The reproductive ability in geese lasts for many years, even in the tenth year of life.
In a flock of White Itahan breed the laying was 25 eggs in a season with 80% fertihzation
and 60% hatchability (Bieliñski and Rosiñski, 1988). However, for economic reasons
the length of reproductive utilization is 4-5 years. Generally the natural mating is
apphed and sex ratio is one gander per 3-5 females. Breeding geese are mainly housed
in buildings with free access to run or they are kept in the open air.
In the natural environmental conditions the domestic geese are characterized by a
seasonal breeding period which depends very closely on the variation of day length.
The egg laying cycle is short (120-140 days) and the egg laying intensity is to 50%
maximum. In the northern hemisphere the laying begins in early February and ends
in June. The utilization of light programs with short days (10-11 hL) can prolong
the laying period by 30-40 days (Rosiñski et al. 1995). Very good results, namely
about 30% goslings per a layer more in comparison to that in natural daylight
could be obtained by application of 8 hL (Schneider et al. 1980, Elminowska-Wenda
and Rosiñski, 1993). Egg production can be increased (from 42 to 78 eggs/layer) by
introducing a second cycle of reproduction in the same year (Bieliñski et al. 1981).
The autumn laying can be provoked by application of a proper light program and
intensification of feeding. This system, however, is not largely practiced because
there is no demand in market for goslings from the second cycle. The light intensity
inside the building can be limited to 8 Ix without a negative effect on reproduction
(Bieliñska and Rosiñski, 1992). For economic reasons it is more desirable (cheaper
75%) to use fluorescent than incandescent light because the goose productivity are
similar in both kinds of Ught (Bieliñska and Rosiñski, 1993; Rosiñski et al. 1994).
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In the goose farms the feeding consists on complete feed mixtures or concentrates
with green forage. Polish investigators (Bieliñska and Bieliñski, 1986; Bieliñska et al.
1993; Pakulska and Bieliñski, 1993) found that the use of complete mixture of feeding
value 13-14% CP and 2.2-2.4 Meal ME/kg would ensure high egg production (up to
70 eggs/layer). In a reproductive season feed consumption is 60-70 kg mixture per a
layer. Restricted feeding or hmitation of the energy intake to 700-800 kcal ME/kg
could be recommended for higher egg fertility (Sauveur et al. 1988; Sellier et al. 1994).
In order to diminish the cost of full-diet mixture the home crops can be used as
protein sources, as for instance in Poland field bean (20%), pea meals (20%) or rapeseed
oilmeal (15%) instead of soybean meal (Bieliñski et al. 1978). Introduction of grass
meal or root crops dried (15-30%) into the mixture gives good production results
and increases the egg fertility (Bieliñski et al. 1973; Bieliñski et al. 1979). The geese
can be fed without protein of animal origin but its inclusion (5-15%) in the feeding
one year old birds has a positive influence on egg production. In combined feeding
the multicomponent silages are given with good results (Puchajda and Faruga, 1992).
The application at modem technologies of reproductive charactistics of geese
resulted in high productivity. In a cycle 60-70 eggs and 40-45 goshngs per a layer
of White Italian breed can be obtained.
SOME ASPECTS OF MEAT PRODUCTION
The goshngs can be raised either with intensive feeding system using complete
pelleted diet or with semi-intensive or extensive ones due to their abihty to get a large part
of their nutrition from pastured grass. This grazing abihty has been traditionally used
and can be now very advantageously exploited either in semi-intensive system like in
Poland since a long time, or in small scale and sustainable farming (Hugo, 1995).
In the early 1980s Bieliñska et al. (1984ab) developed a technology optimizing the
concentrate intake to improve economics of fattening 4 month old geese raised in
pasture. Timmler et al. (1995) pointed out again that geese are able to consume and
digest high-fibre foodstuffs produced on farm. Sometimes to meet the market demand
(traditionally in December in Western Europe) or in backyard rearing system in small
farms, the geese might be kept for a longer time before slaughter. The requirements
concerning carcass composition are low fat and high muscle (specially breast muscle)
contents. It seems necessary to study the effects of feeding system (supplemented
green grass versus full diet mixture) on the body composition, but also in connection
with the slaughter age. Live weight of 17 week old geese fed with restricted concentrate
and green forage ad libitum was lower by 15-20% in comparison with that in birds of
the same age fed intensively, but with lower fatness and similar content of breast muscles
in the carcasses (Rosiñski et al. 1993). To diminish the fat content a careful quantitative
restriction of feed could be introduced during the first weeks of fattening (Pingel et al..
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1993). The recent French investigations showed that prolonged extensive fattening
when compared with the intensive system improved carcass quality and gave better
economic results. The goslings of White Italian breed were raised following the intensive
program (fed ad libitum a diet containing 20.5% CP, 2900 Kcal ME/kg) and slaughtered
when 119 days old, or with an extensive scheme namely the same feeding from hatch
up 56 day of life and then fed in the pasture plus com grain 130-150 g per day. They
were slaughtered in the age of 168 days. The results (Fig. 1) showed that only the females
fed with grass were significantly lighter and all parameters of fatness were lower. The
abdominal fat was lower by 28% in females and 16% in males. Moreover, breast meat
and leg meat production were very similar at both feeding systems. Finally, the extensive
system seems to be appropriate in goose meat production as far as it reduces fat content
without changing the meatness. In consequence, in spite of prolongation of rearing the
cost of total feeds is lower by 25%.

Weight before slaughter

Abdominal fat

Skin + fat [breast + leg]
Muscles [breast + leg]

Figure 1: Weight before slaughter and some carcass traits of geese fed intensive (I) and
extensive (E) diets.
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FEATHER AND DOWN - THE ADDITIONAL PROFIT
Feathers and down can be obtained by plucking live birds or by removing a feather
coat after slaughter. But down and feathers obtained by hand plucking are of better
quality. The feather plucking in geese can be done at 6-7 week intervals, starting when
the geese are 9 to 11 weeks old. The reasonable plucking has no negative influence
on their growth and feed conversion. The amount and quality of feathers depend on the
breed, live weight and age of birds but also on feeding and management conditions
(Szado et al. 1995). Older geese give more feathers. The amount of feathers from 3
pluckings of a live bird is on the level of 250 g in a growing goose and 280 g in adult
bird. Down constitutes 15-20%. In two years old and older breeding geese the amount
of feathers obtained can be increased by 120 g by additional fourth plucking. It
should be done not later than 6 weeks before the beginning of laying (in the middle
of December) to have no negative influence on reproductive performance (Pakulska
and Bieliñski, 1991). Feeding green forage has a positive effect on density and
brightness of plumage. Feathers of good quality give a considerable increase of income
from farming geese.
GOOSE BREEDING: PAST, PRESENT, FUTURE
Although the domestic geese are popular in the whole world, relatively few researches
in comparison with those on other poultry species were carried out on their genetic
improvement (Rouvier, 1995). On one hand the breeding objects have to be clearly
defined, while on the other hand the efficiency of a selection scheme depends on the
mastering of the reproduction of species being selected. The use of light programs
for reproducing geese can bring an increase in production of goslings (Rosinski et
al. 1995) and enlarge the variability for selection. Recently the artificial insemination
technique in geese was established with relatively good results concerning fertility
(Sellier and Rousselot-Pailley, 1995; Che£moñska and £ukaszewicz, 1995). This
technique can be used to improve the efficiency of selection. In Europe the purpose is
to increase the reproductive ability in geese by selection which is carried out in buildings
with light program (Experimental Station in Koluda Wielka, Poland) or in open air
management system (Station Experimentale des Palmipedes a Foie Gras in Artigueres,
France). The goslings have high growth rate but the breast muscles mature late and
their ratio to body weight is low (10-11%). In Western Europe there is a requirement
to control fatness. Studies on selection to improve meat traits have priority in the
Stations mentioned above. The best outlook for the future should be based on the
development of specific goose lines by selection for high grass conversion
(Schneider, 1995).
The genetic improvement of geese should aim to increase the number of goslings
produced by each female in the laying cycle and to improve the meat traits in the
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goslings. Since almost 7 years the research Institutes in France and Poland pursue joint
investigations on these areas with the strains of White Italian breed. Chunsheng and
Wensheng (1988) reported that they succeeded in increasing the number of eggs
produced per year by 80 weeks old geese of a new variety of Huoyan breed.
The breeding strategies will depend, besides the above mentioned biological
characteristics, on the observed genetical variability both between and within breeds.
To get further genetic progress a selection of specialized sire and dam lines or strains
should be continued.
Goose Breeds
Since the end of the last century several breeds were subjected to selection and
the definitions of breed standards were formed. They concerned mainly body size,
plumage colour and some other morphological traits. Depending on breed or variety,
they vary from small (body weight about 3 kg) to large (10-12 kg - Toulouse and
Embden geese for example). The characteristic traits of the "standard" are usually
selected by fancy breeders. The populations actually reared in Europe are white and
used for meat production, mainly Rhenish and White Italian breeds, and grey coloured
Landaise and Toulouse geese for fatty liver production. There are also many valuable
local and native varieties. There is a program of conservation of 6 native Polish varieties
of geese in our country (Smalec and Mazanowski, 1995). In Ukraine the phylogenetic
relationship between 22 goose breeds and varieties from Ukraine and Russia were
evaluated by Romanov (1995).
Genetic Basis
At present there is a tendency to select strains for commercial crossing. The breeder
aim is to cumulate the genetic progress within a strain due to the additive genetic
values and to benefit by crossing from heterosis, reciprocal and maternal effects and
complementarity. The heterosis effects can be direct heterosis (double way cross) or
maternal heterosis (three way cross or back cross when a crossbred female is used).
Heterosis is connected with dominance and epistatic genetic effects. FairfuU (1990)
reported that heterosis in geese in some traits and in some cases appeared to be in the
undesirable direction. But heterosis depends on the traits and can occur after several
generations of selection in a closed strain. The reciprocal effects or reciprocal differences
are the deviation between the crosses of two parental strains or breeds in which their
roles as male or female parents were reversed. They are connected with sex linked
genes' effects and may be separate from the maternal effects when the both sexes are
considered. Both may be important in geese (Rouvieretal., 1992). Complementarity
may be between traits when a sire line brings growth rate and a dam line brings a
high number of goslings for example, or between additive genetic effects, direct and
maternal, for the same traits.
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Pingel (1990 a,b) presented a review concerning estimation of heritability of egg
production and reproduction or growth and meat traits. Heritabilities of egg production
are about 0.3 while that of gosling production is low (about 0.1). But the selection
may be efficient if the phenotypic variability is big enough and if the selection index
is properly calculated using the modem method of BLUP Animal Model. The selection
for increasing body weight resulted in undesirable increase of fatness (Rosiñski
and Skrzydlewski, 1991). Heritabilities of meat traits are about 0.4 but it is difficult to
measure these traits. Thus it is necessary to find some indirect measurements to avoid
carcass dissection. Actually the selection in geese is directed towards increasing the
share of breast muscles basing on measuring its thickness with a needle probe. Lastly
the ultrasonic technique is used with Digital System of Image Analysis. The coefficients
of genetic correlations between breast muscle thickness and weight of meat in carcass
are about 0.5-0.7 (Rosiñski and Wêzyk, 1989).
Selection
In the Station Experimentale des Palmipedes a Foie Gras the selection is carried out
actually on the second generation of a closed strain of White Italian breed in order
to increase the ratio of breast muscle weight to body weight in birds 11 week old
using BLUP Animal Model predictors of breeding values. Wêzyk et al. (1993)
presented the results of breeding work carried out in Experimental Station Koluda
Wielka on White Italian geese with a sire strain WD-3 and a dam strain WD-1. This is
an illustration of a breeding scheme of a maternal line selected for egg production and
reproduction traits without diminishing too much the growth rate. The paternal line
is selected for improving meat traits but maintaining the level of reproductive ability.
During the last 5 years (Tab.l) in WD-1 strain there was an increase of reproductive
traits (from 4% to 17%). In WD-3 strain the live weight from 10% to 13%, thickness of
breast muscle from 21% to 26% and meat weight from 11% to 14% were increased
without increased fatness (Rosiñski et al. 1995). (Table 1)
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Table 1. Response to the selection in WD-1 and WD-3 strains of White Italian geese
WD-1 strain (one-year old)
Reproductive trait

1991

1995

Eggs/layer

53.2

62.1

Egg weight (g)

158

167

Egg fertility (%)

85.6

88.6

Hatchability from fertile eggs (%)

75.4

82.4

WD-3 strain (11 week of age)
Meat trait

sex

Body weight (kg)

M
F

4.70
4.31

5.30
4.77

Breast muscles thickness (mm)

M
F

1.9
1.9

2.4
2.3

Meat weight (kg)

M
F

1.40
1.30

1.60
1.45

Skin

M
F

15.9
15.7

15.2
15.0

Strategy of Breeding
It is not possible to use in geese a highly sophisticated breeding program as in other
species of poultry which have large number of birds in their pedigree flocks. Thus a
breeding strategy aiming at screening the genetic variability between breeds and
selecting specialized sire and dam line for two way crossing and eventually backcrossing
could be a solution, hi working with small populations the modem statistical methodology
(BLUP, Animal Model) should be applied because it takes into account all information
registered since the beginning of the selection program in order to get unbiased estimates
of the breeding values of geese. The mating plan should be established in order to
control a low increase of inbreeding coefficients during the selection process. It is
hoped that the progress in the molecular genetics can be used in geese for gene mapping
in order to help in selection by detection of quantitative trait loci.
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BODY COMPOSITION OF MEAT-TYPE PIGEONS AS
INFLUENCED BY AGE AND SEX
P.Horn, I.Meleg and J.Csapo
Pannon Agricultural University, Faculty Animal Science, 7401,
Kaposvar, Hungary

Total body composition was measured of squabs and older pigeons belonging to
the Auto Sexing Texan breed to estimate the influence of age and sex. Whole body
composition was chemically analysed on samples of ten pigeons of different age
and sex. Body composition was analysed at 30,40,50 andl80 days of age and that
of older pigeons at 18 months and 5 years of age. Dry matter content ranged
between 39-49%, crude protein from 22% to 24%, crude fat from 12% to 22%,
crude ash from 3.2% to 3.8%.Sex and age differences were more pronounced for
dry matter and crude fat content. Compared to other poultry species (broiler
chicken, ducks and geese) body composition of young pigeons is less influenced by
age and sex.

INTRODUCTION
Report in the literature comceming chemical composition of poultry species especially
broiler chicken regarding the influences of age, sex genotype and nutrition are abundant,
(Chambers. 1990,Leeson et al. 1980 and others). Variations between species are wide ,
and the effect of age,sex, strain and feeding effects on body composition are in most
cases significant (Filus et al.l995;Lepetit et al.l993;Rizziet al.l993;Proudman et al.
1970;Stadelmann et al.l988;Zlender et al. 1995) and others.Regarding pigeons no data
have been published on body composition and its changes influenced by age and sex.
MATERIALS AND METHODS
In this study we measured the chemical composition of ten male and ten female squabs
and pigeons at the age of 30,40,50 and 180 days of age respectively. To get information
of older pigeons also, ten pigeons of each sex were included in the trial at 18 months
and 5 years of age.
All birds belonged to the Auto Sexing Texan breed and were selected random from a
base population maintained at our Laboratory.
All breeding pairs were kept in special cages. The squabs and other pigeons were kept
in a windowless, environmentaly controlled house. Lighting program was 12 hours per
day all year round; light intensity was 2,5W/m2.
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Older squabs were reared till 50 days of age and were transferred to cages measuring
600x600x500 nun. In these rearing cages water and feed were provided ad lib. Squabs
and older pigeons were fed pellets, containing 17.4% crude protein, 2.4% crude fat and
4.2% crude fiber.
Whole pigeons were prepared for chemical analyses as described by the Danish method
(autoclaved in special plastic bags for 2 hours at 2 atm and 120C). The chemical analyses
of the samples were done by the following methods:dry matter content determination
was performed by Hungarian Standard No.6830-66, crude protein content was measured
by Kjeldahl method(Kjel-Foss automatic), crude fat content was analysed by Soxhlet
method after hydrochloric acid treating of the sample. Crude ash content was determined
as described by the Hungarian Standard No.6830-66.
RESULTS AND DISCUSSION
In Table 1 we summarized the means of the chemical composition of the pigeon bodies.
Table 1 : Body composition of meat-type pigeons depending on age and sex
Dry matter

Crude protein

Crude fat

Crude ash

M

42.3^'

22.8^

14.8=>

3.6«

F
M

41.6^

22.6^

14.2^

3.7«

39.8^

23.2^

12.5^

3.4«

Age*

1

2

F

41.6'^

22.6^

14.2«

3.7^

M

40.9^

22,œ

15.3«

3.3«

F
M

41.2^'

22.6^

45.œ

23.3^

14.4«
17.2«

3.6^
3.4«

F
M

44.2^
44.4^

22.6^
23.3^

17.2«
16.8«

3.2«
3.2«

F
M

48.9^^
44.7^

22.5^

21.7^

3.7«

23.7^^

16.7«

3.7«

F

47.0'^

21.9«

21.2*^

3.4«

3
4
5
6
*Age(l=30day5>, 2 = 40 days, 3 = 50 days, 4 = 6 months, 5=18 months, 6 == 5 years)
Means designated by the same lettei are not significantly different (P<0.05)

Dry matter content did not show marked changes between 30,40,50 days of age (sexes
combined). Older pigeons are characterised by higher dry matter content which is more
pronounced in the female sex (6 months, 18 months, 5 years).
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The percentage of crude protein content of the body was not influenced significantly
either by age or sex. Crude fat percentage did not show clear tendencies between 30 50 days of age. Crude fat percentage of the body increased in the case of older pigeons.
Sex differences were apparent females being significantly more fat than males. Crude
ash percentage was not influenced by age and sex.
Compared to most other poultry species (broiler chicken,ducks,geese) the body composition of the young pigeons is more stable and less influenced by age and sex between
30-50 days of age.
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GAMEBIRDS PRODUCTION FOR HUNTING PURPOSE
OR RELEASE INTO THE WILD
M. Bagliacca
Dept. of Animal Production, Veterinary Medicine, Pisa University, Vile
Piagge,2 56100 Pisa, Italy

After a picture of the technologies used for the production of game birds, the
author tries to define and differentiate the game bird rearing technologies in
relation to the goal of the production: birds directly slaughtered for production of
high quality meat, birds to be used for immediate hunting (after few hours from
their release), and birds bred for release into the wild (and hunted eventually only
later). Since the technology of production of birds for release into the wild or later
hunting must differ greatly from the production of birds for poultry meat, the
author underlines the effects of the production technologies on the future behaviour
of the birds.
INTRODUCTION
Game bird breeding has been practised to handicraft level with excellent results from
times immemorial. The breeding systems, requiring the acquaintance of the "art of
rearing game birds", already used by the ancient Romans are completely abandoned
today in the industrialised countries. The greater acquaintance about the biology and
the physiology of poultry, and particularly the standardisation of the technology of
artificial incubation, has facilitated production at, with relative facility, a great amount
of pheasants, and partridges (Mussa and Debemardi, 1987). Actually, the "artists" that
were concerned with the breeding of game birds can be considered extinct, like the old
typical subspecies of wild birds present in the wild. With the modem technologies a
constant worsening of the quality of the reared animals is observed. Particularly, the
results that the reared animals furnish when they are released in the natural environments,
also when the hunt is very quick (few hours after release),are more and more
disappointing. In the case of middle term use (hunting after some weeks of life in the
wild), the reared subjects are not able to survive, they are scared of man and dogs and
have little ability of self-defence. For these reasons the breeding technology used for
game bird production cannot be photocopied from the technology used in the industrial
poultry production. The intensive production of game birds is valid only on condition
that the target be the direct consumption of high quality meat and it cannot be applied
to the bird reared for temporary (hunting purpose) or permanent increase in consistence
of the wild population. The restoration of the populations of the wild birds, in fact, is
not possible by the control of the animals that lives by prying on these birds, put by
habitat management and by the transfer of wild birds, naturally produced in other
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habitats. Wild birds cannot be imported in sufficient quantity, in addition, different
habitats of origin always selects different wild birds. Wild birds coming from far zones
can communicate new viral fetters and, wild birds bom in other habitats are not equal
to their "cousins" from the local, resistance-to-predators point of view. In fact, fully
wild birds living in one habitat are much less likely to fall foul of predators than fully
wild birds selected in different habitats or hand reared subjects (Wilson et al., 1992).
The final and the most important consideration is that birds imported from particular
habitats might not have all the necessary genes for the survival in the wild and the
control, maintenance and increase of the genetic variability can be easily guaranteed in
artificially produced birds (Baghacca et al, 1995) but cannot be easily controlled in the
wild bom ones.
BEHAVIOURAL CONSIDERATIONS
An important consideration should be taken before the decision is made as to the
technology to adopt for game bird rearing. The breeding is always characterised by
peculiar environmental conditions that train the animals! The mother in fact determines
the learning and the behaviour of the young birds and can be surrogate, with equal
effectiveness, by many natural and artificial substitutes. The phenomenon of the
imprinting is well known in birds. Not only substitute mothers but also personnel
employed in the breeding farm, artificial stimuli (lights and noises) produced by the
hatcheries, hot cages and so on, remain "printed" in the brain of the birds with equal
effectiveness to the stimuli produced by the mothers (Lorenz, 1955). The future
behaviour of the subjects results therefore modifiable according to the stimuli imprinted.
The social behaviour and the answer to predators in the first period of life can be
modified by the technology of breeding, as shown in figure 1. The effects of different
techniques of breeding on the social behaviour suggests that care should be taken to
adopt tested and suitable methods for breeding different species of birds.
Figure n. 1 - Effect of rearing technology on gamebird beliaviour
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PHEASANTS
The pheasants are the wild birds most easily bred and with the most rapid capacity to
adapt and survive to the rigours of the outside world. The breeding period is usually
divided into two productive phases: the "reproducers" and the young birds of the year,
set for release and/or hunt. Concerning the reproducers, the technology used for their
rearing doesn't influence the characteristics of the young pheasants and therefore any
rearing method can be chosen according to different situations found suitable (Fig.2).
Generally the reproducers, selected from within the first bom of the preceding year,
are housed, in the ratio of 1 male to 5-7 females, in pens with grass or sandy floor or in
batteries with 2-3 decks. In the first case (deep hike-htter)they require from less than 1
sq. m to 2-3 sq. m per bird. In the second case they require generally less than 1 sq. m
per bird (BagUacca, 1989). An alternative to the use of family groups is the use of small
colonies (8 males with 50-60 females) reared on the ground at a density slightly greater
than the density used for the family groups. The use of colonies, allows a saving of
working-time and an automatic selection of the most fertile and dominant males. As a
consequence this technology allows an improvement of the fertility of the collected
eggs and an increase in the production of the day old chicks (BagUacca et al., 1990).
The use of open air batteries (simply located below a roof), generally allows to get a
greater number of eggs per housed female. The photo period manipulation is an
interesting technology for the rationalisation of game bird production. The management
of photo period influences the seasonal natural reproductive cycle and even to cycle
the production to obtain birds all over the year, as can be seen from figure 3 (Bagliacca
et al. 1988b; Woodard and Snyder, 1978).
Apart from different and variable responses to light in the case of the two sexes,a
disruption of synchronisation with a consequent reduction of egg fertility at the start
and at the end of the reproductive cycle, may bring about behavioural changes in the
offspring which are probably desirable(Bagliacca and Paci, 1986). As in the case of
every other technology used for the improvement of behavioural responses, batteries,
cycling of egg laying, egg laying in poultry houses etc. should not be encouraged for
the production of birds set for release. Rearing technologies, very distinct from the
conditions in which the offspring will live, even if applied only to reproducers, can
cause unknown biased effects so that no genetic program,can be correctly applied. For
this reason most of the broiler producers have been forced to rear "to the ground" the
reproducers in individual selection, despite the notable increase of the costs of
management (Chambers, 1990). The collection of the eggs,irespective of the breading
system chosen, must be done at least twice a day, directly from the ground, by means of
egg-nets, or from the outside of the cages, whose net floor is correctly tilting. The
picked eggs, after cleaning (if necessary) and fumigating (always before storage), must
be stored with the small end down in trays with correct holes or with sandy floor to a
temperature below the "physiological zero" (18 - 20"C) and at a relative humidity of at

742

least 60-70%. The storage time, except for the first eggs laid, (usually stored for longer
times for reasons of management), should not be more than 5-8 days, to avoid faults of
hatchability. Two different systems of production are usually chosen for young pheasants
rearing: artificial brooder units or hot batteries with grass runs and/or flying pens, and
broody hens with coops and runs. In consideration of the fact that the pheasant is not a
gregarious animal, the young birds can be reared separately from true or substitute
parents. For this reason the technology of breeding that plans the use of brooding hens
is less used and will be described in the paragraph that concerns the breeding techniques
for partridges; the technology applied to pheasants differs from the one used in partridges
only in respect of the the dimension of the pens (they must be little larger) and for the
kind of hen used: "normal" instead of "bantam". In the case of rearing in hot batteries
or in artificial brooder units on the floor, the artificial heating period shguld not be
more than 4 weeks, followed by heating only during the night. In order to obtain a
better quality of birds, the pheasants must be allowed to go out to grass flying pens
from 2 - 3 weeks of life or, at least, the birds should not stay in darkened places beyond
4-5 weeks from the birth. All the techniques that include a prolonged rearing period in
darkened places, to limit the aggressiveness and allow the increase of bird density
(More than 60 young pheasants per sq. m for first 4 weeks) must be completely avoided
for the production of subjects for release. The reared groups should be maintained
below 450 birds per flying pen or,alternatively, the density should be reduced to less
than 1 bird/sq. m, between 30 and 60 days of age and to more than 2 - 5 sq. m/bird, after
60 days of age. All the techniques for the reduction of the aggressiveness,whether
chemical or mechanical (Bagliacca et al., 1988a), should be avoided. Blinders, beakshelters, and beak-rings, used to reduce feather pecking, cause direct morphological
and behavioural alterations (figure 4) and would not allow the development of correct
individual hierarchies (pecking orders) with consequent strong permanent alterations
of natural behaviours. Equally, beak-trimming must be abandoned by game bird breeders
for the previous reasons and for legislative reasons concerning the animal welfare
(Felheberg et al., 1993; Muller, 1979). Inorder to acclimatize the pheasants to the
environment of the big flying pens, the open air pens can be partially provided with
roofs or the big flying pens must be provided with more or less natural covered shelter
zones. The flying pen however must be always constructed in a such way that they
result in rich vegetation, allowing a certain degree of teaching the birds in feeding
natural feed. In consideration to the fact that the pheasants born in captivity usually
present a smaller development of the breast muscles in respect of the corresponding
wild birds (varying from a minimum of 10% to a maximum of 20%, according to the
degree of intensification of the rearing technology) and that, on the contrary, the muscles
of the thigh are generally much more developed in the reared pheasants (values of
beyond the 30%) (Papeschi and Petrini, 1993), the running of the birds in the flying
pen must be reduced as much as possible. For these reasons the flying pen must be at
least 4-5 m high and, in addition to the cultivated or natural vegetation present on the
ground (grass and shrubs), artificial devices must be placed on the ground to reduce
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running and forced the bird to fly only. Since foxes are the predators that affects attack
the reared game birds (Hill and Robertson, 1988; Robertson, 1988), the flying pen
must be provided with trees in a such way that the pheasants be accustomed to sleep on
these since an early age. Even if producers respect all these recommendation they must
remember however that the artificially reared birds show a poor reaction to the predators
and an insufficient development of the gut (BagUacca et al., 1996) so that they need a
period of gradual adaptation to the life in the wild, to learn to distinguish natural feeds
and birds of prey. The correct management of spreading out pens (flying pens without
net roofs on release sites) (Straker and Lealand, 1990) by giving a period of gradual
adaptation to the Hfe in the wild, drastically reduces the morphological and behavioural
defects which characterise the reared birds.

Figure n. 2 - Breeding technology for pheasants'
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Figure n. 3 - Cycling for ganiebird production in boreal Countries.
PERIOD

\

REARING PLACE

I L1GHT:DARK L:D

EGG-LAYING
DECEMBER
MARCH
REST-PIUSE

APRIL

O

REST-PHASE

JULY
EGG-LAYING

EGG-LAYING
AUGUST
NOVEMBER
REST-PIL\SE

m

Figure n. 4 Effects of the
antipecking
devices

745

PARTRIDGES
All the different species of partridges are firmly monogamous but it is possible to rear
them also in conditions of small colonies with certain productive advantages (Paci et
al., 1992a and 1992b). Irrespective of the method of breeding (figure 5), partridges can
be bred for more years, until or beyond 5-8 years as opposed to pheasants which are
usually bred only for the first year). As with pheasants, the reproducers are generally
chosen from the first bom of the year before. Although the reproducers can be bred
both on ground or on net floor, net breeding is more widely practiced than in pheasants,
on account of the reduction of the incidence of parasitism, very dangerous for partridges
(Mani et al., 1992). Also in the case of partridge breeding, the technique used for the
reproducers would not influence the behaviour of the birds reared for release, except
for the unknown biasing effects of intensive breeding technologies on the genetic
patrimony of the bred animals.

Figure n. 5 - Breeding technology for partridges
Small pens for
reprodui

The adoption of pens for the reproduction period of the partridges with the grass floor
replaced by a net floor, allows the reduction of the sanitary risks with an unknown
increase of the risk of genetic biasing effects. Artificial mothers,(brooders on the ground
or heated batteries) can replace the biological mothers exclusively for the production
of "ready to be hunted birds". Nevertheless the young birds must be reared in very little
groups (not beyond 30 birds/each) and they must be allowed to go out to the grass
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flying pen as soon as possible. As for the production of the young birds for the future
reproduction in nature, it is advised to rear the young partridges through the use of
biological or substitute mothers (bantam hens). Regarding the use of true mothers, this
technology demonstrates very low production efficiencies and can be used only for
experimental purposes (M.A.F.F.R., 1990-95). The use of brooding bantam hen in
breeding farms of small dimensions, on the contrary gives production comparable to
those obtained with the use of the most modem technologies. As regards the use of
brooding hens, even if it is possible to brood the eggs by the hens for all, (or part of the
embryonic period), the dummy eggs below the bantam hens should be replaced by just
artificially hatched birds, for hygienic-sanitary reasons and for the scheduling of the
productions. If the eggs are brooded by the hens for all, or for part of the embryonic
period, the nests must be prepared in structures such as baskets or boxes at a hight not
more than 20-30 cm. It is necessary to arrange the inside of the nests with a layer of hull
or of hay, never of straw. Straw or layers of hay less than 10 cm or greater than 30-40
cm cause quick cooling of the eggs with a consequent increase of no-hatched chicks,
especially at the start of the production season, when the weather is still cool. Whatever
technique is used, the hens must be always introduced to their new sitting boxes, closing
the boxes behind them to prevent the escape of the hens. The sitting boxes must be
located in darkened places (max.: 7-10 lux) with a photo period of 8 -10 hours of light
per day at least 10 days before the start of the brood (or hatch). Movable coops with
shutters can be simply located below a roof. The broads should be removed from their
nests once a day for about ten minutes, at the same time and always in the same order,
to facilitât feed, drink and defecate. For the 7- 8 days following the start of the brooding
induction, the birds must be brought again in the nests (the use of an ash stick, about
.5m in length inserted into the ground near of the feeders and the drinkers, is extremely
useful to tether the broodies when off the nest). Once the hens have changed their
hormonal balance from an egg laying status to a brooding status, (at least 10-15 days
from the beginning of the brooding induction) it is possible to replace the dummy eggs
with the fertile ones or the just hatched chicks. In the case in which all the norms of
natural brooding be respected, the eggs brooded by the hens show a better hatch, despite
the greater sanitary risks and the difficulties to manage the hens during the period of
the embryonic development (O.F.C., 1973). From the day after hatch, the famihes groups
must be allowed access to movable runs or flying pens, where they can be reared up to
the time of the sale. During the first week the young birds need mown ground pens than
pens with grass and bushes, like the pheasants.
CONCLUSIONS
The breeding of partridges and pheasants must be varied in relationship to the purpose
for which these gamebirds are reared. For the production of bird for slaughtering, the
techniques of breeding currently used guarantee a very good quality of the meat. For
the production of birds for game (hunting purpose) or release in the wild, the techniques
of breeding currently used very often produce birds characterised by very low quality.
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Since the breeding technology influences very strongly the future behaviour of the bird
produced, it is necessary to breed the birds according to their natural behaviour and to
avoid to the birds of being attached to the man.
As regards birds reared for the release in to the wild, only pheasants can be reared
separately from biological or substituted parents, in view of the fact that pheasants are
not a gregarious species provided that the chicks are not attached to man. Young
pheasants must have access to big flying pens, not lower than 4m - 5m, till the age of 25
- 35 days. Pens must be provided with trees, to induce the birds to sleep aloft, with
grassy and shrubby vegetation, and artificial structures, to force the animals to fly for
their shifts and to prevent excessive going on foot. Every artificial systems used to
reduce pecking must be banished and the density, as well as the consistence of the
reared groups must be strongly reduced. Partridges can be reared similar to pheasants
only if reared for hunting. Partridges reared to restore lost densities or for the increasing
of the consistence of the natural populations, must be produced, with chicks, artificially
or naturally hatched but always reared with natural or substitute mothers (bantam hens).
The family groups which will constitute the "flights" (max. 15-20 partridges/each)
must be reared in fixed or movable flying pens with grass and shrubs.
All artificially reared birds, even if all the rearing recommendations are followed,
invariably show a lower reaction to raptors and a lower development of the gut than the
wild bom birds. To increase the middle term survival rates, a period of gradual adaptation
to wildlife (to adapt to natural feeds and to learn the self defence) is however needed.
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INFLUENCE OF GENOTYPE, NUTRITION AND
MANAGEMENT SYSTEMS ON ECONOMIC TRAITS
OF AVIAN SPECIES OTHER THAN CHICKEN
D.CJohari
Division of Avian Genetics and Breeding, Central Avian
Research Institute, Izatnagar 243 122, U.P., India
The avian species other than the chicken, reared for meat and /or egg production
are turkey, geese, ducks, guinea fowl, quails, pheasants and ostriches. The
productive performance is influenced by both genotype (G) as well as environment
(E). These factors are well studied in chickens and the importance of GxE
interactions has been pointed out by various workers. Other avian species are
also affected by these factors. Better genotype, balanced feed and optimum
management seemed to improve the productive performance of these species to
a more or less similar fashion as in chicken. The future emphasis in these
species will be to develop them according to the need through selective breeding
systems. The nutritional requirements are to be estimated and managemental
practices for optimum production are to be framed.

INTRODUCTION
The "other avian species" reared for economic purposes are geese, turkey, guinea
fowl, quail, pheasants and the ostrich, to some extent. These species are somewhat
over looked, but have some unique features like tremendous growth rate in turkey
and geese, foraging ability in geese and guinea fowl, resistance to aflatoxin in guinea
fowl, and small size and good growth rate in quails which can be further explored in
view of increasing demand for animal protein.
The phenotypic performance of an individual is the sum of its genotype and the
environment (Falconer, 1981). Thus the performance of different kinds of the birds
as influenced by genotypes and environment are discussed.
INFLUENCE OF GENOTYPE
There are distinct breeds/lines/genetic groups in most of the species. The important
breeds varieties of the different species of these birds are given here under :
geese : Toulose, Emdben, African, Chinese, Buff etc.
ducks : Muscovy, White Pekin, Khaki Campbell, Indian Runner etc.
turkeys: Bronze, White, Poland, Bourbon Red, Black, Slate etc.
quails : Bab White, Japanese etc.
guinea fowl : Pearl, White and Lavender
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pheasants : Black Neck, Chinese Ring Neck, EngHsh Ring Neck etc.
These breeds/lines/varieties were found to differ among themselves for productive
performance within the species. Several reports are available in literature suggesting
the significant breed/line differences in geese (Puchazda and Weis, 1988), in turkey
(Asmundson, 1944), in ducks (Hamid et al; 1988), in quails (Agarwal, 1987), in
guineafowl (Kumar et al., 1995) and in pheasants (Marsico and Vonghia, 1991).
Degan et al., (1991) studied the different growth traits in domesticated ostriches.
Preez et al., (1992) reported significant differences for most of the growth parameters
among the birds differing in origin in ostrich.
The genetic paramters like heritabilities of important economic traits and the
correlations between them were studied to a greater extent in turkey, ducks, geese
and quails and to a lesser extent in guineafowl and pheasants. The average estimates
of genetic parameters for some important economic traits in different avian species
are presented in Table 1.
Table 1.

Heritability of some important traits in different avian species

Species

Trait

Av.

Range

Turkey

BW (14-26 wk)
SL (16-24 wk)
KL (14-26 wk)
EN
EW

0.41
0.51
0.36
0.22
0.48

0.16
0.39
0.14
0.02
0.22

to
to
to
to
to

Reference
0.60
0.73
0.74
0.49
0.64

Buss , 1990

Marks, 1990 b

Geese

BW (42-84 d)
EN
EW

0.30 to 0.69
0.18 to 0.24
0.40 to 0.71

Pingel,1990a
Pingel, 1990 b
Pingel, 1990 b

Duck

BW (28-56 d)
EN
EW
ASM

0.28
0.16
0.40
0.34

Pingel,1990 a
Pingel, 1990 b

Guinea
fowl
Japanese
quail

BW (8-20 wk)

0.28 to 0.76

Singh, 1991

Ring necked
pheasant

to
to
to
to

0.76
0.42
0.60
0.49

BW (14-58 d)
EN

0.41
0.32

0.17 to 0.74
0.09 to 0.35

Marks, 1990 a
Marks, 1990 a

BW (1-126 d)
EN

0.50
0.16

0.20 to 0.79
0.07 to 0.24

Marks, 1990 a
Marks, 1990 b

Selection is a major force that changes the gene and genotypic frequencies altering
the phenotypic values of individual as well as of the population. Efforts were made
to improve these species for economic traits. Viewing the fast early growth in geese,
turkey and ducks, these species were selected for body weight alone or for body
weight and conformation traits. Guinea-fowl. Japanese quail and pheasants were also
selected for growth rate. The selection for egg production alone or in combination
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with other reproductive or growth traits was also made in these species. In geese,
Schneider et al. (1990) found an increase of 26.58 and 22.72% in 56 day body
weight after 6 generations of selection in males and females respectively. The
significant improvement in egg production as a result of direct selection was reported
by Rouvier et al. (1990) in Landais geese and by Ning and Qu (1989) in Huayam
geese. An annual gain of 2.7 eggs in egg production and 30.8 g in crammed liver
weight was observed in a long term selection study (1981-88) by Shalev et al. (1991)
in Grey and White lines which were created from local and Toulause/Embden breed.
In turkeys, Kassid and Coleman (1984) reviewed the selection studies for body
weight and concluded that selection is an effective force in improving the body
weights. Significant improvement in egg production in turkeys is evident from the
studies of Cook et al. (1962) and Nestor (1977). Selection for body weight at market
age effectively improved the trait in Pekin ducks (Powel 1985). Pingel and Heimpold
(1983) observed improvement in breast muscle proportion through selection. Direct
selection for egg production resulted in improvement in egg laying potential of
ducks (Powel, 1985) In Japanese quail, Collins et al. (1968) and Marks (1985)
observed significant improvement in body weight in their selection studies, whereas
Lambió (1981) and Nestor and Bacon (1982) reported significant gains in 120 day
egg production. Agarwal (1987) reported a realised gain of 1.22 to 1.47 g per
generation at five weeks of age from five generations of mass selection in Japanese
quail. Thomas (1989) observed significant genetic gain in 4 week body weight (3.03
to 4.70 g per generation) under index selection over four generations, while under
RRS, the gains were non-significant. In Ring Necked pheasant, improvement in body
weight (Kassid et al. 1981) and in Qgg production (Carpenter, 1980 and Fathy, 1982)
is evident as a result of selection for respective traits. In guinea fowl, the selection
studies were limited and restricted to only meat production (Kumar et al., 1996)
The mating system also influenced the productive performance considerably. The
crosses of breeds/strains/lines have been used to exploit the hybrid vigour for maximum
production. In Turkey, most of the studies on crosses revealed indifferent performance
of crosses for growth rate, body measurements traits like shank length and keel
length and body length and for reproductive traits like fertility and hatchability
(Friars et al. 1963 and Nestor, 1971). However in geese, higher body weight and feed
consumption in cross-bred Knobbed Chinese (KC) and Czech White gosling have
been reported in comparison to KC gossling (Zatocil, 1990).
INFLUENCE OF NUTRITION
The different avian species, due to their different pattern of growth and different
objectives of their rearing, have 5 different nutritional requirements. The nutrient
requirements for various catagories of turkeys, geese, ducks, quails and pheasants are
well documented (NRC, 1994) as well as also for duck and quails (ISI, 1992). The
NRC (1994) has no recommendations for guinea fowl and ostrich, though there are
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reports in the literature suggesting optimum levels of various nutrients in diet for
optimum production from these species. For guinea fowl, Shyamsunder and Verma
(1986), Agwunebi and Penyong (1991) and Verma et al. (1991) stated the requirements
for ME and CP for different age groups. For ostrich, some work has been done
towards finding its requirements for various nutrients (Campodonico and Masson,
1990, Preez, 1991). The requirements for maintaince, growth and reproduction were
2400, 2600-2700, 2400-2500, kcal ME/kg feed; 14, 18-20 and 16-20 % for CP, .81.0, 1.0, 2.8-3.0 % for Ca and .4-.5, .5, .45% for available P for ostriches (Annon.,
1993) respectively.
Restricted feeding was found to influence the productive performance. The growth
rate seemed to be affected considerably by different restricted feeding levels and
higher body weights were observed at 56 days of age in full fed gosling in comparison
to 80, 70 or 50% of full feeding system (Rodriguez et al. 1989). Campbell et al.
(1985) observed a decline in body weight along with reduction in carcass fat at 90%
or less of ad libitum feeding in turkeys though restricted feeding showed beneficial
effects in later stages through more fertility and hatchability (Ohver, 1984).
The addition of fat in turkey diet as found to have a positive effect on growth rate.
With addition of 1% fat in diet, gain of 1.7% in body weight was observed by
Owings and Sell (1982). Addition of fat in grower diet or in breeder diet was also
found to have positive effects on egg production and viability (Harms et al. 1984). In
quails also, addition of fat has positive effect on growth as evident from better
weight gain and feed efficiency. The results were more pronounced when ground nut
oil was used as fat source in place of tallow (Shrivastava and Panda, 1993)
The nutritional requirement was also seen to be influenced by the environmental
factors like temperature. Hurwitz et al. (1980) reported the ME requirement of 2.456
and 2.70 Kcal/g of metabolic body weight at 12°C in male and female turkeys
respectively, which decreased with increase in environmental temperature to 24° and
later from 28°C to 35°C.
INFLUENCE OF PRODUCTION SYSTEM
The production system like rearing system, floor space and lighting etc. also influences
the productive performance in avian species. Ducks, geese, turkeys and guinea fowl
etc. are reared under range or semi-intensive system at farmer's level. Influence of
housing systems was studied by various workers in these species. Intensive rearing
revealed better productive performance in geese (Resovsky et al. 1980), ducks (Singh
et al, 1976) whereas in pheasants, better growth and feed efficiency were observed
when reared in avaries under confinement (Richard et el. 1991). Between cage rearing
and floor rearing, the body weights and feed efficiency were better in cages in
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turkeys (Satava et al. 1977, Alekseev et al. 1980), guinea fowl (Aleandri and Olivetti,
1982) and pheasants (Marsico et al. 1991).
Sufficient floor space is required for optimum production in chicken. Increase in
stocking density resulted lower body weight, poor feed efficiency and high mortality
in ducks (Cerveny and Hudsky, 1983), in turkey (Saleev and lonova, 1980), in geese
(Huritz et al. 1985), in Guinea fowl (Hughes and Sloan, 1984) and in quails (Ernst
and Coleman, 1966).
Diurnal light and dark sequence is an important factor which influences growth and
egg production . In turkeys, early studies revealed no better growth under continuous
light (Shoffner et al. 1962) but Buckland et al. (1974) reported higher body weight
gain under continuous lighting system. Low intensity in range of 0.5 to 2 lux to an
age of 12 to 16 weeks of age seemed to be optimum for maximum growth and feed
efficiency (Proudfoot et al. 1979). The intermittent light was found to have a positive
effect on weight gain and feed utilization (Engster et al. 1982). Though artificial light
resulted in early maturity, the percent egg production was more under natural day
light system in pheasants (Yang and Kim, 1993).
The presence or absence of opposite sex also affect the productive performance.
Jones and Leighton (1987) observed higher egg production in females with the
males, whereas in quails, the egg production was higher in unmated quails (Godfrey,
1970; Slopes and Wilson, 1977). In males also, Jones and Leighton (1987) observed
higher semen concentration and higher semen volume in males kept in isolation,
whereas Cecil and Bakst (1990) found no difference between males with and without
females for their semen characteristics. Shrivistava (1992) reported higher semen
concentration in males mixed with females from day old age in comparison to other
groups.
GENOTYPE X ENVIRONMENTAL INTERACTION STUDIES
Some genotypes perform better in some particular environment. The term genotype x
environmental interaction is most commonly employed to describe the situation
where different genotype (breed/line/strain) respond differently in varied environment.
The studies were concentrated towards the influence of selection and environment on
response to selection in quails ( Marks and Lepore, 1968; Marks, 1985). In selected
line fed on 20% CP diet, the responses were not only low but the decline in response
in later generations was also rapid in comparison to the selected line if fed on 28%
protein diet.
The effect of nutritional treatment may not be the same on different breeds/lines of a
species. Koci et al. (1993) found the Rhenish geese to show faster growth in
comparison to Italian geese on various feed mixtures. However in turkey , the live
weight, weight gain and feed consumption were unaffected by genotype (Bronze and
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White) or fat source (Safflower and animal fat), but chilled carcass slaughter yield
was more in Bronze turkey (Vicenti et al. 1994).
The results of Turedi (1986) suggested the presence of genotype x environment
(dietary protein level) interaction for body weights at 5 week of age in Japanese
quails, but Mishra (1989) did not observe significant variation due to genotype
protein level interaction though the differences due to genotype as well as due to
dietary protein levels were significant separately.
The effect of lighting pattern on growth seemed to be influenced by genotype and
housing system. Bacon and Nestor (1977) found that in heavy strains of turkey , the
tgg production was less under intermittent lighting pattern in comparison to the
continuous lighting, while in medium size turkey, the egg production was indifferent.
Fertility and hatchability were also not affected by lighting pattern in either of the
strain. Bacon and Nestor (1982) reported variable response of intermittent light on
birds reared under two housing systems. In cage system, the intermittent light gave
similar egg production as under 14 L: 10 D, whereas under floor system, in some
trials, more egg production was observed in intermittent lighting system.
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SOME BIOLOGICAL CHARACTERISTICS OF THE
BROWN-EARED PHEASANT
Ma Ren Liu and Wang Rui Qi
Shanxi Agricultural University, Taigu, Shanxi Province, 030801 China
M^

Brown-eared pheasant is a species peculiar to China haunting in the deep forests
in northwestern Hebei and north Shanxi Provinces which are 1300-2000m high
above sea level. Since its population is sparse and limited distribution, it has become
one of the rarest birds in the natural world and one of the first-class protected
birds in the world. The pheasant weighs roughly 2-3 kg. Its feathers are deep
brown, the head and neck are light black.Two bunches of white feathers are sticking
up at the back of its ears look like a pair of horns, and its tail feather hanging
down looks like a fluffy horsetail, after which its name "Brown-eared Pheasant"
comes. Now natural reserves have been set up both in Shanxi and Hebei Provinces
to improve the status of breeding and make the species population flourishing.
For many years, scientists have conducted thorough field researches in the species
distribution area and obtained some vital ecological data. The aim is to consider a
reliable scientific references for the future uses of the species resources. This article
has studied the form, weight, colour of the eggs and the temperature of the body,
weight, egg laying number, etc. Also compared is the data of the individual growth
under the natural and artificial breeding conditions. The comparative data of
body weight and body length was very nearly each other which are m 1.83 and
1.85.
INTRODUCTION
Brown-eared pheasant is a species peculiar to China haunting in the deep forests in
northwestern Hebei and north Shanxi Provinces which are 1300-2000m high above sea
level. Since its population is sparse and distribution area small, it has become one of
the rarest birds in the natural world and one of the first-class protected birds in the
world. The pheasant weighs roughly 2-3 kg.Its feather is deep brown, the head and
neck are light black. Two bunches of white feather sticking up at the back of its ears
look like a pair of horns, and its tail feather hanging down looks like a fluffy horsetail,
after which its name "Brown-eared Pheasant" comes. Now natural reserves have been
set up both in Shanxi and Hebei Provinces to improve the status of breeding and make
the species population flourishing. For many years scientists have conducted thorough
field researches in the species distribution area and obtained some vital ecological
data.The aim is to consohdate a rehable scientific references for the future uses of the
species resources. This article has studied the form,weight, colour of the eggs and the
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temperature, weight of the body, egg laying, etc. Data of the individual growth under the
natural and artificial breeding conditions was also compared.The data of comparison of
body weight with the body length was very nearly each other which are 1.83 and 1.85.
All Chinese historic emperors admired the pheasant's bravery and often used its tail
feather for the decoration of their skullcaps to boost the morale of warriors. The species
population is on the decline due to the lower breeding and survival rate as well as the
encrochment of its habitat. Now natural reserves have been set up both in Shanxi and
Hebei Provinces to improve the status of breeding and make the species population
flourishing and to study the biological characteristics of the Brown-eared Pheasant.
MATERIALS AND METHODS
During the period of the artificial incubation 30 newborn brown-eared pheasants for
the measure were randomly selected for the measurement of temperature and body
weight. In the Taiyuan Zoo 5 grown up laying brown-eared pheasant hens were randomly
selected for statistical data of the egg production. From these eggs, 75 were randomly
selected to measure the weight, size, form and colour, with the help of a tray balance
(95 type), semiconductor thermometer and a vernier caliper.
Temperature of the body on the skin at the back and under the wing and anus temperature
using the semiconductor thermometer were measured every day before noon and after
noon upto the 15 days of age and on alternate days subsequently upto 90 days of age.
For statistical calculations average temperatures of 7, 15 and 30 days were used. Using
the tray balance, body weights were measured of the new bom weights after 24h of
broken egg shell and of 30 days of age. Shell colour and form, of the eggs were watched
by the naked eye. Length and breadth (with vernier caliper) and weight (with tray
balance) of every egg were measured. Average values were calculated and tabulated.
RESULT AND DISCUSSION
Statisticical calculations for the body temperature at 7 days age n>50, at 15 days age
n>l(X), at 30 days age n>170, with the normal distribution, using (average) x -i- 1.96 s
for the high limit of the body temperature and the (average) x - 1.96 s as the low limit
( this limit included all of the times over 95% ). The statistical length and breadth of
path, n=65, >50, for this reason average was xjÀl .96 s. Weight of the body caused by
n=15, for this reason high and low limit only using the very smallest and largest value
as the standard.
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Table 1. The results of the measurement of body temperatures of Brown-eared pheasant.
Age in
days

In the anus
AM

PM

On the back
AM

Under th€! wing

PM

AM

PM

X*
7S
R

38.68
1.262
36.2141.15

39.24
1.136
37.0041.17

37.38
1.142
35.1639.62

37.89
0.938
36.0739.73

38.641
1.110
36.4840.80

39.16
1.092
37.0241.30

X*
15S
R

38.99
1.176
36.6941.20

39.34
1.020
37.3541.33

37.55
1.035
35.5238.58

37.92
0.9129
36.0439.71

38.91
0.9756
37.0040.82

39.32
0.9290
37.5041.14

X*
30S
R

39.23
1.158
36.9641.50

39.45
1.002
37.4941.41

38.03
1.174
35.7340.23

38.26
1.062
36.1840.34

39.45
1.103
37.2941.61

39.82
1.062
37.7441.90

* X* = (average X)

From the Table 1 it can be seen that the body temperature Brown-eared Pheasant AM is
lower at AM than of PM. For all three stages of age the body temperature of the chicken
is lower than 40°C
The weight of the Brown-eared pheasant is as the following (n:30). The weight after
shell broken is 37.23 (34.5-40.5) g, 30 days age body weight is 261.0 (203-318.5) g.
Table 2. Weight, length and breadth of Brown-eared pheseant eggs.
Number egg
production

Egg
weight/g

In
length

Breadth
path

15

55.88

4.194

5.782

6.095

0.232

4.0174.371

5.3276.237

X*
S
R

2.257
9-12

51.4560.31

* X* = average x

The average body weight after shell broken of Brown-eared pheasant is 37.23g. (between
the 34.5-40.5g). It is near to the 38.4 g, (35-42g) (the body weight of chicken on natural
incubation for one day). The average of the eggs produced by 5 grown up hens (6-7
months) is 15 eggs. As compared with the eggs produced in natural conditions in open
field it is higher 2 times. Under artificial incubation conditions the hatching rate of
chicken is 88%. The breeding rate for the parent birds is 6.6 chicken. It is higher than
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natural incubation conditions (3.96 chicken).The egg colour of the Brown-eared
pheasant, most of them are light reddish (brown) or duck egg white colour like fish's
belly grey dawn. The shape is in ellipse form while length of the egg is longer than
hen's egg. Contrast in the small end and big end of the egg is clear. The average weight
is 55.88g. as compared with the bird's egg weight (58.7g) under the natural conditions.
Data of the individual growth under the conditions of natural and artificial feeding is as
following. Comparison of body weight with the body length was 1.83 and 1.85, that is
nearly the same. By the way the feather and meat of the Brown-eared pheasant is very
rarest material for the light and food industries.
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CHANGES OF THE GOOSE STOCK AND THE
GOOSE PRODUCTION IN HUNGARY
J. Kozak
Gödöllö, University of Agricultural Sciences, Institute of Animal
Breeding, Gödöllö, 2103 Hungary

The Hungarian goose production sector changed significantly between 1980 and
1994. Because of the market situation the share of the special meat type geese and
liver type geese increased while the proportion of the multifunctional type geese
decreased substantially. Because of these changes the average weight of geese for
slaughter increased just like the average liver weight of the fattened geese, while
the quality of the liver improved. As the number of geese increased and the quality
improved the Hungarian goose stuff production as a whole has also increased.
INTRODUCTION
Within the poultry breeding, the goose breeding has a prominent role in Hungary. This
partly comes from the fact that the goose breeding has hundreds of years tradition in
Hungary, and within the poultry breeding the goose breeding always had a significant
role. (Hank_, 1983) The natural conditions (pastures, water, the characters of the
agricultural production) are also ver\' favourable for the goose breeding (Sz_p, 1971),
and the goose products are marketable at a good price level in the world market (Kozßk,
1987). Mainly because of the foreign market needs and the demand of the domestic
consumers for the goose products, there were significant changes in the goose breeding
and goose stuff production. In 1991 the share of the geese for slaughter from the total
poultry for slaughter was 13,69% in Hungary (Kßllay, 1993), while the same index in
the worid is only 0,84% (Gillin, 1992).
MATERIAL AND METHODS
In our research we studied the changes of quahty and efficiency of the goose stock and
the changes of the quahty and quantity of the goose products in Hungary between 1980
and 1994. We used statistical and logical data processing methods for our research. The
data are from the Hungarian Statistical Office (KSH), from the Agricultural Grading
Institute (MMI) and from the Hungarian Goose Association.
RESULTS AND DISCUSSIONS
The genetic composition of the goose stock has changed mostly affecting the quality
and quantity of the goose products. In the 90s the number of genotypes within the
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breeding stock increased. At the very beginning of the examined period the traditional
types consisted mainly multifunctional meat-liver-feather types (Italian-, HungarianRhenish goose)- and the hybrids (Hungavis Combi) (Table 1). The proportion of the
special unifunctional goose stock increased later when the meat type production stock
was separated from the liver production. As a result of this process, the proportion of
meat type goshngs increased from 20% in 1989 to 60% in 1994, while 33% of the
goslings were liver type in 1994. During the study period the number of newly improved
Hungarian meat type geese (White from Hortobßgy, White from Zagyvar_kes, Big
White from Szentes), hybrid geese (Kolos hybrid), imported hybrid geese (Lippitch,
Danish White) and the number of the liver type geese hke the Grey Landes and Hungarian
Uver hybrids (Liver Hybrid of Babat, Grey Goose from Kolos) increased significantly.
There were 30 genotypes bred during the study period.
Table 1. Changes in the numbers of the breeding stock and gosHng
Distribution of goslings %

Layers

Gosling

Year

(000)

(000)

Livertype

Meattype

Multifunctional

1980
1985
1990
1991
1992
1993.
1994

326
394
636
258
342
281
392

8436
8722
15969
7939
7207
8293
9458

7.59
25.53
18.89
32.81
42.52
34.00
31.60

20.32
21.05
31.70
46.00
58.84

92.41
74.47
60.79
46.14
25.78
20.00
9.56

Because of the changes of the breeding policies the meat type geese have higher meat
produclion capacity and they are more fertile, too. The average weight of the intensively
fed table geese at the end of the 8 weeks increased by 560 grams. At the same time
the average weight of a meat type goose also increased by 450 grams at the end of the
feeding period (the feather of these geese are plucked 1 to 3 times before the three
weeks long fattening period) (Table 2). Because of the higher average liver weight of
the liver type geese, the efficiency of the goose liver production increased. While in
1982 the average liver weight was 466 grams, in 1994 it increased to 516 grams. As
a result of hybrid liver type geese, the proportion of the 1st and Und class hver increased
and the Illid and IV th class Uver decreased. The average number of goslings per breeding
goose in the country didn't change, because while the new meat type geese are more
fertile, the liver type geese are less.
The goose production increased as an answer for the increasing demand in the world
market. A total of 86 big farms have goose stock with the average number of 7235
geese in 1992, while 56587 small farmers had geese with the average number of 38
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in 1994 (N_meth and Vati,1995). More than 75% of the geese are bought and processed
by slaughterhouses. During the period of study the number of geese brought up by
slaughterhouses increased significantly (Table 3). In the 1980s 40% of the processed
geese were liver type which increased to 50% in the 1990s, the other 50% of the
processed geese were meat type.
Table 2. Changes of goose production
Year

1980
1985
1990
1991
1992
1993
1994

Gosling
production
per layer
25.87
22.13
25.11
30.77
21.07
29.51
24.12

The average weight of geese for slaughter: (g)

Table type

Meat type

Fattened

Average
liver
weight
(g)

3840
3970
4512
4130
4100
4280
4400

5170
5440
5123
5295
5174
5430
5620

6930
7050
7080
7150
7125
7060
7270

486
484
512
526
518
516

Table 3. The geese bought by slaughter houses and the goose-liver production

Year

Geese Total
bought
(tons)

1980
1985
1990
1991
1992
1993
1994

28471
36642
71095
40885
42268
44062
53238

Type differentiation (000)
Table
type

Meat
type

Fattened

2389
1529
4125
2044
942
1098
1675

1411
2669
4505
1871
3023
2881
2714

1732
2277
4159
3152
3195
3380
4202

Goose
liver
production
(tons)
814
1240
1817
1488
1519
1739
2116

CONCLUSIONS
As a result of the changes of the goose stock, the proportion of the specialised, meat
and liver genotype geese increased. However, we found that the number of meat type
goslings is smaller than the number of geese slaughtered for meat. The number of liver
type goslings is also smaller than the number of geese slaughtered for liver. The
multifunctional type geese still play a very important role in the meat and in the liver
production. Further reduction in the number of multifunctional type geese and increase
in special unifunctional type geese substituting for them, are one of the significant
developments of the goose production in Hungary.
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EXPRESSION OF THE CHICKEN INSULIN RECEPTOR SUBSTRATE 1
(IRS-1) GENE DURING EMBRYOGENESIS
M.Taouis, M.Derouet and J.Simon
Institute National de Recherche Agronomioque, Endocrinologie de la Croissance et du
Métabolisme, Station de Recherches Avicoles, Nouzilly 37380, France
The insulin receptor as other growth factor receptors (PDGF, EOF and IGF-1) possess
a tyrosine kinase activity located in the intracellular domain of its ß subnit. Upon
insulin binding to the extracellular a subnit, the insulin receptor kinase is activacted
leading to the phosphorylation of the ß subnit and potentially various cellular substrates.
In mammals, one substrate, the insulin receptor substrate 1 (IRS-1) has been clearly
identified. IRS-1 is a docking protein which, following tyrosine of phosphorylation,
interact with other proteins, and activates the metabolic and mitogenic signals of insulin.
We have recently cloned and sequenced the chicken IRS-1 gene and showed a high
conservation of this gene among different species (human, rat, mouse, frog and chicken).
In the present work, we have studied the expression of IRS-1 gene. Using RT-PCR,
during embryogenesis at day 7, 14 and 20. RNA encoding cIRS-1 was detected at day
7 in the head and the body, and at day 14 and 20 in the liver and leg muscle. Following
hatching, at different ages from 2 days to 7 weeks IRS-1 mRNA was present at high
level in multiple target tissues (liver, muscle and adipose tissue). In conclusion, chicken
IRS-1 is expressed early during embryogenesis and after hatching indicating that this
protein plays a key role in metabolic and mitogenic signals controlled by insulin and
IGFs in chicken as in mammals. Furthermore, the chickens IRS-1 gene and protein are
structurally similar to the mammalian and amphibian homologs, despite the evolutionary
distance between these species.

POTENTIAL USE OF MOLECULAR SEX RECOGNITION IN LAYER BIRDS
F.EUendorff, N.Gulyas, E.Muhlbauer and S.Klein
Institute for Small Animal Research Celle/Merbitz, 06193 Nauendorfi'Saalkreis, Germany;
Federal Agricultural Research Centre (FAL), Germany
In layer strains millions of male chicks are first hatched and then killed after sexing.
Molecular techniques are now available for potential use to sex freshly laid fertilized
eggs using a small cell sample out of approximately 60000 cells at that stage.
Considerable advantage would result from large scale and practicable sexing shortly
after laying. We report on efforts to collect cells from fertilized and freshly laid eggs,
to determine sex on such samples and to follow further development after such treatment

at a laboratory scale. In all 211 eggs were placed in the open shell culture system
developed by Perry (Nature, 331, 1988, p.70-72) and a few cells were removed from
the blastodisc by micromanipulation. In addition, 44 eggs were cultured as controls
without manipulation. After three days of standard incubation embryonic development
was compared between manipulated and control cultures. There was no significant
difference in developmental potential between treated embryos and controls upto three
days of incubation, however the culture system itself kept hatching rates very low.
Only seven manipulated and no control cultures hatched. Two different techniques
were applied to 25 blastodisc samples of about 100 cells each. Using a W chromosome
specific repetitive sequence as probe, kindly provided by S.Mizuno, we tested
fluorescence in situ hybridisation (FISH) at fixed cells as well as polymerase chain
reaction (PCR). FISH yielded unequivocal and safe results from all embryos in more
than 95% of cells per embryo. PCR results agreed with FISH, however further efforts
will be needed to obtain same efficiency as with FISH. Thus removal of blastodermal
cells from freshly laid eggs is compatible with further development of treated embryos
and FISH is, at present, the method of choice for reliable sex determination in cell
samples from freshly laid eggs.

STEAROYL COENZYME-A DESATURASE 1 GENE EXPRESSION AND
TRIGLYCERIDE SECRETION IN HEPG2 CELLS
Diot Christian, Belloir Bénédicte, Langlois Patrick, Sourdioux Michel, Mallard Jacques
and Douaire Madeleine
Génétique Animale INRA-ENSA, 35042 Rennes cedex France
Previous studies conducted on lean and fat chicken lines have shown a positive
correlation between the hepatic mRNA level of stearoyl coenzyme A desaturase (SCD)
1 gene and the adipose tissue weight. Furthermore, SCD activities were shown to be
higher in fat chickens than in lean ones and correlated with triglycéride (TG) plasma
concentrations. To analyse the contribution of this gene in the regulation of adiposity
at the early step of TO secretion, a SCDl gene expression vector, also containing the
0418 neo resistance gene, was achieved and transfected in HepG2 cells G418 selections
were performed and resistant clones were isolated. These clones were finally analyzed
in regard to SCDl expression and to lipid secretion. Although great variability was
observed between the different clones isolated, the amount of lipid secreted were shown
to be higher in clones expressing the transfected SCDl sequences. These results provide
direct evidence that the expression of the SCDl gene plays a major role at least in the
TO secretion process.

COMPATIBILITY OF "COMPLETELY RUMPLESS"
CHICK
ONTOGENETIC DEVELOPMENT WITH SOME TYPES OF GENOME
CHROMOSOME ABNORMALITIES
Virginia Mateescu
Institute of Research & Technology for Poultry and Small Animals, Balotesti, 8113, Romania
In a transgenic Leghorn chicken population, the "completely rumpless" mutation which
can be included in the group of macromutations with nonlethal effects on chicks and
adults could be reproduced both by mating on litter and by artificial insemination
regardless of the aimed genetic combinations (M rumpless x F normal phenotype; M
normal phenotype x F rumpless; M rumpless x F rumpless; M normal phenotype x F
normal phenotype). Cytogenetically, femoral and tibial marrow cell population of
"completely rumpless" Leghorn transgenic mutant chicks (652 analyzed metaphases)
are characterised by euploid variations of haploidy types which differ from case to
case and from generation to generation. Thus, haploidy mean value frequency was
22.57% (F13) and 8.69% (F14) in pullets, 18.15% (F13) and 20.4% (F14) in cockerels
while aneuploid variations were 12.5% (F13) and 17.4% (F14) in pullets and 15.03%
(F13) and 6.5% (F14) in cockerels. SCE frequency varied from 3.7% to 11.1% (F13)
and from 8.7% to 20% (F14) in cockerels and from 1.9% to 26.2% (F13) and from
3.03% to 4.34% (F14) in pullets for femoral and tibial marrow cell populations. The
present study also refers to some characterising possibilities of macrochromosomes in
"completely rumpless" transgenic mutants by the morphometrical processed analysis.
The observed mixoploidies for the noted frequencies are compatible with growth and
ontogenetic development of "completely rumpless" Leghorn mutants.

RESTRICTION PROFILE OF INDIAN FOWL GENOME
S.KumarS R.K.Singh^ S.K.Dhara^ A.K.Rawat^ and D.CJohari^
^Central Avian Research Institute, Izatnagar-243 122, India, ^Indian Veterinary Research
Institute, Izatnagar-243 122, India
Genomic DNA samples from representative individuals of 3 genotypes of Indian fowl
viz. Naked Neck, Aseel and Frizzle fowl, were purified from 0.1 ml venous blood and
digested with hexa (Xho I) and tetra-cutter (Msp I, Hpa II) restriction enzymes under
the manufacturers assay conditions with the objective of developing specific restriction
profile of these genotypes and to study the organisation of these genomes with different
order periodicities. It was also envisaged to study methylation pattern of these genome
by using isoschizomers (Msp I and Hpa II). The digests were run on a 1, 2 % agarose

gel submarine electrophoresis applying 1.5 V/cm and photographed after ethidium
bromide staining. All the three restriction enzyme digests revealed a continuous smear
and no discrete bands, which demonstrated that the restriction sites of these restriction
enzymes are spread all over these genome. No genotype as well as inter-individual
differences could be observed in the Msp I Xho I and Hpa II restriction profiles of
these genotypes. This analysis did not reveal any gross difference in the restriction
patterns of the isoschizomers probably southern blot analysis may detect these
differences. The present investigation didn't reveal any regular periodicity in the
genomic DNA digests with above 3 restriction enzymes.

CHARACTERIZATION OF KOREAN NATIVE CHICKEN WITH DNA
FINGERPRINTING AND RANDOM AMPLIFIED POLYMORPHIC DNAs
H.KXee, K.C.Hwang, S.J.Lee, J.Y.Han and B.K.Ohh
Department of Animal Science and Technology, Seoul National University; National
Livestock Research Institute, Suweon 441-744, Korea
This study was carried out to analyse the genetic characteristics and to find out breed
specific genetic marker of the Korean Native Chicken (KNC). Korean Native chicken
"population and three chicken pure lines; White Leghorn (WL), Rhode Island Red (RIR)
and Cornish (CN) were used. Biodiversity and breed specific genetic marker at the
DNA level were detected using DNA fingerprinting (DFP) and polymerase chain
reaction with random primers (RAPD). The DFP band sharing (BS) values within
breeding population (WL, RIR and KNS) were 0.82,0.70 and 0.40 respectively. Genetic
variation within the population of KNC on the basis of estimated DNA biodiversity
was greater than those within pure lines (WL, RIR). The DFP-BS values between
KNC and other pure lines (WL, RIR and CN) ranged from 0.43 to 0.60. As a more
feasible method to find out KNC specific DNA marker, performed PCR with 10
oHgonucleotide arbitrary primer, which composed of 50-80% G+C content (RPAD).
From the total 150 primers, we selected 10 primers, which showed polymorphic and
reproducible amplification patterns of bands. Some randomly amphfied polymorphic
DNAs were specific to population of KNC. Especially, with primer # 327 and # 399,
we were able to identify two bands which appeared only in KNC population. In this
analysis, genetic variation at the DNA level within a KNC population was higher than
those within any other pure lines. However, two putative genetic markers, which KNC
and other control breed (WL, RIR, CN) could be differentiated at the DNA level, were
identified from molecular screening using RAPD.

COMPARISON OF MICROSATELLITE AND OLIGONUCLEOTIDE DNA
FINGERPRINTING ANALYSES TO STUDY GENETIC VARIABILITY
S.Ponsuksili, K.Wimmors' and P.Horst^
^Department of Animal Science, Faculty of Agriculture, Chiang Mai University, 50200
Chiang Mai, Thailand, ^Institute of Basic Animal Science, Humboldt University of Berlin,
Lentzeallee 75, 14195, Berlin, Germany
In this study the monolocus microsatellite and the multilocus DNA fingerprint marker
systems were used for studying genetic variation in 12 lines of chickens. The results
of both methods were compared. Using eight microsatellites between 2 and 11 alíeles
per locus were detected. DNA fingerprints revealed more than 40 bands representing
alíeles of about 25 loci per combination of enzyme and probe. Heterozygosity of the
lines of chicken at eight microsatellite loci ranged from 62.9 to 15.4%. In DNA
fingerprints based on eight combinations of enzymes and probes the heterozygosity
within these lines was calculated to range between 59.0 to 6.9%. The correlation
coefficient between heterozygosity data from microsatellite and DNA fingerprints
was r=0.88 abd highly significant. Our results indicate that microsatellites as well as
oligonucleotide DNA fingerprints are adequate tools to estimate genetic variability
within populations.

CORRELATION AND REGRESSION ANALYSIS RELATING DNA
FINGERPRINT VARIABILITY OF PURE LINES TO PRODUCTION
PERFORMANCE OF F^ POPULATIONS IN LAYER CHICKEN
A.MengS G.Gong^ H.Zhang^ D.Chen^, S.Qi», H.Tang' and Z.Gao^
^Department of Animal Biochemistry, College of Biology, Beijing Agricultural University,
Beijing 100094, China ^Beijing Poultry Breeding Corporation, Beijing 102209, China
Intra-line similarity coefficients and inter-line maximum distance of DNA fingerprints
for nine Beijing White Chicken lines were investigated using human minisatellite probe
_-globin-3'HVR and a complete diallel crossing involving all the lines was conducted.
Simple linear correlation and multiple linear regression analyses were performed to
relate some 40-wk production traits to maximum coefficient of difference (D^) between
parental lines, similarly coefficient within a sire line (F^) and similarly coefficient within
a dam line (F^). It was demonstrated that the higher the D^, F^ and F^, the better the
performance of F, population in the number of eggs and its corresponding heterosis,
heterosis for egg production and heterosis for survival rate. However appropriate
multiple linear regression equations, developed here, may be used to predict the number
of eggs and its corresponding heterosis percentage, heterosis percentage for egg

production, and survival rate and its corresponding heterosis percentage in F populations
based on D m', F s and F^.d

USE OF PRIMORDIAL GERM CELL FOR PRODUCTION OF TRANSGENIC
CHICKEN
J.Y.Han, D.S.Seo and D.K.Jeong
Department of Animal Science and Technology, Seoul National University, Seweon 441744, Korea
Primordial germ cell (PGC) have been used as vector to produce transgenic chickens.
This study was conducted to produce transgenic chicken using PCGs. At this study,
two inbred lines of White Leghorn (WL) and Korean Orgol Chicken (KNOC) were
used a recipient and donor in PGC-mediated vector system, respectively. The KNOC
is very different phenotypically and has the different genetic background from WL.
When KNOC was mated to WL the feather colour of progenies were all white. PGC of
KNOC were isolated from germinal crescent and blood vessel of stage 7 embryo and
stage 15 embryo, respectively. The isolated PGCs were transfected with plasmid DNA
(lac Z) by liposome mediated transfection method. Then transfected PGCs were injected
into WL embryonic blood vessel (terminal sinus) of stage 7 recipient embryo. Sixtyfour young chicks were produced and the produced young chicks are arrived at sexual
maturity. Progeny test was conducted to identify the transgenic chicken. One of the
male candidates has been proved germline chimeric chicken and genetic analysis of
candidate stock are under process. This study suggest that PGCs be useful vector for
the production of transgenic chicken if transplanted PGCs are transfected with
exogenous DNA.

PRODUCTION OF CHICK-QUAIL CHIMERA BY EARLY BLASTODERMAL
CELL TRANSFER
I.S.JeonUnd T.Ono^
^Division of Reproductive Physiology, National Livestock Research Institute, R.D.A. 546
Omockchun-dong, Suwon, 441-350, South Korea ^Faculty of Agriculture, Shinshu University,
Ina, 399-45, Japan
The techniques of production of chick-quail chimera by blastoderm cell transfer were
studied for genetic manipulation, embryo cryopreservation, and immunological
tolerance of the fowl. This study examined the production of chick-quail chimera by
balstodermal cell transfer and in vitro culture system for the research of transgenic

birds. The blastodermal cells taken from the unincubated chick eggs were microinjected
into the blastoderms of the unincubated quail eggs. Chick blastoderms were removed
from the yolk and the blastodermal cells were dispersed by trypsin treatment and smooth
pipetting. Dispersed chick blastodermal cells were injected into the subgerminal cavity
of the quail embryo using microinjector. The amount of cell suspension injected was 1
to 1.5 |il and the number of cells injected was about 700 to 2,000. The injected quail
eggs were incubated according to the protocol developed by Ono et al. (1994). The
hatchabilities of various culture controls, defined as the ratio of no. of hatched quails
to no. of examined eggs, were 40% for the control of non-injected cells, 37.7% for
culture control, 55.6% for 2 days old embryo culture control, and 86.5% for normal
culture control, respectively. Of the 48 quail embryos injected with dispersed
blastodermal cells from chick embryos, 17 of them survived to hatch. However, only
one case of phenotypic chimerism of white feathers was observed in the wing region
and was a female. The results showed that unincubated chick blastodermal cells could
survive in the subgerminal cavity of the quail embryo.

A NEW DOUBLE WINDOW TECHNIQUE TO GROW CHICK EMBRYO IN
EX-VIVO CULTURE SYSTEM FOR PRODUCTION OF TRANSGENIC
CHICKEN
B.P.Singh
Roslin Institute, Edinburgh EH 25 IPS, UK
A simple and efficient double window technique for culture of chick fertilized ovum
and laid eggs to hatch was introduced to improve the long term survivability of embryos
and hatchability in Ex-Vivo Culture system. Fertilized ova recovered from the oviducts
of the hens were collected directly into host shells containing culture medium with the
help of T-shape incision on one end of isthmus (phase-I). Embryos from first phase
or from freshly laid eggs were transferred to recipient egg shells with the help of new
double window technique (phase-II). This technique was also used for embryo transfer
at phase III in two experiments. The rates of hatching of the cultured embryos were
44% for fertilised ova from magnum and 65% for blastodermal embryos. These
modifications in the culture technique provide a simple and improved system for chick
embryo culture to hatching and could facilitate the production of transgenic chicken
by microinjection.

ASSESSMENT OF GENETIC DIFFERENCE BETWEEN TWO BROILER
POPULATIONS BY DNA FINGER PRINTING
S.K.Mishra^ and D.P.Singh^
^Project Directorate on Poultry, Hyderabad-30, ^Central Avian Research Institute, Izatnagar243122, U.P, India
Two broiler lines undergoing closed flock matings since more than ten generations
were assessed for their genetic difl"erences through DNA ñnger printing. EDTA treated
venous blood was collected samplewise from six randomly chosen broilers (including
both sexes) from each line and blood mixing was performed within lines by mixing
equal amount of blood from each individual sample. Genomic DNA was extracted
linewise from 1 ml of mixed blood and purified following standard laboratory
procedures. A 15 |Llg of genomic DNA of each hne was taken in duplicate and was
digested with restriction enzymes Hinfl and BstNI respectively and was electrophoresed
in a 0.8% agarose gel along with 1 jLig of marker DNA. The DNA fragments thus
separated were then transferred to a Hybond-N nylon membrane by vaccum blotting
under prescribed procedures. The resultant blot was then hybridized with 400 ng of
the radio-labelled multi-locus probe Bkm 2(8) (Probe developed by Lalji Singh at
CCMB, Hyderabad and 32p labelling by primer extension) and was exposed to an Xray film for 72 hours to generate the desired DNA fingerprints. Examination of the
scorable DNA fingerprint bands generated from both the lines revealed clear and
discernible genetic differences between the two broiler populations by the presence of
polymorphic bands in their DNA profiles generated by both the enzymes. While few
bands were polymorphic in the case of Hinfl digested fragments, more than ten
polymorphic bands could be scored from the BstNI-treated fingerprints. It is concluded
that the multilocus probe Bkm 2(8) of L.Singh, CCMB is suitable for undertaking
DNA fingerprint analyses of various poultry strains and lines and it could be used for
linkage studies.

STUDY OF POSSIBILITY TO PRODUCE CHICKS FROM INJECTED
EMBRYO CELLS
N.I.Sakhatsky, M.T.Taghirov, A.V.Tereshchenko and A.B.Artemenko
Poultry Research Institute, Borky, Zmiiv District, Kharkiv Region 313410, Ukraine
The possibility to produce chicks from embryo cells by injecting them underneath the
vitelline membrane of unfertilized eggs was studied. Injection of donor cells was
conducted by the micropipette through a hole in the shell (0.5 cm). As a source of
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donor cells, the embryos of the following stages of development were used : X-XI (55
eggs) ; XIII (9 eggs) ; V-VI (7 eggs) ; IV (10 eggs). Development of the recipient eggs
was controlled after five days of incubation. Attachment of the cells to the vitelline
membrane, their proliferation, differentiation and morphological structures formation
were tested by the light microscope. It was established that : (a) the cells from embryos
at stages V-XI attached to the vitelline membrane of the recipient eggs started intensive
proliferation and differentiation ; (b) the attached cells formed various unorganized
structures which are similar to those in vitro ; (c) in separate cases, by using the cells
from fresh laid eggs, formation of the ruffled membranes covering 1/2 of the yolk ball
on the 5th day of incubation was observed.

THE EFFECT OF THE NAKED NECK (Na) GENE ON BROILERS STOCKS
DIFFERING IN GROWTH RATE
Nader Deeb and Avigdor Cahaner
The Hebrew University of Jerusalem, Faculty of Agriculture, P.O.Box 12, Rehovot 76100,
Israel
Broiler production in hot regions is highly inefficient and the products are very
expensive. High ambient temperature was found to be more depressing in high growth
rate broilers. In the present study, naked neck and normal broilers of three stocks differing
in potential growth rate, were reared at normal and high ambient temperature, in order
to predict the potential benefit of the Na gene to the production of fast-growing broilers
in hot climate. Interaction between temperature and stock affected the growth rate
significantly, mainly because the growth rate at high temperature was depressed more
in the fast growing offspring stock. The advantage of the naked neck birds was higher
at the ambient temperature, and in the fast growing stock.

EFFECTS OF THE NAKED NECK GENE (Na), THE FRIZZLE GENE (F),
GROWTH RATE AND THEIR INTERACTIONS, ON GROWTH OF
BROILERS AT HIGH AND NORMAL AMBIENT TEMPERATURES.
Reem Yunus and Avigdor Cahaner
The Hebrew University of Jerusalem, Faculty of Agriculture, Rehovor 76100, Israel
High ambient temperature and dense feather coverage reduce body weight gain of
broilers. In addition, broilers' sensitivity to high ambient temperatures increases as
their growth potential increases. The advantage of heterozygous naked neck (Na/na)
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broilers at hot climate is only half that of the homozygous ones (Na/Na), but the latter
are not commercially feasible. The frizzle gene (F) was found to induce heat tolerance
in layers. The effects of the F alíele, the Na alíele and their combination on broilers
performance, and the association between the magnitude of these effects and the growth
rate (GR) potential of broilers, were studied at ambient temperatures of 24°C and 32°C.
The effect of the F alkie was similar but smaller than that of the Na alíele. Curling
feathers of normal broilers improved their performance at hot climate only, whereas
the Na gene advantage was exhibited already at intermediate ambient temperature.
The main effects of the naked neck and frizzle genes and their additive effects were
higher in high-GR broilers than in low-GR broilers.

AN ATTEMPT TO IMPROVE THE EFFICIENCY OF GERMLINE
CHIMERISM IN CHICKENS BY USE OF THE MIXED SEX CHIMERAS
H.Kagami, T.Tagami, Y.Matsubara, H.Hanada and M.Naito
National Institute of Animal Industry and National Institute of Animal Health, Tsukuba,
Ibaraki, Japan
Understanding the mechanism of sexual differentiation has been one of the most
fundamental subjects to facilitate new system for alteration of sex ratio in the future
poultry breeding. To investigate the interaction of sex between donor and recipent,
mixed sex chimeras were produced. A portion of recipient blastoderm was biopsied
and dissociated donor blastodermal cells were injected into the recipient. The donors
and recipients were sexed by PCR reaction. The embryos were cultured for 5 days
and wholemount in situ hybridization using W-chromosome specific DNA probe was
performed. When a female donor and a female recipient was combined, entire body
of the chimeric embryos were stained as dark violet, while embryos produced by a
male donor and a male recipient were not colored. Embryos produced by a male donor
and a female recipient and vise-versa were stained about 60% or 10% of the embryonic
body, respectively. A series of chimeras were produced and the percentage of somatic
chimeras among the hatched chicks was observed. In case, recipient embryos were
UV irradiated but not biopsied (control group), 8.3% of the hatched chicks were
identified as the somatic chimeras. Whereas, in case UV irradiated and biopsied recipient
was subjected for making chimeras (experiment group), 69.6% of the hatched chicks
were identified as the somatic chimeras. It was suggested that the biopsying a portion
of the recipient embryos could remarkably improve the efficiency of the somatic
chimerism.
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QUANTITATIVE CALCIUM RESERVES IN HATCHING EGGS OF
DISTINCTIVELY PHENOTYPICALLY DIFFERENTIATED TRANSGENIC
LEGHORN HENS
Virginia Mateescu
Institute of Research & Technology for Poultry and Small Animals, Balotesti, 8113,
Bucharest, Romania
The effect of Rp gene on the ratio of quantative calcium between yolk and white; on
variations on calcium content in yolk (mg %), white (mg%) and shell (mg/g); intake
of shell calcium of embryo upto the end of embryogenesis was studied over five age
ranges (25-27 wk ; 33-35 wk; 38-40 wk ; 42-44 wk; 46-48 wk ). We have constituted
14 families of leghorn transgenic hens-F13 (obtained by gene transfer isolated from
Rhode Island hepatocytes in the ovarian follicles of Leghorn virgin hens- patent SRR
no. 87268/1984). Knowing the chemical composition of the feed (Fe,Cu,Ca, P, Mg,
protein and fat amounts) administered from 25 to 48 wk., it was concluded that there
were higher yolk/white calcium ratios in eggs of "dominantly rumpless" mutants
compared to those of phenotypically normal hens except for 42-44 wk. Among the
five age ranges, there were statistically significant differences of calcium deposits in
white, yolk and shell as well as for white, yolk and shell weights. Since 38 wk of age,
total calcium values of mutants eggs were significantly higher than those of controls'
eggs (P<0,4 for 38-40 wk; P<0,05 for 43-45 wk; P<0.025 for 46-48 wk). These results
support the involvement of Rp gene in modifying functionality of genes responsible
for calcium metabolism, total calcium amounts being significantly higher in eggs of
mutants which represent a biological material of a great scientific interest for linkage
test.

MOLECULAR CLONING OF THE CHICKEN GROWTH HORMONE
RECEPTOR GENE AND POLYMORPHIC ANALYSIS ON THE LOCUS OF
SEX-LINKED DWARF GENE IN CHICKEN
Rujuan Dai and Ning Li
College of Animal Science and Technology, Beijing Agricultural University, Beijing 100094,
P.R.China
We have constructed a chicken genomic library that contains 6.66 xlO^ recombinants
with EMBL3 as cloning vector. Using DIG-labelled chicken growth hormone receptor
(GHR) cDNA as probe, the library was screened by in situ hybridization and three
positive clones (GHRI, GHRII, GHRIII) were obtained. 2.5 kb and 6.0 kb EcoRI
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fragments from insert DNA of GHRI were subcloned into plasmid pGEM-7Zf(+) and
sequenced. Analysis of restriction sites and sequencing indicate that 2.5kb fragment
contains 8th and 9th exons of chicken GHR gene and 6.0kb fragment includes 10th
exon and 3'untranslated region. In order to detect the polymorphism of GHR gene
between normal and sex-linked dwarf SLD) chicken, cDNA and genomic DNA
fragments of chicken GHR gene were used to probe genomic blots of DNA from normal
and dwarf birds. 2.5kb fragment can't find any difference between the band patterns
of EcoRI- digested DNA from normal and SLD chicken. Using cDNA or 6.0kb fragment
as probe, a 6.0kb band that presents in EcoRI-digested DNA from normal birds is
replaced by a 4.1kb band in SLD chicken. The results of Southern analysis indicated
that there is a deletion mutation in the 3'region of GHR gene in SLD chicken. This
Mutation can account for the growth defect in SLD birds.

USING OF NEW METHODS IN THE POULTRY BREEDING AND THE GENE
PRESERVATION
Eszter Varkonyi
Institute for Small Animal Research, Godollo, Hungary
The new methods in biotechnology are getting more and more important role in poultry
breeding and in preserving endangered poultry species. The conservation and utilisation
of the genetic material in a later phase can help to achieve the mentioned aims. This
study shows the utilisation of poultry embryonic cells as a method to use them in
breeding and gene conservation. The embryonic stem cells in the early stage (Stage
X. ; 1) are pluripotent thus able to create the whole organism even from a single cell.
So, if the embryonic stem cells are implanted to the recipient embryo, we can create
many clones at the same time. The cryopreservation of chicken embryonic stem cells
is well established today so there is nothing to prevent the long range preservation.
Avian somatic and germline chimaeras have been produced by transferring freshly
collected blastodermal cells. We have chosen to work with somatic chimaeras by which
successful chimaera production between species, and between phenotypically different
strain have been reported In our laboratory, chicken chimaeras were produced by
injecting dissociated blastoderm cells of Hungarian Yellow and Transylvanian Naked
Neck Black breeds into Hungarian White recipient embryos. Donor germ discs were
removed from the yolk and the cells were dispersed by trypsin treatment or pipetting.
The cell suspension was injected into the subgerminal cavity of unincubated chick
embryos. The chick embryos were then cultured after covering by laboratory parafilm.
The rates of hatching were 40% (19 chicks from 63 eggs). Two of hatched birds were
identified as chimaeras by their wing feather colouring, being of donor specificity.
They are planned to mate for detection of possible gonad chimaerism. The above
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described new method is based on the sealing with laboratory parafilm, covering the
window of eggshell and injection directly through the shell membrane into the recipient
blastoderm. The technique may provide an efficient tool in embryonic cell transfer
experiment ensuring reasonable survival of the manipulated embryos.

CHANGES IN THE LEVEL OF GENETICS AND PRODUCTION
PARAMETERS DURING FOUR GENERATIONS IN CLOSED HEN STRAINS
S.Wezyk\ Katarzyna Cywa-Benko^ and T.Szwaczkowski^
^Institute of Animal Husbandry, Poultry Dep., 32-083 Balice n.Krakow, Poland
^Agricultural University, Wolynska str.33, 60-637 Poznan, Poland
In 4 laying hen strains (N22, H33, V44 and M55) in a primary farm during four
generations (1991-1994) was a marked tendency for the hen body weight (BW) to
grow in 1991-93. This parameter decreases, as desired, in 1994. Such a clear flock
response for the selection applied was thanks to a relatively high heritability (h^>.6)
of BW for all the strains except N22. BW increased as average egg weight (EW) grew
in all strains. In this case such a response is also related to a medium value of h^>.4
and to high genetics correlation (r^) between the both traits. Expected acceleration of
sexual maturity (SM) was not observed, despite the fact that h^ of this trait was high
on the increase (h^>.7) in strain H33. Hens in strains M55, V44 and N22 started egg
production little earlier in 1994 than in 1991. Values (+/-) of r between BW and SM
differed in all strains except M55. Initial egg production (IE?) and its rate (RIEF) were
satisfactorily improved. IE? increased by 10 eggs/L hen in strain H33 and V44, by 15
eggs/L hen, in M55, and by as much as 30 eggs in N22. Such a rapid response of strain
N22 to the method of selection used must be ascribed to an exceptionally low IE? in
the starting year 1991. Analysis of h^ of studied traits within each strain and between
the years showed that there were no negative trends in successive generations in
decreasing of genetic variation. The dam effect (C^) was found to have a positive
influence on the value of traits in all the strains and generations.
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COMPARATIVE ANALYSES OF MORPHOLOGICAL TRAITS OF
MEDITERRANEAN AND CHINESE POULTRY BREEDS. PROBLEM OF
DOMESTIC CHICKEN ORIGIN.
Irina G.Moiseyeva, Zhang Yuguo and I.A.Zakharov
N.I.Vavilov Institute of General Genetics, Russian Academy of Sciences, 3 Gubkin str.,
GSP-1, B-333, Moscow, Russia
A measure of similarity between chicken breeds of the Mediterranean and Chinese
origin and the wild fowl species Gallus gallus (Red Jungle Fowl) has been determined
by different states of 35 discrete morphological traits. Similarity between the
Mediterranean breeds and the Red Jungle Fowl species has been confirmed. A great
typological diversity of Chinese breeds has been demonstrated. The clusterization of
some ancient Chinese breeds with the Mediterranean breeds and the Red Jungle Fowl
species has been obtained. A conclusion was made about the existence in ancient time
of fowl of the Asian origin similar to the Mediterranean type. This fact and some of
archeological findings indicate that the original type of domestic hens was the light
egg type. It has been noted that the centers of origin and formation of domestic chicken
breed types coincide well with some centers of origin of cultured plants discovered by
N.I.Vavilov.

CORRELATED RESPONSE FOR EGG MASS SELECTION IN RHODES
ISLAND RED POPULATION
M.C.Kataria, D.CJohari, Deepak Sharma, R.C.Hazary and R.D.Sharma
Division of Avian Genetics and Breeding Central Avian Research Institute, Izatnagar 243
122 U.P., India
Selection for a particular trait brings about the concommitant changes in the unselected
traits depending upon the association between them. However the correlated response
may change in magnitude and/or direction during the course of continuous selection.
The correlated response in part period egg number (en), egg weight (ew), age at sexual
maturity (asm), 20 week body weight (20bw) and 40 week body weight (40bw) due
to long term direct selection for 15 generations for part period egg-mass upto 280 days
of age were estimated to be 1.42 0.27 eggs, 0.06 0.04 g, -1.56 0.22 day, 15.42 3.14 g
and 18.19 2.25 g respectively and were found to be significant,(p<0.01) except for ew
utilising the data on 8181 pullets of RIR population. Most of these significant genetic
changes in various correlated traits were realized during first five generations of
selection. The changes in later generations though in desired direction, were statistically
non significant. It may be concluded that egg mass selection has improved egg number
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without decline in egg weight, and egg number is more important than egg weight in
determining egg mass in the population studied.

MULTI TRAIT FAMILY SELECTION FOR IMPROVEMENT OF EGG TYPE
CHICKEN
M.NandiS D.P.Singh^ D.CJohariS G.S.Bisht^ and Deepak Sharma^
^Division of Avian Genetics and Breeding, Central Avian Research Institute, Izatnagar 243
122 India
^Indian Veterinary Research Institute, Izatnagar 243 122 India
Data pertaining to 20 week body weight, age at sexual maturity, part period egg
production upto 40 weeks of age and egg weight at 40 weeks of age on 1011 pullets
belonging to 50 sires mated to 175 dams, were utilized for the estimation of phenotypic
and genetic variances and covariances for various traits were derived and selection
indices were constructed, separately for the pullets and cockerels utilizing the individual,
full and half sib information in various combinations. The expected improvement in
egg number from multi information, multi trait index selection was lower than from
osbome index selection for egg number but considering the desirable changes in other
traits, the former index was found to be more advantageous. The efficiency of selection
indices reduced about 2.74 and 2.90 percent by dropping half and full sib information
respectively in case of the pullets selection. Exclusion of half and full sib averages
from the cockerel's index reduced the efficiency by 3.19 and 13.42 percent respectively.
Further, it was observed that inclusion of sib information for highly heritable traits into
the index had no significant advantage.

CORRELATED RESPONSE TO LONG TERM SELECTION FOR PART
PERIOD EGG PRODUCTION IN WHITE LEGHORNS
Deepak Sharma, R.C.Hazary, M.C. Kataria, D;C.Johari and Ram Gopal
Division of Avian Genetics and Breeding, Central Avian Research Institute, Izatnagar 243
122 India
The rate of correlated changes in unselected traits depends on the factors like correlation
between traits and genetic variability of correlated traits. The correlated response in
20 week body weight (20bw), 40 week body weight (40bw), age at sexual maturity
(asm) and egg weight (ew) as a result of direct selection for part period egg production
using the data on 16326, 15812, 11897 and 16780 pullets of IWG, IWH, IWI and IWJ
strains respectively, were estimated. In addition to the selection for EN, some mild
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culling levels were also imposed on body weight at housing time and egg weight after
1980. The ASM and egg weight declined significantly (1.31 to 3.58 day and 0.49 to
0.74 g per generation respectively) in first ten generations (Sl-slO) in all the strains,
however in later period (S11-S20), the realised changes were non significant except
for ASM in IWG. Significant improvement in 20 BW in IWG and IWh and in 40 BW
in IWG is evident in later generations. Similarly in comparison to the significant gain
in 20 BW in IWJ and significant decline in 40 bw in IWH in early generations, changes
in later generation were found to be non-significant. The strains differed in the correlated
responses and the rate of response changed with the advancement of selection. These
changes may be attributed to the super imposition of some culling levels on egg weight
and housing body weight, decline in additive genetic variance, change in genetic
correlation and/or physiological limits.

EFFICIENCY OF GROWTH AND PRODUCTION PERFORMANCE OF
FOUR INDIAN NATIVE BREEDS OF CHICKEN
D.P.Singh, D.CJohari, S.C.Mohapatra and R.D.Sharma
Division of Avian Genetics and Breeding, Central Avian Research Institute, Izatnagar 243
122 India
Data collected on juvenile body weights from day old to 20th week of age and
performance traits for Kadaknath, Aseel, Naked-neck and Frizzle fowl breeds of Indian
native chicken have been analysed. Shank and keel length were measured from 5th
week onwards while breast angle was measured at 20th week. For day old body weight,
Naked neck weighed the heaviest (35.4 g) and Kadaknath the lowest (29.8 g). Significant
differences were observed among the four breeds studied for body weight at 5, 10,
15 and 20 weeks of age. Aseel was heaviest followed by Naked-neck although the
differences were not significant statistically at any age between these two breeds.
Kadaknath and Frizzle fowl breeds weighed significantly lower than Aseel and Nakedneck. Shank length and keel length presented the same trends as that of body weight.
Highest breast angle (39.3) was recorded in Aseel followed by Naked-neck. Kadaknath
and Frizzle fowl. Highest age at sexual maturity (201 days) was observed for Nakedneck in comparison to other breeds which matured earlier. Annual Qgg production (72
weeks) of Kadaknath, Aseel, Naked-neck and Frizzle fowl were estimated to be 111,
92, 99 and 111 eggs respectively. Egg weight of Naked-neck and Frizzle fowl were
significantly heavier than that of Aseel and Kadaknath. It is evident that Indian native
breeds are poor in growth and production traits.
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THE GENETIC CORRELATIONS BETWEEN PUREBRED AND CROSSBRED
PROGENIES UNDER RECIPROCAL RECURRENT SELECTION IN WHITE
LEGHORN
D.V.ChaubaP, J.V.Solanki^ R.K.Shukla^ D.N.Rank^, R.K.Mishra2 and K.Khanna^
^IFDP, Athwa, 395007, Surat, Gujrat ^Veterinary College, Anand 388001, Gujrat India
The information on genetic correlations between purebred and crossbred progenies
(r ^ ^^) under Reciprocal Recurrent Selection (RRS) programme will help breeders in
deciding selection criteria for parents. The present study was carried out on 1514 and
1031 progenies raised in S^ and S^ generations of RRS programme respectively. The
estimates of r
were obtained as per formula by Biswas and Craig (1969). The r ^ ^^
estimates for body weight at 20 weeks, 40 weeks, age at first egg and egg weight at
40 weeks were greater than one. While r ^^ estimates for body weight at 8 weeks were
0.39 and less. The r
estimates for egg production upto 40 and and 56 weeks ranged
from 0.60 to -2.16 except for EN^^ in KKxKD ( 1.09±0.15), in S^ generation. The results
of relative efficiency of selection as per formula by Pirchner and Krosigk (1973),
favoured selection based on crossbred progenies for egg production traits. For all other
traits selection based on purebred progenies was more efficient.

OPTIMIZATION OF TWO-STAGE SELECTION FOR ANNUAL EGG
PRODUCTION IN LAYERS
Shengjun Liu, Ning Yang and Guojie Ning
College of Animal Science and Technology China Agricultural University, Beijing 100094,
P.R.China
The effect of different allocation of selection intensity between the two stage of the
two-stage selection scheme on genetic gain of annual egg production was studied.
Data were collected in three White Leghorn pure lines(A, B, C), each had 2300 hens
with individual laying records from 21 to 65 weeks of age. BLUP values were estimated
with the Animal model. With a given final intensity of 30%, the selection pressure of
the first stage changed from 30% to 100% at step 10%. It was shown that more the
chickens selected in the first stage, more the genetic gains could be achieved. When
selection proportions were 40%, 50% and 60% in the first selection stage, the relative
genetic gains above the single stage selection (with selection 30% in the first stage
without the second stage selection) were 22.75%, 29.80% and 30.47% in line A, 34.80%,
46.11% and 46.92% in line B, 51.42%, 63.76% and 67.67% in line C respectively. The
genetic gain of the two-stage selection was at last 22% more efficient than the single
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stage selection for the three lines. In the juvenile scheme (without selection in the first
stage), the genetic gains of the three lines were 32.99%, 52.38%, 70.98%, which were
slightly higher than the two-stage selection. Considering both the genetic progress and
breeding cost, the optimum selection proportion was proposed to be 50%-60% in the
first stage of the two-stage selection scheme.

USE OF THE SEX-LINKED SILVER (S) ALLELE
IDENTIFICATION IN MELANOTIC COLUMBIAN CHICKS

FOR

SEX

J.L.Campo
Area de Genética Animal, Instituto Nacional de Investigación Agraria Alimentaria, Apartado
8111, 28080 Madrid, Spain
A study was carried out to see whether the near-black down of a melanotic Columbian
chick (e Wh/e Wh, Co/Co, Ml/Ml genotype) could be used in color sexing crosses as
a background for the expression of the sex-linked silver (S) gene. A similar phenotype
has been previously used with a mean sexing accuracy of 97% in crosses involving
the sex-linked barring (B) gene, that induced a white head spot (Campo, 1991). A
silver melanotic Columbian synthetic line was created by mating Silver Vasca males
(eWh/eWh, Co/Co, mlVml% S/S) with Melanotic Prat females (eWh/eWh, Co/Co, Ml/
Ml, sV-) ; the F, males were then mated back to Melanotic Prat females, to produce
silver melanotic Columbian females (eWh/eWh, Co/Co, Ml/Ml, S/-). The sex-linked
cross resulted from the mating of Melanotic Prat males with silver melanotic Columbian
females. The Melanotic Prat stock had been selected for black down color, all chicks
having black down with brown face after four generations of selection. Silver (S) and
gold (s+) alíeles were accurately identified on this heavily eumelanotic Columbian
phenotype, which produced a nonblack-faced black down. Color sexing was possible
due to the association between silver males (S/s^) and yellow face; average accuracy
obtained was 96%.

PERFORMANCE AND PHENOTYPIC CHARACTERISTICS
INDIGENOUS GERM PLASM OF CHICKEN IN BANGLADESH

OF

D.C.Paul and Q.M.E.Huque
Poultry Production Research Division, Bangladesh Livestock Research Institute, Savar1341, Dhaka, Bangladesh
A study was conducted to select the potential indigenous germ plasm of native chicken
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for higher egg production in rural condition and to use the potential germ plasm for
future breeding program. The results of different parameters were considered here for
a period of April/94 to May/95. Five types of indigenous chicken namely Naked Neck,
Hilly, Aseel, Yasine and Non-descriptive indigenous were selected from different
agroecological zones. Body Weight, egg production, egg weight, egg quality, feather
color, shank length, shank color, skin color were measured during the experiment
period. The birds were kept in individual cage and the parameters were measured with
individual number. Naked neck produced the highest egg (99) followed by Hilly
(91).Yasine (58). Nondescriptive indigenous (44)and Aseel (34) in a year. Considering
all aspect Naked Neck and Hilly were found higher egg producer compared to other
indigenous germ plasm. Naked Neck and Hilly may be advised for rural poultry
production and germ plasm conservation for future research.

GENETIC STUDIES IN RESPECT OF SOME ECONOMIC TRAITS OF
CHICKEN IN MEGHALAYA
R.N. Goswami and Dharmeswar Das
Department of Animal Genetics and Breeding Assam Agricultural University, Khanapara,
Guwahati-781022, Assam, India
Records pertaining to 293 White Leghorn (WLH) half-sib pullets belonging to 40 sire
families were maintained. The averages for body weight at 20th and 40th week, age
at sexual maturity, number of eggs produced during 20th to 40th week, average egg
weight of 10 eggs and egg mass output were 1.25 ± 0.04 kg, 1.58 ± 0.05 kg, 148.75
± 0.65 days, 91.81 ± 0.82, 49.57 ± 0.16 g and 4552.83 ± 43.25g respectively
Corresponding heritability estimates from paternal half-sib correlations for these traits
were 0.545 ± 0.214, 0.600 ± 0.220, 0.292 ± 0.180, 0.170 ± 0.102, 0.313 ± 0.113 and
0.226 ±0.110. Phenotypic and genetic correlations of age at sexual maturity with body
weight at 20th week, egg number, egg weight and egg mass were negative. Improvement
of the flock through index method of selection with due weightage to body weight at
20th week, age at sexual maturity and egg number was suggested.
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GENETIC STUDIES ON ERYTHROCYTE NUCLEAR DIMENSIONS AND
SOME ECONOMIC TRAITS OF RHODE ISLAND RED CHICKEN
Dharmeswar Das and R.N.Goswami
Department of Animal Genetics and Breeding, Assam Agicultural University, Khanapara,
Guwahati 781022, Assam, India
One hundred and ninety seven Rhode Island Red pullets hatched from 20 sire families
were studied. The averages for erythrocyte nuclear breadth, length, area and shape
index were 3.07 ± 0.01 |LL, 5.36 ± 0.02 )Li, 12.29 ± 0.08 |a and 1.75 ± 0.01 respectively.
Corresponding, heritability estimates from half-sib analysis were 0.145 ± 0.107,0.473
± 0.251, 0.146 ± 0.107 and 0.472 ± 0.200. The mean body weight at 20th and 40th
week, age at sexual maturity, egg number from 20th to 40th week, egg weight at 40th
week and egg mass output were respectively 1.36 ± 0.01 kg, 1.86 ± 0.02 kg, 167.87
± 1.75 days, 75.82 ± 1.57,47.86 ± 0.19 g and 3614.67 ± 73.87 g. Estimates of heritability
from paternal half-sib correlation for these traits were respectively 0.402 ± 0.202,0.576
± 0.217, 0.204 ± 0.118, 0.448 ± 0.212, 0.590 ± 0.228 and 0.514 ± 0.235. Estimates of
phenotypic and genetic correlations were obtained for all possible combinations of the
traits under study. Linear associations of nuclear dimensional traits with economic
traits were found to be very weak. Improvement of the flock through index method
of selection with due weightage to age at sexual maturity, egg number and egg weight
was suggested.

HERITABILITY AND GENETIC CORRELATIONS OF BODY WEIGHTS OF
IRANIAN NATIVE BIRDS AND THEIR CROSSES WITH EXOTIC BREEDS
M.A.Edriss* and S.Ansari^
^Dept. of Animal Science, Agri. College, Isfahan University of Technology, Isfahan, Iran
^Isfahan Research Center of Animal Science and Natural Resources, P.O.Box 81785-114,
Isfahan, Iran
In order to study the genetic potential of body weight of native chickens, four genetic
groups were formed. Those groups were: 1-Random sample of native fowl, 2-Crossing
between females of native fowl and males of Grand Paternal Parent of broiler line
from Arbor-Acres(Cross A), 3-Crossing between females of native fowl and males of
Grand Maternal Parent of broiler Une from Arbor-Acres (Cross D) and 4-Crossing
between females of native fowl and males of Parent of laying hens from Hy-line(Cross
H). Twenty one hundred, one day old chicks of four genetic groups were raised in an
environmentally controlled house. Body weight (BW) at day-old, 39 and 67 days of
age were recorded. Effect of genetic groups on BW at different ages was highly
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significant (p<.01). Least-square means ±SE of BW at 67 days of age for native birds
and crosses of A, D and H were 753±10.7, 1291±11.6, 1206±11.4 and 655±11.7 gr.,
respectively. The h^^ ±SE (Parental-sib methods) of BW at 67 days of age in native
birds and crosses of A, D and H were estimated to be 0.15±.09, 0.17±.10, 0.36±.15
and 0.26±.13, respectively. The pooled heritability of BW for day-old, 39 and 67 days
of age were 0.48±.08, 0.33±.07 and 24±.06, respectively. Pooled genetic correlation
±SE between 39 and 67 days of age was 0.87±.07 while phenotypic correlation was
0.54. This data suggests that crossbreeding between native birds and broiler line could
significantly increase body weight. Also, good value of heritability coefficient
(0.33±0.07) and genetic correlation (0.87±0.07) shows that selection on the basis of
body weight at 39 days of age could be useful for a better body weight at nearly ten
weeks of age.

ESTIMATION OF GENETIC PARAMETERS OF EGG PRODUCTION IN THE
IRANIAN NATIVE HENS AND THEIR CROSSES WITH EXOTIC BREEDS
S.Ansari^ and M.A.Edriss^
^Isfahan Research Center of Animal Science and Natural Resources, P. O. Box 81785-114,
Isfahan, Iran
^Dept. of Animal Science, Agri. College, Isfahan University of Technology, Isfahan, Iran
Four genetic groups were formed to estimate their genetic potential for further breeding
programs. The four groups consisted of: 1-Random sample of native fowl, 2-Crossing
between females of native fowl and males of Grand Paternal Parent of broiler line
from Arbor-Acres (Cross A), 3-Crossing between females of native fowl and males
of Grand Maternal Parent of broiler line from Arbor-Acres (Cross D) and 4-Crossing
between females of native fowl and males of Parent of laying hens from Hy-line (Cross
H). In two hatches, 4058 day-old chicks of four genetic groups were produced. Before
laying period, 774 pullets were randomly selected and housed in the individual layer
cages. Number of egg production (NEP) was individually recorded up to 52-weeks of
age. Effect of genetic groups on NEP was highly significant (p<.01). Least-square
means ±SE of NEP up to 52-weeks in native hens and crosses of A, D and H were
132.2±2.3, 136.7±2.5, 142.5±2.3 and 159.9±2.4, respectively. The h^ ±SE (from Halfsib methods) of egg production in native hens and crosses of A, D and H were estimated
to be 0.75±.29, 0.45±.26, 0.21 ±.19 and 0.13±.18, respectively. Amount of h^^ for NEP
in native hens was higher than those reports by the other researchers but in the crosses
they were closed to those previously reported. High heritability for egg production in
native hens indicates that there were genetic variations and therefore mass selection
method can be used for the first steps of breeding program. In addition, cross H has
a better performance than the native hens in comparison with the crosses of A and D.
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THE NET FEED EFFICIENCY INDEX AND ITS ASSOCIATION WITH
ECONOMIC TRAITS IN A LAYER STRAIN
R.SJoshi, J.V.Solanki, P.H.Vataliya, K.Khanna and R.K.Shukla
Poultry Complex, Veterinary College, Anand-388 110, Gujarat, India
Any measure of feed conversion efficiency is a trait of greater interest due to its economic
importance. The present study on Net Feed Efficiency Index (NFEI) is based on
performance records of 207 pedigreed progenies from 25 sires. The NFEI were
calculated at 4 weekly intervals using the formula; NFEI = {(EM+BW)/F} x 100 where,
EM is Egg mass (gm) produced during the period, BW is Body weight gain/loss (gm)
during the period and F is feed consumption per bird (gm) during the period. The
average values and heritability estimates of NFEI ranged from 33.94±0.76 to 44.23±0.59
and 0.023±0.155 to 0.424± 0.251 respectively with their peak values at 37-40 weeks
period. The genetic and phenotypic correlations of NFEI 37-40 with age at first egg
(AFE), feed consumption per dozen of eggs and feed consumption per kilo of eggs
produced upto 40 and 56 weeks of age were strong, negative and significant (P<0.01)
except for phenotypic correlation with AFE. Genetic and phenotypic correlations of
NFEI 37-40 with egg number and egg mass produced upto 40 and 56 weeks of age
were strong, in favourable direction and significant (P<0.01) but such correlations
were strong, positive and non-signifie ant (P<0.05) with egg weight and body weight
at different stage. High heritability estimate and favourable correlations of NFEI 3740 with different economic traits under study support its usefulness as a selection
criterion in poultry.

DIRECT RESPONSE TO LONG TERM SELECTION FOR PART PERIOD
EGG PRODUCTION IN WHITE LEGHORNS.
D.CJohari, Deepak Sharma, R.C.Hazary, M.C.Kataria and S.C.Mohapatra
Division of Avian Genetics and Breeding, Central Avian Research Institute, Izatnagar, 243
122, India
The rate of response from selection imposed depends upon number of factors and is
likely to change in long term selection. The data on 16326, 15812, 11891 and 16780
pullets of IWG, IWH,IWI and IWJ strains of White Leghorn were utilized to study the
trends in direct response from continuous selection for part period egg production
(EN) covering 20 generations of selection. The selection criterion was a family index
(Osbome Index), However some mild culling levels were also imposed on body weight
at housing time and egg weight after 1980. The average number of progenies per
generation were 794.2, 774.7, 592.9 and 820.1 ; average selection differential were
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12.32,11.02,9.36 and 10.91 eggs ; average intensity of selection were 0.64,0.^7,0.56
and 0.61 ; average effective population size were 147.7, 141.2, 137.8 and 147.7 and
the cumulative inbreeding coefficients were 7.0,7.4,7.6 and 7.0 percent in IWG, IWH,
IWI and IWJ respectively. A significant (P<0.01) genetic gain of 1.31 to 1.95 eggs per
generation in overall period (S1-S20) was realized, which was mainly limited to first
10 generations of selection (Sl-SlO) giving a genetic gain of 1.55 to 3.79 eggs per
generation. The realized genetic response in later generations (S11-S20) were non
significant. The strains differed in direct response to selection because of variation in
effective population size, selection differential and intensity of selection. The lower
realised gains in later generations may be attributed to reduction in additive genetic
variance, low intensity of selection and superimposition of culling levels for egg weight
and body weights.

EVALUATION OF TWO WAY AND FOUR WAY CROSSES FOR HETEROSIS
AND RECIPROCAL EFFECTS IN PRODUCTION TRAITS OF WHITE
LEGHORN
B.P.Brahmkshtri, F.P.Savaliya, P.H.Vataliya and R.K.Shukla
College of Veterinary Science & Animal Husbandry, Anand - 388001, India
The information on magnitude of heterosis in various economic traits will help breeder
in planning for genetic importance in these traits. The heterosis and reciprocal effects
were studied on some of production traits in 8 two way (AB, BA, CD, DC, EF, FE,
GH, HG) and 8 four way crosses (I, J, K, L, M, N, O, P) generated from eight parental
commercial strains of White Leghorn. The number of pullets studied ranged from 140270 in each cross. The average age at first egg (AFE) and egg number (EN) and rate
of lay (RL) upto 40 weeks of age did not reveal any heterosis effect excepting AB and
M crosses for AFE. In half of the two way and most of the four way crosses, egg
weight (EW) recorded at four weekly interval during 24-40 weeks of age showed
significant (P<0.05) heterosis effect (-5.27 to 8.51%). The AFE and EN and RL upto
40 weeks of age did not show any significance of reciprocal effect with few exceptions
such as M-N for AFE, 0-P for hen housed EN and K-L for hen day EN. Significant
(P<0.05) reciprocal effect was seen in half of the two way and four way crosses for
EW during 24-40 weeks (-4.86 to 3.07%)
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A PRELIMINARY STUDY ON BARE BACKED TRAIT IN CHICKS
Xiangpin Qiu, Gangan Hu, and Houqing Xie
Department of Poultry Science, College of Animal Science and Technology, Sichuan
Agricultural University, Yaan Sichuan 625014, China
Seven hundred and forty slow feathering chicks from white layer strain were conducted
to study the heredity of the bare backed trait and its effect on some economic characters.
Chicks were classified according to the back feathering at six weeks of age into three
phenotypes: bare-back, semi-bare back and non-bare back. After the cockerels and
pullets attain sexual maturity, the mating of the same phenotypes and reciprocal crossing
of the hetero-phenotypes were carried out among the above three phenotypes. The
back feathering at six weeks of age, the body weight at every two weeks from dayold to ten weeks and twenty weeks of age and the traits of egg production and egg
quality of their progenies of the above matings and crossings were studied. The results
showed that : 1) The bare-backed trait is controlled by a sex-linked gene (K"); 2)The
bare-backed gene (K") is dominât to the normal slow feathering gene; (K) 3) Both bare
back and semi-bare back are controlled by the same gene; (K") 4) The gene (K") may
have an additive effect on the bare-backed trait; 5) The effects of the gene (K") indicated
to lower the rate of early growth, to have a higher resistance of heat stress and to
increase the egg size, egg white weight and percentage of blood spots in eggs.

GENETIC AND NONGENETIC VARIATIONS AND CORRELATIONS
AMONG CERTAIN EGG QUALITY TRAITS
Kamar Jahan, R.P.Nema and A.G.Khan
Department of Poultry Science JNKVV Jabalpur 482004 M.P., India
A total number of 371 pullets of three strains alongwith 50 pullets of JNKVV control
Hne of White Leghorn breed were used to estimate heritability and correlations alongwith
time trends on over 10 years egg quality (EQ) traits. Strains were under selection by
Osbome index to improve egg production (EP) and EQ traits recorded for 38-40 weeks
of age. Strain differences were highly significant for EP, albumen index (AI), Haugh
unit (HU), shell thickness (ST) and yolk index (YI). The heritability (h^) estimates
from S+D component of variance were 0.52±.22, .22±.20,0.22 ± .22 and .28 ± .23 for
egg weight (EW) shape index (SI), HU and YI respectively. Maternal effects were
important than the sex-linked effects for EQ traits. Phenotypic correlations (r ) among
various EQ traits varied from -0.007 to ± 0.102. The r^ and r between EP with EQ
traits were mostly negative. AI and HU indicated inconsistent time trends over years
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for average phenotypic and genetic gains for these strains, whereas YI and ST mean
values declined.

SELECTION OF THE LINES OF LAYING HENS IN THE HOT CLIMATE OF
UZBEKISTAN
S.G.Azimov, Kh.K.Alimov and T.R.Ardipdjanov
Uzbek Research Institute of Animal Husbandry, Tashkent Province, 702 145, Republic of
Uzbekistan
Heterogenous populations of laying hens were produced from the genofond involving
10 lines, 2 lines were selected on this base, their combining ability was estimated and
hybrid layers were obtained. The selection and improvement of productive traits was
realized within 8 generations by the way of family breeding combined with individual
selection. The differentiation of hens in heterogeous populations based on the results
of reciprocal mating allowed to determine the line T-1 as paternal and T-2 as maternal
form of the hybrids. The selection work enabled the increase of the indices of
productivity and the creation of new lines. In F8 egg yield amounted to 257, 9, 259,
1 and egg weight to 58, 5-59, 8 g. The heterosis under mating the males T-1 and
females T-2 amounted to 6, 7-11, 2% in egg yield and 2, 4% in egg weight. Egg yield
of hybrid layers T-1 was 270, feed conversion -1,51 kg/10 eggs. Microline breeding
was applied to improve the lines and to use the genetically valuable males. Six
microlines were created in the lines T-1 and T-2, selection was conducted for egg yield
and egg weight with selection norm of every trait=0, 3C. In those microlines where
selection for egg yield was conducted high result was obtained: in the microlines 1
and 2 of line T-1-279, 1-280, 4 eggs; microlines 1 and 3 of T-2-275,0-276,8 eggs, that
exceeded by 3, 4-3, 9% and 2, 9-3, 6% (P>0,999) the microHnes where selection for
these traits didn't take place. In the microline 1 of the lines T-1 and T-2 the selection
for egg yield was conducted together with that for the egg weight, genotypes with high
tgg weight were produced : T-1-279, 1 eggs; 59, Ig; T-2-275, 0 eggs; 60, 4g. In
T-1 and T-2 close correlation was seen between 72-weeks yield and yield in summer
months (15-17 months of life), r=0, 787-0, 800 (P_0, 999).
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GENETIC ESTIMATION OF POULTRY LINES DIVERSITY
D.Veliksar and F.Turcov
State University of Republic Moldova 277 012, Kishinev, Moldova
The genetic analysis of three pure strains in B-egg cross of hens ( Bl, B2 Bk) was
carried out using polymorphic genes and the next population indices: p-frequency alíeles,
Ho, He, h, m, E-by Shenon, R, r, i, and D-by Cavally-Sforza. The most polymorphic
locuses in studied populations were : Ov, G3, G2. These strains had the next allelotypes:
B,-0,813O^V+0,637G^, + 0,993 G^ + 1, OTf«; B2-0,804O\ + 0,668 G% + 0,979 G^
+ l,OTf^ B^-1,00^^, + 0,759 G\ + Ô, 628 G«^ + l,OTr\ Beside that, two mother lines
were on 30% heterozygous in all polymorphic genes, while father line was 35%
absolutely homozygous, in all loci. The divergence (R) of the lines in B cross on the
locuces were: 0, 868 O^, 0, 993 G3 and 0, 885 G^. The genetic similarity (r,i) and
distance (D) were significant between mothers and father strains only :r=0,93; D=0,
18; P=0,01. The above data indicate criterions in the selection process allow to regulate
the allelotype of pure lines in the crosses. It will provide higher level of the genetic
diversity between the pure lines and the heterosis in the crossbred poultry.

GENETIC EVALUATION OF PURE AND CROSS LINE WHITE LEGHORN
CHICKENS
M.L.Chaudhary, G.S.Brah and J.S.Sandhu
Department of Animal Science, Punjab Agricultural University, Ludhiana-141 004, India
Two pure strains of White Leghorns and their reciprocal crosses involving a total of
6772 pullets based on data of three consecutive generations were evaluated. The crosses
were, in general, heavier, matured earlier and had higher egg production than the pures.
However, the magnitude of heterosis was small. Heritabilities were higher in crosses
than in pures for body weights (0.47 to 0.64 in crosses and 0.35 to 0.63 in pures),
sexual maturity (0.42 ±0.09 vs 0.35 ±0.05) and egg weight (0.58 ±0.09 vs 0.47 ±0.06).
The genetic correlations between pure bred and cross bred paternal half sisters
approached unity for 8 and 20 week body weights but varied between 0.74 and 0.87
for egg number, sexual maturity and egg weight. Cross line selection appeared to be
26 to 35% more efficient than pure line selection for sexual maturity, egg weight and
body weights. However, for egg production its relative efficiency was lower (14%).
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INHERITANCE OF SHELL BREAKAGE, AND BODY CHECKING IN PURE
AND CROSS LINE LAYER CHICKENS
G.S.Brah, M.L.Chaudhary and J.S.Sandhu
Department of Animal Science, Punjab Agricultural University, Ludhiana -141004, India
Egg specific-gravity, shell-breakage and body-checking were studied in pure and cross
lines involving a total of 85,380 eggs of 2790 pullets of White Leghorns. Eggs of
crosses had higher specific gravity and lower incidence of shell breakage and body
checking with heterosis being 1.4, -14.7 and -9.9% respectively. Heritability was higher
in crosses than in pures for specific gravity (0.63±0.15 vs 0.31 ±0.07) and body checking
(0.31±0.11 vs 0.09±0.03). Genetic correlation of specific gravity was negative with
shell breakage (-0.80) and positive with body checking (0.41). Specific gravity had
negative genetic correlation with egg number (-0.18), or the various possible genetic
correlations of shell-traits with economic traits, the significant one was between egg
weight and body checking (0.52).

EFFICIENCY OF SAMPLING PROCEDURES FOR GENETIC
IMPROVEMENT OF SHELL QUALITY BY SPECIFIC GRAVITY IN LAYER
CHICKENS
M.S.Khatkar, J.S.Sandhu, G.S.Brah and M.L.Chaudhary
Department of Animal Science, Punjab Agricultural University, Ludhiana -141004, India
Data were collected on specific gravity over 30 consecutive days involving a total of
21,000 eggs obtained from 1100 pullets of a selected strain between 36-40 weeks of
age. The repeatability of specific gravity was estimated to be 0.40 ±0.01. Different
procedures i.e. different lengths (weekly and fortnightly) and sampling procedures (2
days/week for 4 weeks and 3 days/week for 4 weeks) were compared with that based
on recording of specific gravity for 30 consecutive days. Efficiency of different
procedures was studied in terms of correlated genetic response in monthly average
specific gravity as compared with genetic gain in monthly average due to direct selection
for it. Sampling eggs 2 days/week for a month appeared to be the best procedure as
it was able to realise 96.2 per cent of the genetic gain possible by selection based on
monthly average.
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EVALUATION OF CONVENTIONAL AND RESTRICTED SELECTION
INDICES INCORPORATING BIOCHEMICAL AND ECONOMICAL TRAITS
IN WHITE LEGHORN BREED
R.P.Nema^ and D.CJohari^
^Department of Poultry Science, JNKVV, Jabalpur 482004 M.P. India
^Central Avian Research Institute, Izatnagar 243122 U.P. India
The objective of this study was to examine the feasibihty of inclusion of plasma alkaline
phosphate (PAP) at 18 weeks of age as a variable alongwith egg number (EM) 40-wk
body wt (40-BW) Qgg weight (40-EW) for the construction of the 5 selection indices
& one restricted index and to estimate associated responses. Indices having all the
traits (I,) had highest r^^ value in both selected and control line (0.77 and 0.65) and was
expected to give maximum genetic gain of 4.11 eggs/generation. The ommission of
the PAP from selection index did not reduce the efficiency of index but the changes
of sign of economic values reduces the efficiency of indices in both the lines. The
results showed that complete restriction for egg weight may not be desirable.

GENETIC IMPROVEMENT OF POULTRY FOR HIGHER PRODUCTIVITY
Majdood Ahmad^ and Iqbaluddin^
^Central Poultry Breeding Farm. Aarey Milk Colony, Bombay-400065, India
^Deptt. of A.H.& Dairying, (GDI), New Delhi 110001, India
Genetic Improvement in production of Layers was examined by comparing production
profiles of four strains representing purelines of more than two decades between 1970
to 1995. The changes in the production profiles indicated a remarkable improvement
in egg number and egg weight at 32 weeks in all 4 strains during different generations
of Osborne Index/Hendersons selection programmes. The part year (140 days)
production & average egg weight at 32 weeks respectively recorded finally in different
strains as : B-1 line : 106 eggs and 54 gms egg weight after 17 generations of selection;
B-2 : 107 eggs and 59 gms egg weight after 15 generations of selection; M line : 104
eggs and 54 gms egg weight after 13 generations of selection and; C line : 95 eggs and
59 gms egg weight after 8 generations of selection.
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EFFECT OF MATERNAL GENOTYPES ON PRODUCTION PERFORMANCE
OF CROSS DWARFED EGG LAYER FROM THREE DIVERSIFIED
GENOMES
Joyti Shrivastava, M.V.Poulose, A.G.Khan and J.K.Bharadwaj
Department of Poultry Science, JNKVV, Jabalpur 482004 M.P., India
The present experiment was conducted to assess the effect of different maternal
genotypes on production performance of two crossbred hybrid dwarf layers (CBV and
CBH) and a purebred dwarf (PKJ) produced from mating between a common dwarf
male (dwdw) to two different normal bodied maternal genotypes (BV and BH) and a
dwarf female line (KJ). CBV and CBH hens laid significantly more eggs 11.4% and
6.7% than the PKJ, with nonsignificant difference between hybrid genotypes for 60
days but significant for 120 days egg production indicating positive maternal reflection
on egg production. Purebred dwarf (PKJ) matured later than cross dwarfed layer. Highly
significant dam genotype effect was estimated for 20 week body weight. PKJ weighing
1148 gms were heavier to both CBV(1065) and CBH(1087) gms hens. Thus study
revealed superior performances of hybrid dwarf substantiating the contention of not
only the positive influence of immigrant polygenic modifier but also the maternal
effect on production performance of dwarf layers.

RELATIVE EFFICIENCY OF FAMILY INDEX AND RECIPROCAL
RECURRENT SELECTION FOR IMPROVING THE EGG PRODUCTION IN
WHITE LEGHORNS
R.K.S.Bais, D.C.Johari, Deepak Sharma, R.C.Hazary, M.C.Kataria and
S.C.Mohapatra
Division of Avian Genetics and Breeding, Central Avian Research Institute, Izatnagar,
243 122, India
Data on a 5259 and 4442 pullets in White Leghorn IWH and IWI lines under family
index selection (IDS) and, 4760 and 3155 pullets in IWH and IWI lines under Reciprocal
Recurrent selection (RRS) were utilised. Average number of sire, dam and progeny
tested were 37.14, 149.29 and 751.28 in IWH (IDS); 36.29, 140.43 and 634.37 in IWI
(IDS); 34.86, 132.57 and 680.00 in IWH (RRS) and 33.57, 111.86 and 450.71 in IWI
(RRS) lines. The effective population size and rate of inbreeding per generations were
118.94 and 0.44%, 115.35 and 0.45%, 110.41 and 0.48% and 103.28 and 0.51% IDS
and RRS lines of IWH and IWI respectively. The total genetic gains for part period
egg production in pure lines were higher under IDS method (20.23 egg) in comparison
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to the RRS (16.43 egg). The total genetic gains in cross breds were also higher from
IDS method in comparison to that from RRS method of selection. The present study
were limited to only 6 generations which indicated superiority of IDS method of selection
over RRS method.

COMPARATIVE PERFORMANCE OF CROSS-BRED AND PURE BRED EGG
TYPE MINI PULLETS
S.Pandey
C/o. Col. R.N.Pandey, 581 South Civil Lines, Jabalpur 482001, India
In an experimental trial comparative performance of cross-bred (obtained by mating
normal WLH females with pooled semen of dwarf males) and pure-bred (obtained by
pedigreed mating of coloured dwarf birds) was studied. The results showed significant
difference in egg production between two genotypes. Mean egg production of crossbred and pure-bred dwarf pullets were 82.4 and 71.8 eggs in 40 weeks of age
respectively. The superiority of cross-bred dwarf pullets by 10.2 days in age at mean
sexual maturity, provided an advantage of 5.0 eggs in terms of days available for egg
production. From 33-40 weeks of age the cross-bred dwarf showed superiority of 5.6
eggs over the pure-bred mini pullets (equal number of days available for egg production).
The cross-bred genotype exhibited 6.2% heterosis over mid-parent mean. The
differential response in favour of cross bred pullet owed to heterozygosity and its small
body size. The cross-bred dwarf pullets laid more eggs than pure-bred dwarf pullets
for all ranges of shank length measured, however, optimum egg production being
recorded for both genotypes between the shank length range of 46-50 mm. The data
' recorded in the study suggested the superior capacity of hybrid mini pullet to sustain
egg production which was closely associated with shank measurement.

CLUTCH SIZE AND PRODUCTIVE TRAITS RELATIONSHIP IN KRISHNAJ (A COLOUR DWARF LAYER)
A. Agrawal, A.G. Khan, R.P. Nema and J.K. Bhardwaj
Department of Poultry Science, JNKVV, Jabalpur 482004, M.P., India
An experiment was conducted to examine the relationship of clutch size with productive
traits in colour dwarf layer Krishna-J birds carrying some sex linked recessive gene.
A total number of 120 birds was considered for the experiment for 20-32 weeks age.
The ration contained 17% CP and 2750 Kcal ME/Kg feed. Pooled basis averages
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obtained were 2.2 ± 0.3 Qgg, 40.2 ± 1.3 egg, 159 ± 3.5 d, 1056 ± 33.4 g, 1225 ± 24.6
g, 42.3 ± 0.7 g respectively, for clutch size, egg number, age at sexual maturity (ASM),
20 weeks body weight., 32 weeks body weight and 32 weeks egg weight. Clutch size
and egg number between groups were highly significant. Phenotypic correlationship
of clutch size with egg number (0.85) and with 20 week body weight (0.62) were
positive and higher in magnitude, whereas negative correlations were recorded with
rest of the traits. Shed temperature varied from (29 to 32.5"C) and humidity (90-95%)
did not cause any significant effect on any of the traits. This study revealed that
association of clutch size is likely to be important for initial egg production and body
weight in colour dwarf layer birds.

INFLUENCE OF SEX ON SHANK LENGTH AND ASSOCIATION OF SHANK
LENGTH WITH ECONOMIC TRAITS, IN COLOUR DWARF KRISHNA-J
LAYER
S.N. Raut, A.G. Khan, R.P. Nema and J.K. Bhardwaj
Department of Poultry Science, JNKVV, Jabalpur-482004, M.P., India
The present experiment was conducted to study the association of shank length with
certain economic traits and the effect of sexual dimorphism on shank length of
KRISHNA-J birds carrying sex linked dwarfing gene. A total 120 Krishna-J hens
grouped in 7 groups according to length (SL) considering 0.25 cm. interval. Group
averages for shank length varied from 4.332 to 5.89 cm. and for 20 weeks body weight
(BW) 984 to 1114 gm. and the differences between groups were highly significant for
these traits. High positive correlations were obtained between (SL) and egg number
(0.80), SL and 20 wk BW (0.50), whereas SL and 20 BW 0.40 low in magnitude. The
observations indicate that Krishna-J layers having different shank length also differ
significantly for 20 week body weight but at 32 weeks age this differences diminishes.
The average shank length of the adult bird at 20 week age in males was 6.00 +/- 0.03
cms, and in females 5.10 +/- 0.02 cms with non significant statistical differences.
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ADDITIVE AND Z-CHROMOSOME GENETIC EFFECTS ON FERTILITY
DURING THE FIRST LAYING CYCLE OF THREE WHITE LEGHORN
STRAINS AND THEIR TWO-WAY CROSSES
M.C.Ledur» 2, R.W.FairfulF ^ I.McMillan^ and LAsselstine^
^CNPSA/EMBRAPA, Sponsored by CNPq, Brazil,
^Dept. of Animal and Poultry Science University of Guelph, ON, NIG, 2WI, Canada,
^Centre for Food and Animal Research, Agriculture Canada, Ottawa, ON, KIA, OC6,
Canada, Present address AGRO Breeding Co., Nacogdoches, Tx, 75963-1940, USA
Additive genetic and Z-chromosome effects on fertility (Pert) were evaluated in three
White Leghorn strains, and their two way crosses during the first laying cycle. The
hens were housed one per cage in a randomized block design and were artifically
inseminated with pooled semen from one unrelated strain. Pert was measured in three
periods: 259, 330 and 487 days of age. Strain additive, and Z-chromosome effects
were estimated by fitting constants. The strain additive genetic effects showed a decrease
with age. The Z-chromosome effects did not show any consistent trend with age. The
pattern of changes in additive and Z-chromosomes effects varied by genotype. These
results indicate that different genotypes have different ways of dealing with the
deleterious effects of aging. Life time performance may be improved by selecting
birds at older ages, which allows assessment of the success of a strain's aging strategy.

KRISHNA J : A COLOURED DWARF LAYER FOR RURAL AND TRIBAL
POULTRY PRODUCTION
A.G. Khan

Department of Poultry Science, Jawaharlal Nehru Agricultural University, Jabalpur, M.P.,
482 004, India
Indigenous fowl lays 30 to 60 eggs annually of the average weight of 30-45 grams.
Since prehistoric times, these are raised by 5 to 7 percent house holds in villages of
India as a self sufficient poultry units with little care for feeding, disease control and
management. However attempts were made over years to improve the economic
viability of the indigenous breeds of fowl but were not very fruitful. The cross breeding
with the exotic breeds were less adoptive to the rural agroclimate and social likes and
dislikes. Researchers at the Jawaharlal Nehru Agricultural University, Jabalpur
attempted to synthesize a physical replica of indigenous fowl with improved potentials
to lay more eggs under scavenger system of management. Experimental evidences
showed that the Krishna-J hen weighed 1.2 to 1.3 kg with the plumage solid black/
barred/brown. Under scavenger system it laid 110 to 120 eggs of 40 to 50 grams in
34

weight. The adoptability of the hens to village conditions was satisfactory. Under
intensive system of management, the dwarf layer produced 218-240 eggs of 50 to 52
grams in weight with age at sexual maturity between 146 to 156 days. The layer in
summer consumed 82-84 and in winter 90-95 grams feed. The improved viability was
associated with the dwarfing gene. The improved viability was associated with the
dwarfing gene. In the synthesis, the sex-linked dwarfing gene dw was used to reduce
the body size. Autosomal light bar gene and the E-locus allelic system were utilised
to impart color to the plumage. Locus id added the bluish color to the shank. Modifying
gene also changed the color intensity of plumage.

SELECTION STUDIES IN CHICKEN FOR EGG NUMBER ON PART
RECORDS
A.K.K. Unni and Laly John
A.I.C.R.P. on Poultry Improvement, Mannuthy centre, Kerala, India
Data collected over a period of 15 generations on two single comb white leghorn flocks
which were on IDS method of index selection for part period egg production and
maintained at the Mannuthy centre of the All India Co-ordinated Research Project on
Poultry Breeding were utiUzed for the study. Data were corrected for hatch effects
before analysis by fitting least square constants since hatch effects were found
significant. Time trends in heritability estimates (b±SE) of part period egg production
were found to be significant from the sire component (P 0.01) in IWP strain. For egg
weight at 40 weeks of age, time trends in heritability were found to be significant both
from the dam component as well as the sire+dam component of variance in IWP strain.
In IWP strain for the same trait, time trend was found to be significant from the sire
component of variance in IWP strain. In IWP strain, for the same trait, time trend was
found to be significant from the sire component as well as sire+dam component of
variance. (P<0.01). For 20 week body weight, the trend in heritability estimates was
found to be significant from the sire component and sire+dam component of variance
in IWP strain (P<0.05). The genetic parameter estimates for age at sexual maturity
(ASM) and 40 week body weight (BW 40) did not show any significant time trend.
The genetic and phenotypic correlations were close to several earlier reports. In the
light of the genetic parameter estimates and time trends observed and taking cognisance
of the correlated responses, the selection system adopted during the past fifteen
generations is critically evaluated.

35

REPRODUCTIVE PERFORMANCE OF VARIOUS INDIAN-NATIVE BREEDS
AND THEIR CROSSES WITH DAHLEM RED
K.D.Kainble, D.P.Singh, D.CJohri and R.D.Sharma
Central Avian Research Institute, Izatnagar 243 122, India
Four Indian native breed varieties viz. Aseel, Kadakanath, Naked- neck and Frizzle
Fowl and one exotic breed (Dahlem Red from Germany) maintained at Central Avian
Research Institute, Izatnagar were utilized for the present study. Hatchable eggs were
collected from sire group families of various purebred, crosses of Dahlem Red with
other breeds and their reciprocals by artificial insemination of the pullets. Fertility in
Kadakanath breed was highest (85%) followed by Dahlem Red (78%) and least in
Frizzle Fowl (61%), Nearly similar fertility (66%) was observed in Aseel and Nakedneck. Hatchability on total egg set basis followed the similar trend of fertility. Fertility
and hatchability in crosses were also poor. Reciprocal effects in fertility and hatchability
were observed in all the breed crosses. Fertility in groups having Dahlem Red as females
was higher than its reciprocal matings but hatchability on fertile egg set basis was
superior in the groups where Dahlem Red was used as male.

EVALUATION OF INDIGENOUS CHICKEN GENOTYPES, THEIR ROLE
AND RELEVANCE
A.K.Banerjee and R.K.Sharma
G.B.P.U.A. & T., Pantnagar 263 145, U.P., India
India, characterised by a wide diversity of topography, population densities, cultures,
farming systems, is also a rich repository of poultry genetic resources. Indigenous
stock which constituted about 98.4% of the total layer population in 1961, has been
indiscriminately replaced by exotic stocks which may soon result into a situation as
has been witnessed in Canada where the whole poultry population has been reduced
to a narrow genetic base (Crawford, 1990). Indigenous chicken plays a very significant
role in the small holder farming system by way of fulfilling nutritional, social and
other needs of rural masses at almost no cost. However, there is very little information
available on its morphological, performance and adaptability traits. Keeping this in
mind some preliminary research was undertaken wherein it was observed that in local
chicken, there probably exists much more variation in terms of morphology and
productivity compared to what has been reported in the literature, the probable reason
of which might be the segregation of genes due to random intermingling of stocks.
However, these stocks were found to be uniformly well adapted to the hostile conditions,
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thriving and performing well without medication, vaccination, proper feeding and
housing. In view of the findings it may be suggested that a detailed study on indigenous
chicken may be initiated to incorporate such genotype in developing a breeding strategy
for semi-intensive farming system.

DIRECT RESPONSE FOR EGG MASS SELECTION IN RHODE ISLAND RED
POPULATION
R.C.Hazary, M.C.Kataria, Deepak Sharma, D.CJohari and S.C.Mohapatra
Division of Avian Genetics and Breeding, Central Avian Research Institute, Izatnagar 243
122 India
The selection for egg mass is an effective way to improve egg production and egg
weight simultaneously. Data on 8181 pullets of RIR population were utilized for
estimating the trends in direct response to selection for part period egg-mass upto 280
days of age from a long term selection study covering 15 generations of selection
using a family index as selection criterion. A significant (P<0.01) genetic gain of 80.76
±13.86 g in part period Qgg mass was realized in overall period (S0-S15), while the
respective value for phenotypic response was estimated to be 104.13±24.34g. The
major proportion (224.60-49.66 g) of this genetic gain was realised during first five
generations of selection (SI-85). The genetic gains during generation 6-10 and 11-15
were 68.06-68.61 g and 54.88-101.26 g respectively which were found to be nonsignificant statistically suggesting a decline in rate of response to selection as the
selection progressed. The decline in later periods may be attributed to reduction in
additive genetic variance and/or lower selection pressure due to comparatively smaller
population size in later generations. The non significant time trend for the selected
trait in the control line suggested its stability and effectiveness in eliminating the
environmental trend during the course of selection.

ESTIMATION OF GENETIC IMPROVEMENT ON THE SELECTION
EXPERIMENT FOR NON-DESTRUCTIVE DEFORMATION USING BEST
LINEAR UNBIASED PREDICTION
K.NirasawaS H.TakahashiS T.FurukawaS M.Naito^, H.Takeda^ and T.Takeda^
^Nat'l Inst.of Agrobiological Resources, Kannondai, Tsukuba, Ibaraki 305, Japan
^Nat'l Inst.of Animal Industry, P.O.Box 5, Tsukuba Norindanchi, Ibaraki 305, Japan
Non-destructive deformation is one of indicators for egg shell strength. Its smaller
value means stronger egg shell. Selection has been conducted in White Leghorn
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population for increased (weak line) or decreased (strong line) non-destructive
deformation. In a two-way selection experiment without an unselected control line, it
is difficult to estimate accurately the genetic improvement made by selection. Best
linear unbiased prediction procedure applied to an individual animal model was used
to estimate breeding values and environmental effects from the first to the eigth
generation in the strong and weak lines. The mixed linear model included year and sex
as fixed effects. From the first to the last generation, the average estimated breeding
value in strong line decreased but that in weak line increased. This means that the
selection for non-destructive deformation was effective to improve egg shell strength
and the strong and weak lines were separated genetically. The degrees of selection
response were not equal in the two directions. The variation in the environmental effects
from generation to generation was small in both lines.

GENETIC STUDIES ON VARIOUS EGG QUALITY TRAITS IN THREE
STRAINS OF WHITE LEGHORNS
PJayalaxmi, A.Sreeramamurthy, V.L.K.Prasad and C.Eswara Reddy
AlCkP on Poultry Breeding, Rajendranagar, Hyderabad 500030, India
Heritabilities, genetic and phenotypic correlations on various egg quality traits were
estimated in three strains of white leghorns at the age of 64 weeks. The specific gravity
of the eggs was measured by floatation method (Hamilton, 1982). The albumin index,
yolk index, shape index, percent albumin weight, percent yolk weight, shell thickness
and shell weight were determined as per standard procedures. Full sib analysis using
a balanced design was carried out to estimate the heritabilities and correlations.
Significant strain differences were observed for all the traits except for yolk index. In
all the three strains specific gravity, shape index, albumin index, shell thickness and
percent yolk weight showed consistently higher heritability estimates. The nondestructible egg quality measures like egg weight, shape index and specific gravity
had genetic correlations of considerable magnitude with other egg weight, shape index
and specific gravity for the improvement of other egg quality traits.
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EFFECT OF CHROMOSOMAL ABNORMALITIES ON FERTILITY AND
EARLY EMBRYONIC MORTALITY IN PURESTRAINS AND
STRAINCROSSES OF WHITE LEGHORN BIRDS
V.B. Kharadi^ A.R. Krishnan^ and A.M. Nainar^
'Livestock Research Station, Gujarat Agricultural University, Navsari - 396 450, India
^Department of Animal Genetics, Madras Veterinary College, Madras - 600 007, India
One hundred and fifty hatching eggs each of Forsgate and Meyer strains, which are
maintained for more than fifteen generations, and their reciprocal crosses were
karyotypically analysed for chromosomal abnormality. The parents were screened for
chromosomal abnormality by leucocyte culture technique. The success rate of
chromosomal spreads were 16.67 and 93.31 per cent for leucocyte and embryo culture
respectively. One adult phenotypically normal fertile female had the haploid/diploid
chromosomal complement. The chromosomal abnormalities observed in embryos were
3.01 and 3.88 percent in FxF and MxM pure crosses and 1.48 and 0.75 per cent in FxM
and MxF strain crosses respectively. The majority of abnormalities were of numerical
type and they were clustered within certain dams. The difference in fertility and
hatchability of eggs set between pure strains and strain crosses was found to be non
significant. However the difference in hatchability on fertile eggs was significant. A
significant difference in fertility, hatchability on egg set and on fertile eggs between
the dams that had few chromosomally abnormal or total normal progenies showed the
effect of chromosomal abnormalities on fertility and embryonic mortality.

EARLY EMBRYONIC GROWTH RATE DIFFERENCES AMONG CHICKEN
BREEDS
A.Hidas and A.Gharadaghi
Institute for Small Animal Research, P.O.Box 417, GodoUo, H-2101, Hungary
Chicken embryonic development rate has mostly been investigated in certain breeds.
Investigating factors are the time and temperature of storage, preincubatory germ disc
size, sequence of the egg and the sex of the embryo. Few data are available about
embryo sizes of different genotypes. Embryos from the Hungarian indigenous breeds
(Hungarian White, Yellow, Speckled; Transylvanian Naked Neck White, Black,
Speckled) and the New Hampshire breed were investigated at the 96th hour of
incubation. Wet embryo weights were measured after removal from the egg and cleaning
from membranes and fluids. Karyotyping was also carried out to determine the sex of
the embryos. Average embryo weight of the breeds ranged between 71-99 mg, showing
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significant differences. There was no correlation between the egg and the early embryo
weight (r=0.170), showing the egg size can only influence the embryo weight at the
end of incubation as a limiting factor. Sex differences in embryo weights were still
missing at this developmental stage.

HAEMOGLOBIN TYPES IN POULTRY & THEIR ASSOCIATION WITH
ECONOMIC TRAITS
S.Z. Ali and S.N. Deshmukh
Deptt. of Animal Genetics and Breeding, Dr.Panjabrao Deshmukh Krishi Vidyapeeth Akola
444104 M.S. India
The studies on Haemoglobin types was carried out on 90 HN layers and 45 Broilers
by paper electrophoresis in sodium barbitone buffer solution at a constant current of
3 mA for 16 hrs. Three haemoglobin types were found that is Hb AA, Hb AB and
Hb.BB which are controlled by a pair of allelic codominant genes. The genotypic
frequencies of Hb AA, Hb AB and Hb BB were 0.29,0.44,0.27 and 0.58,0.2 and 0.22
for layer and broilers respectively. The gene frequencies for Hb A and Hb B were 0.51,
0.49 and 0.68, 0.32 respectively in layers and broilers. The significantly higher Qgg
production was observed in Hb BB types followed by Hb AA and lowest in Hb AB
types. However egg quality traits in layers and body weights in broilers did not vary
significantly due to Hb types. Incorporation of Hb BB in routine selection programmes
may improve the egg production traits in layers.

LASER TREATMENT IN POULTRY BREEDING
L.Jikia and M.Khutsishvili
Krasnopartisaonfrain, 30 km Tbilisi - 380060 Georgia
A study was conducted to establish optimal dose of treating incubative eggs before
laying and embryos; identifying positive options of treating the daily chicken and repair
chicks. They used laser with red spectrum of radiation (emanation) with the capacity
of 25 mvt. and the length of wave was 632.8. Treatment takes 1-40 minutes (140,000
eggs and 42,000 birds are already treated ) 2-3 min. treatment of eggs is increasing the
hatching by 0,7%. After 20 min. treatment the efficiency is not significant, incubative
period reduces with 10-12 h treatment of embryos by the day 7, is increasing the hatching
with 5% and number (quantity) of conditioning chicks with 7,7% live weight of chicks
at 30 days of age with more than 65 gr. safety with 3,1%; 5 minute treatment of daily
chicks is accelerating resolution (résorption) of remaining yolk and positively affects
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the safety of chicks (98,3%)- Live weight of birds at 120 days of age exceeds the
weight of basic ones with 6,4% 5-6 minute treatment of repaired chicks positively
affects egg laying qualities laying hen is giving 15 eggs more than basic ones.
Morphological, physico-chemical, haemotological indices and resistency of the
organism were studied. It is proved that treatment does not have negative effect
(unfavourable influence) on irradiated objects.

ON USING OF THE NATIVE CHICKEN BREED RESOURCES IN CHINA
Kou Yizhong^ and Du Bingwang^
^English Department, Yuncheng Advanced lYaining College, 044000, Shanxi, China,
^Department of Biology and Chemistry, Yuncheng Advanced Training College, 044000,
Shanxi, China
How to make full use of the native chicken breed resources in China? This is a question
of practice more than a question of theory. It is related to many subjects of science
and technology. But our answer to it now is just the achievements we have gained
by means of
1. using them to develop many new ones, of which five have been recorded as fine
developed breeds in Poultry Breeds in China;
2. establishing several complete sets of breeding system for the use of them by
organizing national scientific and technical cooperation. The initial achievements of
the coordination are 11 pure lines, 8 automatic sexing lines and a meat chicken
performance testing station. All these have played an important role in making use of
the native chicken breeds.
3. advocating exploitation of local advantages, launching a mass movement for using
them, which is a very good form to increase the economic effect of the native chicken
breeds and to find some new breeds.
4. inventing the new patterns and approaches of using them to meet the domestic and
foreign market demand, such as "breeding in north and raising in south", "twice grades
taking native chicken breed as male parent", "special chicken going abroad and earning
foreign exchange", and "producing conventional special flavour food with modem
technology of food hygiene and fresh-preserving.
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ON CONSERVATION OF THE NATIVE CHICKEN BREED RESOURCES IN
CHINA
Du Bingwang and Kou Yizhong
^Department of Biology and Chemistry, Yuncheng Advanced Training College, 044000,
Shanxi, China
^English Department, Yncheng Advanced Training College, 044000, Shanxi, China
China abounds.in native chicken breeds as well as in quantity of the raising fowls. At
the moment when all over the world the hereditary resources of animal and poultry
have become exhausted day by day, how to preserve them so as to make contribution
to the development of poultry industry in the world has become one of the objectives,
on which Chinese scientists of generations have been working. This paper is intended
to center on four aspects to describe the problem:
1. The importance and urgency of the breed-preserving.
2. The investigation of the native chicken breed resources which is a solid foundation,
on which many conventional programmes have been worked out for conservation of
them, and on which Poultry Breeds in China has for the first time been published, with
27 native chicken breeds out of about 72 in all in China recorded in it;
3. One encouraging big step we have taken towards the modernization of the native
chicken breed-preserving system. A Data Base of Animal and Poultry Resources in
China has been established, in which 258 breeds of five chief animal and poultry breed
resources are kept in storage, including 50 poultry breeds, 27 native chicken breeds.
Each breed is described by more than 150 subclauses. On the other hand, through
computer analogue system the imitated poultry colony-preserving has been produced
to serve the conservation research of 50 generations.
4. The great progress we have made in theory and method concerned about the native
chicken breed-preserving in China. A breed-preserving formula and all sorts of
programmes for conservation of the breeds have been invented. In addition, family
line equatable random mating system has been created and proved effective.

ECONOMIC TRAITS VIS-A-VIS MAJOR GENES IN INDIGENOUS
CHICKEN GENOTYPES UNDER UNORGANISED SECTOR
R.K.Sharma and A.K.Banerjee
G.B.P.U.A.&T., Pantnagar 263145 U.P. India
The sophisticated poultry technology systems dominating in the advanced countries
may not necessarily be appropriate in the developing countries like India. As per Qureshi
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(1992) indigenous stocks in unorganised sector has ample production possibilities for
multipurpose use under Indian farming system. In this context Yamda (1992) emphasises
the importance of co-existence of both the systems to complement each other. In view
of the above a study based on literature survey was undertaken to ascertain the
possibilities of utilizing indigenous chicken genotypes as a futuristic alternate breeding
strategy in India. As per Bhat (1980) there are 18 well documented chicken breeds in
addition to numerous local types which are reservoirs of genetic variability containing
promising major genes. As per Merat (1979) there are twelve loci carrying various
major genes out of which genes for naked neck (Na), frizzle plumage (F), dwarfism
(dw) and rapid feathering (k) have significance under hot climatic conditions. The
results of Horst (1988) and Mathur and Horst (1990) showed that Na and F genes
affect biological efficiency and thereby enhance productive-adaptability and feed
efficiency in tropics. Rauen (1985) and unpublished report of Biochard and Merat
indicate that adult mortality under moderate and warm temperature was significantly
lower in genotypes carrying Na gene. Certain breeds of indigenous chicken have been
shown to possess special traits of advantage viz. Kadaknath possessing 5-7 per cent
more protein and negligible fat and Aseel having high dressing percentage and breast
meat yield (Singh and Johari, 1990). The above study may suggest that an alternative
breeding policy need to be evolved for stressful hot tropical cUmate utilising some
above mentioned major genes in indigenous genotypes while industrial poultry can
stay in areas of affluence.

INDIAN CHICKEN KADAKANATH-A RESERVOIR OF UNCOMMON
MAJOR GENES
K.D.Kamble, D.P.Singh and D.CJohari
Central Avian Research Institute, Izatnagar 243 122 U.P., India
Kadakanath, locally known as "Kalamasi" meaning the fowl having black flesh, is one
of the important native breed of chicken, reared mostly by the tribals and adivasis of
Jhabua and Dhar districts of Madhya Pradesh. Kalamasi is a sacred bird and is offered
as sacrifice to Goddess after Diwali. It is medium sized basically black feathered bird
in which adult plumage varies from silverpencilled to blueblack. The skin, beak, shank,
toes and soles of feet are dark grey coloured and comb, wattles and tongue show a
purplish hue. Most of the internal organs show black pigmentation. The shining blue
tinge of the earlobes is unique feature of this breed. A total of 447 chicks were hatched.
Various major genes were observed at appropriate age and their gene frequencies were
calculated. Sex-linked slow feathering gene (K) and noninhibitor dermal melanin gene
(id) were identified in the population having the gene frequency of 0.19 and 1.0
respectively. The frequency of black and silverpencilled varieties were 0.72 and 0.28
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respectively. Presence of melanin pigment in various internal organs indicated the
presence of rare genetic condition "Fibromelanosis" caused due to dominant gene "FM'.
It was also observed that the intensity of dark melanin pigmentation in the internal
organs was more intense in the presence of 'id' gene. A dominant autosomal gene was
found responsible for the bluish earlobe. The considerable variation in the degree of
expression of bluish earlobe in various plumage conditions and at various ages indicated
that a number of other factors are involved in its expression. Recessive alíeles of both
sex-linked barring (B) and autosomal dominant white (I) were also found in Kadakanath.
The mode of inheritance of various major genes was studied by crossing kadakanath
with Dalhem red imported from Germany and their reciprocal cross.

STUDIES ON MINI LAYER FOR EGG PRODUCTION
Amitabh Pandey
Veterinary College, Jawaharlal Nehru Agricultural University, Jabalpur 482 004 M.P., India
Mini layers are considered viable because of their small body size, less housing space
requirement, better feed efficiency and superior adaptabihty to summer stress. Reduction
in body size is achieved by major genes like bantam and dwarfs which are commonly
used to produce mini layers. The use of poly genes for small size showed strong negative
genetics responses in the economic production. Bantam gene reduced body size only
by 10% associated with adverse effect on few parameters. Sex-linked recessive dwarf
gene inherits the capacity to reduce body size by about 30% in females but is associated
with 12% reduction in egg number and 8% in egg weight but the modifying poly gene
reduce the depressive effect of dwarf gene on production traits. Consequently, over
generations, the age at sexual maturity was reduced from 218 days to 153 days and
adult body weight 1.9 kg to 1.33 kg but egg weight increased from 46.1 gms to 51.9
g. Egg production improved from 177 eggs to 222 eggs by introducing poly genes from
genomes having superior egg production. The results suggests potentialities of dwarf
mini layer (weighing 1.3 - 1.5 kg) as a future commercial hen to enhance economic
viability and could be future vista for research thrust in poultry breeding.
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PRODUCTION PERFORMANCE OF BANTAM CROSS VIS-A-VIS NORMAL
WHITE LEGHORN CROSS
V.N.Barot, R.SJoshi, A.B.Patel, H.I.Paleja, R.K.Shukla and K.Khanna
A.]^C.R.ft on Poultry Breeding, Veterinary College, Anand 380001, India
TheréÉficiency of egg production can be improved by producing birds of smaller size
which in turn consumes less feed without affecting egg production and egg size. One
such approach is through introducing bantam gene in to normal size White Leghorn.
The present study was undertaken to find out the effects of Bantamization in White
Leghorn strain. A total of 119 pullets of Bantam x White Leghorn (IWP) i.e. BP were
generated and simultaneously 152IWN x IWP i.e. NP pullets were generated at Poultry
Complex, Veterinary College, Anand. The production traits viz. Body weight (BW)
at 8, 20 and 40 week. Egg weight (EW) at 32 and 40 week and Egg Number upto 40
wk (EN^Q) were recorded for comparison between the above two crosses. The body
weight (g) of BP cross recorded at different age groups was 287.39±5.33 (BW^), 882.731
± 9.62 (BW^o), 1149.047 ± 19.648 (BWJ whereas the corresponding values for NP
cross were 411.25 ± 6.47 (BW^), 1320.171 ± 8.875 (BW^^) and 1721.00 ± 19.879
(BW^Q). The egg weight (g) of BP cross recorded at 32 and 40 week of age was 35.582
± 0.286 and 39.533 ± 0.377 respectively whereas for NP cross the egg weight (g) was
recorded as 44.997 ± 0.210 and 51.872 ± 0.310 respectively. The BP cross produced
88.954 ± 1.979 eggs upto 40 week of age, whereas NP cross produced 120.160±0.784
eggs. Both the crosses differ significantly (P<0.01) for all the traits. The total feed
consumption upto 0-8 wks, 9-20 wks, and 21-40 wks of age for BP were 1338.75 gms,
5452.54 and 10597.72 gms per bird whereas for NP it was 1730.46 gms, 7402.74 gms
and 17405.92 gms. per bird respectively. More detail study is required with large size
population to evoke some fruitful results in this regard.

ASSOCIATION OF PLUMAGE CHROMATISM WITH PRODUCTION TRAIT
IN DWARF LAYER
Archana Agrawal
Department of Poultry Science, Jawaharlal Nehru Krishi Vishva Vidyalaya, Jabalpur 482
002 M.P., India
Gallus gallus being the plumage chromatic species with infinite variation in colour
pattern which resulted in aesthetic appeal and preservation of fancier birds. Each group
of plumage pattern is the result of genetic factors influenced by modifying genes and
environment. Smith Junior (1990) has given in details the inheritance and biochemical
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aspect of plumage chromatism in fowl but its association with production traits are
lacking. The dwarfing gene reduces body weight by about 30% in female and 45% in
males (Hutt, 1959). It is apparent now that dw, as a mutagenic variabihty is incompletely
recessive to its normal alíele hence its expression under genotype environmental
interaction is expected to be variable as per genetic background. Dwarf pullet carrying
sex-linked recessive dwarfing gene have inherited advantage to withstand feed stress,
starvation and high dietary fibre tolerance (Khan, 1990). Feather colour of dwarf layer
influences egg production (Khan et al., 1995). In dwarf chicken black plumage was
found to be associated with small body weight, higher egg production and egg weight
as compared to bar and brown feather chromatism. The first generation population
seggregated in ñve feather colour variants (white, black, barred, brown and grey). The
egg production upto 280 days of age was maximum for white feathered hens than
other colour variants. However within feather coloured variants the bar pullets laid
signifieanctly more eggs over other colour variants. The black dwarf were smaller in
body size but laid heavier eggs than the white. Latest information on plumage
chromatism on production traits are available in literature on normal body weight. The
above observation on dwarf pullet on feather chromatism on genetically identical sibs,
warrants more indepth study on natural adoption vis-a-vis adoption under artificial
raising of pullets of various genotype so that the real genetic potential could be explored
in future. This may be specially true with pullet carrying sex-linked dwarfing gene and
bantum gene used as media to use economic viability. Such novel approach may be
considered as new vista in poultry breeding.

CONSERVING JUNGLE FOWLS BY INCREASING ITS REPRODUCTIVE
POTENTIALS, AS AN EFFORT TO OVERCOME DECLINING POPULATION
NUMBERS
Tri Yuwanta, A. Wibowo, J.H.P.Sidadölog and S. Keman
Faculty of Animal Husbandry, Gadjah Mada University Yogyakarta, 55281 Indonesia
Decreasing population numbers of Jungle Fowls has reached critial point. This is caused
by unplanned Jungle Fowls hunting.The worry concerning disapearance of Jungle Fowls
from wild nature is caused by their poor reproduction and this adaptative capability
to domestic condition. More disadvantage caused by this situation is the decreasing
plasma nuftah conservation. Seventy two females and fifty two males of Gallus varius
aged 16 weeks were employed in this study. Half of the females were kept in individual
battery cages, while the other half were kept in litter floored cages accompanied by
one male for each female. One half of each type of cages were exposed to clasical
Hghting of 15L:9D and the rest were exposed to asymmetrical Hghting of 14L:5D: 1L:4D.
Breeding system for birds in battery cages was done using IB (100 millions/ml). The
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results showed that Jungle Fowl males produced as much as 0.01-0.04 ml semen/bird
week with sperm concentration of 5.51-6.76 billions/ml. Average egg production was
4.2/bird in battery cages and 4.8/bird in litter floored cages. Neither egg production
nor feed consumption were affected by lighting treatment. No differences on feed
consumption was observed between birds kept in different types of cages. In respect
of fertility and hatchability it seems those variables were not affected by the experimental
treatments, so were testosteron, progsteron and estradiol concentration. H/L ratio on
jungle Fowls being kept in battery cages with intermittent lighting was significantly
higher than those being kept in litter floored with classical lighting. The result of this
study suggested that Jungle Fowls conservation should be conducted in natural habitat.

HUMORAL RESPONSE TO SHEEP ERYTHROCYTES IN CHICKEN
R.N. Chatterjee, B.P. Singh and S.N. Shukla
Department of Animal Genetics and Breeding; College of Veterinary Science & A.H. ; C.S.
Azad University od Agriculture and Technology, Mathura campus - 281001, India
The total agglutinin antibody titres were determined in chicks belonging to two piirebred
strains (IWG and IWM) of white leghorn and a broiler strain. Chicks were injected
intramuscularly with 1.0 ml of 3 percent suspension of packed sheep red blood cells
(SRBC) in phosphate buffered saline at the age of 40-60, 60-80, 80-100, 100-120 and
120-150 days. The chicks were bled from wing vein on 7th day post injection. Sera
were collected and the antibody titres were determined by haemagglutination test.
Titres were expressed as the log 2 of the reciprocal of the highest dilution giving complete
agglutination. Mixed model least square analysis was applied to compute means and
analysis of variance. There was no significant differences among genetic groups, sexes
and hatches, but the effect of age was highly significant for total antibody titres. The
mean titre was highest in IWG strain followed by the broiler strain and IWM. The
mean titre was higher in females than in males. The mean titre was highest in the 100120 days age group and lowest in 120-150 days age group. In our experiment 40-60
days old chicks attained immunological maturity and reached maximum at 100-120
days of age and thereafter there was a decline in their response to SRBC. The two
strains of white leghorn were produced from genetically divergent sources and were
subjected to within strain selection for egg production for ten generations but the immune
response to SRBC was not different.
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GENETIC AND NON-GENETIC FACTORS DETERMINING THE SUCCESS
OF EGG-TYPE BREEDING PROGRAMS
D.K.Flock
Lohmann Tierzucht GmbH, Cuxhaven, Germany
Only a small number of egg-type breeding companies can be considered as successful
in terms of competitive product performance, sales volume and return on investment.
Factors which determine the success of a breeding company are reviewed. They include
genetic factors such as (1) the definition of breeding goals and prediction of genetic
progress, (2) optimization of the database for accurate breeding value estimation, (3)
optimum selection intensity, combined with low rates of inbreeding to avoid loss of
valuable genetic variation, (4) optimum generation interval and (5) the choice of a
breeding plan, which usually involves the combination of pure-line and cross-line
evaluation. Non-genetic factors which have a significant impact on the longterm success
of a breeding program include (6) the control of climatic variation, (7) effective disease
control, (8) consistent feed quality and above all (9) a team of competent and highly
motivated experts who communicate efficiently within the company and with customers.
The leading breeding companies are working simultaneously on the genetic
improvement of white-egg and brown-egg layers. Due to faster genetic improvement
in brown-egg strains, differences in egg mass and feed efficiency have become small.

GENETIC ANALYSIS OF CROSS DWARF EGG LAYER FROM TWO
DIVERSIFIED MATERNAL GENOME
N.G.Paradkar, Jyoti Praveen, M.V.Poulose and R.P.Nema
Department of Poultry Science, JNKVV, Jabalpur 482 004, M.P., India
Two hybrid dwarf layer (CBV and CBH) inheriting different maternal genome and
one purebred (PKJ) were obtained from a common dwarf male (DW DW) line.
Crossbred's egg production was significantly more than PKJ. CBV, CBH and PKJ laid
79.3,75.4 and 70.0 eggs in 120 days respectively. Heritability for PKJ for egg production
upto fixed age ranged from low to medium, whereas 0.17±0.20,0.04±0.7 and 0.11 ±0.19
from sire, dam and sire+dam component estimated for age at sexual maturity
respectively. The results reflected the importance of sex-linked genetic variance.
Heritability for body weight at 20-weeks was higher from dam than sire component.
The phenotypic correlations between different egg production periods and age at sexual
maturity were medium and negative. Study revealed that maternal genome exerted
positve influence on production traits of dwarfs.
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BEHAVIOUR DIFFERENCES BETWEEN TWO TYPES OF LAYERS IN
AVIARIES
Jessica Katie
Department of Animal Science, Agricultural University of Norway, P.O.Box 5025, 1432
Aas, Norway
Breeding programs for layers in the last decades have mainly been based on production
traits under cage condition. However an increasing markets for eggs from free range
systems needs layers with additional characters in order to avoid problems connected
to cannibalism and mislaid eggs. The main purpose of the present study was to find
indications for inheritance behaviour traits which could be included in breeding
programs for free range condition. Two types of hybrids, Norbrid41 (N41) and Lohmanwhite (L) were recorded for pecking behaviour, activity level, fearfulness and
transmissions in addition to plumage and mislaid eggs in two aviaries which were
divided in 4 flocks of 350 hens. Ten hens in four pens were picked at random as focal
hens and all their activity and movements during 10 minutes four times a day in two
succesive days were recorded. Fearfulness and mobihty were recorded on flock basis
by counting number of hens passing a boarder close to a person and number of transitors
between different levels in the aviary, respectively. Number of mislaid egg was recorded
daily and plumage twice during the experimental period. Plumage score was
significantly higher (better) for N41 compared to L (17.53 vs. 12.24), percentage of
mislaid eggs differed significantly between aviaries (13.3% vs. 1.5%), while breed
influenced insignificatly. Mortality rate was higher (ns) in L (11.3%) than in N41
(7.9%).The behaviour analysis showed few significant differences between the breeds.
However N41 changed levels in the aviary more frequently than L (0.95 vs. 0.87),
showed less fear, rested more was less active and pecked less. The results indicated
breed differences in behaviour traits relevant for free range systems. More accurate
studies should be done in standardising behaviour traits for breeding programs.

PREDICTION OF ANNUAL EGG PRODUCTION ON THE BASIS OF EGG
PRODUCTION REPRODUCTION, GROWTH AND FEED EFFICIENCY
TRAITS IN WHITE LEGHORN
R.K.Mishra, J.V.Solanki, K.Khanna, P.H.Vataliya and R.K.Shukla
A.I.C.R.P. on poultry Breeding, Veterinary College, Anand 388001, India
In poultry, biological meaningful relationship between annual egg production and part
record egg production and other economic traits needs to be well established for logical
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selection to improve annual egg production. For this purpose, prediction equations
need to be established for population under study. Various predictions equations were
constructed from analysis of performance records of 283 progenies from 30 sires in
M line of white Leghorn. Age at first egg ( AFE), body weight at 20wk (BW20) egg
production upto 40 week (EN40) egg weight at 40 week (EW40), feed consumed/
dozen of eggs at 40 week (FC/DE40) and feed consumed per kilo of eggs at 40 week
(FC/KE40) were included in present study. From series of prediction equations
established for dependent variable i.e. egg production upto 68 weeks, it was observed
that 64.49% to 64.81% of variation in dependent variable, could be explained by
inclusion of AFE and EN40 traits only. While inclusion of B W20 , EW40 , FC/DE40,
FC/KE40 will only further explain about 0.0%, 0.3% and 0.32% of variation in
dependent variable.

INHERITANCE AND CORRELATION AMONG SOME GROWTH TRAITS
IN A STRAIN OF WHITE LEGHORN
H.N. Singh and P.K. Singh
Department of Animal Genetics and Breeding ; College of Veterinary Science & AH; C.S.
Azad University of Agriculture and Technology, Mathura campus - 281001; India
The performance records of 1211 progenies of 48 cocks and 179 dams of white leghorn
were analysed. The heritability estimates for body weights at 4, 6 and 8 weeks of age
and body weight gain during 0-4,0-6,0-8,4-6,6-8 and 4-8 weeks were estimated. The
estimates of heritability for 4 and 8 week body weight and 0-4,0-8, and 6-8 week body
weight gain were moderate and significantly different from zero.The phenotypic and
genetic correlations among the traits were estimated. The phenotypic and genetic
correlations between 4 week body weight with 6, 8 week body weights and 0-4, 0-6
and 0-8 week body weight gain were moderate to highly positive and significant. A
high positive and significant genetic and phenotypic correlation between 4 and 8 week
body weight indicated that 4 week body weight may be considered as a criterion for
early selection instead of 8 week body weight as literature indicated a positive correlation
between 6 and 8 week body weight with egg production. The study also revealed that
absolute weights are more reliable criteria rather than body weight gain.
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PCR ANALYSIS TO DETECT THE PRESENCE OF LACZ GENE FROM CAM
OF EMBRYOS SURVIVED UP TO 21 DAYS IN CULTURE FOLLOWING
MICROINJECTION
B.RSingh
Roslin Institute, Edinburgh EH 25 IPS, UK
Fertilised ova were microinjected with pDIMIysl, which contains LacZ gene under
control of the chick lysozyme enhancer and promoter elements and flanked by matrix
attachment regions. Staining of LacZ gene indicated that the plasmid DNA was present
in a high proportion of cells in early embryos. DNA extracted from chorioallantoic
membrane samples from embryos which died prior to hatch were assayed by PCR to
detect the presence of LacZ gene. Plasmid DNA was detected, approximately in 5%
samples at a level equivalent to a single copy per cell.

GENETIC DIVERSITY OF THE NIGERIAN LOCAL CHICKENS
L.K.Odubote
Department of Animal Science, Faculty of Agriculture, Obafemi Awolowo University, ILEIFE, OSUN State, Nigeria
The paper discusses the genetic resources that exist in the Nigerian Local Chickens.
The identification and characterisation of the Nigerian Local Chicken types was based
on striking morphological and phenotypic features. This appears to be a sound method
of classification, more so, when it conform to the synonyms by which they are identified
locally. Thus the Nigerian Local Chickens were classified using three broad criteria
namely body size, (Dwarf, Normal, Fulani; feather characteristics Naked, Frizzle
feathered. Crested, Feathered legs, Short flight feathered. Smooth feathered-White,
Black and Barred); and other morphological features. None-the-less, variations still
exist within the types identified. It is, however, not clear if the Nigerian Local Chickens
represent a broad spectrum of a single population or are in fact different populations.
Information were provided on synonyms, physical characteristics, location, population
size, performance records, special attributes, preference and local use. General
description of the Nigerian Local Chickens for certain physical characteristics were
also discussed. Photographs illustrating all the types were included. It was emphasised
that due to the decline in the population of some chicken types namely naked neck and
Frizzle feathered, coupled with their economic importance, effects aimed at their
conservation should be given priority.
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COLLECTION, PRESERVATION AND IMPROVEMENT OF POULTRY
GENETIC RESOURCES OF BANGLADESH
M.A.Latif
Professor, Department of Poultry Science, Bangladesh Agricultural University, Mymensingh
2202, Bangladesh
People in this part of the world were perhaps among the first to domesticate the wild
chicken thousands of years ago. The native chickens of Bangladesh originated from
Gallus gallus. The wild ancestors are still found in the forests of Chittagong Hill Tracts
and Madhupur (Tangail). An early Asiatic breed of chicken, Brahma was developed
along the course of the river, Brahmaputra which flows partly through Bangladesh.
The light color, pea comb variety of Brahma later mixed with golden color, pea comb
Chittagong breed of Bangladesh which was perhaps developed from a native of the
Malaya Peninsula during mid-nineteen century. The result was a production of assorted
variety of mostly buff, golden color chickens. A zemindar of Sarail (Comilla) developed
a breed named, Sarail breed of various color with pea comb phenotypically somewhat
like Indian Aseel, good for meat production. These are still available in the area.
Bangladesh has diverse and potential poultry genetic resources, but needs more careful
preservation and improvement. The stock of this gene pool was exported to USA/UK
and had made valuable contributions to the blood lines of breeds in the American and
English classes. In early parts of this century exotic breeds like RIR, NH, WLH etc.
were imported. These are still maintained in Government and University farms as
genetic resources to improve the indigenous chickens by cross breeding. Various models
of cross breeding using hybrid cocks of exotic breeds to raise the productivity of native
chickens are undetaken. Some of the results are encouraging . The income from poultry
per villager per year increased about 102% in 3 years maintaining 50% exotic and
50% native genes in the crossbreds which were found to be adaptable and less prone to
diseases. Breeds or strains of RIR and NH developed in Govt. farms within the country
were found to be ideal for introduction as breeding males in the villages to raplace
native males.

POULTRY IN THE BALTICS
M.Piirasalui and H.Tikk^
^Estonian Ministry of Agriculture, Lai, 39/40, Tallinn, EEOIOO, Estonia
^Department of Small Animals and Poultry Breeding, Estonian Agricultural University,
Tartu EE2400, Estonia
Poultry was the most advanced branch of animal production in the Baltics until 1990.
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In 1990,2217 million (138,6 million kg) of eggs and 103,300 tons of meat in slaughter
weight was produced in the three Baltic states. 360 eggs per capita were produced in
Estonia, 305, in Latvia and 228 in Lithuania. Production of poultry meat was the highest
in Latvia with 15 kg of meat per capita, 11 kg in Lithuania and 14 kg in Estonia. The
relative percentage of poultry meat has been 8-10% of total meat production. The
regression of poultry breeding in the Baltic states began in 1992-93. This decline was
caused by a rapid increase in the price of feed and energy and the end of subsidies for
agricultural products. In 1994, 1212 million (75, 8 million kg) eggs were produced in
the Baltics which is 55% of the 1990 production level. 240 eggs per capita were produced
in Estonia, 142 in Latvia and 132 in Lithuania. The production of poultry meat also
decreased. In 1994 35000 tons of poultry meat were produced in the Baltic states
which is 34% of the production in 1990. Poultry production has stabilised over the last
2 years and now shows a slight growth in the Baltics.

GENETIC ASPECTS OF PERFORMANCE EFFICIENCY INDEX AND ITS
RELATIONSHIP WITH DIFFERENT ECONOMIC TRAITS IN WLH STRAIN
R.S.Joshi, J.V.Solanki, R.K.Shukla, K.Khanna, D.N.Rank and F.P.Savaliya
Poultry Complex, Veterinary College, Anand - 388 110, Gujarat, India
The present investigation has been carried out on 207 pedigreed pullets of 25 sire
families. The performance efficiency index (PEI) was calculated at 4 weekly interval
using the formula PEI= K (EW)/F where, K = 28 (EW) P/BW. Here, EW is egg weight
(gm) F is feed consumed per day (gm), BW is body weight (gm) and P is percent egg
production (No.) during the given period. The average value of PEI ranged between
27.48±0.74 to 37.83±0.56. Heritability estimate of PEI ranged from -0.027 ± 0.143 to
0.397 ± 0.245. The genetic correlations of PEI 37-40 with age at first egg, body weight
at 20, 40 and 56 weeks of age and feed consumed either for dozen of eggs or kilo of
eggs produced upto 40 and 56 weeks of age were negative and non significant (P<0.05)
Phenotypic correlations were negative but significant (P<0.01) for feed efficiency traits
and non significant (P<0.05) for growth traits. Genetic and phenotypic correlations of
PEI^^ 4Q with egg weight, egg mass and egg number produced upto 40 and 56 weeks of
age were significant in most of the cases. PEl3^ ^^ could be selection criterion to improve
upon overall efficiency of birds in poultry breeding programme.

53

PLASMA VERY LOW DENSITY LIPOPROTEIN LEVEL AND ITS
ASSOCIATIONS WITH PRODUCTION TRAITS IN WHITE LEGHORN
STRAINS
U.C.Patel, J.VSolanki, R.K.Shukla, R.SJoshi, RP.Savaliya and K.Khanna
C/o C.L.Patel, P.O.Box 80, Anand - 388 110, Gujarat, India
The present investigation on very Low density lipoprotein (TO-VLDL) level in plasma
was carried out to study its inheritance on pullets aged 22-24 weeks in DD (230 pullets)
and KK (231 pullets) strains. The least squares means for TO-VLDL level in DD and
KK strains were 1132.7 ± 34.6 and 1030.5 ± 53.5 mg % respectively. The heritability
estimates for TO-VLDL level were 0.218 ± 0.186 and 0.118 ± 0.165 in DD and KK
strains respectively. The within strain comparison between high and low TO-VLDL
groups revealed that low TO-VLDL birds had lower body weight at 20 weeks and
higher body weight at 72 weeks (differences were significant in KK strain only). In
KK strain low TO-VLDL group birds had lower egg production (P<0.05) at 40 weeks,
while egg production at 56 and 72 weeks did not differ between groups. Comparison
of egg composition traits at 56 weeks of age between extreme 10% birds of high and
low TG-VLDL birds within strain, revealed that low TG-VLDL birds had significantly
lower egg yolk % (29.46% vs 30.84% in DD and 29.28% vs 31.08% in KK strain).
Egg albumin % and egg shell % did not differ between groups. The present findings
suggest that low TG-VLDL birds have some favourable production performance
statistics.

GENETIC STUDY OF THREE LEGHORN LINES MAINTAINED IN A
CLOSED REPRODUCTIVE POPULATION FOR 23 GENERATIONS
Gr.Muscalu, M.Panait, C.Ardelean, I.Panait, G.Ungureanu, E.Gavriluta, M.Podocea
and L.Dragan
Institute of Research and Technology for Poultry and Small Animals, Balotesti, 8113,
Romania
The study was carried out on three White Leghorn lines (symbolically) denominated
with A,C and R with a Japanese origin included in a selection program for the major
productive traits for 24 years. Each generation was reproduced with 35-60 male and
420-770 females. Three selection methods were used along the 23 generations. The
productive performance of the lines revealed differences between them regarding
heterogeneity of each subpopulation along all the generations. Egg production assessed
for a period of 20 weeks recorded a genetic progress with greater or smaller deviations
from one generation to another due to environmental conditions. Obvious genetic
54

progress was achieved for egg weight where values were continuously increasing in all
lines for all generations. Heritability of Qgg number was assessed for generations 1.9
and 18 the values of which were generally small ranging as follows : 0.09-0.17 (line
A); 0.12-0.29 (line C); 0.06-0.43 (line R). Egg weight values were great ranging : 0.21.047; 0.25-0.46; 0.34-0.39 for lines A,C and R respectively.

HETEROSIS EFFECT ON PRODUCTIVE PERFORMANCE IN A TRIAL
WITH LAYING HYBRIDS
Gr.Muscalu, M.Panait, CArdelean, E.Gavriluta, M.Podocea and L.Dragan
Institute of Research and Technology for Poultry and Small Animals, Balotesti, 8113,
Romania
An experiment including 7 pure Leghorn lines (one of them homozyous for the sex
linked gene "K") were reciprocally crossed according to well chosen diagrams resulting
in 13 simple and 8 trilinear hybrids day old chicks (sexable by the development of
primary remiges) and were investigated heterosis influence on egg production and
weight and on body weight. The comparison of the results of the three genetic
combinations (pure lines, simple hybrids, triple hybrids) was carried out by the
processing of data as percentage deviations from the general mean value of the
experiment.
Table 1. Mean of genetic combination deviations
Traits

Egg production
Mean egg weight
Mean body weight

lines
PL

Pure

Simple
hybrids
SH

hybrids
TH

Triple
SH-PL

TH-PL

TS-SH

98.92
99.94
99.99

99.04
100.53
99.32

102.50
99.20
101.20

0.12
0.59
-0.58

3.58
-0.74
1.30

3.46
-1.33
1.88

Difference

Data in table 1 are general means of the deviations and reveal a genetic superiority of
triple hybrids compared to pure lines and simple hybrids if we consider egg production
and body weight.
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GENETIC DETERMINISM OF THE MAJOR PRODUCTIVE TRAITS IN A
WHITE LEGHORN POPULATION SELECTED FOR MULTIPLE
OVULATIONS
C.Ardelean, Gr.Muscalu and M.Panait
Institute of Research and Technology for Poultry and Small Animals, Balotesti, 8113,
Romania
The success in obtaining a certain type of bird depends on the selection method and on
the value of genetic parameters for traits under selection. The present study refers to
the covariance and variance component involvement in the age at the first egg, in the
egg number of one laying period, in the mean egg weight and in the egg specific at the
age of 34 weeks in a Leghorn population selected during 7 generations for multiple
ovulations. Data of variance analysis reveal that age at the first egg is influenced by
environment (69.12%) and genotype (30.88%) and the egg production is closely
dependant on environment (86.37%) and especially on the specific environment
(84.67%) while egg weight is determined genetically in a percentage of 76.09%. The
score of the specific gravity of the egg shows an equal participation of both major
component (environment 51.65% and genotype 48.35%). Regarding heritability, a large
involvement of the major maternal components for the three analyzed traits was
remarked. The phenotypical and genetical correlations show that the early induction
of the sexual maturity in chickens determines an increase of the egg production as well
as of the egg weight and of egg specific gravity. The total number of eggs is negatively
correlated to both mean egg weight and to the score of the specific gravity.

STUDY OF MEMBRANE PORE KINETICS IN ERYTHROCYTES OF
LEGHORN CHICKENS PHENOTYPICALLY DIFFERENTIATED DUE TO
ELECTROPORATION
I.Micu and V.Mateescu
Institute of Research and Technology for Poultry and Small Animals, Balotesti, 8113,
Romania
In order to know the genotype involvement in the cellular membrane, conformation
modifications induced by the pulsatory electric field with an intensity of E=0-1500 V/
cm focused on protein components of the erythrocytary membrane of Leghorn chickens
and of "rumplbss" transgenic Leghorn chickens was studied. We have evidence the
formation and closure of transmembranary pores and the protein release inside cells
subsequent to the action of the electric field, using the spectrophotometrical analysis
of the coupling to the specific Hgands (Coomassie Brilliant Blue G). Cell viability was
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assessed. The analysis of statistical data indicated statistically significant differences
(P<0.01) between the electric field behaviour in the two erythrocitary populations.
Equations describing opening and closure processes of membranary pores are nonlinear,
constituting superior range polynoms. Correlation coefficients between electric field
and cell viability was r=0.96, between cell viability and membranary pore kinetic
formation was r=0.83 and r=0.96 , and between membranary pore formation kinetics
and egg production was r=0.77 and with the bird weight was r=0.69.

STUDIES ON GENETIC RELATIONSHIP AMONG RED JUNGLE FOWL
(GALLUS GALLUS) AND DOMESTIC FOWL (GALLUS DOMESTICUS)
Cheng GuangchaoS Liu Kunfan*, Zhang Qil, Wang LiS Duang Zhangxiong^ Li
XiaoyanS Liu Rushun^ and Yu Qing^
^Institute of Genetics, Academia Sinica, Beijing 100 101, P.R.China
^Institute of Zoology, Academia Sinica, Beijing 100 080, P.R.China
The analysis of blood group genes (3 loci, 13 alíeles) plasma protein polymorphic loci
(5 loci, 11 alíeles) and DNA finger prints of Red Jungle Fowl and Chinese native fowl
breeds or foreign fowl breeds showed that the genetic relationship among Red Jungle
Fowl and Chahua Chicken was relatively close. While that among Red Jungle Fowl
and Taihe Silky, Shouguang Chicken or Barred Plymouth Rock, Rhode Island Red
were relatively far. The evolutional dendrogram was as follows : Red Jungle FowlChahua Chicken-Taihe Silky and Shouguang Chicken of Barred Plymouth Rock and
Rhode Island Red. The comparison of present study and foreign data showed that the
Red Jungle Fowl was relatively close to the domestic fowls, while the Green Jungle
Fowl (Gallus varius) was found to be related most remotely to the domestic fowls. On
the other hand the cluster analysis showed that the four Chinese local breeds or species
of fowl belonged to the same cluster and the foreign Jungle Fowls formed another
cluster. This result supports the theory concerning the independent origin of Chinese
native fowl breeds.
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COMPARISONS OF FOOD CONSUMPTION CORRECTED FOR BODY
WEIGHT, WEIGHT GAIN AND EGG MASS BETWEEN PURE STRAINS AND
HYBRIDS OF LAYING HENS IN A DIALLEL CROSS
U.T.Brenoe
Department of Animal Science, Agricultural University of Norway, P.O.Box 5025, N-1432
As. Norway
Food consumption in pure strains and hybrids is compared in a full 4x4 diallel cross
with two strains of White Leghorn and two of Rhode Island Red Type, 36 hens in each
of the 16 strain combinations. Food consumption per hen was analysed using a model
including strain combination as class variable, metabolic body weight, weight gain
and tgg mass as regression variable, and the strain combination effect on each of the
regression variable. LS means of food consumption per strain combination in this model
is called the adjusted food consumption. The adjusted food consumption for a strain
combination minus the overall mean of food consumption is called the strain
combination residual. On average, the hybrids had a lower food conversion ratio (non
significant) than their parent strains. Significant differences in adjusted food
consumption was found between pure strains. The highest difference was between the
two White Leghorn strains (10 grams per hen and day). In general, hybrids had higher
adjusted food consumption than pure strains. Seven of the 12 hybrids showed significant
higher strain combination residual than their parent strains (heterosis), and two strain
combinations showed negative, but non significant heterosis in strain combination
residual. On average, heterosis in food consumption was found to be 7.7 grams per hen
and day. The composition of the causal components to heterosis in food consumption
was calculated as 35% due to egg production, 34% due to the strain combination
residual, and 31% due to body weight and weight gain. It was calculated that the
percentage of heterosis in food consumption induced by heterosis in egg production
must exceed 47% if the heterosis in food conversion ration should be economic and
profitable.

CHARACTERIZATION AND CONSERVATION OF NICOBARI FOWL OF
ANDAMAN AND NICOBAR ISLANDS
S.P.S.AhlawatS R.B.Rai^ and S.Senani^
^Animal Genetics, Indian Veterinary Research Institute, Izatnagar 243 122, U.P. India
^Division of Animal Sciences, Central Agriculture Research Institute, Portblair, Andaman
Nicobar Islands 744101, India
Indigenous poultry breeds, well adapted to environmental conditions are often replaced
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by imported ones which may be high producers but are not successful as our own
breeds at home. As a result, available avian genetic diversity even without exploiting is
vanishing day by day and their existence is endangered. One such rare genetic diversity
among birds popularly known as Nicobari fowl of Andaman and Nicobar islands have
been conserved and evaluated. The nucleus stock was collected from various hamlets
of Andaman and Nicobar islands. The brownish matty colour, medium size, short legged
and stout bird particularly found with the tribes of Car Nicobar, is comparatively resistant
to most common poultry diseases and is well adapted to hot and humid climate of the
islands. Through constant scientific breeding and selection an indigenous poultry breed
has been developed which is homologous for a set of morphological traits and is laying
162 egg/year in open range system under zero management where White Leghorn
failed to survive and proved to be highly uneconomic. The bird mature in 174.0 n 1.68
days at 1392.10 n 11.74 g body weight. Two new strains Black and White of the fowl
were developed. The breed characteristics of the birds were established.

GENETIC PARAMETERS OF ABNORMAL AND UNCOLLECTABLE EGGS
T.S.Thiyagasundaram and Jaya Bheemasena
Deejay Dekalb Breeders, Bangalore, India
Individual Qgg production data on 21575 female progenies of 399 sires belonging to
two white leghorn populations spread over four generations was utilised in the present
study. The data collected were, hen housed egg production upto 44 weeks (HHE 44),
hen day rate of lay (HDR), age at first egg (AFE), egg weight at 32 weeks (EWT 32),
specific gravity of egg at 32 weeks (SG 32), incidence of multiple yolked eggs (JUMBO
%), thin shelled and shelUess eggs (THIN %) and yolkless small (SMALL %). The
incidence of JUMBO % declined from 0.43 and 0.58 in base generation to 0.001 in
fourth generation probably as a result of independent culling at every generation. Similar
trend was evident for THIN % and SMALL % also over generations in both the
populations studied. Heritability of JUMBO % ranged from 0.05 to 0.36 in both the
lines over years with the pooled estimate being 0.16 for line A and 0.14 for line B.
Pooled genetic correlations between JUMBO % and egg production characters
uniformly showed a negative sign and values were low to moderate (-0.02 to -0.57).
SMALL % had a low heritability in various generations but exhibited a moderate
negative genetic correlation with HDR and AFE. Thin shelled and shelUess eggs showed
no significant genetic association with any of the production traits in the present study,
suggesting the necessity of considering multiple yolked and yolkless eggs incidence
in genetic selection programs.
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CHICKEN GENETIC RESOURCES IN JAPAN AND PRESERVATION
SYSTEM IN THE MAFF GENE BANK PROJECT
H.TakahashiS K.NirasawaS T.FurukawaS K.KikuchiS J.Noguchi^ Y.Izaike^ and
T.Oishii
^National Inst.of Agrobiological Resources, Kannondai, Tsukuba 305, Japan, ^National Inst.
of Animal Industry, P.O.Box 5, Norindanchi, Tsukuba 305, Japan
The chicken genetic resources in Japan consist of three groups. These are the native
breeds which were developed before 1868, the breeds imported after 1868, and the
breeds derived from the native and introduced breeds. Most of the native breeds were
developed for special plumage, crowing or cockfighting. Seventeen breeds have been
designated as national treasures, and most of them have low egg and meat productivity.
Recently some native breeds have been used to improve meat quality. Japanese native
breeds are different from commercial breeds based on gene frequency. In the Japanese
Ministry of Agriculture, Forestry and Fisherires (MAFF) a Gene Bank Project was
established to collect semen from native breeds and preserve them in a frozen state.
The research has been initiated on microsatellite DNA for use as genetic markers to
evaluate chicken genetic resources.

REAL-TIME SONOGRAPHY - AN EXCELLENT TOOL FOR ESTIMATING
BREAST MEAT YIELD OF MEAT-TYPE CHICKEN IN VIVO
M.A.Grashorn
470 Poultry Science, University of Hohenheim, D-70593 Stuttgart, Germany
Breast meat is the most valuable part of poultry carcasses. For breeding purposes
methods for estimating breast meat yield in vivo are required which are simple, fast
with a good accuracy. The ultrasound technic and especially, the real-time sonography
are well suited for this purpose. For the experiment 179 unsexed broilers of the breed
Cobb were used. Birds were reared under commercial conditions for 35 days. The day
before slaughter all birds were weighed and marked, individually, and ultrasonic
measurements were done. The ultrasound device Aloka SSD-500 with a 5 MHz scanner
was used in combination with the software ECHOSCAN II of animal scanning systems
(Stuttgart, Germany). Two positions for measurements were used: 1) at the cranial end
of the breast keel bone rectangular to the body axis on the left side of the breast. 2)
on the left side of the breast parallel to the body axis about 2 cm besides the breast
keel bone with the top end of the scanner located at the cranial end of the breast keel
bone. Pictures were stored on a video tape and analysed, afterwards. Breast muscle
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thickness and area was measured at each position. Birds were slaughtered and dissected
according to the recommendations of the working group 'Meat' of the WPSA.
Regression analysis including live weight as a covariate revealed the best results for
measuring thickness at the cranial end of breast muscle about 2 cm besides the breast
keel bone. The correlations between ultrasonic thickness and breast weight or thigh
weight were 0.77 and 0.84, respectively. Errors of regression equation were 24.4 grams
for breast weight and 30.2 grams for thigh weight. Correlations to proportions were
less good (percentage of breast meat 0.30 with s.e. 1.83, percentage of thighs 0.31 with
s.e. 1.80). The calculated correlations were about in the same range as in former
experiments. The suitability of the real-time sonography for estimating meat yield in
living broilers has been proved, again.

RESTRICTED SELECTION INDICES
IMPROVEMENT IN BROILER TRAITS

FOR

SIMULTANEOUS

C.V.Singh, R.V.Singh, Rajkumar and Devendrá Singh
Department of Animal Science, Govind Ballabh Pant University of Agriculture and
Technology Pantnagar, Udham Singh Nagar, Uttar Pradesh 263 145, India
Data on 1602 broilers belonging to 111 sires mated to 444 dams maintained at Poultry
Research Centre of the University were utilized for the construction of conventional
and restricted selection indices. The traits included were day old body weight, body
weight at 5 to 8 weeks of age, feed consumption, weight gain and feed efficiency
during 5-8 weeks. RIH value and aggregate genetic gain decreased due to restriction
and the extent of decrease depended on the genetic cost of restriction of the traits.
Complete restriction in various combinations of all the traits included in the study
individually and simultaneously were also studied. The index with complete restriction
on body weight at 5 weeks was having maximum RIH value (0.343) among all the
restricted selection indices and this was 93.46 percent efficient in comparison to IG.

EVIDENCE OF MATERNAL EFFECTS ON TIBIAL DYSCONDROPLASIA
IN BROILERS
P.S0rensen
Danish Institute of Animal Science, Research Centre Foulum, DK-8830 Tjele, Denmark
During 5 generations of divergent selection for the bone disease Tibial Dyschondroplasia
(TD) 2 experimental lines have been differentiated. The high TD line (line 84) has
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doubled the incidence of TD compared to the control line whereas the low TD line (line
83) does have a level of incidence which is about half of the control line. TD detected
in vivo by use of the x-ray equipment Lixiscope when the chickens were 4 weeks old.
The base population was a broiler male line. During 4th and 5th generation reciprocal
crosses of the 2 experimental lines showed that the combination with line 83 as mothers
in both tests gave a significantly less incidence of TD: 22.9% versus 38.9% in 5th
generation and 32.9% versus 55.6% in 4th generation. It is concluded that the genetic
variation that makes it possible to change the incidence of TD partly is due to own
genotype partly to the maternal elements passing through the hatching eggs.

STUDY ON HETEROSIS AND RECIPROCAL EFFECTS FOR BROILER AND
CARCASS TRAITS IN TWO-WAY CROSSES
B.L.N.Reddy and R.P.Sharma
Central Avian Research Institute, Izatnagar - 243 122, U.P. India
Heterosis and reciprocal effects estimated for broiler traits are scarce in literature. A
Red Cornish strain (IC-3) and a White Rock strain (IR-3) maintained as pedigreed
closed flock by a multitrait index and their reciprocal crosses contributed for the data
utilised in estimating heterosis and reciprocal effects. The traits measured included
juvenile body weights from 1-6 wks of age, conformation traits like breast angle
(B.A.) and shank length (S.L.) at 6 wks and carcass traits like eviscerated weight,
giblet weight and dressed weight at 6 wks. The heterosis effects were positive for all
the traits except for 6 wk BA and 6 wk giblet weight. The average heterosis effects
expressed as percentage pooled over crosses ranged from 0.44% to 9.13% for body
weights and -1.11 to 2.90% for carcass traits. The magnitude of heterosis effects did
not show a definite trend as the age increased. Comparison among two crosses indicated
higher heterosis effects in IC-3 (00)xIR-3 (00) cross. Reciprocal effects were obtained
as percentage ranged from 1.07% to 12.63% for juvenile body weights, 0.01% to 1.75%
for conformation traits and carcass traits did not reveal the definite reciprocal effects.
Reciprocal effects are larger than heterotic effects for many of the traits. It is concluded
that heterosis effects in broiler crosses are important for Juvenile body weights and
these may be result of dominance. Reciprocal effects although not important are result
of maternal effects.
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EXPECTED AND REALISED CORRELATED RESPONSES IN BROILER
CHICKENS
S.C.Saxena, S.C.Mohapatra, and V.K.Saxena
Avian Genetics and Breeding Div., CARI, Izatnagar - 243 122, U.P., India
The expected and observed responses for the unselected broiler and production traits
in White Cornish (WC), White Rock (WR) and New Hampshire (NH) have been studied.
The broiler traits included body weights upto 8 weeks of age, breast angle and shank
length while production traits were age and weight at first egg, egg production upto
280 days of age and egg weight. It was evident from the results that in general there
was poor agreement between observed and expected responses. In most of the traits
observed responses were higher than the expected responses. This trend remained
constant in all the populations studied which could be due to uncontrolled environmental
factors. The genetic and phenotypic correlations among all the traits were positive
except for egg production. The significance of expected and observed responses were
discussed.

STUDY IN EARLY RELATIVE GROWTH AND FEED EFFICIENCY IN A
SELECTED AND NON SELECTED BROILER LINES
Pratibha Kapoor, A.K Dev Roy, B.P. Singh and Ram Gopal
Central Avian Research Institute, Izatnagar 243 122 U.P., India
Relative growth rate (RGR) and feed efficiency measured at weekly intervel from 1
to 6 weeks of age under two dietary protein level were analysed in a selected and a
non selected broiler population. In both the population RGR were significantly higher
under high (22%) protein diet compared to low (18%) protein diet except for 5 and
6 week R(GrR in which cases the RGR were better under low protein diet. Within the
same dietary protein level the RGR were in general higher in selected population
compared to non selected population. The feed efficiency also in all cases were superior
under high protein diet except for 5 and 6 week feed efficiency in selected line. Further,
both RGR and feed efficiency tended to decline as age advances. Results lead to
suggest that selection for optimum growth rate and feed efficiency may be initiated
at the second week of chicks life.
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POTENTIAL USEFULNESS OF RESIDUAL FEED EFFICIENCY AS
SELECTION CRITERION IN A BROILER MALE LINE
K.L.Rahejai and B.P.Singh^
^Central Avian Research Institute, Izatnagar-243 122 UP India
^Indian Veterinary Research Institute, Izatnagar-243 122 UP India
Data collected from 1881 (958 male + 923 female) halfsib progeny of 59 sires produced
in 3 hatches were used to estimate heritability for growth, feed efficiency and residual
feed efficiency traits for males and females seperately. Traits studied were body weight
at 4,5 and 6 wk, weight gains during 4-5, 5-6 and 4-6 wk, feed efficiency and residual
feed efficiency during these periods. Sire and residual variance components were
estimated using Henderson Method 3 with a model containing hatch as fixed effect,
sire and sire x hatch interaction as random effects. Overall least square means of body
weight in males at 4, 5 and 6 wk of age were 885, 1268 and 1693 g respectively.
Corresponding least square means in females were 781, 1099 and 1442 g respectively.
Residual feed efficiency between 4-6 wk were 21.68+/-5.52 and 19.62-I-/-5.61 in male
and female respectively. Heritability estimates of body weights and weight gains were
medium to high (0.11 to 0.28). Heritability of feed efficiency traits were low to medium.
Heritability of residual feed efficiency were relatively higher than the heritability of
growth and feed efficiency traits. Heritability estimates for all the traits were higher
in males than females. Relatively high heritabilities of residual feed consumption and
residual feed efficiency indicated that selection against residual feed consumption may
be a useful means of improving efficiency of feed utilisation without any adverse effect
on growth rate.

CROSS BREEDING PERFORMANCE FOR BODY WEIGHT AND CARCASS
TRAITS IN MEAT TYPE CHICKEN
R.V. Singh, B.P. Singh and D. Chaudhari
Indian Veterinary Research Institute, Izatnagar-243 122, India
Two male lines, two female lines 4 crosses between these two groups of meat type
chicken were evaluated for body weight at 6 and 7 weeks of age (n=640), feed conversion
efficiency, livability, efficiency factor, carcass % abdominal fat and giblet % (n=160
for carcass traits). The four populations involved in this study were Growth Line (GL),
Index Line(IL), Open Broiler Nucleous Population (GENF) and White Rock (IR3).
The mean body weight both at 6 and 7 weeks of age was highest in GL followed by
IL, GENF and IRE irrespective of sex. Cross including and GENF recorded highest
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body weight of 2080g in male and 1720g in female progency at the age of 7 wks,
among the crossbreds. The IL as male line and OBNP as female line, equally recorded
higher body weights as 2025g in male and 1695g in female progency. Index Line (IL)
had the best FCR (1.94) among purebreds and cross IL X OBNP had lowset FCR value
(1.91) among crossbreds at 6 wks of age. The crossbreds recorded higher livabihty
than the purebreds. The importance of heterotic effects, general and specific combining
abilities are discussed. A crossbreeding system between GL or IL lines as male line
and OBNP as female line would be worth considering for modem commercial broiler
production.

HERITABILITY AND CORRELATIONS AMONG WEIGHTS IN DAM LINE
OF BROILERS
Bharat Bhushan^ R.V.Singh^ and A.D.Narayan^
^Laboratory Animal Resource Section, Indian Veterinary Research Institute, Izatnagar
243122, U.P., India ^Department of Animal Sciences, College of Agriculture, Govind Ballabh
Pant University of Agriculture & Technology, Pantnagar 263145, U.P., India
Investigation was undertaken on 1497 chicks produced from the mating of 117 sires
and 630 dams in dam line of broilers to study the genetic parameters of body weights
and feed conversion traits. Heritability estimates ranged from 0.07±0.05 to 0.66±0.11
for body weight at different ages and 0.03±0.04 to 0.15± 0.06 for feed conversion
traits. The genetic and phenotypic correlations between body weight at 6 and 8 weeks
and feed conversion traits were mostly positive. Body weights at 8, 20 and 24 weeks
of age had high phenotypic correlations with body weight at sexual maturity. Body
weight gain also showed high genetic and phenotypic correlations with feed
consumption and feed conversion efficiency. Negative genetic and phenotypic
correlations of feed conversion efficiency with 8 week body weight and 6 to 8 weeks
gain are beneficial for economic reasons.
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RELATIONSHIPS BETWEEN SERUM TRIGLYCERIDE CONCENTRATION
AND ABDOMINAL FAT WEIGHT OF BROILERS
Petek Setter^ Yavuz Akbas^ Lèvent Kirilmaz^ and Servet Yalcin^
Aegean University
^Faculty of Agriculture, Department of Biometry & Genetics
^Faculty of Pharmacy, Department of Pharmaceutical Technology
^Faculty of Agriculture, Department of Poultry Science Bornova (35100)-Lzmir, Turkey,
The experiment was conducted to investigate the relationship between abdominal fat
weight and serum triglycéride concentration. Pedigreed chicks of 10 sire families were
used. Blood samples were collected at 56 days and birds were slaughtered. The
heritability estimated for carcass weight, absolute and relative abdominal fat weights
and serum triglycéride concentrations were, .31, .55, .37 and .04 respectively. Serum
triglycéride concentration was similar in males (47.6 ± 3.2) and females (53.4 ± 3.5).
A significant phenotypic correlation between relative abdominal fat weight and serum
triglycéride levels is indicated.

EVALUATION OF DIRECT AND CORRELATED RESPONSES ON THE
BASIS OF GROWTH RATE VERSUS FEED EFFICIENCY IN BROILER
MALE LINE
B.P.Singh, A.K.Dev Roy, D.CJohari, B.Singh, D.Chaudhari and S.V.S.Verma
Central Avian Research Institute, Izatnagar 243 122, U.P., India
Direct and correlated responses for five generations of mass selection for high 6-wks
body weight (GL-Line) and selection for better feed efficiency based on a linear index
from 4-6 wks of age (IL-Line) were assessed in a selection experiment. The growth
index and control populations were formed from a common base. Traits analysed were
4-wks body weight (4BW), 6-wks body weight (6BW), 7-wks body weight (7BW),
weight gain from 4-6 weeks (WG), feed consumed from 4-6 wks (FC), feed conversion
ratio from 4-6 wks (FCR) and feed efficiency from 4-6 wks (FE). Regressions of traits
means on generation indicated significant desired changes in all the important traits,
both in male and female progeny of GL and IL lines. The realised responses in actual
units per generation in male progeny of GL and IL lines, respectively, were : 4BW,
15.82 and 6.31g ; 6BW, 38.77 and 28.09g ; 7BW, 21.74 and 14.23g ; WG, 22.89 and
22.40g ; FC, 57.23 and 32.20g ; FCR, 0.009 and -0.025 and FE, -0.003 and 0.005. The
corresponding responses in female progeny were : 4BW, 18.71 and 5.95 ; 6BW, 33.40
and 21.28g ; 7BW, 40.08 and 27.00g ; WG, 18.63 and 18.17g ; EC, 43.40 and 31.00g;
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FCR, 0.00 and -0.017g ; FE, 0.001 and 0.004g. The average expected and realised
responses for important traits were found in agreement.

REPRODUCTIVE PERFORMANCE OF BUFF BROILER LINES
DIVERGENTLY SELECTED FOR PLASMA VERY LOW DENSITY
LIPOPROTEIN
Shang Yang and Jin-Wen-Chen
Northeast Agricultural University, Harbin, 150030, China
The reproductive performance of the high-fat (HP) and Low-fat (LF) lines was studied
after selecting for plasma very low density lipoprotein (VLDL) at 8 weeks of age. It
was shown that the main reproductive performance was better in LF line than those
in HF line. The beneficial correlated responses of reproductive traits were produced
by selecting for plasma VLDL. 1. Days to reach 5% egg production in LF line was
3 days less than that in HF Hne, age at 50% egg production was 37 days less in LF
line than in HF line and number of days to peak egg production were similar in both
lines. Rate of peak egg production of LF and HF lines were 70.3%, 66.4%, respectively.
2. Fertility rate of LF line eggs was significantly better than that of HF line ones at
27 weeks of age (p <0.01) and there was little difference in fertility rate of HF and LF
Une eggs during later period of laying. There was no significant difference in percentage
of healthy day-old chicks and hatchabilities of fertile and total eggs between HF and
LF lines, whereas mean numbers of healthy day-old chicks per hen was more in LF
line than in HF line. 3. Under food restriction, rate and amount of egg production were
both higher in LF line than in HF line. It should be emphasized that rate and amount
of egg production were both significantly higher in LF line than in HF line hens 11
eggs more than that of HF line ones during whole period of laying (from 23 to 62
weeks). 4. Eggs in LF line were slightly heavier than those in HF line. Feed conversion
of laying period in LF line was lower than that in HF line at 23 to 62 weeks of age,
and were 5.01, 5.46, respectively. Feed conversion efficiency of hens was higher in
LF line than in HF line during laying period.

67

EFFECTS OF DIVERGENT SELECTION FOR PLASMA VERY LOW
DENSITY LIPOPROTEIN AND INTERACTION BETWEEN GENOTYPE AND
NUTRITION ON BROILER CHICKENS

Jin-Wen Chen and Shan Yang
Northeast Agricuhural University, Harbin 150030 P.R.China
After one thousand five hundred male and female broiler chickens from a pure line
were selected over one generation on the basis of plasma VLDL concentration at 8
weeks of age, the reproductive performance, abdominal fat (AF), liver fat, body weight,
meat traits and biochemical traits were determined, genetic parameters of AF and its
correlated traits were estimated and effects of interaction between genotype and nutrition
on AF and correlated traits were studied. 1. Plasma VLDL is a good genetic-marker
of AF, whereas plasma total lipids and triglycéride could be taken as supplemental
genetic-markers of AF in the Meat- type chickens. It was efficient to select against AF
on the basis of plasma VLDL concentration, and high fat (HF) and low fat (LF) lines
were established at the first generation. The indirect response of gizzard fat is the
greatest, and that of liver fat was the second. AF was decreased, whereas liver fat was
increased, feed conversion efficiency during growing and laying period and reproductive
performance were improved, and body weight and meat traits were both not influenced
by selecting for low plasma VLDL. 2. Nutrition had significant effect on fat deposition
and growth performance. Among nutritional factors, effect of dietary protein -calorie
ratio was the greatest, that of dietary metabolizable energy was the second, while that
of dietary crude protein on fat deposition and growth performance was the third.
Interaction between hne and diet had evident effect on AF and its correlated traits. In
general, diet had greater effect on HF line than LF line, in one word, chicken were less
sensitive to diet in LF line than in HF line. 3. It will be possible that plasma VLDL
is selected continuously to breed LF line of broiler chickens of which the feed conversion
efficiency is much better according to high coefficients of variation of plasma VLDL
and AF in HF and LF lines at the first generation. Moreover, family combined with
individual selection should be adopted during future generation selection and breeding
because of significant family differences in plasma VLDL.
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EFFICIENT SELECTION PROCEDURE FOR THE DEVELOPMENT OF
BROILER DAM LINE
C.P.Malik, Jitendra Kumar, R.P.Singh and A.S.Kanaujia
Department of Animal Breeding, CCSHAU, Hisar - 125 004, India
This study was conducted on 1440 progeny of 36 sires of synthetic meat hne. The
birds were selected on the basis of multi-trait, multi-information selection index with
restriction and in multi-stages. The traits recorded were body weight at 6 weeks (BW6)
and 20 weeks (BW20), age at first egg (AFE), egg number to 280 days of age (EN280),
Qgg weight at 32 weeks of age (EW32) and intestinal alkaline phosphatase enzyme
(JAP) at 6 weeks of age. In the 1 st stage 60% pullets were selected on the index of
BW6 and lAP. Out of the 1st stage selected pullets 60% were assumed to be selected
on the basis of index of BW6, lAP, BW20 and AFE with 100% restriction on BW20
and combining information from half-sib on B W20. From the 2nd stage selected pullets,
55% were considered to be selected in the 3rd stage (to have finally 20% selection)
on the basis of index of all the traits with 100% restriction on BW20 and combining
half sib information on BW20. Similarly in the cockerels, 25% were assumed to be
selected in the 1st stage on the basis of the index of BW6. Out of the 1st stage selected
cockerels, 20% were considered to be selected in the 2nd stage to have finally 5%
selection on the basis of the index constructed after combining half sibs performance
for EN280 and EW32. Through the appUcation of this selection procedure it is expected
that per generation response may be 32 g, 1.85 g, -0.72 days, 2.5 eggs, 0.48 g and 133 lU/L in BW6, BW20, AFE, EN280, EW32 and lAP, respectively in this line.

PERFORMANCE OF NAKED NECK AND NORMALLY FEATHERED
BROILER TO FLUCTUATING TEMPERATURE IN TROPICAL CLIMATE
B.P.Singh, A.K.Dev Roy, D.P.Singh, D.Sharma and D.CJohari
Central Avian Research Institute, Izatnagar-243 122, India
The effect of naked neck (Na) gene on growth, feed efficiency and livability up to 6
weeks of age to fluctuating temperature in winter and summer seasons was examined
in two broiler populations of white and coloured plumage background. The percentage
decrease in summer than winter in naked neck and normal white broiler populations
was -17 and -19 for 6 weeks body weight, respectively. The corresponding percentage
decrease in coloured population was -15 and -18 in naked neck and normal feathered
broiler. Naked neck broilers in both the populations showed less reduction in growth
rate, better feed efficiency and improvement in livability in summer season, indicating
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that these meat type chicken populations with naked neck gene did confer resistance
to fluctuating heat stress.

ANALYSIS OF DIALLEL CROSS DATA ON BROILER BODY WEIGHT FOR
SEX LINKED EFFECTS
M.K.Padhi, B.P.Singh, R.Malik, D.CJohari and S.V.S.Verma
Central Avian Research Institute, Izatnagar-243 122, India
In a 4x4 complete diallel on broiler, autosomal and sex-linked effects were estimated
for 7 week body weight. The sex-linked effect was important for body weight and
needs to be kept in mind while designing any broiler breeding programme. Sex linked
line heterosis showed considerable differences between the lines than the autosomal
line difference but sex linked speciñc heterosis less differed than the autosomal specific
heterosis. Direct sex linked effect ranged from -77 to 37 g whereas the direct autosomal
line effect varied between -184 to 219 g in four lines in this study.

ESTIMATION OF CROSSBREEDING PARAMETERS IN BROILER FROM
A COMPLETE DIALLEL EXPERIMENT
M.K.Padhi, B.P.Singh, G.S.Bisht, A.K.Dev Roy, R.P.Sharma, and S.V.S.Verma
Central Avian Research Institute, Izatnagar-243 122, India
A 4x4 complete diallel experiment involving four broiler lines was used to produce
16 genetic groups. Body weights were measured at 2, 4 and 6 weeks of age and
conformation traits at 6 weeks of age in both the sexes. Significant heterosis was found
for all the traits measured in both the sexes. OCA was important for the complete array
of traits measured irrespective of sex except shank length in females. SCA was not
important for body weights and breast angle in both the sexes but significant for shank
length and keel length. Maternal ability was important for all the traits in male but was
not found significant for body weights in female. Sex-linked effects was significant
for body weights and shank length in males and for all the traits in female.
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COMBINING ABILITY ANALYSIS FOR MEAT COMPOSITION TRAITS IN
BROILER CHICKEN
M.K.Padhi, B.P.Singh, D.Sharma, R.Malik, R.P.Sharma and G.S.Bisht
Central Avian Research Institute, Izatnagar 243 122, India
Two sire lines (SML-2 and IC-3), two dam lines (GENF and IR-3) and 12 crosses
between these two groups of meat-type chicken were used to estimate the combining
abilities and other effects on meat composition traits. The percentage of moisture,
crude protein (CP), Ether Extract (EE) and Total Ash (TA) were estimated for combined
sex samples in carcasses of 7 week old chicks. Analysis of variance revealed significant
differences among genetic groups for moisture and TA content. General, maternal and
specific combining abilities were significant for moisture percentage, whereas heterosis,
purebred and sex linked effects were significant for TA. A highest GCA for moisture
was recorded in IR-3. Whereas the OBNP showed a highest and positive maternal
ability for both the moisture and TA. The SCA was positive in cross involving SML2 X IR -3 and IC-3 x OBNP for moisture but negative for TA.

EFFECT OF FEATHERING GENES AND DIETARY PROTEIN LEVELS AND
THEIR INTERACTIONS ON JUVENILE GROWTH AND CARCASS TRAITS
IN BROILERS
VAyyagari
Project Directorate on Poultry, Rajendranagar, Hyderabad-500 030, A.P., India
Broiler chicks with Na/na and na/na genotypes at Naked neck (Na) gene locus,
segregated from same parents, were available. Each genotype included chicks of slow
feathering (SF) and rapid feathering (RF) phenotypes at sex-linked K locus. Diets with
23% (Dl) and 20% (D2) crude protein and a constant ME of 2800 kcal were formulated.
Groups of chicks were arranged factorially, in randomly assigned seperate pens; as
2 genotypes (Na/na or na/na), 2 phenotypes (SF or RF) and 2 diets (Dl or D2) and
were brooded (0-4 weeks) and grown (5-8 weeks) on deep litter. From 29th day the
heat source was withdrawn. Thereafter the mean ambient temperature decreased from
26.6 to 24.4°C during 5-8 weeks. Data on 36 birds for each sex, from each of the 8
(2x2x2) subgroups, on juvenile body weight (BW) and absolute gain in body weight
(GBW) were analysed. Data on carcass traits obtained on 50th day, by dissecting 3
males and 3 females from each subgroup, were also analysed. The Na/na and na/na
genotypes did not differ significantly for BW or GBW at any age during 0-8 weeks.
The feather loss and skin weight, measured as % of pre-slaughter weight (PSW), were
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less in case of Na/na compared to na/na and such differences were highly significant
(P<0.01). The BW at all ages and 0-4 weeks GBW were significantly higher in RF than
in SF and the feather loss as % of PSW was significantly more in RF than in SF
phenotype. The dietary protein level differences for 6 and 7 weeks BW and 4-6 and
4-7 weeks GBW were significant (P<0.05) and for 8 weeks BW and 4-8 weeks GBW
were highly significant in favour of 23% protein (Dl). The Na x Diet interaction was
not significant for BW or GBW at any age. The K x Diet interaction was significant
for 8 weeks BW and 4-7 weeks GBW. The Na x K interaction was significant for 4
weeks (BW), 4-7 weeks GBW. The Na x K x Diet interaction was significant for 4
weeks BW,0-4 weeks GBW and for dressed weight as % of PSW At 7 weeks of age
the Na/na with RF, fed diet Dl weighed 1551 g; the Na/na with SF, fed diet Dl weighed
1443 g and the na/na with RF, fed diet Dl weighed 1498 g.

RESPONSE TO THE LONG SELECTION FOR JUVENILE BODY WEIGHT
IN TWO BROILER POPULATIONS
Bhupinder Singh, D.S.Dhir and LS.Bajwa
Department of Animal Science, PAU, Ludhiana 141 004, India

Studies were undertaken to measure the response to selection for body weight gain at
six weeks of age in two synthetic broiler populations PB-1 and PB-2 over a period of
13 generations. A random bred control population (PB-4) constituted from PB-1 was
reproduced each year (through paired mating design) and reared contemporarily. The
deviations of hatch mates of selected populations from the contemporary hatch mates
of the control were used for the estimation of realized responses.The overall average
effective population size of control was 200 as against 167.5 in PB-1 and 182.4 in PB2. The average rates of inbreeding per generation were 0.00036, 0.00037 and 0.00026
in PB-1, PB-2 and the control respectively. The estimate of realized response per
generation was 15.4 g in PB-1 and 13.4 g in PB-2. The values of realized heritability
calculated as regression of cumulative response on cumulative selection differential
were 0.23 in PB-1 and 0.19 in PB-2. The realized response was lower than the expected
response in both the populations.
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JINXING BROILER PARENTAGE STUDY ON SELECTION AND BREEDING
OF THE BROWN FEATHER D2 TYPE DWARF PLYMOUTH ROCK
CHICKEN
Li.Dong and Li Xiaohua
Institute of Animal Science, CAAS, Beijing 100094, China
This study describes the introduction of dw gene into the buff feather broiler through
modem genetic techniques and to breed the new line of good quality buff feather broiler
with the Chinese dwarf Plymouth Rock chicken (D2 line). In 1984 a resiprocal cross
of D-type dwarf (White Plymouth Rock) chicken (Dl line) with Beijing Yellow chicken
(W line) was carried out, and the buff feather offspring were chosen with the transverse
cross fixation. During 6 years from 1984-1989, we emphasized to eliminate the recessive
white feather and variegated feather and to increase proportion of buff feather. The
increased proportions of the buff feather were as follows, 50,75, 87.5, 93.75, 96.875,
98.438 (%); when the homonyms feather color was carried out, dw homozygous type
was selected. After the systematic breeding research for 11 years we found ouï that the
new bred D2 line has the characteristics of buff feather, single crown, one third shorter
of skin, broad thorax, short neck, good natured temper, strong disease resistance, high
survival rate, fast gain in weight at the early stage, good fattening effect with 23% less
feed requirement. These birds laid 175-190 eggs at 72 weeks age, 141.7,153.6 hatching
eggs per year with 41 g egg weight at first laying, the adult chicken weight 1985 ± 250
g and Ggg weight 56 ± 5.1 g. Good quality buff chicken Jingxing 101 gave a live
weight 1775 ± 150 g at 90 days of the age heterotic vigor rate 12.8% and feed conversion
rate 1:2:98. Jingxing 102 gave a live weight at 1926.5 g and a feed conversion rate
of 1:3:05 at 75 days of age.

SYNTHESIS OF SPECIALISED BROILER SIRE AND DAM POPULATIONS
IN TROPICAL CLIMATE
A.K.Dev Roy, B.P.Singh, R.P.Sharma and D.CJohari
Central Avian Research Institute, Izatnagar-243 122, India
Specialised sire and dam lines of meat type chicken were developed to provide modem
representative of broiler stocks to initiate breeding programme, estimate genetic
parameters and control population suitable for current broiler breeding research. The
sire Une was selected for high 6 weeks body weight whereas the criterion of selection
in Dam line was high 6 wks body weight and egg production up to 40 weeks of age.
These populations have undergone specialised selection for five generations. The average
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body weights of male and female progeny of sire line were 2070 and 1830 g at 7 weeks
of age. The economic broiler traits recorded both in sire and dam lines were quite
satisfactory. The heritability estimates obtained for different traits were moderate to
high. The performance of crossbred was also quite satisfactory with average body weight
of more than 1500 g of combined sex at 6 week of age and 1880 g at 7 weeks of age
with excellent feed efficiency and liveability.

ASCITES, INCIDENCE AND CAUSES IN A SIMULATION MODEL
J.T.M.Schouten
Staosbrink 131, Netherlands
The project is planning to give insight in the incidence of ascites and to give the main
causes of ascites. Also will be given the underlaying correlations between the main
causes of ascites. If this information is available a set up can be made for a simulation
model that can give more insight in ascites.
Situations that influence ascites :
1) atmospheric hypoxia
2) the housing environment
3) respiratory diseases
4) rapid growth rates
5) high-energy rations
6) toxins
7) nutritional aspects
8) feed additives
Physiologically, these situations can create an oxygen deficit (a demand for more
oxygen). This increased demand for oxygen may exceed the cardiopulmonary capacity
to supply sufficient oxygen and can trigger the ascites syndrome (Witzel, et al., 1990).
The different situations are a combination of breeding, nutrition and husbandry. It is
important to find out how each situation has a different influence on ascites and to
know the amount of influence. It also can be found what the underlaying correlations
of the situations is on each other, a good and interesting simulation model can be set
up. This simulation model should work in such a way that it can declare, with a certain
input of information, the possible main causes which can lead to ascites. The breeding
part will probably be important in the simulation model.
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GENETIC STUDIES ON CALPAIN AND CALPASTATIN ACTIVITIES IN
SKELETAL MUSCLE OF CHICKEN
Y. Maeda, S. Johari, S. Okamoto and T. Hashiguchi
Faculty of Agriculture, Kagoshima University, Kagoshima 890, Japan
On the calpain and calpastatin activities in skeletal muscle of chicken, the difference
among breeds and genetic parameter were studied. Calpain and clapastatin were
separated by DEAE sephacel and phenyl-sepharose column chromatography. The mcalpain calpastatin and u- calpain were eluted at 0.26-0.29 M NaCl,0.02-0.07 M NaCl
and 80-100 m M KCL, respectively. Broiler with high fractional growth rate (FGR)
showed low calpain and high calpastatin activities and layer with low FGR showed
high calpain and low calpastatin activities. These results suggest that calpain and
calpastatin activities in skeletal muscle vary among breeds that have different rates of
muscle production, heritablities of calpain activity estimated from sire component of
Japanese native fowl at 8 weeks of age were 0.46 ± 0.14 and 0.59 ± 0.28 for unit/g
muscle and unit/g protein respectively. Genetic correlation coefficients between body
weight and calpain activity were estimated -0.87 for unit/g muscle and -0.58 for unit/
mg protein and between FCR and calpain activity were estimated -0.31 for unit/g muscle
and -0.47 for unit/mg protein respectively.

INHERITANCE OF 6-WEEKS BODY WEIGHT, BREAST ANGLE, SHANK
LENGTH AND KEEL LENGTH IN A BROILER CHICKEN
P.K. Mishra, B.N. Malik, S.C. Mishra and CM. Mohapatra
Post graduate Department of Poultry Science, Crissa University of Agriculture and
Technology, Bhubaneswar 751003, India
Data on 2000 synthetic broiler chicks of 51 sires were utilised for estimation of
heritability and correlations from sire components of variance and covariance . The
mean values for body weight, breast angle, shank length and keel length at 6 weeks
of age were 1057.92 ± .98g, 50.28 ±0.14 degree, 7.08 ± 0.027cm and 8.09 ±0.027 cm
respectively in males and the values for females were 956.97 ±10.20 g, 49.20 ± 0.0.149
degree, 6.89 ±0. 022 cm and 7.89 ±0.024 cm respectively . The heritability estimates
were 0.380 ±0.119 , 0.362 ± 0.115, 0.378 ± 0.118 and 0.395 ± 0.112 for body weight,
breast angle, shank length and keel length respectively in males and the corresponding
values for females were 0.420 ± 0.116,0.360 ± 0.105,0.356 ± 0.105 and 0.326 ± 0.098
respectively. The genetic correlation between body weight and each of breast angle,
shank length and keel length from sire component of covariance were 0.428 ± 0.177,
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0.569 ± 0.149 and 0.552 ± 0.144 respectively in males and values for females were
0.524 ± 0.144 , 0.407 ± 0.166 and 0.420 ±0.164 respectively. The phenotypic and
environmental correlations were high in all cases. It was concluded that mass selection
was highly effective in improving the body weight at six weeks of age in this strain
of broiler chicken.

INHERITANCE OF SERUM ALKALINE PHOSPHATASE AND SERUM
CHOLESTEROL AND THEIR CORRELATIONS WITH SIX WEEK BODY
WEIGHT IN A SYNTHETIC BROILER CHICKEN
S.C. Mishra, S.K. Panigrahi, P.K. Mishra and P.K. Dehuri
Post Graduate Department of Poultry Scienec, Crissa University of Agriculture and
Technology, Bhubaneswar - 751003, India
Data on 257 female synthetic broiler chicks from 16 sires were utilised for estimation
of heritability and correlations (genetic and phenotypic) from sire components of
variance and covariance. The mean serum alkaline phosphatase level was 230.2704
± 3.5378 mlU/ml/minute. The average serum cholestrol level was 115.4821 ± 1.7993
mg/100 ml and the mean six week body weight was estimated as 1058.4469 ±16.387
g. The heritability of serum alkaline phosphatase and cholestrol level estimated from
sire component of variance was 0.1057 ± 0.1293 and 0.1350 ±0.1391 respectively.
The heritability of six weeks body weight was 0.1678 ± 0.1502. The phenotypic
correlation existed between body weight each with serum alkaline phosphatase and
serum cholestrol at six weeks of age (0.0742 ± 0.0624 and 0.0510 ± 0.062 respectively).
The genetic correlation between serum alkaline phosphatase and six week body weight
was negative and highly significant. From this study it may be concluded that serum
alkaline phosphatase and senim cholestrol level being lowly heritable traits can not be
considered for individual selection in this synthetic broiler strain.

INHERITANCE PATTERN OF GROWTH AND EGG PRODUCTION TRAITS
IN BROILER BREEDERS
T.S.ThiyagasundaramS Jim Mcadam^, Nagabhushan^ and Jaya, B.*
^Deejay Ross Breeders, Bangalore, India. ^Ross Breeders Ltd. Edinborough, UK
Data pertaining to three broiler populations (A,B,C, ) replicated in three breeding farms,
spread over four generation of genetic selection, for 42 days body weight and henhoused
eggs to 44 weeks of age (HHE44) formed the basis of this study. Data from 3000
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broiler progenies from 150 sires of each of the three lines were utilised in the analysis.
Pooled heritability for 42 days body weight ranged from 0.11 to 0.15 in line A , 0.07
to 0.08 in line B and 0.03 to 0.10 in line C. For henhoused eggs upto 44 weeks of age
ranged from -0.01 to +0.07 in line A, -0.14 to +0.19 in line B and -.41 to -0.76 in line
C indicating that atleast in one of the lines (line C), continued selection for 42 days
body weight would adversely affect Qgg production. Analysis of time trend of heritability
and genetic correlations over generations among the traits revealed a very low
nonsignificant negative trend. The study signified that in the populations studied, the
genetic variability, though low did not show trend of exhaustion over four generations
of selection.

GENETIC EVALUATION OF COMPONENTS OF EGG PRODUCTION IN
MEAT TYPE CHICKENS
R.P.Singh, Monika Sharma and Jitendra Kumar
Department of Animal Breeding, CCS Haryana Agriculture University, Hisar-125 004,
India
Data over two generations on components of egg production of a pedigreed broiler
dam line were analysed to find a suitable criterion of selection for improving the egg
productivity of broilers. Genetic and phenotypic parameters of traits viz. 20 weeks
body weight (BW), age at first egg (AFE), egg weight (EW), tgg number (EN), percent
rate of lay (RL) to 40 weeks and clutch size (CS) and pause length (PL) upto 28 week
and at 4 week interval to 40 weeks of age were estimated using sire component variances
and CO variances. Averages for BW, AFE, EW, EN and RL were 2081 g, 174 days, 55
g, 55 eggs and 53 percent respectively. Average clutch size and pause length were
2.13 eggs and 2.1 days respectively. All the traits were found to be low heritable. Egg
number had high positive correlation with egg weight, rate of lay, clutch size and
pause length. Clutch size and pause length were negatively correlated. Assuming EN
as the aggregate genotype, selection indices combining traits in different combinations
were constructed. The results suggested that an index that included BW, CS upto 28
weeks, PL during 29-32 weeks and EN may be a suitable criterion of selection of meat
type pullets.
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RESPONSE TO SELECTION IN REPRODUCTIVE TRAITS OF BROILER
DAM LINE
R.P.Singh, S. Kumar and J. Kumar
Department of Animal Breeding, CCS Haryana Agricultural University, Hisar-125 004,
India
Selection for egg production to 40 weeks of age was carried out over four generations
in a parental broiler dam line. In each generation , line was reproduced by 40 selected
cockerels each mated with 6 pullets. Body weight at 6 weeks (BW6) (both sexes) at
20 weeks (BW20) age at first egg (AFE) egg number to 40 weeks age (EN) and egg
weight at 32 weeks age (EW) were recorded on individual pullets. Cockerels were
selected in two stages, first on their BW6 and finally on EN of their half sisters. The
pullets , in the first stage were selected for egg number based on sire family means
and finally on an index, 1=0.4 BW6 + 1.2 EN + 0.6EW. Genetic and phenotypic
parameters of traits were estimated from sire component of variances and covariances
after accounting for the hatch effects. Proportion of selection for pullets ranged from
0.35 to 0.41 and for cockerels from 0.065 to 0.10 over the generations. The heritability
estimates over generations showed a declining trend, however the regression on
generation number was significant for BW6 and EW only. The declining trend of
correlation between BW20 and EW and between EN and EW was observed. Selection
over 4 generations decreased EW by 0.06 g but EN increased by 11.04 eggs. Negligible
response in B W6 than expected may be because of low or negative genetic association
with EN. In general discrepancies between expected and realized responses were
observed for all traits, may because natural selection might have played its role. The
results indicate that egg production in this line can further be improved following two
stage selection as envisaged.

RESPONSE IN BROILER WEIGHT OF TEST CROSS PROGENY TO
SELECTION OF BROILER SIRE LINE BASED ON PUREBRED AND
CROSSBRED PERFORMANCE
J. Kumar, S. Kumar and R.P. Singh
Department of Animal Breeding, CCS Haryana Agricultural University, Hisar-125 004,
India
Selecton to develop a parental broiler sire line was carried over three, generations. At
6 weeks age, body weight (BW) in g, breast angle (BA) in degrees, shank length (SL)
and keel length (KL) in cm were recorded on individual broiler chicks. The cockerels
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were selected in two stages, first on an index of BW, BA, SL and KL and finally on
BW of their test cross progeny. Over three generations of selection, BW was expected
to increase by 71.4 g, but realized response was -75.64 g in the purebreds, which may
be due to different criteria of selection of cockerels in two stages and involved both
additive and non-additive gene action. Realized response in conformation traits were
also negative. Cummulative realized response in BW of test cross progeny was 18.67
g. positive medium genetic correlation between purebred and crossbred performance
indicated the importance of additive gene action for this trait. Results suggest the
desirability of two stage selection of parental breeders to improve the performance of
test cross progeny.

HEN FATTENING STUDIES IN DUAL PURPOSE LOCAL BREEDS AND
CROSSES
1. Szalay, J. Barna, 1. Barta and L. Lennert
Institute for small Animal Research, P.O. Box 417, GodoUo, H 2101, Hungary
Experiments presented here belong to a series of studies, in which possible use of
local, indigenous, dual-purpose chicken breeds is looked for as part of their genetic
conservation programme. Experiments were designed to determine the fattening ability
of hens of several breeds showing excellent meat quality and to test some of their
crosses for the same trait. Hens finishing their one year laying cycle (20 month of age)
of 5 different Hungarian indigenous chicken breeds, a local variety of New Hampshire
(GNH) and based on earlier expriments with indigenous breeds- Hungarian White
(HW) X GNH crosses were used to study (1) the length of profitable fattening, (2) the
weight gain and (3) carcass yield. Results show that significant weight gain can be
realised during the first week of intensive fattening, while it declines sharply in the
subsequent two weeks. In starting body weight no significant differences were found
among the breeds and crosses. After a one week trial significantly higher weight gain
was detected in HW x GNH cross compared to its backcross as well as to pure breeds,
while the opposite results were recorded regarding carcass yield.
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MEAT QUALITY TRAITS AT DIFFERENT CROSSES OF BROILERS
Y. T\ichemskayaS C. Zlochevskaya^ and G. Gladkova^
^AU Russian Science & Research Institute for Poultry Technologies, VNITIP , Russia,
Moscow Area, Sergiev Posad DC, Sergiev Posad, 141300. 10 Ptitsegradskaya Str., ^State
Breeding Poultry Farm SMENA, Russia , Moscow Area, Sergiev Posad DC, Berezniky
Research trials were done on the developments of new crosses to produce broilers with
improved meat performance, using the genetic pool of meat type female lines of SMENA
poultry breeding farm. Estimation of total meat output, breast meat and leg meat values
by 49 - day old broilers from 16 different combinations, allowed to select two crosses
with highest meat performance. Compared to the control groups (commercial broiler
breed SMENA), total meat output was higher by the selected crosses by 0.4 - 1.3%
for females and by 1.1 - 2.0 % for males. Breast and leg meat output was higher in
the trial crosses by 0.3 - 0.4 % and 0.4 - 0.5 % respectively for females and by 1.5 1.8 % and 0.1 - 0.4% higher for males. The true correlation ratio between live body
weight and total meat output was found only in males (+0.38 and +.76 ).

EVALUATION OF TWO POULTRY COMMERCIAL STRAINS IN THREE
FEEDING REGIMES AT TWO SLAUGHTER AGES
J. Melo, G. Mallo, E.Villar, M.C. Miquel, C. Cappelletti and P.Fernandez
Chorroarin 280 (1427), Dto. Prod. Animal, Fac. Cs. Vet., U. B. A. Bs. As. Argentina
The objective of this study was to evaluate the yield and corporal composition of two
broiler commercial strains at two slaughter ages with different daily times of
consumption. The 208 ISA Vedette (ISA) birds, the males carrying the dw gene, and
208 Arbor Acres (AA) birds, were fed a starter diet (23CP) for the first 36 days of the
experience and a grower diet (21.1%CP) from then on, and up to the end of the
experience when the birds were 56 days old . Within strains, chicks were assigned
randomly to three times of daily consumption : 24, 9 and 7 hours, with 2, 3 and 3
replicates respectively. Four random sampled chicks from each pen were slaughtered
when the chicks were 46 and 56 days old (first and second slaughter, respectively).
The following weights were registered : live weight (PV), eviscerated carcass weight
(PC), abdominal fat (GA), feathers (PL), blood (S), small intestine (ID), large intestine
(IG), gizzard (M), proventriculus (EG), liver (H) and heart (C). Sex was determined
at the second slaughter. The statistical model included : strain, feeding regime, sex
(second slaughter), double and triple interactions. The SAS was used for analysis. C,
S, PL, ID, IG, M and EG were not affected by strain (p >.05). AA showed higher
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(p<.05) PV, PC and H, lower GA than ISA at the first slaughter. The tendency was
maintained at the second slaughter. PV, PC, GA, ID, IG, PL and C always differ
significantly with a superior 24 hs consumption (p < .01). Only in PV, PC and GA 7
and 9 hs consumption had significantly differences (P<.01). Males had significantly
higher PV, PC, ID, IG, M, EG, PL, H, C and lower GA than females (P<.05). The
absence of strain x sex interaction (p>.05) indicate no dw gene effect. It was found that
the digestive organs were higher relative to PV or AA than for ISA and that the less
GA was for AA. These two factors may be indicative of higher feed efficiency of food
utilisation. The superiority in PV and PC were correlated with consumption but this
did not happen in digestive organs weights so may be necessary high organs to obtain
the nutrients when they were restricted.

THE GENETIC VARIATION OF REPRODUCTIVE TRAITS IN HENS UNDER
NATURAL AND ARTIFICIAL INSEMINATION
S.W.Wezyk*, T.Szwaczkowski^ and Katarzyna Cywa-Benko^
^Institute of Animal Husbandry, Poultry Dep., 32-083 Balicen.Krakow, Poland ^Agricultural
University, Wolynska Str.33, 60-637 Poznan, Poland
The aim of the work was to estimate heritability coefficients of reproductive traits of
two strains of H33 (1546) and M55 (1538 laying hens) from a pedigree farm. The
following traits were analysed : percentage of fertilized eggs, percentage of hatched
chicks (total), and percentage of healthy chicks hatched. The data on the performance
of hens of both strains were collected in 1990-1992 (for the naturally inseminated hens
kept on litter) and in 1993-1995 (for artificially inseminated hens kept in cages).
Calculations were made separately for the groups strain x insemination method.
Heritability was estimated based on the DFREML method. Low estimators of heritabiUty
coefficients were obtained, especially for strain H33, where there were no significant
differences in these parameters in relation to the insemination method. However, this
tendency occured in M55 artificially inseminated hens, which had higher h^ estimators
(0.14-0.20) than naturally inseminated hens (0.03-0.11). Generally no significant
differences in heritability estimates were found between the traits.

81

HATCHING TEMPERATURE INFLUENCE ON GLUTAMATE
OXALOACETATE AMINOTRANSFERASE(GOT) IN EMBRYOGENESIS OF
LEGHORN HENS
M.Bunaciu, I.Cimpeanu, P.Bunaciu and I.Micu
Institute of Research and Technology for Poultry and Small Animals, Balotesti, 8113,
Romania
The paper presents the GOT specific modifications in the embryonic organs: brain,
heart, lung, liver and kidney varying in Leghorn embryos from 7 to 21 days of hatch,
depending on hatching temperature. The experiment was constituted as follows:
C=control flock with a standard temperature; E=experimental flock (E^, E, and E^)
with a temperature higher by 2°C during the intervals of 1-6, 7-13 and 13-18 days
respectively. GOT acts optimally with a pH=7.4 after 60 minutes of incubation at a
temperature of 37°C (according to Reitman and Frankel's method) being recorded in
microgramme Pyr/mg prot. The highest enzymatic activity was seen in heart and the
lowest in liver. In all organs of the embryo, the increase of temperature induced
metabolism modification and implicitly then increased enzymatic activity notably in
E,. The results correlate with the successive modifications of the egg and embryo and
with its metabolic activity.

EXAMINATION OF CULTURE METHODS FOR CHICK EMBRYOS
FUNDAMENTAL STUDIES FOR IMPROVEMENT OF HATCHABILITY OF
CULTURED CHICK EMBRYOS
A.Terai, K.Yagi and S.Ichikawa
Rakuno Gakuen University, 582, Ebetu, Hokkaido 069, Japan
The blastodermal embryos of chicken from freshly-laid eggs were cultured to hatch
and the viability of improvement of embryo's cultures in chicken egg shells with the
blunt end removed was examined. The cultures were incubated for 72 hours at 37.8°C
while being rocked at a 90-degree angle at hourly intervals for 72 hours and afterwards
at 30 degree angle at hourly intervals for 15 days. The cultures were continued using
3 methods. In method 1, freshly -laid eggs were incubated for 72 hours. After that the
entire contents of the eggs were transferred into a chicken egg shell. In method 2,
freshly-laid eggs were transferred into a chicken egg shell. Subsequently, the entire
contents were transferred into another recipient shell. In method 3, a) 5 ml. or b) 10
ml. of thin chicken albumen were added after transference in both method 1 (1-a, 1b) and method 2 (2-a, 2-b). The rates of hatching of the cultured embryos were 43.7%,
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25% and 45%, 47% and 45%, 47.6% for method 1.2, and 1-a, 2-a and 1-b, 2-b
respectively. In all methods, the viability decreased after 18 days of culturing. In method
3 (1-a, 2-a, 1-b, 2-b) viabilities were higher than for methods 1 and 2. The present
study shows that it is possible to culture the blastodermal embryos of chickens to hatch
chicks using chicken egg shells as culture vessels and to improve chick embryo viability
by the addition of albumen.

A STUDY OF EFFECTS OF DILUTION AND INSEMINATION TIME OF
CHICKEN SEMEN ON EGG FERTILIZATION RATE
Hu SongtingS Li Huanling^, Wang Baowei*, Li Shiying^, Wang Jiantian^, Sun Ximin^,
Zhou Anfange Du Peilian and Liu Yongyang^
^Laiyang Agricultural College, Shandong, China, ^Institute of Animal Husbandry of
Shandong Province, ^Penglai Demonstrational Broiler Farm of Chinese Agriculture
Ministry, Shandong, China
In this paper, a "fructose-kalium citrate" semen diluter for breeding layers and its
influence on egg fertilization rate in different dilution rate and insemination intervals
were reported. Results from 4 groups with 640 breeding layers showed that in the
condition of the same semen dosage, utilization rate of breeder cocks increased by
200-300% with significant efficacy, including 96.6%, 97.3%, 96.0% and 94.5% of egg
fertilization rate (EFR) in ratio of 1:1 semen dilution, 97.1 %, 96.1 %, 93.1 % and 94.5%
of EFR in ratio of 1:2 semen dilution, 94.8%, 94.1%, 94.2%, and 93.4% of EFR in
ratio 1:3 semen dilution, and 97.3%, 97.0%, 95.6% and 96.4% of EFR in raw semen
liquid, with one time insemination at interval of 5, 6, 7 and 8 days respectively. There
were no significant differences between four groups in semen diluter multiples and
insemination intervals by t-test (P>0.05). During recent two years, the fructose-kalium
citrate semen diluter has been popularized in 20 breeder chicken farms with 3.66 million
breeder layers, which has proved the successful use of this semen dilution in artificial
insemination of breeder flocks.

EFFECTS OF AGITATION AND VOLUME ON THE MOTILITY AND
MORPHOLOGIC INTEGRITY OF FOWL SEMEN STORED FOR 48H AT 4°C
F.M.SousaS I.Grasseau^ and E.Blesbois^
^Universidade Estadual do Ceara, Brésil
^INRA, Station de Recherches Avicoles, 37380 Nouzilly, France
The experiment was conducted to determine if aerobic agitation is able to improve on
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the storage for motility and morphological integrity of fowl sperm. Semen (pooled
from 12 males) was diluted 1:1 in Beltsville poultry semen extender (BPSE, 370 mosm,
pH 7.3) then packaged in 2 m. or 4 m. in flasks of 2.5 cm of diameter and stored
either still or horizontally shaked at 150 rpm. Proportion of motile sperms and proportion
of nonnal living sperm (eosin-nigroin smears) were observed under the microscope,
6 repetitions per treatment were made. The proportion of motile sperm decreased
severely during the first 24 h of storage (78% for fresh semen 34 to 60% for 24 h stored
semen), and far less for the last 24 h (28 to 62% for 48 h stored semen). The aerobic
agitation improved the storage of motility essentially with the 4 ml volume of sperm
(at 48 h 62% with agitation v.s. 28% without agitation), the difference being lower
with 2 ml (50% with agitation v.s. 42% without). As for motility, the proportion of
morphologically normal Hving spermatozoa decreased more during the first 24 h of
storage (91% for fresh sperm - 70 to 74% for 24 h stored sperm) than during the last
24h (at 48h, 63.4 to 72.5%). The aerobic agitation improved the proportion of normal
and living cells after 48 h storage for the 4 ml volume of sperm (72.5% instead of
63.4% without agitation) while the effect was not significant for 2 ml (70,2% instead
of 67% without agitation). These results indicate a positive effect of the aerobic agitation
on the storage of fowl sperm. However an interaction with the volume of semen stored
is clear.

EFFECTS OF 3-INDOLE ACETIC ACID (lAA) ON THE STORAGE AT 4°C
OF FOWL SEMEN
E.BlesboisS F.M.Sousa^ I.Grasseau^ and Y.Combarnous^
INRA, Station de Recherches Avicoles, 37380 Nouzilly, France, ^Universidade Estadual
do Ceara, Brazil, ^INRA, Physiologie de la Reproduction des Mammifères Domestiques,
37380 Nouzilly, France
lAA is known to improve the in vitro storage of spermatozoa in different mammalian
species. The present work was conducted to observe if such an effect exists for fowl
sperm. lAA was added at different concentrations in the storage diluent of sperm
(Beltsville Poultry Semen Extender, BPSE) and motility (subjective scare, 6 repetitions/
treatment), proportion of morphologically normal and living cells (eosin-nigrosin
smears), fertilizing abiUty were observed on sperm either unstored or stored 24h at
4°C diluted 1:1 in BPSE. The addition of 10, 25, 50, 75, 100 ng lAA/ml improved the
motility of sperm either unstored (6,9 without lAA v.s. 7.2-7.9-7.5-7.7-7.6 for
respectively 10-25-50-75-100 ng of lAA) or stored 24 h (4.7 without lAA v.s. 5.56-6.6-6.9-6.4 respectively for each concentration of lAA). The addition of lAA did not
affect the proportion of morphologically normal and living cells in fresh semen (89%
without lAA v.s. 88.9-91-90.8-88.3-87 for each concentration of lAA) and improved
it only for the two lowest concentration after 24 h of storage (71.7% without lAA v.s.
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77.2-77-75.8-71-75.6 for respectively 10-25-50-75-100 ng/ml lAA). Fertilising ability
of sperm was observed after insemination (32 hens/treatment, 1 Al/wk, 4 successive
wks). 100 ng/ml lAA improved the fertility rates obtained with fresh diluted semen
(90.2% instead of 86.3 without lAA) while 25 ng/ml had no effect (86.9%). Reversly,
for 24 h stored semen 100 ng/ml lAA decreased the fertility rate (64% instead of 74%
without IA A) while 25 ng/ml had no effect (77%). In conclusion at the very low
concentrations tested here, lAA improves the motility of fresh and stored sperm.
However its effects are less clear on fertility as a positive effect is found on fresh but
not on 24h stored sperm.

TOXIC EFFECT OF CURRENT CRYOPROTECTANTS ON FOWL
SPERMATOZOA
E.Blesbois^ and F.Seigneurin^
^INRA, ^044000, Shanxi, China, SYSAAF Station de Recherches Avicoles, 37380 Nouzilly,
France
To reduce the toxic effect of cr^^oprotectants on fowl spermatozoa a comparison of
four cryoprotectants currently used for freezing fowl sperm and an optimization of the
prefreeze procedure of the less toxic one were evaluated: 1) using the prefreezing
procedure described by Seigneurin and Blesbois (1995), the effects of 4, 6, 8, 11% of
glycerol, Dimethylsufoxide, Dimethylacetamide, 8 and 11% of trehalose, on the rate
of morphologically normal and living spermatozoa were measured. This evaluation
was done with eosin-nigrosin smears after osmotic shock (7 repetitions per treatment).
There was no effect of the concentration of cryoprotectant on the proportion of
morphologically normal living cells. However, whatever the concentration used,
glycerol gave the highest results (75% morphologically normal and living cells) close
to these obtained with trehalose (72%) and significantly higher than these obtained
with DMA (64%). DMSO clearly gave the lowest results (24%). 2) Glycerol was retained
for further experiments including the effect of its temperature (4°C or 20°C), and its
way of addition (one fraction of 11% or two fractions of 5.5.% within 5 min.interval).
Clearly, addition of glycerol at 4°C gave highest proportion of morphologically normal
living cells (70%) than addition at 20°C (58%). The largest decrease of viability was
obtained during the first 15mm of contact (15% at 4°C, 25% at 20°C). Moreever at
4°C, the lowest toxic effect was obtained with the fractionated addition of glycerol
(8% of decrease of morphologically normal and living cells for the addition in two
fractions instead of 15% for the addition in one fraction). In conclusion, the lowest
toxic effect of cryoprotectant was obtained with the use of glycerol added fractionated
at 4°C.

85

EFFECT OF DIFFERENT TREATMENT COMBINATIONS, GENTAMICIN
ADDITION AND DURATION OF STORAGE ON POST THAW
PERFORMANCE OF POULTRY SPERMATOZOA
A.V.Omprakash and R.Kumararaj
Dept. of Poultry Science, Madras Veterinary College, Madras 600007, India
A study was carried out to successfully freeze and cryopreserve fowl semen with
satisfactory fertilizing capacity using different pre-freeze and post-thaw treatments.
During this study the best five treatment combinations were selected for further
investigation. In order to find out whether gentamicin supplementation will reduce
the bacterial load and improve fertility, the above five treatment combinations were
either unsupplemented or supplemented with 5 micrograms per ml of extended semen.
The frozen semen prepared according to the five selected protocol with out and with
gentamicin were stored at -196° C in liquid nitrigen containers for 30, 60 and 90 days.
The frozen semen samples stored over different periods were observed for following
post thaw attributes such as percent motility, percent live and abnormal sperms,
méthylène blue reduction time (MBRT) acrosomal integrity and glutamicoxaloacetic
transaminase (GOT) loss. The pre-freeze semen quality was comparable in all the ten
treatments but post-freeze semen quality varied significantly. Irrespective of the diluent,
addition of gentamicin had significantly improved the post-thaw semen quality whereas
addition of ethylene glycol as cryoprotectant had depressed the semen quahty. Lake's
diluent worked well with glycerol than with DMSO. Progressive deterioration in semen
quality was noticed with advancement of frozen storage period. Damage to acrosome
also followed the same pattern.

CRYOPRESERVATION OF AVIAN SEMEN
A.B.Davtyan and A.V.Ivanov
All-Russian Science & Research Institute for Poultry Technologies, VNITIP Russia, Moscow
Area, Sergiev Posad DC, Sergiev Posad, 141300, 10, Ptitsegradskaya Str. Moscow
In our trials, we have studied the possibilities to reduce pH-factor of cryoprotector (NN-dimethylacetamid). For this purpose, different concentration rates of hydrogen ions
(in DMA) had been used: 7.0.8.0,9.0,10.0. pH-factor of cryoprotector was changed by
adding the ice-acetic acid to it. After that, solutions with different pH were added to
cockerels' semen and it was frozen according to our technology. Experimental groups
were formed from the hens and cocks at 22-weeks of age, with similar body weight.
The semen quality (concentration of spermatozoa) was evaluated after cocks reach the
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maturity, and only from those ones, that give 0.2 cm^ and over of thick consistence
were selected. Hens' insemination was performed in 3 to 5 minutes after sperm was
thawn. Cryopreservation technology has four stages:
1) cooling the diluted semen
2) adding 8% of cryoprotector
3) equilibration of the sperm by DMA
4) sperm being frozen by placement to liquid nitrogen.
Result of the trial shows that cryoprotector with pH=8 increases the ability of
spermatazoa for survival, therefore increasing the fertility of eggs. More of alkaline
cryoprotector (pH=10) shows the best spermatozoa activity after being thawn, but
rather soon they lose their ability for progressive movement, therefore giving much
worse survival rates and poor egg fertility. Maximum fertility of eggs achieved was
71.2 - 74.2%.

FERTILE DOSE 90 : A NOVEL APPROACH FOR DETERMINING THE
OPTIMUM INSEMINATION DOSE
M.Niranjan, D.C. Johari and D. Chaudhuri
Division of Avian Genetics and Breeding Central Avain Research Institue, Izatnagar 243122,
India
Two fertility trials were conducted by using fresh and stored semen (6hours) from two
pure lines of white leghorn breed to determine the fertility dose90 (FD^^) during peak
north Indian summer (42^c). FD^^ is the minimum number of spermatozoa to yield 90
% fertility following a single insemination .Males have been categorized into good
and medium categories based on their fertilizing ability predicted by
lodonitrotetrazolium reduction test. The first trial was conducted by using fresh semen
from males with good and medium fertilizing ability and the insemination doses tested
were 5, 10, 15, 20, 30, 50 and 75 x 10^ spermatozoa per insemination. The second
trial was similar to first except that the semen was stored for 6 hours at room temperature
(38-39"C) before being inseminated. The insemination doses tested were 5, 15, 30,
50,100 and 150 x 10^ spermatozoa. In both the trial, FD90 were calculated by regression
of number of spermatozoa on actual fertility. While using fresh semen FD90 was 26.85
X 10^ and 52.48 x 10^ spermatozoa in IWG line and 18.60 x 10' and 32.40 x 10'
spermatozoa in IWj line for 2-8 days following single insemination in good and medium
fertilizing ability groups respectively. The corresponding values with stored semen
were 56.62 x 10' and 90.59 x 10' spermatozoa for IWG line and 51.40 x 10' and
101.30 X 10' spermatozoa for IWJ line. In both the lines FD^^^ was lower in good
category than in medium category males and was true for fresh as well as stored semen.
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ARTIFICIAL INSEMINATION IN HENS
lA.SochkanS I.V.Balan^ and G.V.Boronchuk'
^'AVÍCOLA' company 277000, RUSO 1, 314 Chishinev, Moldova ^Academy of sciences of
Moldova, 277028, Academy 1 328, Chishinec, Moldova
Hens and cocks from 'Zarya-17' crosses were used in the experiment. The antioxide
activity of lipids during the process of cryopresavation of cock semen was determined
by delaying acidation of metloleate. Four types of antioxdants were used in the
preparation of natural steriods glycosides, general lipids from microorganisms,
synthetic-bensimidasols and 3-oxiperids. It was discovered that application of
antioxidants of the natural origin in the composition of cryodefence media raised the
antioxide activity of gamet lipids. Cryopreservation of semen without antioxidants the
antioxide activity of lipids was 2253.3 ±39.1, while with application of antioxidants
the index raised to 3478.0 ±239.0 hour/gm/ml. The application of steriods permitted
acrosome storage to 68.7 ±3.95 % as against 57.3 ± 2.94 % in the control group. It was
concluded from the experiment that for improving the quality of Semen used for artificial
insemination of hens, it should be perfect and the same can be achieved by incorporating
new antioxidants of natural origin in the cryodefence media.

RELATIONSHIPS BETWEEN IMMUNOGLOBULINS AND FERTILITY IN
TAIWAN COUNTRY CHICKEN
Y.P.Lee, T.L.Hong, C.H.Chao, S.L.Lee, H.C.Peh and CF. Chen
National Chung-Hsing University, Dept. of Animal Sei., Taichung, Taiwan 402
Long term artificial insemination in Taiwan Country chicken (commercial local chicken)
often results in drop of fertility. Four experiments were conducted to study whether
the low fertility has any relationship with the immunity in chicken. Serum proteins and
fertilities of 192 A. I. breeders were measured at 80 weeks of age in Experiment 1.
In Experiments 2 and 3 , the control pullets were biweekly hypodermically injected
with mixture of PBS and Freund Adjuvant, and the treatment pullets were injected
with mixture of semen and Freund Adjuvant. In Experiment 4, semen was mixed with
PBS or hen's serums from the previous experiments before artificially inseminated to
ISA Brown pullets, in order to study the effect of serum on fertility. Results revealed
that 1) low production and/or low fertility usually associated with high cone, of - y
globulin, 2) hypodermal injection of semen might lower some but not all hen's fertility
and 3) semen mixed with serum from sharp drop fertility hens had the lower fertility.
This study suggests that sperm might induce immune response in hens and thus lower
the fertility, but there might be big difference in immune response among hen.

EFFECT OF SHAPE INDEX ON HATCHABILITY IN IWP STRAIN
S.Sankaralingam, A.K.K. Unni, K.Sangilimadan and Leo Joseph
Dept. of Poultry Science, Veterinary College, Mannuthy 680651, Kerala, India
A total of 1981 eggs of two hatches were collected for 10 days from IWP strain of
white Leghorns at the age of 80 weeks and stored at 18-20c. The eggs were assorted
inti four groups (A,B,C & D) according to their shape index ( SI), ranging from 6670, 71-75, 76-80 and 81-85 respectively. Each group had 267, 878, 692 and 144 eggs
respectively. The fertility percentage of these four groups were 92.1, 90.9, 91.6 and
91.7 hatchability percentage on all egg set were 47.2, 58.1, 56.6 and 62.5 and that on
fertile egg set were 51.2, 63.9, 61.8 and 68.2 respectively.Hatchability percentage of
group A was significantly less (P< 0.05 ) than the other three groups. Although the
hatchability of group D was higher than B and C, it was not statistically significant.
From this study it was found there is a trend for the eggs with SI more than 70 to have
better hatchability than the eggs having lesser shape index values.

EFFECT OF PRE-INCUBATION STORAGE TIME ON HATCHABILITY AND
EARLY EXBRYONIC MORTALITY IN IWP AND IWN STRAINS
S.Sankaralingam, A.K.K.Unni, S.P.Miithukumar and V.K.Elizabeth
Dept. of Poultry Science, Veterinary College, Mannuthy 680651, Kerala, India
A total of 4178 and 4148 eggs from 80 weeks old IWP and IWN strains were collected
for 10 days and stored at 18-20 c. The eggs of each strain were divided into two groups.
The first group (A) having 2014 and 1933 eggs of IWP and IWN respectively was
stored for 1-5 days and the second group (B) having 2164and 2215 eggs was stored
for 6-10 days. The fertility percentages of these two groups of IWP & IWN strains
were 87.8, 88.2 and 84.0, 83.1 respectively. Hatchability was 64.3, 57.4 and 57.9,
48.5% early embryonic mortality was 15.5, 23.6 and 23.0 33.1% , dead embryo was
6.8, 6.7 and 7.9, 7.4%, dead in shell was 13.3, 12.2, and 11.2, 11.0% respectively (all
on fertile egg set). The hatchability of group A was significantly (P< 0.05) higher than
group B in both strains. The early embryonic mortality was significantly (P<0.05) less
in group A when compare to group B in both strains. But there was no significant
difference in dead embryo and dead in shell. This study revealed that the hatchability
is negatively correlated with pre-incubation storage time and reduction in hatchability
with increase in pre-incubation storage time was mainly due to early embryonic
mortality.
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THE CRYOGENE CHANGES OF GLYCOSPHINGOLIPIDS PLASMA
MEMBRANES OF THE COCK GAMET
G.V.BoronchukS lA.Sochkan^ and I.V. Balan»
»Academy of Sciences of Moldova, 277028, Academy, 1, Chishinev, Moldova Republic
^Company "Avicola", 277000, Ruso 1, 314, Chishinev, Moldova Republic
The raising of productive and reproductive abilities of hens is possible with the method
of realisation of a largescale genetic selection on the basis of artificial insemination
of chickens using the cryopreservation semen of cock. In this order the effect of
cryodefence of gamet in a great part depends on the fundamental results of studying.
In the experiments plasma membranes of gamet cock's of Rod-Ireland sort were studied.
The received semen was divided into two parts : 1-native semen, 2-frozen-thawed out.
The separation of plasma membranes in both options was subjected to the extraction
in the spirits-etheric mixture. The extraction was fracted using the thin layer chromatography and it revealed 6 fractions of glycosphyngolipids (GSL). The maximum per
cent composition of GSL is determined in fraction 1 on the other hand fraction 5 is
presented with minor quantity (correspondingly 31,2±0,74 and 7, 8±0,19). The frozen
and thawing out of cock semen bring to a sharp raising of GSL quantity of fraction
2 (from 19,7±0,51 to 37,4±0,84%). These changes take place in general on the account
of reducing the per cent composition of the studied lipids of fraction 3 (from 13,9±0,43
to 6,9±0,09).

THE EFFECT OF Ca, TEMPERATURE AND pH ON THE MOTILITY OF
FOWL SPERMATOZOA
H.K. Boldizsar and J.Barna
Institute for Small Animal Research, P.O. Box 417, GodoUo, H-2101, Hungary
The character and duration of the effect of Ca, temperature and pH on the motility of
spematozoa were studied in vitro. Semen samples were taken from New Hampshire
males. Half of the samples were used as undiluted while the remaining ones as diluted
with Kiev extender, some of which were centrifuged and washed. Sperm motility was
studied by light microscopy and velocity of cells by HTM Motility Analyzer. Dilution
of sperm increased the motility remaining high for hours. Diluted unwashed spennatozoa
showed good motility both at 24 and 40°C. Velocity of undiluted cells were found 42.5
and 70.0 Micron/sec at those temperature respectively. Dilution increased the velocity
at both temperatures, however at 40°C it decreased significantly in some minutes.
Washed cells showed poor motility at 40°C but reached their maximal motility at 24°C.
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Rewarmed sperm cells got immobilised again, but by recooling they got reactivated
only in the presence of Ca. The actual i.e. and e.c. Ca concentrations maintained the
motility of the unwashed cells also at 40°C. By cooling down to 24°C washed cells did
not need more Ca to get mobilised, however after subsequent rewarming and cooling
process the cells needed Ca reuptake from the medium. Sperm cells got immobilised
in acidic (6.3 pH) medium, although they could get reactivated in basic diluents
depending on the duration of acidic treatment. Spermatozoa inactivated in basic solutions
could not be reactivated. The degree of reactivation was not influenced by ca, but it
played a role in maintaining the motility. Semen storage at 24°C was investigated in
diluents of 6.3 to 7.6 pH. Motility was observed even after 22 hours in a diluent of pH
6.7. The present results may provide new aspects for the explanation of regulation
process of sperm storage tubules (SST) and contribute to the elaboration of new methods
for longer storage of liquid fowl semen.

IN VITRO STUDIES ON SPERM RELEASE FROM THE SPERM STORAGE
TUBULES OF THE HEN'S OVIDUCT
J. Barna, H.K. Boldizsar and L. Lennert
Institute for small Animal Research, P.O.Box 417, Godollo, H 2101, Hungary
In vitro study was conducted to determine the effect of glutamic acid (Glu), gammaamino-butyric acid (GABA) and Ca on the emptying mechanism of spermatozoa from
the utero-vaginal sperm storage tubules (SST). 10 New Hampshire hens were inseminated
with 0.1 ml undiluted pooled cock semen one day before examinations. The utero-vaginal
junctions of their oviducts were removed and divided into four equal longitudinal sections.
One half of the samples were kept for two hours in four different media : (1) Kiev extender
as control, (2) the same extender containing Glu, (3) GABA and (4) Ca. The other half
of the samples were agitated with a shaker for 10 min in the same media. Sperm release
was estimated microscopically either by recovering the sperm cells in the media, or by
histological examinations of the tissue samples. Release of sperm cells was low in the
control and in the slightly acidic media containing Glu, while it proved to be two times
higher in the neutral GABA and Ca containing media in the case of both methods. This
result was supported by histological examinations too. Our earlier examinations had
suggested that different transmitter type amino acids, hke Glu, Gly, Asp, GABA are present
in high quantities in the oviduct. Their concentrations change significantly during the egg
formation cycle. Moreover, they influence sperm motility in different ways in vitro and
presumably affect sperm release too. The present results supported this hypothesis as
sperm release was affected by the excitatory and inhibitor amino acids in different ways.
Among several other factors these amino acids seem to play an important role in the
emptying mechanism of the SST.
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IN-VIVO IMMUNOCOMPETENCE MEASURES IN INDIGENOUS BREEDS
OF CHICKENS
A.Kundu, B.B.Dash, S.C.Mohapatra, D.P.Singh and H.P.Singh
Central Avian Research Institute, Izatnagar 243 122, India
In-vivo innate immunocompetence of two indigenous breeds of chicken viz; Assel
and kadakanath believed to be relatively resistant to diseases, was studied using cell
mediated immune response (CMI) as foot index (FI) and phagocytic activity (PI) by
phytohemagglutinin-P (PHA-P) and carbon clearance injection assays respectively. A
random sample of 40 birds from each of the above two breeds (20 in each sex) were
used for PHA-P test at 10th week of age. Similarly 20 birds from each sex were studied
for PI at 5,10 and 15 weeks of age. Experimental birds of both the breeds belong to one
contemporary hatches. Results revealed significantly higher CMI response and PI for
kadakanath compared to Assel. PI was higher at 10th week compared to other ages
studied. Body weights at day old, 5th and 10th week of age were lower for kadakanath
than Assel indicating a negative relationship of body weight with estimated immune
response. The mortality upto 5 weeks of age were also low for kadakanath. Sex
differences were observed for phagocytic activity and CMI response. Males had higher
FI values than females in both the breeds but reverse trend was noticed for PI values.

THE METHOD OF APPRAISAL AND SELECTION OF HENS BY NATURAL
RESISTANCE
Rita Ochakovskaia and I.A.Sochican
Institute of Zoology. Academy of Science Republic Moldova, Kishinev, Moldova
Our research was carried out on closed population on hens or selective line KS, the
breed was Leghorn White. To determine the level of natural resistance the following
general indices (i.n.r.) were used Lysosomal cationic protein (LCP); immunoglobulins
(IgG) B-lizin (B-1); lizocim (1) and others. We have examined the generation in all
ages beginning from one month age till the end of productive cycle. The highest value
in all indices was registered in the hen age of 120-150 days. It is important to mention
that the highest correlation coefficient occurred on IgG (0.47-0.74) in comparison with
the same age on LCP (0.52-0.57) L(0,37-0,54) and ß-1 (0,34-0,56) we offer to use the
content of IgG to determine the level of natural resistance. The optimal age of using
of above mentioned index is 120 days age.
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IMMUNE COMPETENCE MEASUREMENTS OF MAJOR GENES DAHLEM
RED CHICKENS TO BE USED TO UPGRADE LOCAL CHICKENS
F.Demey, R.Baelmans, V.S.Pandey and A.Verhulst
Institute of Tropical Medicine, Animal Health Department, Nationalestraat 155, B-2000
Antwerpen, Belgium
Dahlem Red chickens, with combination of major genes for naked neck (Nana) and
dwarf (dw-), nanaDw-, nanadw-, NanaDw- and NanadW- were tested for
immunocompetence status. Chickens were kept on batteries in a temperature
environment of 20-25°C. Newcastle disease virus (NDV-HBl), sheep red blood cells
(SRBC), phytohaemagglutinin (PHA-P) and Eimeria tenella were used as antigens.
For MHC(B) typing reagentia of MHC(B)-WLH and -Isa Warren were used by the
"Vakgroep Veehouderij" of the University of Wageningen. After NDV-HB1 vaccination
differences were observed neither in specific antibody nor in complement response.
Against SRBC the highest antibody response was present in the dwarf birds (dw). It
seems that the nanaDw- has a better cell mediated immunity than the nanadw-. With
Eimeria tenella infection the Nanadw- difference from the other genotypes by : lesser
drop in PCV, lesser excretion of oocysts, no clinical signs and higher lesion score. It
appears that the optimal combination of MHC haplotypes B21-B19 gives the best
response to disease resistance.

GENETIC VARIATION IN SUSCEPTIBILITY OF TWO HYBRID LINES OF
CHICKENS TO INFECTION WITH EIMERIA TENELLA
V.S.Pandey, F.Demey and A.Verhulst
Institute of Tropical Medicine, Nationalestraat 155, B-2000 Antwerp, Belgium
Two hybrid lines of chickens, namely Hissex type White Leghorn (WLH) and Derco
type Rhode Island Red (RIR), were compared following experimental infection with
EJenella. At the age of 35 days chicks reared under coccidia free environment were
infected with 0, 1.000, 10.000, 25.000 oocysts. 14 days later, groups infected with 0,
1.000 and 10.000 oocysts were challenged with 10.000 oocysts. At primo infection,
loss of body weight was dose dependant with WLH loosing significantly more than
RIR. At low dose the drop in PCV was higher in WLH than RIR but there was no
difference at higher doses. At low dose WLH excreted faecal oocysts more than double
of RIR but at higher doses RIR produced more oocysts. The effect of challenge infection
was low in all primo infected groups; the protection, as judged by faecal oocysts counts
was 83.97%. Mortality was observed only with the dose of 25,000 oocycts and was
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higher in WLH (67%) than in RIR (22%). Lesion scores were dose dependant and
higher in RIR. Serum complernent levels were higher in WLH. The results suggest that
RIR are more resistant to E.tenella infection than WLH.

HOMOLOGICAL VARIATION OF EMBRYONIC ABNORMALITIES IN
POULTRY
Yu.V.Bondarenko, V.A.Breslavets, V.A.Kuchmistov, M.N.Romanov, T.V.Ivanova and
P.I.Kutnyuk
Poultry Research Institute, Borky, Zmiiv District, Kharkiv Region 313410, Ukraine
Aggravation of a number of poultry lines and strains due to hereditary pathology
controlled by some autosomal loci was evaluated for the purpose of obtaining data on
occurrence frequencies of genetic developmental defects in commercial poultry stocks.
The objects for the research were nine selected lines of chickens, five selected lines
of turkeys, one strain of geese, four strains of common ducks and two of muscovies.
All the perished embryos and day-old chicks were observed and their inherited pathology
was diagnosed. The following amounts of day-old poults and dead embryos were
phenotyped : 36606 in chickens, 7305 in turkeys, 5023 in geese. 13066 in domestic
ducks and 3305 in muscovies. Among dead embryos and day-old chicks, the widest
spectrum of genetic abnormalities was revealed in chickens (nine variants) and the
narrowest one in domestic ducks (four variants). About 95% mutant embryos perished
at the late stages of incubation and those hatched survived not more than three to five
days. With decreasing occurrence frequencies of morphological defects, the order of
the species observed is as follows : domestic ducks, 0.56±0.09% ; geese, 0.55±0.10%;
muscovy ducks, 0.54±0.13% ; chickens, 0.25±0.04% ; turkeys, 0.23±0.12%. A
considerable similarity of genetic abnormalities occurrence and spectrum corresponded
well to Vavilov (1968) law of homological rows in hereditary variation, the differences
being stated between domestic Galliformes (0.23 to 0.25) and Anseriformes (0.54 to
0.56).

94

SELECTION OF CHICKENS FOR INCREASED RESISTANCE TO COMMON
DISEASES
E. D. Heller,! J. HilleF, N. Yonash^ and A. CahaneH
^Department of Animal Science and Department of Field Crops and Genetics,
^Faculty of Agriculture, The Hebrew University of Jerusalem, P.O.Box 12, Rehovot 76100,
Israel
Several approaches have been taken in order to increase resistance to diseases in poultry.
Our strategy was to divergently select meat-type chickens according to their antibody
response to Escherichia coli at young age and to use these populations to develop
genetic criteria, DNA markers, for selecting chickens resistant to common diseases.
Nine selection cycles which resulted in production of two divergent populations of
meat-type chicks. The one, HC is with early maturation of their immune response and
high antibody response to complicated antigens at early age, and the second, LC is
with comparatively late maturation of the immune response and low antibody response
at early age. The heritability estimated from the combined sire and dam variance
components (H2SD) ranged from 0.25 to 0.44 in the HC line and from 0.21 to 0.42
in the LC line. Search for DNA markers : a) RFLP markers of the MHC were intensively
used. There were good indications for a moderate association between these markers
and antibody response to E.coli b) Minisatellite markers ("DNA fingerprints") were
used and there were indication for between-line differences, c) The isolated DNA was
amplified with 60 microsatellite primers representing 22 linkage groups. Thirty
microsatellites were informative and were used to screen the offspring. Three loci
were found to be significantly associated with the E.coli antibody response (P<0.05).
These microsatellites will be used to map QTL involved in the immune response of
young chicken, and will facilitate marker assisted selection (MAS) for increasejd
immunocompetance.

VIABILITY OF FOUR PUREBRED STRAINS OF WHITE LEGHORN BREED
R.L.Chakrabarti, N.G.Paradkar and R.P.Nema
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur, 482004 M.P., India
Pullet mortality on 10867 observations over two years was recorded in four White
Leghorn strains along with the control. Hatch effect showed variable effect over years
but year effect was significant (P/.Ol) for all strains except IWP. Average pullet mortality
in two years between 21-40 week of age varied significantly among strains from 6.60
to 31.60 percent. As compared to the control IWP and IWN showed less mortality by
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6.18 and 0.99 percent, respectively. In pooled analysis corrected for hatch and year
effects, sire effect was significant for all strains except the control. The dam effect was
significant (P/0.01) for IWP only. The heritability estimates from sire component were
0.083±0.37; 0.060±.035, 0.084±.038, 0.053±0.037 and 0.068±.053 for IWK, IWM,
IWN, IWP, and control respectively. Maternal effects on pullet mortality were important
for strain IWP and to a lesser degree for IWM. Within progency variance contributed
92.28 to 96.10 percent of the total phenotypic variability. Mortality data of Ten years
was analysed to estimate time trend. The regression Co-efficients showed negative
time trend for 0-8 days, 2-8 weeks and 9-20 weeks period mortality but positive for
21-40 weeks. Pullet mortality was maximum between 26-30 week of age, corresponding
to the peak egg laying period.

NEW BREAKTHROUGHS IN BREEDING IMMUNOLOGICALLY
SUPERIOR POULTRY
R.E.Lomkin
Professional Veterinary Medicine, Class of 97, CVMBS, Colorado State University, Ft.
Collins, CO 80521, USA
The poultry industry has long been a leader in innovative new techniques to improve
performance and efficiency. In the future, the poultry industry must develop new
technologies to face different challenges. These challenges include decreasing foodborne pathogens and chemical residues in meat. One new technology that may meet
the combined challenges of decreasing residues and food-borne pathogens within poultry
meat is the development of immunologically superior chickens and turkeys. This
presentation will discuss several recent studies that have identified genetic lines of
chickens which show significantly different responses to disease challenges. Future
studies will need to be developed to ascertain the amount of change that can be brought
about in the resistance of poultry to disease. These future studies must also ensure that
new, immunologically superior genetic lines of poultry will complement production
efficiency.
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STUDIES ON TROPONIN T AS A POSSIBLE GENETIC SELECTION
MARKER AGAINST EARLY MYOCARDIAL DAMAGE IN YOUNG
ASCITES-SUSCEPTIBLE BROILER CHICKENS
M.H.Maxwell, G.W.Robertson, D.Moseley and J. Bautista-Ortega
Roslin Institute (Edinburgh) Roslin, Midlothian, Scotland EH25 9PS U.K.
Troponin (TT), the tropomyosin-binding protein located on the thin filament of the
contractile apparatus has recently been discovered to be a specific and sensitive
biochemical marker of acute myocardial infarction in humans. Studies on sera from
ascitic broilers showed a large increase (P<0.001) in TT values compared with controls.
Reference values of cardiac-derived TT in healthy broilers aged one to 56 days showed
high values at a day old compared with older birds. These values after hatching
represented an embryonic isoform that rapidly became replaced by an adult isoform
at 3 weeks of age. Investigations on 7 d chicks hatched from hypoxia and hyperoxia
treated eggs and 10 d ascitic and debilitated, commercial broilers showed a significant
increase in TT values in the hypoxic chicks (P<0.005) compared with normoxic
flockmates and also in the 10 d ascitic (P<0.005) and debilitated (P<0.02) birds. Broiler
chicks that arrive on the farm from the hatchery are placed as "day-olds", although
their actual age may vary from 12 hours to 3 days. A study designed to characterise
the status of embryonic TT in sera from chicks bled at 1, 12, 24, 48, 96 hours and 7
days post hatch demonstrated a peak value occurring at 12 hours. This response may
be stress related. This non invasive assay may be an important selection tool in future
genetic programmes to detect premature heart damage in pre-ascitic broiler chicks.

THERMOREGULATION AND PERFORMANCE OF NAKED NECK
BROILER CHICKENS EXPOSED TO CONSTANT AND DIURNAL CYCLIC
TEMPERATURES
D. Luger^, A. Cahaner^, M. Dotan^, S. Hurwitz* and S. Yahav^
Institute Animal Science, ARC, The Volcani Center, P.O.Box 6, Bet Dagan 50250
^The Hebrew University, Rehovot. Elbit LTD. Inframetrics Israel Division, P.O. Box 539,
31053 Haifa, Israel
The ability of broiler chickens to cope with high ambient temperature (Ta) is associated
with efficient heat dissipation by evaporative water loss and by sensible heat loss (i.e.
radiation and convection). An improvement in sensible heat loss is possible via the
nonfeathered areas of the chickens that can be enlarged by the naked neck gene.
However, a nonfeathered neCk can be disadvantage character for chickens exposed to
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cold conditions. Two experiments were conducted to study the effect of constant and
diurnal cyclic temperatures on performance and thermorégulation of normally feathered
(na/na) and naked neck heterozygous (Na/na) chickens. In the first experiment 192
chickens from both genotypes, at the age of 4 weeks, were divided into 4 treatments
of constant 15,25 and 35^C and diurnal cycUc temperature of 15:35°. In the second
experiment 144 chickens were divided into 3 treatments of 20 and 30°C and diurnal
cyclic temperature of 10:30"C. During the 5th week of age chickens were acclaimatized
to the environment conditions. Thereafter, body weight, feed intake, cloacal, skin and
neck temperatures were measured on a weekly base for 3 weeks. Thermocouples were
inserted for 48 hours to measure continuously abdominal cavity skin and neck
temperatures. At the age of 8 weeks surface temperature was measured by Infrared
Thermal Imaging Radiometer (Model 760) to evaluate sensible heat loss from the
face, legs and neck. The results indicate a reduction in body weight of the heterozygous
chickens exposed to Ta below 25° C, and increased body weight above 25°C. Feed
efficiency was significantly high (P<0.05) in the na/na chickens exposed to 15°C,
whereas above 30°C it was significantly high at the Na/na chickens. Exposure to 15:35°C
resulted in a lower body and skin temperature (1.0°C) of the heterozygous chickens,
whereas neck temperature was lower by 1.5°C in the normally feathered compared
with the Na/na chickens when exposed to the low ambient temperature. During the
diurnal temperature change from 35 to 15°C a similar linear decrease in surface
temperature was observed in both genotypes. However, facial and neck temperature
declined in the normally feathered to 33°C while in the naked neck chickens it declined
to 37°C only. It could be concluded that ambient temperatures below 25°C are
disadvantage for naked neck chickens while above 25°C and under diurnal cyclic
temperature conditions the naked neck character is of advantage for the chickens mainly
because of better thermoregulatory capacity.

EFFECT OF SELECTION FOR BETTER FEED CONVERSION RATIO IN
DWARF WHITE ROCKS ON ADAPTABILITY TO HIGH TEMPERATURE
H. Pinged, C. Hailu* , M Al-Mahrous^ and G von Lengerken^
^Institute of Animal Breeding and Husbandry with Veterinary Clinic, Martin-LutherUniversity Halle-Wittenberg, Adam-kuckhofff-Str. 35, D-06108 Halle
^Damascus University, Fac of Agriculture, Section Animal Production, Syria
High temperature impede the performance of birds under tropical conditions. In the
present study, selection for better feed conversion ratio (FCR) during growth in a dwarf
broiler dam line from the 5^^ to 7^^ week of age over 5 generations resulted in a reduction
of this trait by 0.34 kg (sire) and 0.41kg (dam). That realized heritabilities for FCR
were 0.13 and 0.16 for the sire and dam components respectively. The selection progress
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for FCR in the dam line was reflected in broiler from mating with Cornish males by
4 to 10 percent. There was a tendency that broiler with a genetically improved FCR
have a better adaptability to hot climate. The negative effect of hot temperature on
growth was more pronounced in broiler of control population. Carcass and meat quahty
were not influenced. The immune response to sheep erythrocytes was not affected.

SIGNIFICANCE OF HOT CLIMATE ON MATERNAL EFFECTS ON THE
PERFORMANCE OF CHICKENS
R.P.Singh, P.Horst and A.Valle Zarate
Institute of Basic Animal Sciences, Humboldt University of Berlin, Lentzeallee 75, (Dahlem),
D - 14195 Berlin, Germany
This investigation was designed to study the impact of hot environmental conditions
on maternal effects influencing the performance of chickens. Base population involved
White Leghorn type (LL) and Rhode Island Red type (MM). Reciprocal crossbred
males (LM, ML) were used as sires and LL and MM were used as dam line to produce
four possible genotypes (LMxLL, LMxMM, MLxLL, MLxMM) of pullets. 312 pullets
of these genotypes were raised upto 20 weeks and were tested under temperate (temp
20°C to 22°C, RH 60 to 80%) and artificial hot (temp 32°C, RH 45%) environments
from 20 to 72 weeks of age. Performance for all traits during the laying period of
different breeding lines in hot stall was significantly lower than in the temperate stall.
Percent reduction in body weight (BW40), egg weight (EW), egg number (TEN) and
egg mass (EM) in hot over temperate climate was observed for the progeny of ML
sires compared to that of LM sires. Percent reduction in these traits of pullets of MM
dam line in hot over temperate was more than pullets of LL dam line. However, the
performance of these lines in temperate stall was similar. Differential impact of the
dam lines in two environment may indicate that expression of maternal effects
confounded with W chromosome genes may be dependent on environment as well.
Present results are of suggestive nature that hot climate has some role to play on the
expression of maternal effects and/or sex-linked genes contained by a breed/strain.
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INFLUENCE OF SEX, GENOTYPE DENSITY AND THEIR INTERACTIONS
ON BROILER PERFORMANCE TRAITS
J.K.Bhardwaj^ and S.C.Mohapatra^
^Department of Poultry Science, JNKVV, Jabalpur, 482004 M.P. India
^Central Avian Research Institute, IVRI, Izatnagar 243122, Bareilly U.P. India
An experiment was conducted to study the relative importance of sex(s), genotype
(G), density (D) and their interactions on performance traits of broiler in 3 x 5
factorial design consisting three densities (804,603,40 cm%ird) and five genetic (2
pure and 3 synthetic) stock with three replicates. Bi-weekly body weights (0-8 week),
conformation traits (at 8 week) age and percent mortality were recorded. Sex and
genotype were found to exert highly significant influence over juvenile body weights,
conformation traits but nonsignificant on percent mortality. Genetic stocks appeared
to be the major source of variation and accounted 7.12 to 41.81% phenotypic variability
for body weights, 2.73 to 23.7% for conformation traits and 14.96% for percent mortality.
Breast angle was more influenced by stocking density but juvenile body weights, shank
length. Keel length were little affected. S x D, S x G, D x G, and S x D x G interactions
were of minor importance for broiler performance traits. The study suggested that the
broiler can be raised effectively even on high stocking density (402 cm%ird) upto 6
weeks age without any adverse effect on growth rate.

GENOTYPE X DIET X CLIMATE INTERACTION EFFECTS ON GROWTH
PERFORMANCE OF COMMERCIAL BROILER FROM DWARF AND
NORMAL DAM
Neeta Dhingra, J.K.Bharadwaj and H.G.Paradkar
Department of Poultry Science, JNKVV, Jabalpur-482004, M.R, India
Growth responses of two commercial broiler genome were evaluated under three
climates (cold, warm & hot) and four dietary regimes (prepared by using 2 energy
2800 and 3000 kcal ME/kg and 2 protein levels 23 & 25%). G, was produced from
dwarf and G^ from normal broiler breeder dam by mating with normal sire. Under all
three climatic conditions commercial broiler chicks from dwarf dam (G,) weighed
significantly less (P<0.05) than those produced from normal dam (G2) at 6 weeks of
age. Chicks weighed in warm climate were heavier than those in cold and hot. Higher
dietary energy level (3000 kcal) favoured heavier body weights in warm and hot
climates. Genotypes x climate, diet x climate, genotype x diet and genotype x diet x
climate interaction were found more important for G2 than G^. Better feed efficiency
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was recorded for then diet also supported superior growth irrespective of climate or
genotype. Higher percent mortality was recorded under hot (4.35%) climate. Among
various effects genotype accounted maximum percent variance of the total phenotype
variability for growth and feed efficiency. Study indicated that chicks from normal
dam (G^) were more sensitive to climatic variability and nutritional responses than the
chicks from dwarf dam (G ).

BROILER BREEDING FOR INDUCING HEAT TOLERANCE
Huaxiang Yan and Bing Yu
Shanghai Shen Bao Group, Shanghai, 201101, P.R.China
Heat stress was studied among 4 broiler lines by recording the mortality, body weight
at 35 days old and egg production in the same kind of housing and farm in Shanghai
which were very hot in summer and moderate in the other seasons. Two lines imported
from Israel seems adapting to high environmental temperatures better compared to
other broiler lines studied. Chicks having heat resistance also grow very fast comparing
to the heavy broiler lines. It seems that there are some speciality gene or genes in the
lines controlling heat tolerance without affecting growth and egg production.

HEMATOLOGICAL AND SERUM BIOCHEMICAL ANALYSIS IN NORMAL,
NAKED NECK, FRIZZLE AND DWARF CHICKENS RAISED UNDER HIGH
ALTITUDE CONDITIONS
M.A.Abdellatif
Animal Production Department, Faculty of Agriculture, Assiut University, Assiut, Egypt
This study was carried out at the poultry farm of the Agricultural High Institute,
University of Burundi. Three hundred and sixty day old female chicks representing
eight genotypes were received from the Institute of Basic Animal sciences, Humboldt
University of Berlin, Germany to be tested in Burundi at Gitega city where the altitude
is 1680 m over sea level. These eight genotypes were the normal type, naked neck,
frizzle, naked neck frizzle, dwarf, naked neck dwarf, frizzle dwarf and naked neck
frizzle dwarf. At 26 weeks of age, hematological and serum biochemical analysis were
determined on fifteen blood samples per genotype. Results of hematological traits
showed that erythrocyte and leucocyte counts completely changed than that known at
sea level as a result of the stressful effect due to hypoxia. Differences between genotypes
in their counts were significant and they varied in their sensitivity and the response to
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the same "stressor" of hypoxia. Serum biochemical analysis of total protein, non-protein
nitrogen substances (uric acid, urea and creatinine), transaminase and glucose levels
were greatly changed than that detected at sea level. It was found that the total protein
level reduced, but non protein nitrogen substances were increased for all birds of the
different genotypes. It means that all birds catabolized their body proteins
(gluconegensis) as a tool to be adapted to the stressful effect of hypoxia for long time
in the altitudes. In the same time, remarkable increase in the activity of transaminase
(AST and ALT) at 26 weeks of age indicated the damage to muscles, skeletal and
cardiac tissues for all birds without an advantage to any genotype for the stress of
hypoxia. It was found that all birds of the eight genotypes seemed to be hypoglycaemic
where glucose levels greatly reduced than that under normal condition at sea level.
From the present study, it could be possible to take into consideration hematological
and serum biochemical analysis as good indicators of the stress due to hypoxia when
chickens raised in high altitudes for long term.

THE EFFECTS OF NAKED NECK GENE ON SOME REPRODUCTION
MARKS OF COCKS AT NORMAL AND HIGH AMBIENT TEMPERATURE
G.P.Schramm
Humboldt University, Department of Small Animal Breeding Invalidenstr. 42,10115, Berlin,
Germany
The effect of different temperatures on quantity and quality of cock semen was
investigated using a heavy meat type breed, which segregated for the naked neck gene
(Na). In the first period (13 weeks) the cocks were housed in a room at normal ambient
temperature (15-22°C) and in the second period (12 weeks) in a room at high ambient
temperature (27-34°C) and a relative humidity from 60% to 90%. The housing at high
ambient temperature had a negative influence on the tested semen characteristics;
ejaculate volume, sperm motility, sperm concentrations, metabolic activity and sperm
structure. Homozygote (NaNa) and hétérozygote (NaNa) cocks were characterized by
smaller depression of the reproductive traits than normal feathering cocks. The greater
heat tolerance of the naked neck cocks caused also a superior vitality and fitness. The
genotypes (NaNa) showed with 66.7% twice at high mortality rate and morbidity rate
as (Nana) and (NaNa). The fertility of semen of the nana cocks was significantly
reduced under high temperatures by 34.7%. In contrast to this, there were no significant
differences in fecundity between genotypes and level of temperature.

102

GENOTYPE X ENVIRONMENT INTRACTION EFFECTS ON
CONFORMATION AND CARCASS TRAITS OF COMMERCIAL BROILERS
FROM DWARF AND NORMAL DAM UNDER THREE CLIMATIC
CONDITIONS
J.K.Bhardwaj, Neeta Dhingra, A.G.Khan, and N.G.Paradkar
Department of Poultry Science, JNKVV, Jabalpur, 482004, M.P., India
Performance of two commercial broiler genotype, Gl and G2 were evaluated for
conformation and carcass traits at 6 weeks of age in cold, hot and warm climates (C).
Gl was produced from dwarf and G2 from normal dam by mating with normal sires.
Two crude protein (CP) 23 and 25% and two energy (E) 2800 and 3000 kcal ME/kg
feed were fed in a factorial design constituted four experimental diets (DT). G2 had
wider breast angle, longest keel bone and shank length than Gl for both the sexes in
all climates. Among three climatic conditions male and female of Gl and G2 attained
superior body conformation in warm and hot climate with diet having 3000 kcal ME/
kg and 25% CP. Genotype contributed sizable amount of percent variance (15.5956.82%) and interaction effects almost zero. Total meat yield (TMY) was 75.3 and
74.1% in males and 71.0 and 68.5% in females for Gl and G2 respectively. Higher
protein (25%) profile under all climates favoured superior TMY and eviscerated yield
(EY). CxG and DTxG interaction had significant influence on TMY and dressing
percentage. ExP and GxExP interaction greatly influenced the cut up yield of females.
Higher order interactions involving GxExP and climate were found to be significant
for most of the carcass traits in both the sexes.

MANAGEMENT TO SUSTAIN PRODUCTION LEVEL OF BREEDERS
DURING HOT SUMMER
N.V.Kuzentsov, Sh.A.Imangulov, and T.V.Borisova
All Russian Science & Research Institute for Poultry Technologies, VNITIP Russia, Moscow
Area, Sergiev Posad DC, Sergiev Posad, 141300 10, Ptitsegradskaya Str., Russia
In 1993-1994 four trials had been carried out at Kumylzhinskaya poultry farm of
Volgogradagrocompany Ltd. on reduction of negative effects of high temperatures on
parent stock of broiler breeders performance. Breeders of SMENA breed were used
on floor management system. Results of two trials carried out in June-July indicated
that to keep with the high production rate at that time is possible, when the birds are
fed with diets, containing 2800 kcal/ME/kg, 16% of crude protein, 0.9% of lysine and
0.70% of Methionine+Cystine. The above mentioned diets increased egg production
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by 2.3-4.3% improved livability by 2-3% number of hatching eggs by 2.5% feed
consumption to produce 10 eggs dropped by 3.1-6.3%. After effect of feeding diets
with high level of amino acids and energy on production curve at age 37-49 weeks, was
kept when the birds were given diets with the same high nutritional value. Thus, chickens
of the trial flocks had the egg production by 8.9% and livability by 3.0% higher than
the controls, and the amount of feed consumed to produce 10 eggs was less by 12.7%.

PERFORMANCE AND PHENOTYPIC CHARACTERISTICS
INDIGENOUS GERM PLASM OF CHICKEN IN BANGLADESH

OF

D.CPaul and Q.M.E.Huque
Poultry Production Research Division, Bangladesh Livestock Research Institute, Savar 1341, Dhaka, Bangladesh
The study was conducted to select the potential indigenous germ plasm of native chicken
for higher egg production in rural condition and to use the potential germ plasm for
future breeding program. The results of different parameters were considered here for
a period of April/94 to May/95. Five types of indigenous chicken namely Naked Neck,
Hilly, Aseel, Yasine and Non descriptive indigenous were selected from different
agroecological zones. Body weight, egg production , egg weight, egg quality, feather
color, shank length, shank color and skin color were measured during the experiment
period. The birds were kept in individual cage and the parameters were measured with
individual number. Naked neck produced the highest Qgg (99) followed by Hilly (91),
Yasine (58), Nondescriptive indigenous (44) and Aseel (34) in a year. Considering all
aspects. Naked Neck and Hilly were found superior egg producer compared to other
indigenous germ plasm. Naked Neck and Hilly may be advised for rural poultry
production and germ plasm conservation for future research.

GENETIC POSSIBILITIES TO IMPROVE HEAT TOLERANCE AND
REPRODUCTIVE PERFORMANCE OF BROILER BREEDERS
L.Mennickeni ^ P.Horst^ and D.K.Flock^
^Institute of Basic Animal Science, Humbolot University, 14195 Berlin, Germany^, Institute
of Animal Science, University of Bonn, 53115 Bonn, Germany (present address)^, Lohmann
Tierzucht Gmbh, 27454, Cuxhaven, Germany
A majority of the total world broiler breeder population is kept in areas with seasonal
or permanent high temperatures and unfavourable humidity. The two possible
approaches to reduce the effects of heat stress on liveability, egg production and
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hatchability are 1) environmental control (e.g. by pad cooling, increased air velocity
and/or cooled drinking water) and 2) genetic improvement of heat tolerance. A series
of trials were conducted in Johor Bahru, Malaysia to estimate genetic parameters from
different crosses of pedigreed commercial broiler breeders. Differences between strain
crosses were found to be much larger than expected in temperate climate. Liveability
(h^ = .05 to . 16) and survivor egg production (h^ = .28 to .46) had similar heritabilities
as usually found in controlled environments. However, the genetic corelations between
pure line dams in a controlled environment (Germany) and crossline daughters in the
tropical climate were non significant for egg number per hen housed. Preselecting
grandmothers based on egg number showed a significantf^ationship to mortality rates
of broiler mothers in the undesirable direction. From these experiments and results
from the literature it is concluded that genetic improvement of heat tolerance is possible
e.g. by testing sufficient numbers of individually market pedigreed broiler mothers
under field conditions in different locations with high temperatures.

EFFECT OF GENOTYPE, PROTEIN AND ENERGY ON MORTALITY
PATTERN OF BROILER STOCKS OF CHICKENS
J.K.BharadwajS S.C.Mohapatra^ and S.Nema^
^Department of Poultry Science, JNKVV, Jabalpur 482 004, M.P., India
^Director, CARI, IVRI Izatnagar, Bareilly, U.P., India
Three levels of protein (21,23 and 25%) and three levels of energy (2800,3000 and 200
ME Kcal/Kg) with three genotypes (G1,G2,G3) each at two replicated groups were
utilized to examine the influence of genotype, protein and energy on broiler mortality
pattern. The overall mortality (0-8 weeks) of progeny from different stocks ranged
from 0.46 to 3.70% and G3 had very low mortality than Gl and G2 stock and the
differences between these stocks was found to be statistically non significant. Dietary
protein and energy level were not found to affect the percent mortality. High degree of
survivability was observed in chicks received 21% protein and 3000 Kcal ME per kg
of diet. Genotype x protein, genotype interaction effects were found non significant
for percent mortality. Genotype was responsible for 9.72% of the total phenotypic
variance. The contribution due to protein x genotype and protein x energy x genotype
interaction component was nil for this trait, whereas energy by genotype interaction
minor importance of such interactions for mortality of broiler stocks of chickens.

105

106

MAIN TOPIC
02. NUTRITION, FEEDS FEEDING AND PHYSIOLOGY
Sub Topics
01.
Physiology of growth, incubation, egg production and
reproduction.
02.
Nutrition for growth, production and reproduction (Protein,
Energy, Vitamins, Minerals).
03.
Growth promoting substances.
04.
Nutrition to avoid metabolic disorders and stress conditions.
05.
06.

Systems of feeding - free range/semi-intensive/intensive.
Raw materials including agro-industrial by-products,
storage, contaminants, toxicity, testing and quality of feeds.
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EFFECT OF AMBIENT TEMPERATURE ON RECTAL AND COMB TEMPERATURE AND PLASMA TESTOSTERONE LEVEL OF DWARF BREEDER
COCKS
Gu Xianhong and Du Rong
Institute of Animal Science, CAAS, Beijing, 100094, P.R. China
The experiments were to examine the effect of ambient temperature (Ta) on rectal and
comb temperature (Tr and Tc) and plasma testosterone level. Eighty Dwarf breeder
cocks of 150 day-old were randomly divided into 4 groups equally and kept in 4 artificial
climate chambers. In experiment 1, ambient temperature of 4 chambers ranged from
5~9°C, 18'-22°C, 27-'32°C, to 32~37°C with 55-65% humidity and 0-100 lux light for
each chamber, simulating natural climate of China for 10 days. In experiment 2, ambient
temperature were controlled at 0°C, 5°C, 25°C, 35°C, repectively with 60% humidity
and 100 lux light in each chamber for 6 hours. The blood samples were collected from
wing vein on the fifth or sixth days in experiment 1 to estimate testosterone content
by radioimmunoassay. The results showed that rectal and comb temperature (Tr and
Tc) were interrelated with ambient temperature, but the changing range and individual
deviation of Tc were significantly higher and individual deviation of Tc was significantly
more than those of Tr, which indicated that Tc was comparatively sensitive to Ta and
Tr could be relatively stable. Plasma testosterone level was increased very significantly
at low Ta (P<0.01).
EFFECT OF AMBIENT TEMPERATURE AND DIETARY ENERGY LEVEL
ON PLASMA CORTICOSTERONE CONTENT OF BREEDER COCKS
Du Rong and Gu Xianhong
Institute of Animal Science, CAAS, Beijing 100094, P.R. China
The design of 6x2 factors was used to determine effect of ambient temperature (S-^SS^C),
6 treatments and dietary energy level (2.8 and 3.2 Mcal/kg. 2 levels) on plasma
corticosterone content of Babcock breeder cocks. Sixty 16-months-old cocks weighing
2.31 -2.34 kg were divided into 6 groups which were kept in 6 artificial cUmatic chambers
respectively. Ambient temperature ranged S-^IO^C 10~15"C, 15~-20"C, 20~25«C,
25~30°C, 30~35°C. In each chamber, 5 cocks were fed high-energy diet, the others
were fed low-energy diet. The blood samples were collected from tibial veins at
8:00-10:00 after 7 days to evaluate plasma corticosterone content by radioinmiunoassay. The results showed that plasma corticosterone content rose significantly
at high and sub-high ambient temperature and had little change at low ambient
temperature. Dietary energy level had no significant effect on plasma corticosterone
content.
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PHYSIOLOGICAL CHARACTERISTICS OF JAPANESE NATIVE SILKY
FOWL
N.Fujihara, K.Imamura, J.Zhao and M.A.Hattori
Department of Animal Sciences, College of Agriculture, Kyushu University 46-06, Hakozaki,
Fukuoka 812-81 Japan
Japanese Silky fowl has an almost black skin, face, comb, wattles and bones. There are
two types of plumage colour, black and white. Egg production is 40 eggs per year, and
fertility and hatchability are relatively low compared with other Japanese native fowl.
Silky birds draw the attention of people in the countries of the South-east Asia and
have been said to possess Chinese medicine-like characteristics. We examined albumen
quahty, egg yolk color, features of egg shell, hematocrit values, number of blood cells,
serum protein contents and electrophoretic patterns of blood protein and albumen in
the Silky fowl and compared them with those of White Leghorn and Isa Brown laying
hens. White and black Silky birds of both sexes were used for this experiment and were
kept in the field or in a pen house. No significant differences were found in the albumen
quality between Silky and regular hens. On the contrary, there were significant
differences in the hematocrit values and blood serum proteins between Silky and regular
hens. There were also significant differences in the numbers of blood cells between
white and black Silky fowl. However, no significant differences were observed in blood
components between male and female Silky fowl. The electrophoretic analysis showed
a distinct difference between white and black Silky fowl in blood protein components.
The physiological function of this dissimilarity remains to be determined. These results
suggest that Silky fowl, both white and black, may not be greatly different in several
physiological features from White Leghorn and brown colored fowl, even though some
Chinese medicine-like functions have been ascribed to them.

SUBTLE EFFECT OF AMBIENT TEMPERATURE ON METABOLIZABLE
ENERGY VALUES AND PLASMA THYROID HORMONE LEVEL OF
POULTRY
Yang Lin, Du Rong and Zhang Ziyi
Institute of Animal Sciences, CAAS, Beijing 100094, P.R. China
A single factorial design with 78 adult roosters was used to study the effects of ambient
temperature on apparent and true metabolizability of dry matter (ADMR.TDMR)
apparent and true metabohzable energy (AME.TME) for chicken diet, excretory amounts
of endogenous dry matter and energy (EMD.EEL), plasma tri - iodothyronine (T3) and
thyroxine (T^) concentration and the relationships between plasma thyroid hormones
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and ADMR, AME, EDM, EEL, TDMR, TME were established. Ranges of ambient
temperature used for the treatment were 5~10°.C, 10~15°C, 15~-20°C, 20'-25°C,
25~30°C, 30--35"C. Ambient temperature affected ADMR, AME, EDM, EEL, TDMR,
TME, plasma T^ concentration significantly except plasma T^ concentration. The
relationship between ambient temperature and ADMR, AME, EDM, EEL, TDMR,
TME, plasma and T^ concentration were curvilinear. Results also indicated that there
were some relationship between plasma T^ concentration and ADMR, AME, EDM,
EEL, TDMR, TME. These effects need to be studied further.

DIGESTIVE ENZYMES IN THE CAECA OF THE CHICKEN
S.Majumdar, R.P.Moudgal, Raj Narayan and S.Kumar
Digestive Physiology Laboratory, Central Avian Research Institute, Izatnagar 243122. India
Developing embryos, hatching and growing chicks till maturity were sampled (n=6)
at days 14, 18 and 20 of incubation (pre-hatch), on the day of hatch and 1, 2, 3, 4, 6,
8, 12, 16, 20 and 24 weeks of age (post hatch). Twentyfourth week was considered as
maturity age. The activities of amlyase (EC 3.2,1.1), trypsin (EC 3.1, 21.4) and lipase
(EC 3.1 1.3) were determined in the saline based mucosal homogenates prepared from
the caeca. Moderate increase in the amylase activity occurred during embryonic
development which continued to rise until the day of hatch. Relatively large increase
in the enzyme activity was observed at 1 week post-hatch development, followed by
a substantial increase in the activity at 3 wk of age and thereafter it maintained the
plateau until maturity. Progressive increase in the activity of trypsin was observed until
18th day of incubation and thereafter the enzyme activity started declining until the
embryo was developed to a complete hatched chick and it remained constant until 6th
wk post hatch. Substantial increase in the enzyme activity occurred at 8th wk of age
and thereafter, it maintained the plateau until the chick 24 wk of age. Changes in the
activity of lipase were sporadic until the day of hatch. Moderate increase in the enzymes
activity occurred at 1 wk post-hatch development. Substantial increase in the enzyme
activity occurred at 2 and 3 wk of post-hatch development. The activity declined at
4th and 6th wk of age followed by substantial increase at 12 and 16 wk of age. The
activity started declining until maturity. The presence of digestive enzymes in an
appreciable amount in caeca of the chicken throughout developmental period suggested
the possible role of caeca in the digestion of carbohydrates, proteins and fats. It further
indicates the possibility of their origin from the caecal microflora.
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EFFECT OF ALTITUDE ON FERTILITY, HATCHABILITY AND
HAEMOGRAM OF BROILERS
Bhuvnesh Kumar and Narendra Kumar
Defence Agricultural Research Lab, Goraparao, Haldwani 263139, U.P., India
Fertility and hatchability studies at 4000 ft and 7000 ft. and haematological studies at
4000 ft and 11000 ft altitudes were carried out. It was observed that there was no
significant difference in fertility between both the altitudes. However, early and late
embryonic mortality, hatchability based on total and fertile eggs set was significantly
higher (P<0.01) at 4000 ft in comparison to 7000 ft altitude. Weekwise haematological
studies upto the age of six weeks, after hatching the Cobb chicks, at 4000 ft altitude
did not reveal any significant changes in hemoglobin concentration, total erythrocyte
count, packed cell volume and erythrocyte indices viz mean corpuscular volume, mean
corpuscular hemoglobin and mean corpuscular hemoglobin concentration. However
on comparison of haemogram of six weeks old broilers between the altitudes, a
significant difference (P<0.01) in Hb, TEC, PCV and MCV was observed.

CONTROL FEED RESTRICTION OF BROILERS: EFFECTS ON
ADIPOCYTE DEVELOPMENT
A.Meluzzi, C.Cristofori and G.Giordani
Institute of Zootécnica, University of Bologna, Via San Giacomo 9, 40126 Bologna, Italy
The present study aims at determining the hyperplastic and hypertrophie development
of broiler adipocytes according to the age and the feed restriction. Eighty Ross 308
females were divided in four groups (A,B,C, and D): A and B received a diet
corresponding to their metabolic weight respectively from 7 to 21 days; and 21 to 35
days; C was fed skip a day (one day fast and one day of ad libitum from 7 to 28 days);
D (control) was fed ad libitum. Outside the restriction period all birds were fed ad
libitum. The abdominal fat, including the one lining the gizzard, was collected at 21,
28, 35 and 49 days from 5 birds/group for determining the adipocyte diameter, volume,
weight and number. At 21 days , D control cells presented a diameter, volume and
weight significantly higher when compared to A. The same occurred for the number
of cells per mg of fat pad. From 28 days on, no significant differences among groups
emerged regarding the adipocyte size. In both early restricted groups (A and C) cell
numbers/bird doubled a week after stopping the feed restriction. Considering all groups,
with ageing, the cell diameter increased (P<0.01) and the cell number per mg of tissue
(P<0.05) decreased gradually. Cell volume and weight showed a similar morphological
trend at 21 and 28 days: subsequently the values increased until 49 days. The number
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of adipocytes per fat depot increased from 21 to 28 days, remained steady until 35 days
to reach higher values at 49 days. The cellular multiplication slowed down during the
restricted period and became subsequently very intense even after the fourth week of
chickens life.

EFFECT OF THE RELATIVE HUMIDITY (RH) DURING INCUBATION ON
SOME HATCHING PARAMETERS'OF BROILER CHICKS
G. Kajtazov and A. Genchev
Department of Poultry Science, Thracian University, 600Ö Stara Zagora, Bulgaria
Eggs (51-63 g) from 35 wk old parents were used in the experiment. Following cross
scheme was used : White Plymouth Rock dwarf form (dwAV) X White Cornish (DW/
DW) (1) and White Plymouth Rock normal (DWAV) X White Cornish (DW/DW) (2)
Until IS^'' day of incubation a part of the eggs was exposed to a high relative humidity
(HRH) - 60% and another part - to 45% (LRH). The chicken weight (%CW), Yolk free
CW/(y Few) relative chicken weight (% EW) % YFCW, heart weight (HW) and the
liver weight (LW) were significantly higher in HRH, CW and YFCW in males were
higher in both rates of RH. % CW and % YFCW in females were higher in HRH. In
LRH the % YFCW was higher in males but the HW and LW were higher in females.
But sex differences were not significant. CW, YFCW in (2) were higher than those in
(1) in both rates of RH. The residual yolk weight (2) was significantly higher - p<0.005
(HRH) and p<0.01 (LRH). The % YFCW in (1) was significantly higher - p<0.05 and
it was due to the more intensive absorption of the yolk. These data indicate that the RH
during incubation had a strong effect on the assimilation of food substances.

FREE AMINO ACIDS IN BREAST MUSCLES OF MEAT TYPE CHICKS
V.I.Fisinin, T.G.Idinyan, E.S.Elizarov and I.V.Zhuravlev
All Russian Research & Technology Institute for Poultry Industry, VNIITIP Ptitsegradskaya,
10, Sergiev Posad 141300, Russia
The content of free amino acids was determined in the breast muscles of meat type
chicks at ages of 7, 14, 21, 28, 35 and 42 days. Total amount of free amino acids was
the lowest in the period of maximal growth rate : 333.7 mg/lOOg. Then, with the growth
rate decreasing, their content increased and reached the maximum level on day 21
475.1 mg/lOOg (P<0.001), followed by another decrease by day 35, nearly to the original
level of 347.8 mg/lOOg. Dynamics of the content of interchangeable amino acids was
similar, except for the fact, that the decreased level at 35 days of age was lower than
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the amount recorded at 7 days. As for the level of non-interchangeable amino acids it
was also subject to increase from 7th to 21st day (P<0.01), but after that, the change
was insignificant. However, except for histidine and arginine, dynamics of content for
the majority of non-interchangeable amino acids was similar to that of interchangeable
ones. Histidine content increased from 112.9 mg/lOOg at 7 days upto 167.9 mg/lOOg
at 42 days; respectively, arginine content increased from 16.6 to 35.0 mg/100 g (P<0.001).
Ratio of contents of non-interchangeable amino acids to the interchangeable ones, for
the study period, has increased from 1.50 at 7 days upto 2.52 at 42 days, which could
suggest the increased utilization of the later ones as the energy substrate for ageing
chicks.

THE EFFECTS OF LOW BODY WEIGHT OF BROILER BREEDERS ON
THE LEVELS OF LUTEINIZING HORMONE
R.D.Malheiros, V.M.B.Moraes, E.J.Campos and J.A.Proudman
UNESP, Departamento de Morfología e Fisiología - Rod, Carlos Tonanni, km 05 - Jaboticabal,
Sao Paulo, CEP: 14870-00, Brazil
An experiment was carried out to verify the effects of body weights on LH levels
during growing and production period of commercial broiler breeders. At 12 weeks of
age, all birds were individually selected for uniformity within the standard curve of a
normal population distribution. Birds selected for lower body weight, were individually
selected as a normal population to obtain new body weight distribution; those birds
were classified as : LLW (Lower Lower Weight), LMW (Lower Medium Weight),
LHW (Lower Heavy Weight). Following the normal management of the flock, those
birds were over fed to obtain the body weight according to the breeder manual. Within
each body weight category, 25 birds were selected and leg banded at random. Since
14 to 40 weeks period, every two weeks, a blood sample was collected from those
groups of birds, to obtain the plasma for the determination of LH level using
radioimmunoassay procedure, using standard and purified hormones donated by USDABelstsville Agricultural Research Center-USA. All the data were compared to medium
normal distributed birds (CTW). Data were subjected to an analysis of variance and
the results were: age at sexual maturity, measured at 5% of production favoured birds
from LHW category (24 weeks), the other categories including CTW birds, matured
at similar age (25 weeks); body weights at the sexual maturity were : 2888 g (CTW),
2855 g (LHW), 2716 g (LMW) and 2590 g (LLW). From 2 to 3 weeks before sexual
maturity, LH levels increased for all categories. However, during the production period,
birds from LLW category presented higher level of LH in spite of having lower egg
production and similar body weight compared to the other birds.
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SOME PHYSIOLOGICAL CORRELATIONS BETWEEN BODY WEIGHTS
AND F.S.H. AND L.H. SECRETIONS OF BROILER BREEDERS
EJ.Campos, R.D.Malheiros, V.M.B.Moraes and J.A.Proudman
UFMG - Escola de Veterinaria, Dept.,de Zootecnia, Caixa Postal 567. Av. Antonio Carlos,
6627, Belo Horizonte - Minas Gérais - CEP 31270-000, Brazil
An experiment was carried out to verify some correlations between some performance
traits and LH levels of broiler breeders, from different body weights. A commercial
flock of Hubbard breeders, from hatching eggs production farm were used. At 12
weeks of age, during the growing period, following the standard of body weight
recommended by the breeder manual, birds were used as divided according to body
weight as follows 12.5% of under body weights (1710 females and 225 males) were
selected and classified according to a regular flock as such: Lower Light Weight (LLW)
body weight, less than 1,000 g; Lower Medium Weight (LMW), body weight from
1,020 to 1,100 g; andLowerHeavy Weight (LHW), body weight from 1,120 to 1,200 g.
Every 2 weeks, a random sample of 25 leg banded birds, from each category, were
weighed and a blood sample of 3 ml was obtained for radioimmunoassay procedure,
using standard and purified hormones donated by USDA-Beltville Agricultural Research
Center - U.S.A., for LH and FSH determinations, from 14 to 40 weeks. After that
period some correlations between body weight and FSH and LH levels were calculated.
The results showed high significant correlations between LLW, LMW and LHW
categories and FSH and LH, for the growing period (14 to 24 weeks); on the other
hand, negative correlations during the production period (26 to 40 weeks) were also
observed for body weight, FSH, LH and production.

EFFECT OF 17, BETA-ESTRADIOL AND ORCHIECTOMY ON NUTRIENT
UPTAKE IN CHICKEN (GALLUS DOMESTICUS)
A.NasirS R.P.MoudgaP, and N.B.Singh^
^Central Avian Research Institute, Izatnagar 243 122, India
^Rohilkhand University, Bareilly 243 006, India
In situ absorption of calcium (Ca), phosphorus (?) and glucose in an intact male, on
orchiectomy and after 17 ß-estradiol injections (Img/kg b.w., s/c) for five consecutive
days in orchiectomized WL chicken was determined at zero 15,30 and 45 minutes post
injection of CaC03 (0.5% 5 ml), Na3P04 12H20 (2% 5 ml) and Cß^p^ (2%, 5 ml)
in 8 cm3 segments on either side of ligation onwards duodenum, respectively for each
nutrient separately. At zero hr. Ca did not vary significantly (P<0.05) among the
treatments. P varied significantly (P<0.05) being highest in estrogen treated followed
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by orchiectomized and intact male, and glucose remained significantly (P<0.05) higher
in estrogen treated group over the other two groups. It seems these differences are due
to systemic effect left by the treatments. Calcium up take at 30 and 45 min. intervals
was found significantly (P<0.05) elevated due to estrogen treatment, followed by
orchiectomized and control. More or less similar trend was noticed in respect to P.
There was no significant (P>0.05) difference in glucose due to these treatments. It is
concluded that Ca and P uptake was triggered by both estrogen and orchiectomy while
glucose uptake did not change significantly (P>0.05).

SOME PïiODUCTIONAL CHARACTERISTICS OF TWO COLOUR
VARIANTS OF NORMAL BODIED BROILER DAMS
Shailendra Nema, J.K.Bhardwaj and R.P.Nema
Department of Poultry Science, JNKVV, Jabalpur 482 004 M.P., India
The present experiment was aimed to evaluate the comparative physiological
performance of two distinct groups of birds from coloured normal bodied broiler dams
(80 of each group) having black barred (BE) and brown (BrB) colour plumage pattern.
The reproductive traits data on individual birds was recorded for 24-34 weeks of age
from July to Sept. The ration contained 17.5% CP and 2750 KCal ME/kg feed. Overall
egg production (10 weeks) of brown variant (BrB) was 54.3% as compared 52.1%) of
Black barred (BB) birds. The brown variant had an average clutch size of 2.5 eggs
whereas for black barred it was 2.0 eggs. Bi-weekly averages indicated the increasing
trend for clutch size of BB group but steady in brown group of birds. Ovulation/
oviposition in good layers occurred on an average continuously for 1 to 5 days (3 days)
followed by average pause of 2 to 4 days. Significantly higher average egg weight
(51.8 gm at 34 weeks) was measured for BrB than BB (49.6 gm) variant. However egg
weight (24 and 34 weeks) was higher in brown variant but as age advanced and similar
increase in monthly egg weight and on an average by 2.25 to 2.5 gm was seen in the
both groups of birds. Body weight (1686 sind 2233 gm) respectively at 20 to 34 weeks
were of higher magnitude for BrB as compared to BB bird. Environmental temperature
(29 to 33°C) and humidity (92 to 96%) during experimental period did not have any
significant influence on any of the traits in both colour variants. The study revealed
that brown birds were better in their physiological performance than black barred colour
variant.
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ENDOGENOUS ANALGESIA IN HENS : OPIATE MECHANISM
L.M.Wylie and MJ.Gentle
Roslin Institute, Roslin, Midliothian, EH25 9PS, Scotland
It is well documented that endogenous analgesia may be induced by stress.
Neuropeptides, especially opiates, and neurotransmitters are thought to play a role in
stress-induced analgesia. Non-stressful stimuli, such as novelty and pre-laying behaviour
can also be inducers of endogenous analgesia. Previous work, using sodium urate
arthritis as a model of severe tonic pain, has shown that pain behaviour is reduced in
domestic hens performing feeding behaviour. The mechanism for the analgesia induced
in hens showing feeding behaviour was investigated using the opioid antagonist,
naloxone. Eight adult Brown Leghorn hens were used. Four birds were injected
intravenously by wing vein with 4mg naloxone hydrochloride (Sigma)/kg body weight,
dissolved in saline (2mg naloxone/ml) and four injected intravenously with equivalent
volumes of saline. All eight birds were injected with 0.2ml Haemaccel into the left
ankle joint and given a small amount of mash. Birds were scan sampled every five
minutes for two hours and their behaviour recorded. The procedure was repeated the
following day with 8mg microcrystalline sodium urate suspended in 0.2ml Haemaccel
being injected into the left ankle joint. A significant difference in pain behaviour between
those birds injected with naloxone and those injected with saline was found (Mann
Whitney p<0.005). The experiment was repeated using a further eight birds. It can be
concluded that giving naloxone increases pain related behaviour, suggesting that feeding
behaviour can induce an opiate mediated endogenous analgesia.

STUDIES ON BEHAVIOUR OF LAYER BIRDS DURING TOTAL SOLAR
ECLIPSE TIME
B.Roy and S.K.Mukhopadhyay
68/117, Jessore Road, Dum Dum, Calcutta 700 074, India
An observation was made on 40,000 poultry layer birds (BV-300) in 'JANA POULTRY
FARM'. Sirakole at South 24-Parganas. This area was under total solar eclipse day on
24th Oct., 1995. The area was under total solar eclipse time for 1 minute 48 seconds
from 8:49:00 to 8:50:48 A.M. Behaviour of birds, environmental temperatures, humidity
and light intensity were studied. No significant changes were oberved during the total
solar eclipse period. The behaviour of the birds was comparable with the behaviour of
birds during any evening time of a normal day. The egg production of the birds was
in the declining phase (of 1.23%) in four consecutive days but it had no significant
relationship with the total solar eclipse.
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CHICKEN BRAIN NUCLEI AND THEIR PHYSIOLOGICAL ROLES IN
FOOD INTAKE
Bagbbanzadeh, A.
Department of Physiology, Faculty of Veterinary Medicine, University of Tehran, Iran
Experiments have, so far, been carried out on the central control of food intake in
different species of animals. These kinds of experiments on chickens dates back no
more than 25 years ago and are relatively new, compared with similar experiments in
other species. In this study 60 leghorn chickens were chosen and euthanized by using
chloroform. Then their brain were fixed in 10% formalin and the paraffin block was
prepared. Serial sections in different sites of brain were prepared and carefully stained.
After many experiments, we concluded that some of the nuclei have an important role
in food intake from different ways.

INDUCTION OF THERMOTOLERANCE IN CHICKENS BY TEMPERATURE
CONDITIONING AT AN EARLY AGE
S.Yahav, M.Einat (Friedman) and S.Hurwitz
Institute of Animal Science, ARC, The Volcani Center, P.O.Box 6, Bet Dagan 50250, Israel
Broiler chicks were conditioned by exposure to heat stress early in life to elucidate
physiological mechanisms and possible involvement of the known heat shock proteins
(HSP's) in the induction of thermotolerance . Chicks were exposed to 36 ± 1 ° C; 7080% relative humidity (r.h.) for 24 hours at the age of 5, or 5 and 7 days. During
conditioning, weight gain was depressed. Due to accelerated growth during the post
conditioning period, a complete compensation for lost weight gain was achieved by
the 5 day conditioned group, but only a partial compensation was obtained in the group
conditioned at both 5 and 7 days. At the age of 42 days, challenge with acute heat stress
of 35±1°C; 25-30% r.h. resulted in a large increase in cloacal temperature of the controls
and a far more moderate increase in the conditioned chickens. Mortality during the
thermal challenge was significantly high in the controls than that of the previously
exposed chickens. Conditioning at early age resulted in hemodynamic changes
(significant decrease in heart weight and hematocrit) and reduced heat production, as
demonstrated by reduced plasma triiodothyronine (T3) concentration. Furthermore,
synthesis rate of 90, 70 and 27 kDa HSP's during the first half hour of heat challenge,
accelerated gradually in the non-exposed chickens. Surprisingly, the synthesis rate of
those HSP's in the conditioned chickens was much lower. The results suggest that
reduced heat production and hemodynamic changes may be part of the mechanism
associated with improved thermotolerance by early age temperature conditioning. This
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could also explain the inferior rate of HSP's production in the conditioned chickens,
which better thermoregulate under heat stress conditions at the challenge phase.

THE EFFECT OF THERMAL ENVIRONMENTS ON THE RATE OF PASSAGE
OF FEED RESIDUES
Lin Hai, Du Rong and Zhang Ziyi
Institute of Animal Science, Chinese Academy of Agricultural Sciences Haidian, Beijing
100094, R.P.China
Sixty 42 day old Arbor Acres broilers were used in this experiment to study the effect
of thermal environment on the rate of passage of feed residues. All the birds were
divided into three groups randomly, and were exposed to 5°C, 20°C and 32°C,
respectively. The results showed that the amount of feed residues in gastrointestinal
tract was increased by high temperature (32°C) (P<.01) and decreased by low
temperature (5°C) (P<.01). The rates of passage of feed residues in crop and small
intestine was decreased by high temperature (32°C) (P<.01), but the passage rate of
feed residues in proventricutus was not influenced by temperature (P>.05). The results
suggested that the decrease in the passage rate of feed residues were caused by a decline
of clearance rate of feed residues in crop and small intestine.

THE EFFECT OF THERMAL ENVIRONMENTS ON THE ACTIVITIES OF
DIGESTIVE ENZYMES
Lin Hai, Du Rong and Zhang Ziyi
Institute of Animal Science, Chinese Academy of Agricultural Sciences Haidian, Beijing
100094, R.P.China
Fifty-six 42 day of age Arbor Acres broilers were used in this experiment to study the
effect of thermal environment on the activity of digestive enzymes. The broilers were
divided into three groups and exposed to three thermal environments, (5°C, 20°C and
32°C) with the same relative humidity of 50% for five days. The activities of trypsin,
chymotrypsin and amylase were determined. The results showed that the activities of
try spin, chymotrypsin and amylase were decreased by high temperature (32°C) (P<.01),
and were not influenced by low temperature (5°C.)
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EFFECT OF DIETARY ENERGY LEVELS ON RADIATING HEAT LOSS BY
BROILER CHICKENS IN SUMMER
S.S.Campos, R.L.Furlan, J.R.Guerreiro, E.R.Secato and M.Macari
Departmento de Morfología e Fisiología Animal, Faculdade de Ciencias Agrarias e
Veterinarias, Campus de Jaboticabal-Unesp, 14870-000 Jaboticabal, SP Brazil
The relationship between dietary energy levels and age on radiating heat loss by broiler
chickens was investigated during BraziUan summer (January to March 1994). Male
Hubbard Peterson broiler chickens, aged one up to 48 days of age were divided into
two groups and allowed to consume, ad libitum, diets containing two dietary energy
levels, 2,900 and 3,200 kcal ME/kg. Ambient and bird radiating temperatures were
measured two times a day, before sunrise and zenith. The radiating heat loss (RHL)
was calculated according to Stefan Boltzman equation (RHL = E.A.C. (t^^-T"^^). A
significant increase in radiating heat loss was detected in the broilers according to birds
age, but there was no effect of dietary energy levels. Radiating heat loss was significantly
(p<0.01) higher before sunrise when compared with zenith, since the difference between
radiating skin and ambient temperatures increased. The results showed that, during
summer time, a decrease in dietary energy level did not have significant effect of radiating
heat loss in broilers chickens.

EFFECT OF DIETARY ENERGY LEVELS ON RADIATING HEAT LOSS BY
BROILER CHICKENS IN WINTER
S.S.Campos, R.L.Furlan, J.R.Guerreiro, E.R.Secato and M.Macari
Departmento de Morfología e Fisiología Animal, Faculdade de Ciencias Agrarias e
Veterinarias, Campus de Jaboticabal-Unesp, 14870-000 Jaboticabal, SP, Brazil
The effects of dietary energy levels and age were investigated on radiation heat loss
in broiler chicken during winter time, from June to July 1993 (Brazilian winter). Male
Hubbard-Peterson broiler chickens, were fed ad libitum diets with two energy levels,
2,900 and 3,200 kcal ME/kg from one to 48 days of age. During this period ambient
and bird temperatures (rectal and skin temperatures) were measured two times a day
(before sunrise and zenith). The radiant heat loss (RHL) was calculated according StefanBoltzman equation (RHL=E.A.C. (T^s-T^g). A significant increase in the radiant heat
loss was observed in the broilers fed 3,200 kcal ME/kg with values above 20 watts as
compared with birds fed 2,900 kcal/ME/kg. There was also an increase in radiant heat
loss with the broiler's age. Weight gain and feed conversion were not significantly
related with dietary energy levels. The results of this experiment suggested that high
energy intake by broilers induced a high heat flow to skin which is lost to ambient at
120

low ambient temperature. Data also indicated that radiating heat loss was influenced
by dietary energy level and age.

EFFECTS
OF
ENVIRONMENTAL
TEMPERATURE
THERMOREGULATORY RESPONSES IN BROILER CHICKENS

ON

W.T.Zhou
Faculty of Applied Biological Science, Hiroshima University, Higashi-Hiroshima, 739, Japan
An experiment was conducted to determine the influence of environmental temperature
(ET) on thermoregulatory responses of broiler chicken. Four male birds, with 3.0±0.3
kg weight from 46 to 55 days old, were used in this experiment. The birds, which were
kept at 19°C, were exposed for 3 hours to one of five temperatures (11.5, 17, 22.5, 28
and 33.5°C) after 4 hours withdrawing food trough on the measurement day. Heat
production (HP), abdominal temperature (Ta), external ear duct temperature (Te), back
skin temperature (Tbs), comb surface temperature (Tes), shank skin temperature (Tss),
heart rate (HR) and respiratory rate (RR) were continuously measured during each
exposure. Below 28°C, both HP and HR decreased with increase in ET, and increased
above that temperature. Below 22.5°C, /ta, Te, Tbs and RR failed to increase with ET,
but increased above 22.5°C. The increase rate of both Tes and Tss became smaller with
ET. These data suggest that the optimum environmental temperature for the
thermorégulation of broilers is limited.

EFFECT OF HATCHER HOLDING TIMES ON PHYSIOLOGICAL
PERFORMANCE, BODY WEIGHT AND LIVABILITY OF BROILER CHICKS
Yl.Zabudski
Michurinsk State Agricultural Academy, Michurinsk, Tambov region, Russia
The experiment has been conducted to evaluate effect of different hatcher holding times
on peformance of broilers. Hatchers were opened after 504 hours from onset of incubation
and the first part of chicks (I) that had hatched was taken. The another part of chicks (II)
was marked and taken out of hatcher 20 hours later than I. The 2 and 35 day old broilers
of both trials were exposed to 40^C for 1 hours. At 0.5, 2 and 5 hours after heat stress
blood samples were taken. There were essential rise in values for the concentration of
corticosterone in 2 day old chicks after 0.5 hours from stress action by 25.6% and 48.0%
(I and II respectively P<0.05). Heterophils/lymphocytes ratio enhanced from 0.14 ± 0.06
to 0.27 ±0.11 (I) and from 0.42 ± 0.14 to 0.61 ± 0.12 (H) in 2 day old chicks. Values of
this test were similar in 35 day old chicks of both trials. Migration activity of blood's
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leucocytes was decreased by 46% (H) than in (I) on 35th day of fattening after 5 hours
from heat stress. Body weight and hvabihty waned by 6.7% and 3.4% (I) respectively
compared with (II) on 43rd of raising. These results suggest a correlation between the
hatcher holding time and the capacity of chicks to fit in the rearing conditions.

EFFECT OF FORCED MOULTING IN LAYERS ON THE INTERIOR
QUALITY OF EGGS
M.L.Sharma and J.S.Bhatti
Department of Animal Science, Punjab Agricultural University, Ludhiana-141004, Punjab,
India
An experiment on White Leghorn layers was conducted to study the effect of forced
moulting on the interior quality of eggs during post moult period. At 57 weeks of age,
594 White Leghorn females were moulted by California Forced Moulting Method.
During first laying cycle, the birds were given diet of 15 percent protein. During post
moult period, they were given ration containing three protein levels of 13% (Tl), 15%
(T2) and 17% (T3). The average egg weight in Tl, T2 and T3 were 54.7 ± 0.79, 56.4
± 0.92 and 57.2 ± 0.03g as compared to 52.9 ± 0.67g during their first laying cycle.
There was significant (P<0.05) improvement in egg weight and it was corresponding
to the increasing level of protein in the diet. Shell thickness (mm) of eggs in Tl, T2
and T3 were 0.342 ± 0.004, 0.340 ± 0.005 and 0.337 ± 0.005 respectively and it was
significantly higher (P<0.05) than first year egg shell thickness of 0.316 ± 0.005. The
albumen quality (Haugh Units) of eggs were significantly (P<0.05) better in the second
year with 13 and 17 percent protein diets. The yolk to albumen quality was also
significantly (P<0.05) more in post moulted period with 15 and 17 percent protein
diets. It may, therefore , be concluded that the interior quality of eggs can be improved
by forced moulting, providing 15 to 17 percent protein in ration.

ROLE OF VASOACTIVE INTESTINAL PEPTIDE FOR PROGESTERONE
PRODUCTION IN GRANULOSA CELLS OF THE HEN
M.KawashimaS T.TakahashiS T.Yasuoka^ M.Kamiyoshi^ and K.Tanaka^
^Department of Animal Science and Technology, Gifu University, Gifu 501-11, ^Department
of Oral and Maxillofacial Surgery, Gifu University School of Medicine, Gifu 500, and
^Department of Zootechnical Science, Tokyo University of Agriculture, Tokyo 156, Japan
Vasoactive intestinal peptide (VIP) is composed of 28 amino acid residues, and is known
to be localized in nerve fibers within theca but not in granulosa of hen ovary. The
122

present experiments were performed to demonstrate the presence of VIP receptor in
the ovarian follicle, and to elucidate effects of chicken VIP (cVIP) on primary monolayer
culture cells of the granulosa of hen ovary. Largest follicles were excised from White
Leghorn hens, and theca and granulosa layers were separated. The membrane fractions
of these tissues were obtained by centrifugation. After measuring the protein
concentration, the fractions were used for binding assays to '^^I-cVIP. Primary monolayer
day 2 culture cells prepared from the granulosa layer of largest follicle were incubated
at 38°C for 6 h in culture medium. (1:1 mixture of McCoy's 5 a medium and Ham's
F-17 medium) with or without various concentrations (1 to 1,000 nM) of cVIP. After
the incubation, the progesterone (P4) concentration in the medium was measured by
a RIA. The cVIP binding component in granulosa was shown to possess characteristic
properties of a receptor, such as binding specificity, high affinity and limited capacity.
However, no specific cVIP binding in theca was detectable following incubations in
various protein concentrations at 4°C for up to 16 h. The increase in the P4 concentrations
appeared to be dose dependent on cVIP added, from 10 to 1,000 nM. The results suggest
that VIP receptors present in the granulosa cells, and VIP may be related to the production
of P4 in the granulosa cells of hen ovary.

DEVELOPMENT OF THE SMALL INTESTINE IN HEAVY AND LIGHT
STRAIN CHICKS BEFORE AND AFTER HATCHING
Zehava Uni and David Sklan
Animal Science Department, Faculty of Agriculture, Hebrew University of Jerusalem,
P.O.B.12, Rehovot 76-100, Israel
Intestinal development was examined in Arbor Acres (AA) and Lohmann (L) chicks
from a week prior to hatch and until 10 days post hatch. In this period, the morphology
of the small intestine was examined in parallel with changes in concentrations of RNA,
DNA and protein of the small intestine tissue and with changes in enzyme secretion,
passage time and digestion. Histological observations showed that villus height and
perimeter increased 10 folds. Villus volume and enterocyte density was greater in AA
than L from hatching and the rate of change with age was similar in both strains DNA
concentration in small intestine tissue increased with age in parallel to the increase in
the number of enterocytes per villus. In the pre-hatch period, tissue activity as indicated
by RNA/DNA ratio, and ribosomal capacity, as shown by the RNA/protein ratio, were
high for both strains; AA embryos and chicks showed greater values compared to L.
The examined period shows that intestinal growth appears to arise mainly from cellular
hyperplasia and not from cellular hypertrophy. Enzyme secretion to the duodenum was
higher per gram of feed intake in AA birds on day 4 after hatching but thereafter no
differences were observed. Differences between AA and L chicks in passage time
were observed only up to day 10. Fatty acid digestion was raised from 80% to 90%
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in both strains. Starch digestion was consistently high 90-95% in AA chicks but raised
from 80% to 93% in L chicks. The use of DNA concentrations , RNA/DNA, RNA/
protein and protein/DNA ratios together with morphological and functional
measurements can be used for evaluating growth rate in chick intestine. The use of
these methods in parallel provides more sensitive information of the pattern of maturation
of the gastro-intestinal tract in chicks.

INVESTIGATIONS
ON HATCHING
CHARACTERISTICS OF SILKY FOWLS

PERIODS

AND

SOME

S.Ichikawa, M.Utsumi, Y.Moritsu and A.Terai
582, Bunkyoudai Ebeta, Rakuno Gakueu University, Hohkaide 690, Japan
Silky fowls are raised as a pet breed and were established as a natural monument in
1942 in Japan. The egg of Silky fowls is beheved to have medicinal properties. The
appearance of Silky fowls is explained in detail in a number of books. However, there
are very few reports investigating actual characteristics of Silky fowls. In this report,
we seek to investigate hatching periods and some of the Silky fowl's characteristics.
A total of 680 eggs of Silky fowls are collected from KUMAMOTO (K), MIE (M) and
GIFU (G) prefectures and HOKKAIDO (H). Moreover, the eggs of White Leghorn and
Rhode Island Red were used for comparison. The hatching period for G group was 19
days and 20 hours; that for H group was 19 days and 23 hours; that for K group was
20 days and 21 hours. The hatching period of the contrast group was 20 days and 20
hours. The hatching rate for K, H and G groups was 90, 95.8 and 89.1% respectively.
In addition, the female body weights for chicks, mature birds and adults were 26.629.2, 927-1130 and 1150-1350 g respectively. The total number of eggs produced in
one year was 60-75 and the egg weights were 37-39 g. The rate for broodiness was 2535%. From these results, the average hatching period for Silky fowls was calculated
to be 20 days and 4 hours. This period was shorter by one day than that of the contrast
group. Henceforth, we hope to eliminate broodiness for the improvement of egg
production.
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OXYGEN CONSUMPTION AND HEAT ELIMINATION WITH SPECIAL
REFERENCE TO LAYING AND NON LAYING W.L.H. HENS
N.S.Dravid and Dr.A.K.Ray
College of Agriculture, Opp. Civil court, Pune 411 005, India
The metabolic body size has been measured for birds of many different sizes and from
such data it is clear that:- 1. The heat production is affected by body weight. It is
related to the surface area of the body by which the heat is eliminated out and if surface
area might be factor then W2/3rd power of body weight (i.e. W2/3 or W^^) is a better
index of surface than to the weight of first power. The following factors are to be
considered : a. The surface area of hving bird is not constant b. Surface area as it relates
to heat loss, changes with the environmental temperature and also by developing heat
conserving and dissipation device (in birds-feathers), c. As the metabolic activity depends
upon the amount of active protoplasm in the living body and it is also very closely
related with neuro-endocrine system (Brody 1946). This factor is significantly affecting
on laying and non laying stages, d. Observations are recorded for Oxygen consumption
and heat elimination and weight of the laying and non laying birds are recorded and
plotted against the semilog graph paper.

SEX DEPENDENT THERMOSTABILITY OF PLASMA PROTEIN, LACTIC
ACID DEHYDROGENASE AND RBC IN CHICKEN
R.P.Moudgal
Central Avian Research Institute, Izatnagar U.P. 243 122, India
Thermostability of Plasma Protein, LDH enzyme and RBC in male and female chicken
and further the Physiological cause of difference was investigated. On standardization,
loss of Plasma protein on heating (90°C, 15 min) and filteration, change in LDH specific
activity (65°C, 15 min) and release of iron from RBC (60°C, 10 min) was estimated
in male and female WL chicken. The stability of all these traits was noted more in male
as that of females. This difference in RBC at least, is not due to blood plasma as after
three washing of RBC on saline dilution, centrifugation and above heating treatment,
the significant difference between sex existed of similar degree as that was with plasma.
Further these traits were assessed in sham operated male, orchiectomized and on daily
injection of 17 Beta estradiol (Img/kg, b.w.) for five consecutive days in orchiectomized
male. The stability in all these traits reduced significantly (P<0.01) on estrogen treatment
but no difference was noted between orchiectomized and sham-operated male. It is
concluded that higher thermostability in plasma protein, LDH and RBC in male is not
due to male hormone but the lower stability in female is on account of estrogen. Besides,
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higher RBC liability due to estrogen may also be responsible for lower Hb in female
as that of male.

GROWTH ANALYSIS IN WATERFOWL BY MEANS OF MAGNETIC
RESONANCE IMAGING (MRI)
S.WiederholdS U.Baulain^ E.Kallweit^ and H.Pinger
Institute for Animal Breeding and Animal Husbandry with veterinary Clinic, MartinLuther-University Halle-Wittenberg, Adam-Kuckhoff-Strabe 35,06108 Halle, Germany,
Institute for Animal Husbandry and Animal Ethology (FAL) Mariensee, Holtystrasse 10,
31535 Neustadt, Germany.
For several years Magnetic Resonance Imaging (MRI) has been known as diagnostic
tool in human medicine. In animal breeding MRI allows measurement of body
composition in a non invasive way in different livestock species (Kallweit et al. 1994)
as well. The technique of MRI, which produces cross sectional images of the body's
interior, performs excellent contrast between soft tissues. MR images of all duck species,
which are of commercial interest for fattening in Germany, were obtained from growing
Pekins, Muscovies and their crosses (Mulards) to compare the individual development
of valuable cuts (breast and leg muscle) during growth without dissection. Information
about development of valuable cuts (breast and leg muscle) during growth are very
important for decision of optimal slaughter age. By repeated MR measurements in the
same bird it is possible to determine quantitative changes of those cuts. Twenty male
and 20 female ducks of each species were measured at the following age : Pekins
3,5,7,9 weeks of age, Muscovies : 4,6,8,10,12 weeks of age, Mulards : 4,6,8,10 weeks
of age. Procedure of MR measurement, image analysis and volume calculation were
described by Wiederhold et al. (1995). After final MR measurement ducks were
slaughtered and dissected. Own results of volume measurements of valuable cut in this
non invasive way show excellent coefficients of correlation (r'-0.9) between volume
measurement assessed by MRI and dissection results (Wiederhold et al. 1994). The
quantitative development of valuable cuts will be compared between different species
and sexes. MRI is thus a useful tool for evaluating the effects of various factors which
influence the efficient growth of poultry.
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IMMUNOCYTOCHEMICAL LOCALIZATION OF SOME PITUITARY
HORMONES OF COCKERELS WITH DIFFERENT AGE
Zia-ur-Rahman^ and R.B.Chiasson^
^Department of Veterinary Physiology and Pharmacology, University of Agriculture,
Faisalabad 38040, Pakistan, ^Department of Vet. Sciences, University of Arizona, l\ieson,
AZ. USA
This study was conducted to demonstrate the localization and distribution of normal,
methimazole treated and castrated birds with age. A group of 105 newly hatched white
leghorn cockerels were divided into three groups, Group I was fed normal diet and
served as control. Group II was given 1.0% methimazole, while Group III was castrated
at the the age of 2 week, pituitary glands were obtained from each group at 4,6,8 and
10 weeks intervals. Avidin-biotin perovidase (ABC) kit was used for immunocyto
chemistry. Somatotrophs (STH) were stained in the caudal lobe. Significant increase
in the number of somatotrophs was observed between 4th and 10th weeks of age in
normal birds. Thyrotrophs (TSH) and lactotrophs (PRL) were stained in the cephalic
lobe. The population of thyrotrophs remain stable in control birds but increased in
castrated and MMI treated birds from 6-10 week old birds. MMI treated birds have
fewer stained PRL cells than do the birds of other groups. Gonadotrophs (LH only, and
corticotrophs (ACTH) were scattered in the pituitary of normal birds. Castrated birds
have significantly more cells than control birds. ACTH cells are darkly stained and
clustered at 4 and 6 weeks of age in castrated birds. Information regarding number of
particular cells suggest the correlation with serum hormones concentration at a particular
age group.

PERFORMANCE OF BROILER CHICKS FROM STORED EGGS AND WITH
DELAYED POST-HATCH NUTRITION WITH STARTING FEED DEFICIENT
IN LYSINE
Edwin T. Moran, Jr.
Poultry Science Department, Auburn University, AL 36849 USA
Response of chicks from eggs held in storage and with delayed post-hatch nutrition
was examined using feeds differing in lysine content. Broiler breeder eggs (Peterson
X Arbor Acre) stored for 2 weeks ( 14 C, 74% RH) suffered a loss in hatchability compared
to fresh (71.5 vs 87.5%). A 2 day delay in feed access led to a loss in body weight that
was similar for chicks from fresh and stored eggs (6g). Chicks receiving starter (24%
CP, 3.20 kcal AME/g) through the first 2 days gained the same, weight, regardless of
days eggs were stored and lysine content of the feed (+ 9g). Subsequent live performance
127

to 9 days indicated a linear decrease in response (P<.001) when feed having lysine at
the NRC (1994) requirement was progressively deficient (1.25,1.20 and 1.15%). Chicks
fasted exhibited poorer live performance than those given feed early, but, the repercussion
from reduced lysine was parallel to those given feed early. Egg storage did not influence
expression of lysine effects. Each sex acted similarly to all treatments. Initial protein
nutrition is not critical to chick performance when the bulk of yolk sac contents are
being used, regardless of alterations to the hatching egg with storage.

THE DIGESTIBILITY OF CARBOHYDRATES AND INTESTINAL
FERMENTATION OF CEREAL GRAINS IN POULTRY
DJamroz, J.Orda, A.Wiliczkiewicz and J.Skorupinska
Department of Animal Nutrition, Agricultural University, ul. Norwida 25,50-375 Wroclaw,
Poland
Experiments with chickens, ducks and geese in the age group of 20-59 days were
performed. Standard mixture I contained maize (64%), mixture II contained barely
63% and in mixture III the grain components were Wheat 33% and Rye (30%). The
crude protein contents in all mixtures were similar (18,9-19,2%) and the metabolizable
energy concentration at mean 11,8 MJ ME/kg. The levels of Beta-glucan were in mixture
1-6:3; in 11-27:5 and in III - 7:8 g/kg, the arabinoxylans levels were 21:1; 35:8 and 47:3
g/kg, respectively. The apparent digestibility of fibre fractions, pH, concentrations of
volatile fatty acids (VFA) in intestinal digesta were estimated. The NDF fractions were
digested by chickens at 17-34 %, the ADF at 0-7% and hemicellulose at 28-52 %. In
the ducks these determined values were as follows : 15-22%, 0-7% and 23-22%,
respectively. The digestibility of fibre fractions in geese were better than in other birds
and amounted 16-32%, 0-10% and 29-41 % respectively. Concentration of the VFA
in small intestine varied in the examined poultry species at 7;8-25;5 mmol/kg, in colon
12;8-42;3 mmol/kg and in caecums 105-195 mmol/kg of digesta. The highest level of
VFA have been estimated in intestine of geese. The share of acetic acid in total VFA
amounted in small intestine at 87-95%, in the colon at 77-90% and in caecum 45-60%.
Share of propionic acid changed from 2-6% in small intestine through 12-20 % of total
VFA in caecum. The species of poultry considerably influenced some parameters,
digestibility and fermentation process in intestine than the kind of used grains. Lower
values of the fibre fractions digestibility coefficients were estimated in the ducks.
Production of VFA in intestinal lumen was higher in the ducks and geese than in chickens.
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EFFECTS OF SHORT TERM FEEDING OF ZINC OXIDE SUPPLEMENTED
DIET ON LAYING PERFORMANCE AND EGG ZINC CONTENT OF LAYING
HENS
Zhang Minhong, Chen Lu, Jin Yueying and Zhong Yongan
Institute of Animal Science, CAAS, Beijing, 100094, P.R.China
One hundred and ninety two pullets were given practical diets containing ZnO to provide
0, 100, 500, 1000, 2000 and 3000 Zn mg/kg diet. In the present trial the reduction in
Qgg production and feed intake and regression of ovary and oviduct were obvious when
the added ZnO level was over 2.0 g added Zn/kg diet. Addition of ZnO at the rate if
l.Og/kg had no significant effect on laying performance but raised 31% Zinc in the
edible part of egg.

AN EXPERT SYSTEM FOR LAYER FEED FORMULATION — A CASE
BASED REASONING APPROACH
Xu Wangen
Animal Science Institute, Academy of Agricultural Sciences Beijing 100094, P.R.China
The layer feed formulation is an experience rich problem in which many factors must
be taken into account. ICMIX, an expert system with case-based reasoning, is illustrated
in this paper. In the system, the structure of the case is programming-model-oriented.
The case is divided into two subcases ingredient subscase, which is an ingredient list
and their constraints, and nutrition subcase, which is a nutrition list and their constraints.
The basic case in the case base reflects the layer's dietary types and feeding standards
under common application condition. These basic cases are modified to adapt to practical
application conditions according to the rules and mathematical models in the knowledge
base. For the purpose of least-cost feed formulation a linear programming procedure
LP is applied to the modified case. In some situation of unsolvable LP models, the
modified cases will be further adjusted according to the rules in knowledge base.
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FULL-FAT ROSELLE SEEDS (Hibiscus sabdariffa) AS A FEEDSTUFF FOR
BROILER CHICKENS
EA.Elzubeir, H.A.Elbashier and F.I.M.Salih
Department of Poultry Production University of Khartoum, P.O.Box 32 Khartoum North
Shambat, Sudan
A feeding trial was conducted to determine the effects of including roselle seeds (fullfat raw) on broiler performance and to examine the influence of water treatment on
their nutritive value. Day old male broiler chicks were divided into six groups and
fed starter mash, containing 0,7.5,15 and 22.5% roselle seeds without being subjected
to any treatment, 22.5% roselle seeds soaked in water for 48 hrs, and 22.5% roselle
seeds crushed and soaked in water for 24 hrs, for four weeks. Roselle seeds were analyzed
for proximate composition before and after water treatment. They contain 23.8% crude
protein, 22.1% ether extract, 18.6% crude fiber 1.9% calcium and 0.74% phosphorus.
Results revealed that there was a linear reduction (P<0.01) in feed intake whereas,
mortality, body weight at four weeks of age, weight gain and feed: gain ratio were not
significantly affected by the level of roselle seeds. Soaking roselle seeds for 48 hrs had
no significant effect on body weight at four weeks of age, weight gain, feed intake but
it reduced (P<0.05) mortality rate. On the other crushing and soaking of roselle seeds
for 24 hrs didn't improve any of the parameters measured. These data suggest that the
effect of feeding roselle seeds appears to be primarily on feed intake.

VITAMIN LEVELS IN THE US BROILER FEEDS AND EFFECT OF GRADED
VITAMIN LEVELS ON STRESS CHALLENGED BROILER
A.H.A.Troescher and M.B.Coelho
BASF AG, Fine Chemicals, 67056 Ludwigshafen, Germany BASF Corporation, Mount
Olive, NJ, USA
The poultry industry in the US has concluded on its own that vitamin supplementation
of complete feeds is an important consideration in profitable broiler production. That
conclusion was reached by feeding vitamin levels that far exceed (2 to 10 times) NRC
(National Research Council) values. This was the result of a recent survey where vitamin
levels in the US poultry industry were monitored. The objective of a field study was
to determine broiler performance and carcass characteristics feeding either NRC vitamin
levels reported in the 1994 brochure or various practical industry supplementation
rates as obtained from the vitamin survey: industry lowest 25 %, average, highest 25%
and highest 5% levels. Broilers were reared under three different multi-stress regimes,
which simulated a wide range of field conditions : graded challenge with E.coli and
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Eimería, graded stocking density and feed peroxide level and three planes of nutrition.
Litter was either new, 50% or 100% old. It involved 9600 birds in a 5 x 3 factorial
design (vitamin x stress levels). The pooled data analysis across stress levels indicated,
that the best (P<0.05) feed conversions were achieved by feeding the Hi25% to Hi5%
vitamin supplementation. Broilers reared at relatively high stress conditions reached
maximum body weights (p<0.05) at high 25% and feed efficiency improved at high
5%. Higher levels of vitamin supplementation improved (p<0.05) body weight
uniformity, processing weights and breast meat. The economic analysis indicated that
under all stress levels, NRC gave the lowest and the Hi-5% level the best profitability.

INVESTIGATION ON THE RESIDUAL AMOUNT OF DIGESTA OF FASTING
ROOSTER
Cheng Xuexiu and Zhang Ziyi
Institute of Animal Sciences, CAAS, Beijing, 100094, P.R.China
Two trials with 3 five months or 4 adult Leghorn roosters of each were carried out to
investigate the residual amount of digesta when a roughage (leafmeal), energy (com
meal) or protein (soybean meal) was respectively forced-fed after 32h fasting. The
roosters were subjected to three sampling time (at post-feeding 24, 28 or 32h). The
results showed that the emptying rate of leaf meal was the slowest if three feeds and
the ratio (DM/DM) of the residual amounts of digesta to feed intake after 32h fasting
was 15.8% for leaf meal, 7% or less for com meal and soybean meal. It is concluded
that it is necessary to define emptying duration when deciding on a plan for measuring
Apparant Metabolisable Energy (AME) of each feed, and the least fasting time was 32
hours.

MATERNAL DIETARY EFFECT ON THE FATTY ACID AND TOCOPHEROL
METABOLISM IN THE DEVELOPING CHICK EMBRYO
G.H.QÍ, G.Cherian and J.S.Sim
Agri. Food and Nutrí. Sei., Univ. of Alberta, Edmonton, AB T6G 2P5, Canada Feed Research
Institute, Chinese Academy of Agri. Sei., Beijing,100081, P.R.China
This study was conducted to evaluate the fatty acid and tocopherol metabolism of the
developing chick embryo from the eggs of laying hens fed a diet with different oiloriented fatty acids, n-3 poly un saturated fatty acids (PUPA) high in C18:3n3 of linseed
oil, veiy-long-chain n-3 PUPA high in C22:6n3 of menhaden oil, saturated fatty acids
of palm oil, and n-6 PUPA of sunflower oil, without or with natural tocopherol
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supplementation of 700 mg/kg diet. Yolk sac (yolk) and liver samples were taken on
0,15,18 and 21 days of incubation for fatty acid and tocopherol analyses. Egg yolk
fatty acid composition and tocopherol content were significantly influenced by their
contents in laying hen diets. Tocopherol supplementation in laying hen diet had
significant effects on the composition of some fatty acids in the egg yolk lipids.
Utilization of fatty acids in the egg yolk lipids was not influenced by the maternal
dietary treatments. C20:4n6 and C22:6n3 in yolk sac lipids were preferentially consumed
during the embryo development of the chick embryo. Yolk sac tocopherol utilization
was relevant to its fatty acid composition. Maternal dietary treatment had significant
effects on the fatty acid composition of embryo liver lipids. The liver possibly acts as
a storage and supply site for the PUFA during the early development of the chick
embryo. Tocopherol content in the maternal diets had signiñcant effects on the tocopherol
level of the chicken embryo.

STUDIES ON THE BIOAVAILABILITY OF VARIOUS ZINC SOURCES IN
BROILERS
Wang An and Xu Zhenying
Northeast Agricultural College, Harbin, P.R.China
Bioavailabilities of various zinc sources (sulfate, oxide, chloride, nitrate, acetate,
gluconate, wheat bran, rice bran, millet bran) in broilers were studied by means of zinc
utilization, zinc retention and zinc concentrations in some tissues. The results showed
that significant differences were found in bioavailabilities among various zinc sources
and also zinc levels had much effect on it. Bioavailability of zinc from inorganic sources
was higher than ones from plant sources.

LINOLEIC ACID INFLUENCE ON PRODUCTIVE PERFORMANCE AND
EGG WEIGHT WHEN LAYING TENDS TO CLIMAX IN HYBRID LAYERS
V. Stefanescu
Institute of Research and Technology for Poultry and Small Animals, Balotesti, 8113 Romania
The experiment included 576 leghorn hybrids and investigated the effect of two linoleic
acid levels (1.5 and 2.2%), metaboUzable energy also varying (2750-2850) on productive
performance and egg weight between 20 and 30 weeks of age. Diets administered are
presented in the table.
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Parameter

ME(Kcal/kg)
CP(%)
Linoleic acid (%)

Experimental flocks
Fl

F2

F3

F4

2750
17
1.5

2750
17
2.2

2850
17
1.5

2850
17
2.2

Linoleic acid content in the feed was achived by including sunflower oil (0.5-2.8%).
Our results indicated that egg production, specific intake per egg and per hen as well
as body weight were not influenced by the Hnoleic acid content. Egg weight(23-26
weeks) was greater in experimental flocks with 2.2% linoleic acid, by 2 gr. afterwards,
only F2 had greater eggs by almost one gram. The percentage of eggs heavier than 50
grams was higher by 15% in F2 and F4 only from 23 to 24 weeks. After this age,
differences disappeared. The cost of diets with high content of linoleic acid was not
greater than usual since com was replaced by barley and wheat which are cheaper.

FATTY ACID COMPOSITION OF SPERM LIPIDS IN RELATION TO DIET
IN BROILER BREEDER MALES
L.G.Cavalchini\ K.Kelso^ S.Cerolini^ F. PizzF, R. Noble^ B. Speake^ and N.H. Sparks^
^Istituo di zootécnica, via Celoria 10, 20133 Milano, Italy, ^Biochemical Sei. Dept, SAC,
Auchincruive, Ayr KA6 5HW, UK ^I.D.V.GA., C.N.R., via Celoria 10,20133 Milano, Italy
The aim of the experiment was to verify if the fatty acid composition of lipids in
semen of broiler breeders changes in relation to lipid composition of the diet. A control
soyabean oil diet rich in linoleic acid (18:2n-6) was compared with an experimental
linseed oil diet rich in linolenic acid (18:3n-3). Diets (12.5% CP, 11.5 MJ ME/kg) were
offered @ 130g/day/bird. Semen samples were collected twice a week (n=30). At 24,39
and 54 weeks of age, spermatozoa were separated from seminal plasma by centrifugation
(3000 rpm, 20 min, 5°C) and washed twice with 0.9% NaCl. Total lipids were extracted
from spermatozoa and seminal plasma in chloroform:methanol; major lipid classes
(phospholipids, free fatty acids, triacylglycerol and cholesterol ester) were seperated
by Thin Layer Chromatography and fatty acid compositions were determined by
capillary Gas Liquid Chromatography. No differences were observed in the fatty acid
composition of the lipid classes between groups at the beginning of the experiment (24
wk). The fatty acid composition of phospholipids, the major lipid class, differed
significantly between groups at 39 and 45 weeks of age. No changes were observed
in other lipid classes. The most evident effect of supplying the 18:3n-3 rich diet was
an increase in the concentration of 22:5n-3 in both spermatozoa and seminal plasma
phospholipids; by contrast no difference was observed in 22:6n-3 (DHA) content. These
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results suggest that the lack of n-3 fatty acids in avian semen may be partially related
to the standard composition of diets in which there is virtual absence of linolenic acid
and therefore n-3 series precursors. A deficiency in desaturase enzyme activity may
in turn be responsible for the low DHA content of avian sperm compared to other
animal species.

LOW GOSSYPOL COTTONSEED MEAL AS A SUBSTITUTE FOR
SOYABEAN MEAL IN A-F BOSBEK PULLET DIETS
G.CAnku
Akropong Farms Ltd., P.O.Box 3875, Kumasi, Ghana, West-Africa
A ten-week feeding trial was conducted to determine the possibility of totally replacing
low gossypol Cottonseed Meal with Soyabean Meal and to determine the growth
performance, feed utilization, cuUing percentage, mortality rates and overall production
cost of pullets reared under hot humid tropical environment in Ghana. (The A-F
BOSBEK is locally developed strain/breed for the tropics). Twelve thousand growing
pullets of 10 weeks of age were randomly divided into three long blocks labelled A,B
and C. Three diets were formulated to contain 2.600 kcal/kg Metabolizable Energy
(M.E.) and 15.7% Crude protein. Diet A had 9% Soyabean Meal (SBM), Diet B, 9%
Cottonseed Meal (CSM) and Diet C, combination of (SBM) and (CSM) in balanced
proportions. Diet A, B, and C, were fed to corresponding blocks. There was random
weighing of birds at the close of each week. Mean growth, feed intake, culling
percentages and mortality rates were compared using the analysis of variance with two
factors. The results of the feeding trial showed that there were no significant differences
(P<0.05) on the parameters. Therefore at 9% inclusion, SBM can satisfactorily be
replaced with a low gossypol CSM.

GROWTH RESPONSES TO DIETARY ENERGY AND PROTEIN
VARIATIONS FOR COMMERCIAL BROILERS FROM DWARF DAMS
P.S.Mahadik, A.G.Khan, and J.K.Bhardwaj
Department of Poultry Science, JNKVV, Jabalpur 482004, M.P., India
Broiler progeny from dwarf dams mated to two different sire lines expressed growth
in favour of G2 genotype. Gl gained more weight when fed El (2800 ME Kcal/kg) than
E2 (3000 ME Kcal /kg) energy level. On the contrary, increasing protein from 21 to
23% supported 186 to 260 g. more weight in G2 than Gl. Consequently El P2
combination fed chicks gained 230 to 246 g more weight than those fed El PI. The
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energy x protein interactions were statistically significant. GxExP interactions were
highly significant irrespective of age. G2 El P2 males and females weighed 1448 and
1415 g. at 6 weeks of age respectively. Minimum weights were recorded for Gl El
PI diet. Two sire lines influnced growth of chicks differently from dwarf dams with
reference to dietary energy and protein content. Contribution of various factors to total
phenotypic variability showed genotype (14.7 to 29.7%) and 3 way interaction (12.2
to 34.5%) were important and more so in males. Dwarf dams weighing 27 Ig. produced
2.33 to 2.45 heavier broiler chicks at 4 weeks and the ratio increased to 2.79 to 2.94
at 6 week of age. (430 g. dwarf dam weight.)

THE DETERMINATION OF MAXIMUM NUTRIENT DEPOSITION AND
UTILISATION IN THE CHICK UTILISING AN n-COMPONENT SYSTEM
GA.Smith, M.J.van der Linde, R.MoUer and H.T.Groeneveld
University of Pretoria, Pretoria, 0002, Republic of South Africa
A five-component system, as an example of an n-component system was used to
determine maximum nutrient deposition and utilisation in the chick, between 1 to 21
days of age, when five dietary factors were varied simultaneously. The birds and housing,
diets and the statistical evaluation of this study were fully described in the previous
paper. Diet 20 containing 414.2 g/kg starch, 206.0 g/kg protein, 13.0 g/kg lysine, 4.5
g/kg methionine and 34.3 g/kg fat was identified as the dominant area for maximum
protein deposition and efficiency of protein and energy utilisation in the chick. Diet 2
with the following nutrient concentrations: 182.6 g/kg protein 9.6 g/kg lysine, 4.5 g/
kg methionine, 43.0 g/kg fat and 425.4 g/kg starch resulted in maximum fat deposition
in the chick. For maximum energy deposition in the chick, diet 56 with a protein
concentration of 268.2 g/kg, a lysine concentration of 16.0 g/kg, a methionine
concentration of 9.0 g/kg, a fat concentration of 54.0 g/kg and a starch concentration
of 347.1 g/kg was identified.

THE EFFECT OF POULTRY DRY MANURE MEAL INTRODUCED IN THE
DIET ON LAYER PERFORMANCE
Tr.Balbaie^ S.Plamadeala^ V.Mateescu^ G.BianuW.Stefanescu', and D.Stefanescu^
'Institute of Research and Technology for Poultry and Small Animals, Balotesti, 8113,
^National Institute of Veterinary Medicine, Pasteur, Bucharest, ^The Central Laboratory
of Animals Products and Foods Control, Bucharest, Romania
The experiment included 10702 Albo hybrid layers (72-75 weeks of age) housed in 3135

tier pyramidal cages, on four rows. Compared to the controls (VI), the experimental
flock received 5% manure meal, during a 7 day adjustment period. Subsequently, for
3 weeks, the chickens belonging to the experimental flock (V2), have received a diet
with 10% dry manure meal previously tested for chemical structure and bacteriological
state. Over the whole surveyed period, the gain in egg production was of 7218 eggs.
Thus, laying intensity for V2 was 55% greater compared to that of VI(49%), the
differences being statistically significant ( P<0.1%). The mortality in both flocks ranged
within the technological limits for the Albo hybrid management (0.7%-1.18%). Meat
and egg quality were chemically tested, demonstrating that it satisfied the requirements
for the human consumption. The content of organochlorurate and phosphoric pesticides,
aflatoxins and heavy metals were within the permissible limits of the EEC protocol no
86/363.

EFFECTS OF PHOSPHORUS AND VITAMIN D3 WITHDRAWAL IN THE
FINISHER DIET OF BROILERS
Yuming Guo, Xianping Shao, Jiaoli Ding, Yuquing Zhu and Yuping Zhou
Department of Animal Nutrition And Feed Science, Beijing Agricultural University, Beijing
100094 P.R.China
Two experiments were conducted to examine the effects of dietary calcium, available
phosphorus (aP), vitamin D3 levels in finisher diets on the performance and tibia
mineralization of broilers, in order to find an economical allowance of phosphorus and
vitamin D3. In experiment one, 560 five-week-old chicks were allocated to three groups
fed mash corn-soybean meal type finisher diets with different calcium (0.80%, 0.58% and
0.37%) and aP (0.30, 0.22% and 0.14%) and the ratio of calcium to aP maintained at
about 2.65:1, The data of experiment one show that the dietary calcium and aP can be
lowered to 0.37% and 0.14% respectively without any influences on the growth, feed
conversion efficiency, mortality, visual leg disorders, and tibia Mn and Zn concentrations
of broilers, but tibia ash, calcium and phosphorus concentrations were decreased
significantly (P<0.05). In experiment two, 254 five-week old chicks were allocated to 5
groups fed the same type finisher diets as in experiment one, with calcium 0.80% and aP
0.30% in group A calcium 0.85% and aP 0.22% in group B, calcium 0.90% and aP 0.14%
in group C, calcium 0.37% and aP 0.14% in group D, Calcium 0.37% and aP 0.14% but
vitamin D3 15(X)IU/kg withdrawn in group E. When dietary aP level decreased to 0.14%,
calcium level as low as 0.37% or as high as 0.85% did not affect growth, feed conversion
efficiency and tibia bone minerahzation, and vitamin D3 withdrawal lowers the tibia ash,
calcium and phosphorus but did not influence the growth, feed conversion and visual leg
weakness. Removing the dicalcium phosphate and substituting the limestone for it, the
dietary calcium level reached 0.90% the extreme wide ratio of calcium to aP (6.43:1)
significantly depress the growth, feed utilization and tibia mineralization but the Mn and
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Zn retention in the tibia were not influenced, the conclusion from these two experiments
is in broiler finisher diet, available phosphorus allowance can be 0.14%, and calcium level
can be increased to 0.85% or decreased to 0.37% and the vitamin D3 can be withdrawn
without detrimental effects on the performance of chicks.

EFFECTS OF AMBIENT TEMPERATURE AND BIOASSAYS ON
METABOLIZABLE ENERGY VALUES OF POULTRY DIET
Yang Lin, Du Rong and Zhang Ziyi
Institute of Animal Sciences, CAAS, Beijing 100094, P.R. China
One hundred forty adult star-cross 579 roosters and the 3x3x2 or 3x2x2 factorial design
were adopted to investigate the effects of ambient temperatures, bioassays and diet
types on metabolizable energy values of the poultry diets. Ambient temperatures ranged
from 5-15°C, 20-25"C, 30~-36°C. Bioassays included the conventional, the TME-32h
and the TME-48h methods. Ambient temperature (Ta) had significant effects on values
of apparent metabolizable energy (AME) and true metabolizable energy (TME) of the
diets, and excreta amounts of endogeneous energy (EEL). AME were decreased under
the condition of low temperature (5~15''C) compared with moderate temperature
(20~25''C) : EEL, TME were decreased in the environment of high temperature
(30-3ó'^C). In the range of moderate temperature, AME values measured by three
methods had no difference. Results indicated that there were some interrelations between
temperature, bioassays and diets on AME, TME and EEL measurements.

A COMPARISON OF THE EVALUATION METHODS OF APPARENT
METABOLIZABLE ENERGY OF CHICKEN FEEDS
Wu Keqian, Chen Xuexiu, Li Wenying and Zhang Ziyi
Institute of Animal Sciences, CAAS, Beijing 100094, P.R.China
There is complexness for evaluating the AME of the feeds for chicken. The present
study was conducted to compare the values of AME of five different feeds by four
evaluating methods: substitution (ST), duality simultaneous equation (DS), inserting
(IS) and formula prediction (FP). It showed : (1) They affect the value of AME with
amount of substitution in the ration. (2) Both the DS method and the IS method are
time consuming. (3) The FP method seems useful for evaluating the AME values of
chicken feeds under the ideal experimental conditions which is labor saving. The result
of regression method is comparable to that determined with the traditional method
under well controlled experimental conditions.
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EFFECT OF SUBSTITUTION OF SOYBEAN AND FISH MEAL PROTEIN BY
LYSINE AND METHIONINE IN BROILER DIETS
D.Stefanescu, Tr.Balbaie, V.Stefanescu and T.Pop
Institute of Research and Technology for Poultry and Small Animals, Balotesti, 8113,
Romania
An experiment was conducted in 1994 at I.E.P.P.A.M., Balotesti, in which the effect
of synthetic amino acids supplementation (with DL methionine and L-lysine HCL) on
28 day broiler performance was examined. Average daily gain and feed consumption
were recorded. The results indicated that partial replacement of proteinic ingredients
in the control rations (soybean grits + fish meal) could be replaced with the amino acid
supplementation upto 48% with comparable broiler perfonnance. This has also resulted
in a saving of 9-20% in the protein component in the diets and a significant reduction
in the cost of broiler feeding.

RESPONSE OF COMMERCIAL BROILERS TO DIFFERENT PROTEIN AND
ENERGY COMBINATIONS IN HOT-DRY TROPICAL CLIMATE
S.S.Nagra and J.S.Chawla
Department of Animal Science, Animal Nutrition and Forages, Punjab Agricultural
University, Ludhiana-141004, India
Response of commercial (IBL-80) broilers to 9 combinations of three protein levels
(20,22,24%) each with three levels of ME (2500, 2700, 2900 K cal/kg) was studied in
a 3x3 factorial arrangement during the hot-dry (May-July) season, in an environmentally
uncontrolled poultry house. Three hundred twenty four healthy, day old chicks were
randomly divided into 27 groups, and housed in floor pens. Each diet was fed to three
groups from day one to 56th day of age. The average maximum and minimum
temperature recorded during the experimental period was 43.67 ± 3.10°C and 24.96 ±
1.79°C respectively, and the average relative humidity was 50.36 ± 7.38%. Both protein
as well as energy levels of the diet had significant (P<0.05) effect on body weight, feed
consumption and efficiency of feed utilization but did not influence the size of shank
or keel, meat to bone ratio and evisceration percentage. Abdominal fat deposition and
breast angle increased with increase in energy concentration. The protein x energy
interaction was significant for growth rate and efficiency of feed utilization. The best
interaction response on growth rate was reflected in 22% protein with 2700 K cal ME/
kg diet and on efficiency of feed utilization in 24% protein with 2900 K cal ME/kg diet.
The minimum amounts of protein and energy per unit body weight gain were required
respectively in 20/2900 and 24/2900 combinations.
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SUNFLOWER MEAL ENRICHED WITH ENERGY AND AMINO ACIDS IN
THE DIETS OF LAYERS
D. Gerendai, Kh.El. Sherif and T. Gippert
Institute of Small Animal Research, H-2101 GodoUo, P.CBox 417, Hungary
The aim of the experiment was to detemine the effect of application of a sunflower
meal preparation (sunflower meal, sunflower seed and synthetic amino acids) to replace
soybean meal in the feeding of layers. The control diet contained 17.73% soybean
meal. The preparation of sunflower meal was substituted for soybean meal at levels 5,
10 or 15% of the experimental diets. The experiment was carried out with TETRA-SL
layers between 22-62 weeks of age. The sunflower seeds used to enrich energy
favourably influenced the ME value of feeds. The egg production was 88.2% in the
control group, in the experimental groups it ranged between 86.5 to 87.7%. The feed
consumption in the control group was 121 g/day while in other the experimental groups
changed between 117.8 to 120.5 g/day. The sunflower meal preparation had favourable
effect on the shell quality. No significant differences were observed among treatments
in all criteria. This sunflower meal preparation can be included favourably in layer
rations upto 5-15% to replace soybean meal.

DIGESTIBILITY OF NITROGEN AND CERTAIN AMINO ACIDS IN
SOYBEAN AND FISH MEALS IN POULTRY
D.Sapcota and T.S Johri
Central Avain Research Institute, Izatnagar - 243122, U.P., India
Samples of Soybean meal (SBM) and fish meal (FM) were collected across the country
and were analysed for contents of nitrogen (N), lysine (L), methionine (M) and
tryptophan (T). Ten samples of each feedstuffs were selected on the basis of their
variabilities in chemical constituents and were utilized for the estimation of digestible
N,L,M and T using true metabolizable energy bioassay with caecectomized roosters.
True digestibility of nitrogen in SBM ranged from 76.6% to 95.0% whereas in FM,
it varied from 73.4 to 95.1%. Bioavailability of L,M, and T (84.5, 92.5 and 89.8%
respectively) in SBM was found to be higher than in FM (82.8, 83.3 and 76.3%). The
true digestible nitrogen (TDN) showed significant correlation with true digestible lysine
(TDL), methionine (TDM) and tryptophan (TDT). Basing on such relationship prediction
equations were developed to estimate true digestible amino acids. These equations
were SBM TDL (%)= -1.48 + 0.98X, TDM (%) = 61.30 + 0.36X, TDT (%) = 59.29
+ 0.35X, FM - TDL (%) = -39.99 + L39X, TDM (%) = -50.52 + 1.52X, TDT (%) =
-83.60 + 1.8IX, where X is TDN (%).
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METABOLIZABLE ENERGY CONTENT OF POLANG (Callophyllum
inophyllum) OIL CAKE IN CHICKS
B.K.Sahu, P.K.Dehuri and U.N.Pattanaik
Department of Animal Nutrition, Crissa University of Agriculture and Technology,
Bhubaneswar-751003, India
An experiment was conducted on 100 day-old commercial layer chicks to determine
the metabolizable energy (ME) content of polang (Callophyllum inophyllum) oil cake
(POC) containing crude protein, 25.78; ether extract, 7.71; crude fibre, 8.35; ash, 1.38;
calcium, 0.76 and phosphorus, 0.98 in percentage on dry-matter basis. Test diets were
formulated incorporating POC at 0, 5, 10 and 20 percent replacing equal proportion
of the reference diet to determine the ME in classical method. The classical ME and
N- corrected ME of POC were found to be 1861.00 and 1860.77 cal/g of dry-matter,
respectively. Higher level of inclusion of POC in the diet caused a radical drop in ME
value of POC which might be due to presence of callustralin, a toxic factor. POC in
the ration depressed the growth of chicks but the depression was not significant (p>0.05)
upto 10 percent inclusion of POC in the ration. POC in the ration depressed the feed
efficiency. It is concluded that POC having 1861 cal/g of ME on dry-matter basis may
be used up to a level of 10 percent in the chick ration.

THE EFFECT OF TWO DIFFERENT METHIONINE SOURCES
SUPPLEMENTATION ON BROILER FEATHERING AND PERFORMANCE
B.Ruiz-Lopez^ C. Lopez-Coello^, J. Arce^, and E. Avila^
^Novus International, Inc., Bosque de Ciruelos 194-PM, 11700 Mexico, D.F., Mexico
^Depto. de Producion Animal-Aves, FMVZ, UNAM, Ciudad Universitaria, 04510 Mexico,
D.F., Mexico. WIFAP, Morelia, Mich., Mexico
The purpose of this study was to evaluate the effect of two different sources of
methionine, namely 2-hydroxy-4-methylthio butanoic acid (HMB) supplied as Alimet,
feed supplement, an 88% aqueous solution of HMB, and D,L-methionine (DLM)
supplementation on feather weight in broiler chickens and to determine differences in
feathering between two strains. One day-old chicks (50% males/50% females) from
two commercial strains (feather-sexable [FS] and standard [S]) were placed 100 per
pen in 28 pens in a commercial-type poultry house. A three-phase ad libitum feeding
program was used during the 7-week trial. The basal diet provided all the nutrients
meeting or exceeding the Maryland (1993) requirements, except for TSAA. The two
additional diets included equimolar supplementation of methionine activity to the basal
diet in the form of HMB (88% activity) and DLM (99% activity) to meet 100% of the
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Maryland TSAA requirements. Results at 49 days old show the basal diet was deficient
in TSAA as both supplemented diets produced significantly higher (P<0.01) weight
gain and feed consumption than the basal. Feather weight, relative to the bird weight,
showed no differences (P<0.05) between feed treatments. S chicks had significantly
heavier body weight than FS (P<0.01). However, FS birds had significantly (P<0.01)
greater feather weight than S. It is concluded that relative feather weight is unaffected
by any of the three feed treatments, but rather is related to other factors.

THE RELATIONSHIP BETWEEN THE PLASMA VERY LOW DENSITY
LIPOPROTEIN AND THE LAYING PERFORMANCE OF HENS
Lin HaiS Du Laizhen^, Wu Qingwu^ and Yang Quanming^
^Institute of Animal Science, Chinese Academy of Agricultural Sciences, Malianwa, Haidian,
Beijing 100094, P.R.China
^Department of Animal Science, Shandong Agricultural University, Taian, Shandong, 271018
P.R.China
The relationship between the content of plasma very low density lipoprotein and egg
weight, egg production (g/hen/day) and laying rate (%) was studied with Jingbai hens.
A significant correlation (P<.05) was observed between the plasma very density
lipoprotein and the laying rate; the correlation coefficients were 0.44 (n=30) and 0.85
(n=6) in experiment 1 and 2, respectively. The correlations between the plasma very
low density lipoprotein and egg production and egg weight were not significant in the
two experiments.

ABILITY OF WHITE LEGHORN, ASEEL AND KADAKNATH CHICKS TO
UTILIZE DIETARY NUTRIENTS
A.V. Elangovan, S.V.S Verma and S.K. Gowda
Central Avian Research Institute, Izatnagar-243122, India
A balance study was conducted to evaluate the response of 9-wk- old chicks from three
genotypes viz., a high laying strain of White Leghorn and two indigenous breeds, Aseel
and Kadaknath to utilize nutrients from high or low nutrient density diets composed
of locally available ingredients. Each of the two diets (Dl:20% CP, 11.71 MJ ME/Kg;
D2 : 15% CP, 10.04 MJ ME/Kg) was offered ad lib. as mash to 12 chicks (2 birds to
a cage) housed in metabolic cages for a 10-d period including the last 4 days when
intake and outgo of dietary DM and major nutrients were qualified. The mean daily
feed intake of WL, Aseel and Kadaknath chicks on diet Dl was 56.6±2.1,67.1±1.9 and
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53.5±1.5 g, respectively. The corresponding values in dietary group D2 were 67.8±0.7,
76.4±2.1 and 67.1±0.8 g. The DM digestibility irrespective of breed or diet varied
insignificantly between 67.0±0.9 and 68.7±0.7%, and that for nitrogen retention between
29.3 and 36.9%. The data indicated that both the WL and Kadaknath chicks appeared
to have a similar but lower nutrient needs as compared to those of the Aseel which
tended to derive a higher amount of N from the low-density diet. The results indicate
a further need to explore the possibility of lowering dietary protein content during the
growing phase of such genotypes to help economize on feed cost.

PHOSPHORUS AVAILABILITY, PERFORMANCE AND BLOOD
PARAMETERS IN BROILERS FED ROCK PHOSPHATES AND FEED GRADE
PHOSPHATES
J.M.F. Garzillo, F.R. Lima, V.W. Hays, J.I.M. Fernandes, I. Mabe, M.Albano Jr and
R. Albuquerque
Faculdade de Medicina Veterinaria e Zootecnia, Universidade de Sao Paulo, Pirassununga,
SP 13630-00, Brazil
A 21-day study was conducted to evaluate phosphorus availability (PA), body weight
(BW), feed intake (FI), feed/gain ratio (FG), blood plasma Ca, F and ALP for broilers
(one thousand male hubbard chicks; 10 birds/battery cage) fed different levels and
sources of P. Phosphate sources were three samples of feed grade commercial phosphates
(FP), two made in Brazil and one made in USA; seven samples of raw rock phosphates
(RP), five from Brazilian mine sites, one from USA and one from Israel; one purified
grade tricalcium phosphate (TP). Purified grade calcium phosphate dibasic (PDF) was
the reference standard. Phosphates were added to the com/soy basal diet (22% protein;
.38% total phosphorus +.08%P from PDF) to provide .08 and .16% supplemental P.
Ca level was 1.0% for all diets. The availability of phosphorus for each phosphate
source was determined by slope ratio, with BW regressed on F added within each F
source. BW, FI and plasma F increased (p<.05) and plasma Ca decreased (p<.05) with
increasing dietary F regardless of source. BW, FI and plasma F values were higher
(p<.05) for FF (729.2g; 1073.8g and 7.4mg/100ml, respectively) than for RF (679.9
g, 1003.2g and 5.8mg/100ml respectively). Availability ranged from 84.8% to 96.9%
for FF and from 39.2% to 74.7% for RF. Availability, performance and blood parameters
were all depressed by rock phosphate feeding.
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AGRICULTURE GRADE AND FEED GRADE PHOSPHATES EVALUATION
FOR BROILERS
J.I.M. Fernandes, F.R. Lima, V.W. Hays, I. Mabe, J.M.F. Garzillo, M. Albano Jr and
R. Albuquerque
Faculdade de Medicina Veterinaria e Zootecnia, Universidade de Sao Paulo, Pirassununga,
SP 13630-000, Brazil
Supersimple, supertriple and monoammonium agriculture grade phosphates (AP) were
tested along with four feed grade commercial phosphates (FP), two made in Brazil and
two made in USA, and one agriculture grade high magnesium thermophosphate (MP).
Nine hundred and fifty male Hubbard chicks were used in a 21-day study (10 birds/
battery cage) to determine phosphorus availability (PA), body weight (BW), feed intake
(FI), feed/gain ratio (FG), blood plasma Ca, P and ALP The reference standard was
a purified grade calcium phosphate dibasic (PDP). Phosphates were added to the cornsoy basal diet (22% protein; .38% total phosphorus +.08% P from PDP) to provide .08
and .16% supplemental P. Ca level was 1.0% for all diets. Slope ratio technique was
used to determine P availability, with BW regressed on P added within each p source.
The MP phosphate source was found to be toxic (growth depression; high mortality)
and was excluded from statistical analysis. BW, FI and plasma P and ALP increased
(p<.05) and plasma Ca decreased (p<.05) with incremental levels of P in the diet
regardless of source. Average BW, FI, FG and plasma Ca, P and ALP values were not
affected (p<.05) by dietary supplementation with either FP (764.2g; 1054.4g; 1.47;
13.3mg/100 ml; 7.2mg/100ml and 6100 UA., respectively) or AP (764.2g; 1032.Ig;
1.44; 12.8mg/100 ml; 7.6mg/100ml and 7624 U/L, respectively). Availability ranged
from 86.5% to 110.9% for FP and from 96.9% to 105.2% for AP

REPLACEMENT OF FISH MEAL WITH VEGETABLE PROTEIN
SUPPLEMENTED WITH COW DUNG, VITAMIN B^^. COBALT CHLORIDE,
LYSINE AND METHIONINE IN BROILER DIETS
Rakesh Kumar and R.S.Thakur
Department of Animal Nutrition, CCS HAU, Hisar - 125 004, India
In a feeding trial to evaluate the potentiality of soybean meal (SBM) and sesame cake
(SC) combinations replacing fish meal (FM) partially or completely 11 dietary
combinations including control were tested. Peanut meal (PNM) was replaced with
either SBM or combinations of SBM+SC with or without FM. Some of the fish meal
free diets were supplemented with either vitamin B,^, C0CI2, lysine + methionine +
vitamin B,^ or 4% cow dung. The experimental rations were fed upto 7 weeks of age
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to bireplicated groups of 20 birds each. Higher (P<0.05) weight gain and comparable
feed efficiency was observed in treatment having SBM + 10% FM in comparison to
control. The weight gain and feed efficiency of birds given SBM + SC + 5% FM were
comparable to the control. Addition of 4% cow dung to fish meal free diet improved
the weight gain and the feed efficiency which was comparable to that of 10% FM
containing diets. The FM free diets supplemented either with vitamin B^^, CoCl^ or
lysine + methionine + vitamin B ,2 had poorer growth and feed efficiency in comparison
to FM or cow dung containing diets or 10% FM fed diets upto 4 and 5 weeks of age,
respectively. The nitrogen retention (%) improved on addition of cow dung and was
comparable to control and other fish meal supplemented diets. It is, therefore, inferred
that broilers can be raised economically on diets based on SBM and SC combinations
supplemented with either 5% FM or 4% cow dung.

THE EFFECT OF DIETARY MEDIUM CHAIN TRIGLYCERIDE ON FEED
INTAKE, ENERGY UTILIZATION AND BODY COMPOSITION IN
GROWING CHICKS FROM A LAYER AND BROILER STRAINS
Hitoshi Murakami, Makoto Yamazaki and Masaaki Takemasa
Laboratory of Poultry Nutrition, National Institute of Animal Industry, Ministry of
Agriculture, Forestry and Fisheries, Tsukuba, Ibaraki, Japan
Two experiments were conducted to determine the effect of dietary medium chain
triglycéride (MCT) on feed intake, energy utilization and body composition, especially
body fat, using both starting chicks from a layer and broiler strains. In the first
experiment, chicks aged two weeks were fed each commercial diet added 0, 5, 10 and
15% of MCT during two weeks to determine nitrogen-corrected apparent metabolizable
energy (AMEn) value of MCT for chicks from each strain. The AMEn value of MCT
depends on the content of MCT in diet and was 9.86, 9.62 and 8.19 Mcal/kg on 5, 10
and 15% level of MCT in diet, respectively, using chicks from a layer strain, and was
8.41,7.11 and 7.01 Mcal/kg, respectively, using broiler chicks. In the second experiment,
chicks aged two weeks were fed corn-soybean meal based diets containing 0,2 and 4%
of MCT or long chain triglycéride (LCT) and 2% of MCT plus 2% of LCT, which
supplied 3.10 Meal ME/kg and 21% crude protein, during two weeks to determine the
effect of MCT on feed intake, energy utilization and body composition comparing with
LCT in each strains. The addition of MCT in diet didn't increase feed intake as same
as LCT irrespective of strains, but tended to improve energy utilization in broiler chicks.
The addition of dietary fat increased body fat irrespective of fat resources. As results
of this study, it was shown that the ME value of MCT may be different between chicks
from a layer and broiler strain, but there was no obvious difference between MCT and
LCT
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EFFECT OF DIETARY THREONINE ON GROWTH PERFORMANCE AND
CARCASS CHARACTERISTICS OF BROILER CHICKENS RAISED AT
HIGH TEMPERATURES.
T.K.ChungS J.Khajarern^ and S.Khajarern^
^ADM Bioproducts Division, Archer Daniels Midland Co., 100 Beach Road, #31-01, Shaw
Towers 189702, Singapore
^Department of Animal Science, Faculty of Agriculture, Khon Kaen University, Khon Kaen
40002, Thailand
An experiment was conducted to assess the effect of dietary threonine on growth and
carcass performance of mixed-sex broiler chickens (Arbor Acres) raised at a temperature
range of 27A°C to 41.6°C between 0 and 6 weeks of age. The basal experimental diets
for the starter period and the finisher period were, respectively, 23% and 20% crude
protein corn-rice bran-fish meal-soybean meal-sunflower meal diets supplemented with
methionine and lysine to ensure the essential amino acids were not limiting except
threonine. The basal starter and finisher diets contained 3257 kcal ME/kg and 3239
kcal ME/kg, 1.37% and 1.13% lysine, 0.94% and 0.83% methionine - cystine and
0.86% and 0,75% threonine, respectively. Graded levels of L-threonine
(0,0.03,0.06,0.09%) were added to both basal diets to produce growth response curves.
The starter diets were fed from 0 to 3 weeks of age and the finisher diets from 3 to 6
weeks of age. Body weight gains increased and feed efficiency improved (P<0.05) in
both growth phases as threonine levels increased. The threonine levels for maximum
weight gain and feed efficiency were 0.89% and 0.78% for starter and finisher phases,
respectively. Dressing percentage was not affected by threonine. However, the yield
of breast meat and thigh meat increased and abdominal fat decreased quadratic ally
(P<0.05) in response to threonine addition. The rate of mortality was reduced (P<0.05)
by threonine supplementation. The results of this study suggest that supplementing
broiler-chicken diets with L-threonine is beneficial to growth performance and carcass
characteristics under the condition of high temperature.

ENERGY METABOLIZABILITY OF CERTAIN FEED INGREDIENTS IN
QUAILS VIS-A-VIS CHICKEN
S.QudratuUah, P.Yakoob Reddy, SJ.Reddy and V.Ravindra Reddy
Department of Poultry Science, College of Veterinary Science A.P.Agricultural University,
Rajendranagar, Hyderabad - 500 030, India
Metabolizability of energy of feedstuffs like maize, deoiled groundnut cake (DONC)
and soybean meal (SBM) were determined in quails and cocks for comparing species
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differences. The diets were based on maize, maize DGNC and maize SBM supplemented
with mineral and vitamin mixtures. DGNC and SBM were included in the diets at 40%
at the expense of maize. Bioassay was conducted using 6 replicates with a duration of
10 days for each ingredient in each species employing European reference method.
The diets were fed at 80% ad libitum level and excreta was collected quantitatively.
The apparent classical metabolizable energy (AME) was higher in cocks than quails,
being highly significant (P<0.01) for maize (3.724 and 3.592 Kcal/g) and significant
(P<0.05) for DGNC (2.480 and 2.412 Kcal/g), while comparable in SBM for quails
and cocks (2.742 and 2.730 Kcal/g). Nitrogen (N) retention was significantly higher
in quails than cocks. The AMEn in quails was significantly lower (3.561 Kcal/g) than
cocks for energy source (maize). However, the protein sources DGNC (2.376 and 2.426
Kcal/g) and SBM (2.679 and 2.691 Kcal/g), AMEn was comparable for both the species.
The results suggest that species differences do exist in metabolizability of energy and
that the N correction has got less influence on ME values in both the species.

EFFECTS OF RAPESEED AND COTTONSEED MEALS ON MANGANESE
BIO AVAILABILITY IN THE DIETS OF BROILER CHICKS
X.G.Luo, Q.Su, J.C.Huang and J.X.Liu
Institute of Animal Science, Chinese Academy of Agricultural Science, Beijing 100094,
P.R.China
A trial was conducted using 288 day old Arbor Acres broilers (half male, half female)
in a replicate 3x3 factorial arrangement of treatments involving three types of diets
(com soybean meal, i.e. SBM type, containing 17 mg Mn/kg; com 1/2 SBM protein
-1/2 RSM protein, i.e. 1/2 RSM type, containing 21 mg/kg; and com -1/2 SBM protein
- 1/2 CSM protein, i.e. 1/2 CSM type, containing 14 mg Mn/kg) and three levels of
added inorganic Mn as reagent grade MnS04, H2O (0, 60 or 120 mn/kg) for 28 days
to investigate the effects of RSM and CSM on bioavailability of feed Mn and added
Mn contents in the diets of broiler chicks. Without Mn supplementation, Mn contents
in metatarsal bone ash, liver and pancreas were higher (P<0.01) in 1/2 RSM type than
in the other two types with a slightly higher (P>0.05) tissue Mn in SBM type than in
1/2 CSM type. As dietary Mn levels increased, Mn contents in the above mentioned
tissues were linearly increased (P<0.05 or 0.01) for all three types of diets. Based on
linear and multiple linear regression slopes and increase in metatarsal bone ash Mn
content, the relative bioavailability of added Mn in 1/2 RSM type diet and 1/2 CSM
type diet averaged 70.5% and 107.8% if 100.0% was set for the SBM type diet. These
results suggest that there was no difference in feed Mn bioavailability among three
types of diets, however, the inclusion of 1/2 RSM protein in the diet reduced the relative
bioavailability of added inorganic Mn by about 30%.
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STUDIES ON THE BODY CHEMICAL COMPOSITION AND THE ENERGY
AND PROTEIN METABOLISM IN GROWING TURKEYS
Monica Parvu, Gh. Burlacu and Doina Grossu
Institute of Biology and Animal Nutrition Sos. Bucuresti-Ploiesti, Km. 18 8113, Balotesti,
Romania
With a view of making a mathematical model for energy and protein metabolism
simulation in growing turkeys, we carried out experiments on Bacau Huge breed and
monitored the feed intake, net weight gain and its composition of protein, fat and energy.
Two hundred fifty turkeys, housed in digestibility cages were assigned to 9 groups with
4 replications each. The experimental period was of 112 days. The rooms were air
conditioned and the environment was thermally neutral. The experiment used 9 dietary
treatments (based on com, soybean meal and fish meal) with different energy and protein
levels (20.62 MJ/kg/DM -18.21 MJ/kg/DM and 33.75% -14.09 % CP) On slaughtering
and chemical analysis we determined the net weight gain, the body chemical composition
(dry matter, protein, fat, ash, water) and energy content using standard methods. The
corrected metabolizable energy (ME) was calculated with the formula of Whittemore
(1983) adapted for poultry (Burlacu et al., 1990) Based on body weight, net weight
gain, feed intake (g DM), chemical composition, dietary nutrients digestibility and
body chemical composition were construed for mathematical models for energy and
protein metabolism in growing turkeys from hatching to maturity.

UTILIZATION OF SQUILLA (ORATOSQUILLA NEPA) IN BROILER DIETS
V.Ravinder Reddy, V.Ravindra Reddy, V.R.Sadagopan and S.QudratuUah
Department of Poultry Science, College of Veterinary Science Rajendranagar, Hyderabad
- 500 030, India
Squilla {Oratosquilla nepa) is a stomatopod crustacean available in sea. Nutritive value
and utilization of squilla in broilers was examined in 2 experiments. Fish mixture (FM)
was prepared to contain same amount of nitrogen and energy to that of squilla. In
experiment 1, squilla was included at 0,41.7, 83.4,125.1 and 166.8 g/kg replacing FM
part by part. Each of the five diets was fed to 3 groups x 8 broiler females for 1 d to
42 d age. Dressing yields and length of intestinal segments and visceral organ weights
were measured at end. In experiment 2, squilla and autoclaved squilla (1.09 kg/cm^ for
15 minutes) were included at 0, 83.4, 125.1 and 166.8 g/kg replacing FM. Proteolytic
enzymes (PE) supplementation at 0.5,1,2 g/kg level was tested on each level of squilla.
Each of the 16 diets was fed to 3 groups x 7 broiler females for 8 d to 42 d age. Squilla
contained 339 g/kg crude protein, 18.6 g/kg ether extract, 72.8 g/kg calcium, 17.2 g/
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kg phosphorus and 7.13 MJ/kg ME. Amino acid (lysine 3.45 vs 6.74; methionine 1.02
vs 1.86 g/16 gN) content, protein digestibility (66% vs 74%) and gross protein value
(68% vs 72%) were low in squilla compared to fish. In experiment 1, squilla at 41.7
g/kg inclusion level, weight gains (1372 g) improved, while higher levels (83.4, 125.1
and 166.8 g/kg) caused numerically lowered (1309,1307 and 1250 g) gains than control
(1347 g). Feed efficiency was poor (2.29, 2.44, 2.35 and 2.42) at all inclusions than
control (2.16) attributable to higher (139.2 g/kg) chitin in squilla. Dressing yields, length
of intestinal segments and weights of visceral organs were statistically comparable. In
experiment 2, proteolytic enzyme supplementation at 0.5, 1 g/kg levels to 166.8 g/kg
squilla diet resulted in significantly (P<0.05) comparable weight gains 1396, 1413 g
and feed efficiency (2.05, 2.00) to that of control (1413 g and 1.97 respectively).
Autoclaving of squilla was ineffective. Squilla can be safely included in broiler diets
upto 75% of fish N without depression in growth. Proteolytic enzyme at 1 g/kg is
beneficial for complete replacement of fish.

EFFECT OF DIETARY RIBOFLAVIN LEVEL ON PERFORMANCE AND
NUTRITIONAL STATUS OF BROILERS
Luliang Yang^, and Hemin Wang^
^Feed Research Institute, Chinese Academy of Agri. Sei., Beijing 100081, China, ^Institute
of Animal Science, Chinese Academy of Agri. Sei. Beijing 100094, China
A total of 420 newly hatched Arbor Acres (AA) chicks were divided into 4 groups to
study the effect of riboflavin on their performance and nutritive value. Low daily gain
and feed conversion efficiency, and high mortality were noted when the chick were
fed the basal diet (riboflavin content 2.04 mg/kg) without riboflavin supplementation.
High dietary level of riboflavin improved the growth performance in the first week.
The requirement of dietary riboflavin for maximum deposition of riboflavin in liver
was more than 17,6,4 and 2 mg/kg respectively during week 1,2,3 and 4. The riboflavin
content in liver appeared to be good indicator to estimate the nutritional status of
riboflavin in chicks when compared with flavin enzyme activity of coefficient (AC,
AC of erythrocyte glutathione reductase and D-amino acid oxidase), which respond
to dietary riboflavin change slowly.
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EFFECT OF DIETARY LYSINE OR METHIONINE LEVEL ON THE
PERFORMANCE OF BROILERS
Luo Lan, Wang Danli, Zhang Weihong and Huang Junchun
Institute of Animal Science, CAAS, Beijing, 100094, P.R.China
This study was conducted to evaluate the response of male and female broilers to diets
containing different levels of lysine or methionine. Three dietary levels of lysine were
used in the first experiment 1 (1.20% and 1.35%). 3 dietary levels of methionine were
used in the second experiment. Results from experiments showed that male broilers
grow more rapidly (14-16%) and are more feed efficient than females. The requirement
for dietary lysine is decreased from 1.35% to 1.2% as male broilers grow up. Female
broilers reached their ultimate growth rate at earlier decreased dietary methionine
level. Growth rate of female birds is negatively correlated with serum urea acid levels.
The female birds have lower dietary requirements for lysine and methionine and utilize
dietary lysine or methionine more efficiently than males.

EFFECT OF SAMPLE SIZE ON THE EVALUATION OF TRUE AMINO ACID
METABOLIZABILITY FOR CHICKEN
Zhang Hongfu, Du Rong, Ren Peng and Zhang Ziyi
Institute of Animal Science, CÁAS, Beijing, 100094, P.R.China
Designing a suitable sample size of birds is one of the key problems in determining
the availability of amino acids. The expense and labour for measuring amino acid content
are the main constraints for enlarging the sample size of test birds for eliminating the
effect of higher variation of value of amino acid availability of each bird. This experiment
describes the suitable sample size of test birds for achieving precision of the results in
evaluating amino acid availability; based on studies on the variation of the data of dry
matter of excreta, apparent metabolizability of dry matter and endogenous amino
acids of 7 different types of test diets. The results showed: 1) the proper group sizes
of test birds varied with the properties of diets and feedstuffs for meeting the same
precision requirement. To assay a oilseed meal type diet, relatively larger sample size
is needed whereas to assay a high energy feeds relatively smaller sample size are
sufficient. If the test group contains 12 or 17 birds, the relative error of assay results
can be less than 3% or 2% (P<0.05). 2) The sample size of the test birds needed for
the evaluation of endogenous amino acids is relatively larger.
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A COMPARISON OF ILEAL DIGESTA AND EXCRETA ANALYSES TO
DETERMINE THE DIGESTIBILITY OF AMINO ACIDS FOR POULTRY
V.Ravindran, L.I.Hew, G.Ravindran and W.L.Bryden
Department of Animal Science, The University of Sydney, Camden, NSW 2570, Australia
The use of ileal digesta and excreta analyses for the determination of amino acid
digestibility was compared in the present study using three samples of cereals, eight
samples of plant protein supplements and six samples of animal protein supplements.
In the case of protein supplements, diets (200 g/kg crude protein) were based on dextrose
and contained the test feedstuff as the only source of protein. In the case of cereals,
assay diets contained 918g/kg test cereal as the only source of protein. CeHte (20 g/
kg) was added to all the diets as an indigestible marker. Assay diets were fed ad libitum
to male broilers from 35 to 42 days of age. Total collection of excreta was carried out
during the last three days of the trial. At the end of the trial, ileal contents were collected
and processed. The effect of method of determination varied among feedstuffs. In
general, apparent digestibilities of amino acids measured at the terminal ileum were
similar (P>0.05) to those measured in excreta for cereals and plant protein supplements,
except for Threonine, Aspartic acid and Serine digestibilities which were overestimated
by excreta analysis. In contrast, excreta amino acid digestibilities were markedly higher
(P<0.05) than ileal digestibilities for most animal protein supplements. Overall, the
present results favour the use of ileal rather than excreta analysis for the determination
of apparent amino acid digestibility for poultry.

AVAILABILITY OF METHIONINE SULFOXIDE FOR BROILERS
Wang Chunxia, Huang Junchun and Yang Zhongyuan
Graduate School of CAAS, Beijing, 100081, P.R.China
A total of 459 newly hatched Arbor Acres broilers were used in studying the availabiUty
of DL-methionine sulfoxide (MetSO) in comparison with DL-methionine (Met) in
two growing periods, namely 1-3 weeks and 4-6 weeks. Basal diets, which mainly
consisted of com, peanut meal and blood meal, contained 3.02 and 3.05 Meal kg/ME;
21.6 and 9.0% crude protein and 0.64 and 0.59% sulfur amino acids on the above
mentioned periods, respectively. The basal diet was fed to the control group. The
experimental diets were prepared by supplementing in basal diet with either DLmethionine sulfoxide. The results in Ml, M2, M3, M4 or S1,82, S3, S4 were as follows
: 1. The effect of supplementing methionine sulfoxide on the growth of chicks was
similar to that of methionine, when the amount of cystine in diet was sufficient. The
ratio of the abdominal fat to body weight of group M4 (P<0.05) and S4 (P<0.01) were
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significantly lower than that of control (group) at 6 weeks of age 2. In this experiment,
the optimum levels of methionine for the broilers during 1-3 weeks and 4-6 weeks
period were 0.48 and 0.32%, respectively. When the amount of methionine added in
diet was above this level, chicks grew more slowly, and the ratio of liver to body weight
raised, but those groups fed methionine sulfoxide within diet at the same levels as DL
methionine showed no deleterious effects.

EFFECT OF ENVIRONMENTAL TEMPERATURE ON GROWTH
PERFORMANCE OF BROILERS RESTRICTED IN GROWTH AT AN EARLY
AGE OR FED DIFFERENT LEVELS OF DIETARY PROTEIN
I.PlavnikS D.Balnave^ S.Yahav^ and S.Hurwitz^
^Department of Animal Science, University of Sydney, Camden NSW 2570, Australia,
^Department of Poultry Science, ARC, The Volcani Center, PC Box 6, Bet Dagan 50250,
Israel
A feeding trial in which the effect of feed restriction at an early age on broiler
performance exposed to high environmental temperatures (25°C, 30°C, 35°C and diurnal
cyclic temperatures of 25-35°C) was carried out. The second trial was conducted to
evaluate the effect of various constant ambient temperatures (10°C, 22°C, 35°C) and
different levels of dietary protein (Calculated requirements (CR), CR+10% and CR10%) on broiler performance. Feed restriction between 6 and 12 d of age (to get 60%
growth of the control chicks) improved feed efficiency up to 56 d. Weight gain between
28 and 56 d in the restricted broilers tended to be higher than that of unrestricted when
birds were kept at high ambient temperatures. The yield of breast muscle at all
temperatures was significantly higher in the restricted broilers and decreased
significantly at high temperatures. The treatment of CR + 10% significantly decreased
feed intake at all temperatures and improved feed efficiency at 22°C. Treatment of
CR-10% significantly increased feed intake at 10°C and 22°C and decreased feed
efficiency at all temperatures. Weight gain was not significantly affected by the
treatments although it was reduced numerically at all temperatures. Reducing dietary
protein level increased abdominal fat at all temperatures, the response being significant
at 22° and 35°C. Breast meat yield was significantly reduced at 35°C. The calculated
requirements of protein for broilers of 6-8 weeks of age was optimal for 10° and 35°C
but slightly below optimum for 22°C.
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TRUE DIGESTIBLE LYSINE REQUIREMENT IN BROILER CHICKS OF
0-21 DAYS
Qigunag Huo, Dechao Liu, and Haijie Yan
Feed Research Institute, Chinese Academy of Agri. Sei., Beijing 100081, China
Two trials were conducted to determine the true digestible lysine (TDLys) requirement
in broiler chicks of 0-21 days. In trial' of a dose response assay, 700 day-old Avian
chicks, fed a com soybean meal/cottonseed meal (SBM/CSM, 50/50) based diet with
the apparent metabolizable energy (AME) content of 3.1 Mcal/kg and crude protein
(CP) level of 22.5% in a range of 0.80-1.20 TDLys% were used to determine the
TDLys requirement of pooled chicks. In trial 2 of a quadratic orthogonal rotational
combination (QORC) design with 5 factors (TDLys, digestible sulphur amino acids,
choline, zinc and zinc bacitracin), 900 day old Avian chicks of each sex, fed a comSBM/CSM (50/50) based diet (AME, 2.9Mcal/kg; CP, 2.05%), were used to determine
the TDLys requirement of male and female birds. All the experimental diets were
formulated with the analysed contents of the true digestible lysine and AME. The
main results are as follows : 1. The TDLys requirements of 21 day old broilers estimated
by the dose response assay and QORC design based on the maximum weight gain were
4.44 and 5.10 g/16gN, respectively. By converting into the com SBM diet according
to the TDLys content, the above values were 3.23 and 3.60 g/AME, Meal, respectively.
2. The requirement of TDLys varied with its determinant criterion, with 5.30, 5.10,
4.98, 4.98 g, 16gN, (CV, 1.38%) judged by the feed efficiency, weight gain, apparent
nitrogen retention ratio, and semm uric acid concentration, respectively. However, those
values for the com SBM based diet were 3.74, 3.60, 3.52, 3.52 g/AME, Meal (CV,
0.83%), respectively. 3. The requirements of TDLys for male/female birds were 5.27/
4.93, 5.37/5.22, 5.22/4.73, and 5.07/4.88, 9/169 N respectively, according to weight
gain, feed efficiency, apparent nitrogen retention ratio and semm uric acid concentration.
For the com SBM based diet, the corresponding values were 3.72/3.48,3.79/3.69, 3.69/
3.34, 3.59/3.45 g/AME, Meal, respectively.

DIGESTIBILITIES OF AMINO ACIDS IN GROUNDNUT, LINSEED AND
SESAME MEALS DETERMINED WITH INTACT AND CAECECTOMISED
COCKERELS
Hou Shuisheng, Zhao Lin, Yu Junying, Huang Juncun and Wang Surong
Institute of Animal Sciences, CAAS, Beijing 100094, P.R.China
The apparent and tme digestibilities of amino acids in groundnut, linseed and sesame
meals were determined using Sibbald "TME" method with twenty four intact and
152

caecectomised cockerels respectively. Significant differences between intact and
caecectomised birds for the apparent and true digestibilities of amino acids in the meals
were found (P<0.05). The digestibilities of Cysteine. Lysine, asparatic acid and glutamic
acid in groundnut meal determined with intact cockerels were markedly higher than
those determined with caecectomised cockerels (P<0.05). Except tyrosine and proline,
the true digestibilities of most and total amino acids in linseed and sesame meals
determined with intact birds were higher than those determined with caecectomised
birds (P<0.05). Quantities of amino acids excreted by intact birds after feeding the
protein free diet were significantly less than those excreted by caecectomised birds
(P<0.05). It was clear that the microbe in caecum degraded the undigested amino acids
and peptides from the small feedstuffs, and most markedly affected the one of amino
acids in the inferior protein feedstuffs such as linseed and sesame meals. The apparent
amino acid digestibility and Total Amino acid Digestibility in groundnut meal were the
highest within those in meals. The digestibilities of lysine and total amino acids in
sesame meal overheated were 21.7% and 47.3% respectively.

PERFORMANCE OF BROILERS ON VARIOUS ENERGY LEVELS
R.K.Sharma and R.A.Singh
Department of Livestock Production and Management CCS Haryana Agricultural
University, Hisar - 125 004, India
In a feeding trial, rations containing 23% crude protein with varying energy levels
were fed to broiler chicks to determine their growth performance. Two hundred and
eighty five chicks at one day of age were subjected to five diets containing metabolizable
energy (ME) kcal per kg feed 3600 (Tl), 3400 (T2), 3200 (T3), 3000 (T4) and 2800
(T5). Treatments were allotted to three replications of 19 chicks each. Bi-weekly feed
intake, feed efficiency, weight gain and performance index (PI) were observed upto
eight weeks of age. Body weight gain at 8 weeks of age were 1250, 1260, 1251, 1209,
1178 grams and feed intake 2924, 3111, 3212, 3231, 3214 grams respectively, in five
treatments. The energy level of rations did not effect the weight gain significantly.
Birds in Tl group consumed less (P<0.05) feed than the birds in T2 to T5. Feed
consumption of birds in T3, T4 and T5 did not differ significantly. The feed efficiencies
of Tl and T2; T2 and T3; T3, T4 and T5 were comparable. The Pi's were 535, 510,
488, 453, and 432 in Tl, T2, T3, T4 and T5 respectively. The PFs of Tl, T2, T3, and
T3, T4, T5 were comparable. It is concluded that 2800 kcal diet showed growth
performance comparable to that of 3000 and 3200 kcal ME per kg feed on isonitrogenous
diets containing 23 percent protein.
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NITROGEN EXCRETION IN BROILER CHICKS FED LOW PROTEIN,
AMINO ACID SUPPLEMENTED DIETS
Makoto Yamazaki, Hitoshi Murakami and Masaaki Takemasa
National Institute of Animal Industry, Tsukuba Ibaraki 305, Japan
Two experiments were conducted to determine whether nitrogen (N) excretion could
be lessened without decrease in the performance of broiler chicks. Four corn-soybean
meal diets containing 23, 21, 19 and 17% crude protein (CP), respectively, were fed
to 7 day old male chicks for 14 days. All diets contained adequate amounts of essential
amino acids (Exp.l). Three rations of essential amino acids (EAA) to nonessential
amino acids (NEAA) (0.76,0.99 and 1.29) at 19% CP diet and control diet (1.04 EAA/
NEAA ratio, 21% CP) were fed to 7 day old chicks for 14 days (Exp.2). Body weight
gain and feed efficiency of chicks fed the 19% CP diet were the same as those of chicks
fed the 21% CP diet (Exp.l). There were no significant differences among the 0.99,
1.29 EAA/NEAA ratio diets and control diet in body weight gain and feed efficiency
(Exp.2). The amounts of N excreted for 4 days were 3.93, 3.26,2.35 and 2.19g per bird
for the 23, 21, 19 and 17% CP diets, respectively (Exp.l), and 2.91, 2.59, 2.50 and
3.17g for the 0.76, 0.99, 1.29 EAA/NEAA ratio diets and control diet, respectively
(Exp.2). Abdominal fat weight significantly increased with a decrease of dietary CP
(Exp.l), and tend to decrease with a increase of EAA/NEAA ratio (Exp.2). It follows
then the present results that dietary CP level in broiler diets can be reduced from 21
to 19% without decrease in the performance and this results in a reduction of
approximately 20% in N excretion. Increasing EAA/NEAA ratio in 19% CP diet may
decrease abdominal fat deposition.

EVALUATION OF TWO POULTRY COMMERCIAL STRAINS IN THREE
FEEDING REGIMES AT TWO SLAUGHTER AGES
J.Melo, G.Mallo, E.Villar, M.C.Miquel, C.Cappelletti and P.Fernandez
Chorroarin 280(1427), Dto.Production Animal, Fac. Cs.Vet, U.B.A. Bs, As, Argentina
The objective of this paper was to evaluate the yield and body composition of two
broiler commercial strains at two slaughter ages with different daily times of feed intake.
208 ISA Vedette (ISA) birds, the males carrying the dw gene, and 208 Arbor Acres
(AA) birds, were fed a starter diet (23% CP) for the first 36 days of experiment followed
by a grower diet (21.1% CP) 37 to 56 d. Within strains, chicks were assigned randomly
to one of the three dietary regimes 24, 9 and 7 hours, with 2, 3 and 3 replicates
respectively. Four randomly sampled & chicks for each pen were slaughtered when the
chicks were 46 and 56 days old (first and second slaughter, respectively). The following
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were recorded Live weight (PV), eviscerated carcass weight (PC), abdominal fat (GA),
feathers (PL), blood (S), small intestine (ID), large intestine (IG), gizzard (M),
proventriculus (EG), liver (H) and heart (C). Sex was determined at the second slaughter.
The statistical model included: strain, feeding regime, sex (second slaughter), double
and triple interactions. The SAS was used for analyses. C, S, PL, ID, IG, M and EG
were not affected by strain (P>0.05). AA showed higher (P<.05) PV, PC, and H, lower
GA than ISA at the first slaughter. The tendency was maintained at the second slaughter.
PV, PC,GA, ID, PL and C differed significantly with 24 h consumption (P<.01). Only
in PV, PC and GA 7 and 9 h consumption had significant differences (P<.01). Males
had significantly higher PV, PC, ID, IG, M, EG, PL, H, C and lower GA than females
(P<.05). The absence of strain x sex interaction (P>.05) indicate no dw gene effect.
It was found that the digestive organs were lighter relative to PV for AA than for ISA
and that the lower GA was for AA: these two factors may be indicative of higher feed
efficiency of food utilization. The superiority in PV and PC were correlated with
consumption but this was not so in digestive organs weights.

NUTRITIVE EVALUATION OF THE EARTHWORM (Eisenia Foetida) AND
CASTS AS POULTRY FEED
Sun Zhenjun
Institute of Agroecology, China Agricultural University, Haidian District, Beijing, 100094
China
In order to develop earthworms as a new protein resource to replace fish meal in poulty
diet, chemical composition of earthworm, worm casts and body fluids were investigated
by routine methods of chemical analysis in comparison with poulty feeds. Common
nutritive analysis showed that Eisenia feotida meal contains high protein in a range of
54.6 to 71.0% dry matter. Protein content and amino acid composition are close to
that of fish meal, higher than that of soybean meal. Casts of E. feotida, containing
protein of 7.9% dry matter (similar to that of corn meal), can be used for partial
replacement of wheat bran or com meal in poultry diets. Worm body fluids contain
9.4% protein and 78.79% free amino acid per litre and are rich in vitamins, minerals
particularly Fe. Nutrient analyses suggested that earthworm could be an excellent
protein resource in poulty feed formulations.
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WHEAT AND BARLEY FOR LAYING HENS WITH THE USE OF
SUPPLEMENTAL ENZYMES
D. Creswell^, A. Kumar^ and H. Graham^
'Fiiinfeeds International Ltd, UK and ^University of Queensland, Gatton College, Australia
The effects of supplemental xylanase and beta glucanase enzymes (Avizyme 2300 and
2100) on performance and tgg quality parameters were measured in laying hens from
41-53 weeks of age 576 birds were used in the study, with 48 repUcates of 2 birds each
per dietary treatment. Diets were based on wheat or barley as the sole grain, or a
wheat/barley combination. The enzymes improved egg production by an average of
7.9% (P = 0.002), and daily egg mass by an average of 8.0% (P= 0.002). Feed efficiency
was improved by the enzymes (P = 0.009). Faecal moisture, in only a small number
of birds, was reduced by 10.6% (P=0.199) due to enzyme addition. Egg weight and
egg quality parameters were not influenced by enzyme addition. These data indicate
that Avizyme 2100 and 2300 maximise the performance from laying hens fed on wheat
or barley based diets. There may be opportunities for greater use of these grains for
layers in India, together with the inclusion of appropriate enzymes.

BIO AVAILABILITY OF PHOSPHORUS FROM MOROCCAN PHOSPHATES
FOR GROWING CHICKS
K.Benabdeljelil and L.Bakkoury
Institute of Agronomy and Veterinary Medicine Hassan II, B.P. 6202 Rabat-Instituts
Morocco
An experiment utilizing 7 day-old cockerels was conducted to determine the
bioavailabihty of P from two Moroccan processed phosphates. A slope-ratio procedure
based on tibia bone ash (TEA) or body weight gain (BWG) regressed on added P
intake was used to estimate the bioavailabihty of P in the test sources, relative to a feed
grade dicalcium phosphate (DP) and bone powder (BP). A practical com soybean meal
diet was supplemented with 0,1 ; 0,2 ; 0,3 % of P from either a calcinated (CMP), a
washed Moroccan phosphates (WMP) samples or each of the two reference sources.
Each of the twelve experimental diets was fed to 3 replicate pens of 16 cockerels housed
in battery brooders for 26 days. With DP as a reference source, the relative bioavailabihty
of P from CMP or WMP was 143 and 146% respectively using TBA, and, 122 and
82% using BWG. The respective values were 128 and 130% using TBA and 111%
using B.P. Although not statistically significant, P availability values for CMP were
greater (18.8%) than those of WMP The results demonstrate that the bioavailabihty
of P from local phosphates is widely variable.
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THE EFFECT OF DIETARY CA-LEVEL ON THE UTILIZATION OF
PHOSPHORUS OF MINERAL ORIGIN IN BROILER CHICKENS
G.Huyghebaert
Rijksstation voor Kleinveeteelt. Burg. Van Gansberghelaan, 92, B-9820 Merelbeke Belgium
A feeding trial was conducted to determine the impact of dietary Ca-level on P-utilisation
in mineral phosphates. The basal diet (with total P = 0.39%) was supplemented with
5 graded levels of P (0.06 - 0.12 - 0.18 - 0.24 - 0.30 % : from 3 mineral P-sources :
MCPmp, DCP 2H2O, DCPOHp), in combination with 2 dietary Ca-levels (Total
Ca = 0.85 and 1.00%). The whole growth trial consisted of 32 treatments {(Basal diet
+ (3P-sources x 5 P-supplements)) x 2 Ca-levels}. Each treatment consisted of 3
replicates of 28 broiler males each (7-35 days of age). The zootechnical performances
and mineralisation as well were greatly influenced by (1) dietary levels of Ca and P
and (2) P-source. A decreasing dietary P-level resulted in a lower growth rate, which
was due to a combination of to lower feed intake and worse feed conversion. Mortality
was markedly enhanced when P(available)-level was lower than 0.19%. The adverse
effect of low P-concentration was more pronounced at wider Ca/P ratios. Responses
of bone mineralisation (as % toe-ash) were curvilinearly, related to dietary P-level. A
multi-exponential model was used to estimate the efficacy of the 3 P-sources at 0.85%
Ca: Y=6.734 -3.676 * e-(0.00632x] + 0.00569x2 + 0.00551x3 at 1% Ca : Y=6.975
-3.837 * e-(0.00527*Xl + 0.00503*X2 + 0.00442*X3) Based on the curvature, the
average relative biological efficacy values of the 3 P-sources were 100 (X1=MCP IH^O),
92.7 (X2=DCP2H,0). and 85.5 % (X3=DCPOHp). These RBE-values were shghtly
affected by dietary Ca-level. The Pa v.-requirement can be estimated at about 0.34%.

RESPONSE OF NAKED NECK AND NORMAL BROILERS TO VARIED
DIETARY ENERGY LEVELS IN WINTER AND SUMMER SEASONS
M.V.L.N.Raju, G.Shyam Sunder, V.R.Sadagopan and M.M.Chawak
Project Directorate on Poultry, Rajendranagar, Hyderabad-500030, A.P., India
Naked neck(Na) and normal(No) broilers produced from the same set of parents were
tested for their response to three energy levels, 2600, 2750 and 2900 Kcal ME/kg diet
with 20% protein in winter and summer seasons. In winter, 90 day-old chicks from
each genotype were equally distributed to 3 energy levels and in summer, 135 chicks
from each genotype were similarly distributed. Minimum and maximum temperature
in winter (19.5 and 26°C) and summer (28.1 and 37.4°C) were recorded. Feeding trials
were conducted for 6 and 7 wks. in winter and summer seasons, respectively. In winter,
significant improvement in body weight (1214-1383g), feed conversion efficiency (2.44157

2.05), percent digestibility of dry matter (59.5-73.7), protein (61.1-66.8) and fat (67.180.2) was observed with 2900 Kcal compared to 2750 and 2600 kcal. Carcass yields
(75.0%) and weights of abdominal fat (2.3%) and skin (6.5%) were also significantly
higher with 2900 Kcal. However, no statistical differences were noticed between the
two genotypes for all the parameters irrespective of energy levels, except for lower
skin weight in Na. In summer, both 2750 and 2900 Kcal yielded similar body weight
(1279, 1302g). But higher feed intake, poor feed efficiency and low carcass yields
were recorded with 2750 Kcal compared to 2900 Kcal. The percent digestibility of dry
matter (74.0) and protein (64.4) was significantly better with 2900 Kcal than the other
energy levels. Both the genotypes did not differ for all the traits studied, except for the
low percent feather and skin contents of Na. It may be concluded that there was no
difference in performance between Na and No in either season and both the genotypes
responded effectively with 2900 Kcal compared to other levels of energy, irrespective
of the seasons.

MEASUREMENT OF BIOAVAILABILITY OF CHELATED IRON IN YOUNG
CHICKS
Maeng H.Kim and Kew M.Chee
Department of Animal Science, Korea University, Seoul 136-701, Korea
Bioavailability of iron in chelated forms was measured in young chicks. Day-old, male,
ISA Brown chicks housed individually in stainless steel cages were pre-fed a purifiedtype, iron deficient diet for two weeks to induce deficiency of the mineral. A purifiedtype basal diet consisting of glucose, casein, com oil and cellulose added with arginine
and methionine was supplemented with 0, 20,40 and 60 ppm iron using ferrous sulfate
to obtain a standard curve. Two, commercially prepared chelated iron, i.e., iron
methionine and iron proteinate, were added to the basal diet to provide 40 ppm iron.
Eight birds per treatment were fed the diet for two weeks. Of the hématologie factors
studied, hemoglobin levels obtained at the end of the first week appeared a better
parameter varying from 4.44 to 9.85 g/100 ml blood for the standard groups compared
to the others including hemotocrit values. However, of all the parameters, tibia iron
content varying from 59.2 to-155.1 ppm showed a better linear response compared to
hver iron content and bone ash % as dietary iron intakes were increased. Bioavailabilities
of Fe-methionine and Fe-proteinate were 113 and 103%, respectively, when evaluating
based on hemoglobin content, and 100 and 92%, respectively, based on tibia iron content.
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USAGE OF FERMENTED PROTEIN IN POULTRY NUTRITION
G.Y.Boiko
State Scientific-Research Control Institute of Veterinary Preparations and Fodder Additives,
Lviv, Ukraine
It is preferable to add in poultry rations the organic feeds, which are of great deficit in
Ukraine. One of the ways of supplying of poultry protein is production of microorganisms
synthesized products, as yeast, bacterium and fungus. In order to reduce expenditures in
poultry rations protein ingredients can be substituted by biologically synthesized products.
A know-how of micellor feed production through surface bioconversion of plant material
prompted by hydromicellas was developed. Wheat bran and fodder grain were used as a
medium. The final product smells of fungi and contains 23.9% of protein and vitamins
B. Protein is superior to FAQ rate in all indispensible amino acids, except methionine and
cystine. Glucose increases by 6.5 times in comparison with an initial product. Glucose
contents is increasing for 72 hours of fungus cultivation. Biological value of proteins is
65-80%. Index of indispensable amino acids of fungus biomass is closely spaced to the
protein of edible fungi of a low quality (Morchella cónica, Lentinus edodes) and soya.
Micellar feed contains hydrolic enzymes, i.e. cellulase and glucoamylase. Total cellulase
activity is 32 units, glucoamylase activity is 43 units per gram of the product. Exogeneous
enzymes included in poultry rations favour better digestability of cellulose and starch.
Micellar feed is reconmiended to be used in poultry rations as its full value protein
component.

DIFFERENT LEVELS OF ENERGY AND PROTEIN FOR INDUCED
MOULTING IN COMMERCIAL LAYERS
Nazar Afzali, C.V.Gowdh and G.Devegowda
Department of Poultry Science, University of Agricultural Sciences, Hebbal, Bangalore
560 024, India
An experiment was conducted with 270 White Leghom hens which were moulted by total feed
withdrawal method at 70 weeks of age to study the effect of different levels of energy (2500,
2600 and 2700 Kcal ME/kg) and protein (17.18 and 19%) in a 3x3 factorial arrangement on
the post moult productive performance for four periods of 28 days each. Different energy and
protein levels did not affect (P<0.05) hen day egg production, shell thickness and feed efficiency.
However, feed consumption was significantly (P<0.05) low in high energy and high protein
diets compared to other levels. Haugh unit score was (P<0.05) higher in low protein, low energy
diets, but egg weight was significantly (P<0.05) affected by protein levels but not energy levels.
Low energy and low proteiu diets were found to be beneficial in induced moulting of birds.
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EFFECT OF DIET FORM AND FEED RESTRICTION ON PERFORMANCE
OF BROILERS FROM 14-21 DAYS
C.M.AUenS KJ.McCracken^ and M.R.Bedford^
^The Queen's University of Belfast, Northern Ireland ^Department of Agriculture for
Northern Ireland, Newforge Lane, Belfast BT9 5PX, ^Finn feeds International Ltd.
Marlborough Wiltshire, SNB lA-A, UK
Two studies examined the effect of diet form (A) mash (B) cold pelleted (C) heat treated,
pelleted (D) whole wheat (333 g/kg) (E) wet fed mash on performance from 14-42 d.
In Trial 2 diet B was fed restricted (F) to the pattern of intake observed with wet feeding
in trial 1. Male, Ross broiler chicks were fed a grower pellet in individual cages from
7-14 d and placed on experiment at 14 d. Apparent metabolisable energy (AME)
determination was made from 28-35 d. There were significant (p<0.001) differences
in DM intake. Live weight gain (LWG) and gain : feed in Trial 1 (n=20, d.f. 81) values
for B,C,D,E,A respectively being 115.9, 110.9, 107.1, 102.7, 88.4 (SEM 2.1) for DM,
68.9,66.0,65.7,64.5,47.9 (SEM 1.42) for LWG and 0.60,0.60,0.61,0.63,0.54 (SEM
0.007) for gain: feed. AME contents (MJ/kg DM) were respectively 14.3, 14.5, 15.0,
14.5, 14.2 (p<0.001), SEM (0.134). Thus the poor performance on mash feed was
mainly due to less feed intake. The improvement in feed efficiency with wet feeding
was not due to improved AME content and was postulated to be due to the effects on
metabolism of low feed intake between 14-21 d. In Trial 2 these were significant
(p<0.001) diet effects on DM intake, LWG and gain : feed. The means for B/C, E,F,
were respectively 117.8, 105.3, 98.9 (SEM 2.2), 68.6, 62.9, 58.8 (SE 1.38) 0.58, 0.60,
0.59 (SEM 0.007). These results confirm there is no intrinsic improvement in diet
quality due to wet feeding and suggest that observed improvements in some studies
may be related to initial low feed intake on introduction of wet feed. The results also
indicate some improvement in AME content of diets including whole grain with some
small improvement in gain: feed but a tendency for reduced LWG, and once again
demonstrate the marked reduction in performance associated with feeding dry mash.

CALCIUM AND PHOSPHORUS NEEDS OF WHITE LEGHORN,
KADAKNATH AND ASEEL CHICKS & EFFECTS ON PHYTATE
PHOSPHORUS UTILIZATION
Pramod K. Tyagi, Praveen K. lyagi, S.V.S.Verma and D.P. Singh
Central Avian Research Institute, Izatnagar 243 122, India
In a 3x2x3 factorial experiment, the relative ability of three breeds of chicks (White
Leghorn vis-a-vis Kadaknath and Aseel) given two levels of Ca (0.8 and 1.2%) and
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three levels of P (0.4, 0.6 and 0.8%) was examined on utilisation of dietary phytate
phosphorus. Using a maize soybean basal, six experimental diets containing 0.26%
phytate and desired Ca and P levels were prepared. Each of the six diets was offered
ad lib as mash to duplicate groups of chicks of each breed housed in battery cages from
8 to 42 d of age. During the last 6-d of the feeding period a metabolic trial was conducted
and balances of Ca, P and phytate P found out. At the end of the feeding period, 4
chicks from each replicated group were sacrificed, and blood samples screened for Ca
and inorganic P content. Results indicated that dietary Ca and P and the genotype
significantly (P<0.01) influenced mineral retention. Kadaknath chicks retained more
phytate P followed by those of WL and Aseel. Increasing dietary Ca or P tended to
decrease phytate P retention by chicks irrespective of the genotype. Similarly, Ca and
P retention was also high for Kadaknath, followed by those of WL and Aseel. The
serum inorganic P increased significantly (P<0.01) irrespective of the breed with an
increase in dietary P at either level of Ca. However, no such trend was observed in
blood Ca level of chicks. It is concluded that the three genotypes differed in respect
of Ca, P and phytate P retention, the Kadaknath being more efficient in utilising phytate
P than those of WL or Aseel.

CALCIUM AND PHOSPHORUS NEEDS OF WHITE LEGHORN,
KADAKNATH AND ASEEL CHICKS, 1. EFFECT ON GROWTH, FEED
UTILIZATION AND TIBIAL ASH
Praveen K. Tyagi, S.V.S.Verma and D.P. Singh
Central Avian Research Institute, Izatnagar 243 122, India
The ability of three genotypes (White Leghom vis-a-vis two indigenous fowl, Kadaknath and
Aseel) to utilise dietary calcium (0.8 or 1.2%) and phosphorus (0.4, 0.6 and 0.8%) had been
examined in a 3x2x3 factorial experiment. Using a com-soy basal with 0.25% Ca and 0.4% P
including 0.26% in phytate form, six experimental diets were developed incorporating Ca C03
and DCP to achieve the desired levels of Ca and F in the final mixes. Each of the six diets was
offered ad lib as mash to duplicate groups of chicks of the three breeds housed in battery cages
from 8 to 42 - day of age. Observations on growth, feed intake, mortality and tibial ash contents
were made. Results showed a highly significant (P<0.01) effect of dietary Ca and F on the
productive performance of chicks of the three genotypes employed in the study. Dietary F and
the F X breed interaction appeared to significantly (F<0.01) influence chicks survivability, chicks
from Aseel breed tended to be more suseptible to low dietary F and performed poorly as compared
to those of White Leghom or Kadaknath. The fat free bone ash content irrespective of breed
or dietary Ca level increased significantly (F<0.01) with an increase in dietary F, the values being
highest for the kadaknath followed by those for WL and Aseel chicks. It may be concluded that
the chicks of three genotypes differed in their response to and needs for the dietary Ca and F
for optimum performance.
161

THE EFFECT OF FEED FAT ON ENERGY VALUE OF FEED MIXTURES
AND ENERGY ADDITIVITY OF THEIR COMPONENTS IN BROILER
FEEDING
J.Barteczko and J.Kaminski
Department of Animal Nutrition, Agricultural University of Cracow, Al.Mickiewicza 24/
28, Poland
Bioenergetic studies on broilers included observations on additivity and synergistic
effect of feed fat and cereal components of feed mixtures. Digestibility experiments
were conducted on Astra B broilers assigned to 8 groups of 6. Broilers aged 5 weeks
were individually fed ad libitum the mixtures with various levels of lard and com or
lard and wheat. Lard was given as an energy substitute of cereals, as follows : cereal
energy -100%; fat energy - 0% next proportions being 80%, 20%, 60%, 40% and 40%
60% respectively. It was found that the estimate of metabolizable energy (ME) of feed
mixtures was affected by a method of determination, viz., a method of determining ME
of the whole mixture or of its individual components summed up. On the basis of our
experiments it may be concluded that in the mixtures of typical feeds used in broiler
feeding with no fat additives, ME is equal to a sum of ME values of their components.
With an increase in fat supplement in the mixtures, differences become more
pronounced. It was found that the energy value of fat was higher in combination with
corn than with wheat. With an increase in the mixture fat level a decrease in its value
ME was stated. When formulating feed mixtures based on ME in their individual
components it should be kept in mind that those values do not represent the energy
value of a mixture. An overestimated value of mixtures supplemented with fat makes
difficult an exact prediction of broiler weight gains. It can be inferred that our present
knowledge of this topic is not adequate and the methods of ME determination continue
to be disputable.

QUALITY PROTEIN MAIZE IN THE DIETS OF LAYING CHICKENS
S.A.Osei, A.Donkoh, Comfort C.Atuahene, J.A.Hagan and A.K.T\iah
Department of Animal Science, University of Science and Technology, Kumasi, Ghana
The ability of quality protein maize (QPM) to spare fishmeal in layer diets was assessed
in a trial using 392 point-of-lay pullets. The birds were randomized into five dietaiy
treatments with three replicates each. The control diet contained normal hybrid maize
(NM) at 550 g kg and 150g kg of fishmeal. The other diets contained respectively 550,
570 and 580 g kg QPM with corresponding fishmeal levels of 120, 100, 85 and 65 g
kg respectively. The dietary crude protein varied from 140 to 170 g kg. Feed and water
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were supplied ad libitum. Parameters measured included feed intake, egg production,
egg weight, feed conversion efficiency, egg shell thickness and Haugh unit. QPM slightly
but non-significantly (P>0.05) increased feed intake and hen-day Qgg production. Other
parameters were not affected. The use of QPM led to savings of US $ 20 and $ 60 tonne
of feed and eggs respectively.

EFFECT OF GRADED LEVELS OF VITAMIN A IN DIET ON THE
PERFORMANCE OF BROILER CHICKS
R.Malik, B.P.Singh, S.V.S.Verma and H.P.Shrivastava
Central Avian Research Institute, Izatnagar - 243 122, India
In a field trial with commercial broiler chicks, the effect of graded levels of vitamin
A in diet has been examined on their productive performance from 1 to 42 d of age.
1008 chicks, as hatched, were distributed randomly to nine lots housed in seperate pens
on floor with paddy husk for litter. A standard maize soybean broiler diet formulated
to contain vitamin A at 4000, 8000 or 16000 lU/kg formed the three treatments (Dl
to D3) and each of which was offered ad lib, to triplicate lots of chicks under the
uniform managemental conditions. Dietary protein content of 210 g/kg during the 021 d period was subsequently lowered to 190 g/kg. Observations on body weight revealed
that chicks in dietary groups Dl, D2 and D3 gained 1548±7; 1587±11 and 1654±12
g respectively, utilizing 2.18±0.02, 2.13±0.04 and 2.08±0.02 kg feed for a unit weight,
respectively.Per cent mortality in the corresponding groups was 2.8, 2.0 and 1.8
respectively. It may be concluded that under the field conditions supplemental vitamin
A at 16,000 lU/kg diet significantly P<0.01 improved broiler chick performance leading
to improved weight gains, better feed conversion efficiency and a higher survivability.

DIETARY REQUIREMENTS AND INTERRELATIONSHIPS OF CALCIUM,
PHOSPHORUS AND VITAMIN D3 FOR MEDICORE BROILER CHICKS
H.P.Srivastava, C.Deo, S.V.S.Verma and S.Chand
Central Avian Research Institute, Izatnagar - 243 122, India
A 2x2x4 factorial experiment testing two levels of dietary calcium (10 or 13 g Ca),
two levels of phosphorus (6 or 8 g P) and four levels of cholecalciferol (300, 600, 900
or 1200 lU D3) per kg diet was carried out to find their optimum levels and examine
interrelationships in the feeding of mediocre broiler chicks. Each of the 16 diets was
offered ad lib as mash to duplicate lots of 6 chicks housed in battery cages and their
body weight, feed intake and feed conversion efficiency showed a linear improvement
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attributable to the dose response of Ca, P and D3 intake, though showing a significant
improvement for the main and interaction effects for feed intake and feed conversion
efficiency only. The three dietary nutrients when examined independently, were found
to have no significant effect on absolute and relative increase in the circumference of
both the hock joints, but for their combined effects. The general health status of
experimental chicks was satisfactory for neither the chicks showed any acute syndrome
of Ca, P or Vit. D3 deficiency nor was there any mortality. Dressing and evisceration
percentage were also found to have been insignificantly influenced by various dietary
regimens. The results of overall performance of chicks showed an intimate relationship
in between the three nutrients, and for the optimum body development and feed
utilization, a dietary level of 10 g Ca, 6 g P and 600 lU D3 per kg diet was necessary.

BONE MORPHOMETRY, MINERALIZATION, SERUM CALCIUM AND
PHOSPHORUS CONTENTS AS INFLUENCED BY DIETARY CALCIUM,
PHOSPHORUS AND VITAMIN D3 IN BROILER CHICKS
CDeo, H.P.Shrivastva, S.Chand, S.V.S.Verma and S.Toppo
Central Avian Research Institute, Izatnagar - 243 122, India
A total of 192, 46 d old mediocre broiler chicks belonging to 32 groups of 6 each
earlier fed 16 diets in a 2x2x4 factorial experiment providing 10 or 13 g calcium,
6 or 8 g phosphorus, and 300, 600, 900 or 1200 lU vitamin D3 per kg diet for 38 - d
feeding period, were sacrificed to study their bone morphometry, mineralization, serum
calcium (Ca) and phosphorus (P) contents. Results revealed that the bone length,
diameter and weight of left tarsometatarsal of chicks appeared to have not been
influenced significantly by independent level of dietary Ca, P or D3, though a positive
CaxD3 interaction was evident for bone length of chicks. Also, there was no significant
treatment effect on total ash, Ca and P contents in tarso metatarsal bones, whereas an
increase in P or D3 in diet could elevate the bone ash, Ca and P concentrations to some
extent. Numerically higher bone ash and none Ca, and significantly (P<0.01) higher
bone P content were noticed in chicks fed diets containing 10 g Ca/kg than those of
13 g Ca/kg. Serum Ca and P values were also found to have been signiñcantly influenced
by the dietary regimens, whereas dietary Ca or D3 levels irrespective of P content has
a moderate positive effect on Ca:P ratios in blood and bone samples. It may be inferred
that the dietary Ca, P and D3 levels employed in this study had Httle effect on the bone
and blood parameters examined.
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REQUIREMENT OF NONPHYTIN PHOSPHORUS AND ENHANCEMENT OF
PHYTIN PHOSPHORUS BIOAVAILABILITY IN BROILERS AND LAYERS
S.V.Rama Rao, V.Ravindra Reddy and V.Ramasubba Reddy
Department of Poultry Science, College of Veterinary Science, Hyderabad - 500 030, India
Experiments were conducted to estimate the requirements of nonphytin phosphorus
(NPP) for broilers and layers and to enhance the bioavalability of phytin phosphorus
(PP). The diets to estimate the requirements contained 2.5 to 4.5 g NPP/kg for broilers
(3-30d) and 2.0 to 3.5g NPP/kg for layers (226-308 d). The diets to enhance the
bioavailibility of PP contained reference diet (10 g Ca and 4.5 g NPP/kg), low NPP
basal diet (10 g Ca and 3.0 g NPP/kg) and low Ca and low NPP basal diet (7.5 g Ca
and 3.0 g NPP/kg) for broilers (3-30 d) and reference diet (36 g Ca and 2.0 g NPP/kg),
low (36 g Ca and 1.5 g NPP/kg) and very low NPP (36 g Ca and 1.0 g NPP/kg) diets
for layers (335-384 d), supplemented with phytase A (0.5 or 1.0 g/kg), phytase Z (700
phytase units/kg), cholecalciferol (100 or 200 mcg/kg), yeast (13.5x 10^ Saccharomyces
cerevisiae cells/kg) or EDTA (4.0 g/kg). Each diet was fed to 3x8 broilers or 4x12
layers ad lib. In broilers, an improvement in weight gain up to 4.0 g and tibia ash up
to 4.5 g NPP/kg was observed. Increasing dietary P levels revealed an increased serum
inorganic P and decreased PP retention. In layers Qgg production was not influenced
by the NPP level of diet. Shell quality was better at 3.0 g NPP/kg than at other levels.
Supplementation of phytase A, cholecalciferol, yeast or ETDA to diet low in NPP did
not improve weight gain and feed conversion, in broilers. However, addition of phytase
A or cholecalciferol to diet low in Ca and NPP improved weight gains and feed
conversion and cholecalciferol supplementation to diet low in NPP increased tibia ash
content similar to that on reference diet. Phytase A supplementation to both the basal
diets improved PP retention and P content of tibia ash and serum in broilers.
Supplemented phytase A to diet very low in NPP improved egg production, feed per
dozen eggs, egg weight and shell quality equal to that on reference diet. While other
additions were without any effect. Diet low in NPP with or without any supplementation
resulted in performance equal to that on reference diet.
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BIOLOGICAL EFFICACY OF COATED VITAMIN D3 PRODUCTS OF
VARIOUS PROVENANCE IN EGG LAYERS
L.Papesova^ and A.Fucikova^
^Biofaktory Prague s.r.o. Na Chvalce 2049, 193 00 Prague 9, Czech ^Czech Agricultural
University, Faculty of Agronomy, 165 00 Prague 6, Czech
The work was aimed at verification of developmental coated vitamin D3 product of
Czech provenance - 500 000 lU g (hereinafter vit D3 - CS) as compared with Hoffmann
La Roche vit. D3 product trade named Rovinir 500 S (hereinafter vit. D3 - HR). The
experiment included also a negative control group. The Czech coated vit. D3 is designed
for feed additive premises, medicated feed products and feeds. The biological efficacy
was studied on Shaver Starcross 288 egg layers during a 54 weeks laying period from
weeks 24 to 77 of egg layer's age. Vitamin D3 deficient diet was supplemented with
the tested vitamin D3 products dosed 3000 lU kg of the experimental feed. As the
criteria of evaluation of the biological efficacy of the products tested, performance
parameters were studied continuously and white blood pictures and calcidiol
concentration (25-OH-D3) in blood plasma at 8 week intervals. The performance
parameters were highly positively affected by the vitamin D3 administration; the mean
intensity of laying in vitamin D3 groups was 79.3 (vit.D3-HR) resp. 75.9 (vit.D3-CS)
with the difference being insignificant (P<0.05). In the negative control only 22.2%
was achieved. Feed conversion ranged in harmony with the intensity of laying. The
hitherto statement regarding an egg layer's ability to compensate the state of vit. D3
deficiency via an alternating performance or via balancing the performance at the end
of the egg laying cycle was not confirmed. The evaluation of performance parameters
included also a study of layer's weight. A statistically insignificant deficit of body
weight was ascertained in the negative control. The weight of egg layers in experimental
groups was not significantly affected by administration of various vitamin D3 products.
Leukocyte values ranged within physiological limits. On the assessment of a differential
count of white blood cells in leukograms, lymphocytes were increased in the negative
control in the 49th week of age. As compared with the negative control, increased
levels of neutrophils were found in vitamin D3 groups (the difference between groups
being insignificant). In literature, the vitamin D3 activity is being underlined in terms
of its affecting the phagocytic abilities of monocytes in the man, and hence, a possibility
of a similar effect on this property cannot be excluded in heterophils of poultry (egg
layers). Blood plasma determination of 25 - 0H-D3 demonstrated an activity of vit.
D3-CS comparable with that of vit. D3-HR Rovinir; the 25-OH-D3 values found have
been in accordance with the literary data presented so far. After the evaluation of results,
the efficacy of the Czech loose coated vit. D3 product was comparable with that of
the International standard.
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EFFECT OF LOW ENERGY, HIGH FIBRE DIET ON THE PERFORMANCE
OFCOMMERCIAL BROILERS
M.M.Pathak, A.L.Bhagwat and P.V.Rao
Institute of Poultry Management of India, Urulikanchan 412 202, India
An experiment was conducted to study the effect of low energy, high fibre diets on the
performance of broilers in different combination during starting (8-28 d) and finishing
period (29-42 d). The treatments consisted of :
Gr. I
: High energy broiler starter (HBS) with 2800 Kcal ME/kg and 22.5% CP
followed by high energy broiler finisher (HBF) with 2850 Kcal ME/kg and
20% CF.
Gr. II : Low energy broiler starter (LBS) with 2600 Kcal ME/kg and 22% CP +
low energy broiler finisher (LBF) : 2700 Kcal ME/kg and 20% CP
Gr. Ill : HBS + LBF
Gr. IV : LBS + HBF
The crude fibre content was about 4.45% in high energy and 6.32% in low energy
rations. Live weight gain was highest in Gr. I followed by Gr. II, Gr. IV and Gr. Ill
respectively. However, the differences were not significant (P<0.05). A similar gradation
was observed in feed intake. The best feed efficiency was obtained in Gr. I followed
by Gr. IV, Gr. II and Gr. III. Considering the prevailing market feed prices, the cost
of feed per kg live weight was lowest with Gr. II (Rs. 12.99) followed by Gr. IV
(Rs. 13.16), Gr. I (Rs.13.20) and Gr. Ill (Rs.14.09). It appears that the performance of
commercial broilers can be optimum even with LBS-LBF resulting in considerable
monitory benefit to the farmers.

EFFECT OF HIGH ENERGY VS LOW ENERGY DIETS ON PERFORMANCE
OF COMMERCIAL BROILERS
M.M.Pathak, A.L.Bhagwat and P.V.Rao
Institute of Poultry Management of India, Urulikanchan 412 202, India
An experiment was conducted to study the effect of high energy vs low energy diets
on performance of commercial broilers from 0-50 days of age. Two-thousand day-old
broiler chicks (Cobb) were randomly distributed into 8 groups of 250 chicks each.
There were two treatments each with two replicates. The chicks in Group I were offered
high energy broiler starter ration (HBS) containing 2850 Kcal ME/kg and 22.5% crude
protein from 0-28 day and high energy broiler finisher ration (HBF) containing 2900
Kcal ME/kg and 20% crude protein. The chicks in group II were offered low energy
broiler starter ration (LBS) having 2650 Kcal ME/kg and 22% crude protein from 0167

28 day and low energy broiler finisher ration (LBF) with 2700 Kcal ME/kg and 19.7%
crude protein from 29-50 days of age. On the basis of feed consumption and gain in
body weights, feed conversion ratio (FCR) and feed cost per kg of live weight produced
were calculated. Although the feed intake was highest in Group fed LBS and LBF
(Group II), the average gain in body weight was also high in this Group than those fed
HBS and HBF rations (Group I). The FCR was numerically higher in Group II than
in Group I. The feed cost per kg of live weight produced was Rs. 13.47 and Rs. 12.50
in Group I and Group II respectively. Although the FCR was slightly higher (2.31 in
Group II Vs 2.29 in Group I), there was a net saving of Rs. 0.97 per kg of live weight
produced when fed diet containing LBS followed by LBF rations.

STUDIES ON EXTRUDED FULL FAT SOYBEAN IN BROILER DIETS
S.G.Shinde, A.S.Ranade, B.V.Rajmane and M.B.Patil
Bombay Veterinary College, Parel, Mumbai 400 012, India
An experiment was conducted to study the effect of extruded full fat soybean (EFFS)
and toasted full fat soybean (TFFS) on the performance of broilers from 0 to 6 weeks
of age. Five hundred day old commercial Hubbard broiler chicks were assigned to ten
replicates of 50 chicks each. Two replicates in each treatment were offered diet containing
either commercial soybean extraction meal (SBEM). EFFS or TFFS at 5% and 10%
level. Thus there were 5 treatments with two replicates in each treatment. The birds
were offered broiler starter and broiler finisher ration from 0 to 3 weeks and 4 to 6
weeks respectively. Except for all the groups. The managemental conditions were
identical for all the groups. The weekly average feed consumption, body weights and
mortality were recorded. When the birds were offered diet containing either 10% TFFS
or 10% EFFS, the performance was significantly higher than group fed diet containing
soybean extraction meal (SBEM). However, there was no significant difference between
group fed either 10% TFFS or 10% EFFS diet. When the birds were fed diet with 5%
TFFS the performance was inferior than the groups fed diet containing either SBEM.
10% TFFS or 5% and 10% EFFS diets. The net profit per bird as calculated was highest
in group fed 10% EFFS and was lowest in group fed 5% TFFS diet.
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EFFECT OF MAIZE VERSUS SORGHUM ON EFFICIENCY OF
UTILIZATION OF METABOLISABLE ENERGY IN MALE EGG TYPE AND
BROILER TYPE CHICKS
M.M.Pathak and S.P.Netke
College of Veterinary Science and Animal Husbandry, Jabalpur 482001, India
An experiment was designed to study the effect of maize versus sorghum on utilisation
of metabolisable energy in WL (males) and broiler chicks at 7 to 21 (period I) and 21
to 42 days (period II) of age. At 7th day, both WL and broiler chicks were assigned
to 15 replicates of chicks each. Six replicates in each population were fed either maize
groundnut diet (MG) or sorghum groundnut diet (SO). Three replicates from each
population were sacrificed at 7th day and 21st day and one chick from each of the
remaining replicates were sacrificed at 42 day. The carcasses were analysed for protein
and fat. The energy content of carcasses was calculated using calorific value of protein
and fat. The ME consumed was partitioned into protein and fat energy deposited. The
maintenance requirement was arrived at by calculating the heat lost in tissue synthesis
using the values of calorific efficiency of protein and fat synthesis (Petersen, 1970).
In WL chicks, type of diet did not influence the performance of chicks. However,
broilers fed MG diet performed better than those fed S G diet in both the periods. In
broilers, the protein deposition did not differ with diet in period I. However, in period
II the broilers fed SG diet deposited less protein. The ME used for maintenance was
much higher in WL chicks as compared to broilers. Within the breed, chicks fed MG
diet had higher requirement than those fed SG diet in period I in WL chicks. In period
II, the maintenance requirement of WL chicks fed SG diet was higher. WL tended to
divert lesser quantity of surplus energy for fat deposition than that of broilers. WL fed
S G diet diverted higher fraction of surplus energy for fat deposition in both the periods,
while in broilers the surplus energy was diverted with SG fed diet in period II only.

RATE OF STARCH DIGESTION AND THE NUTRITIONAL VALUE OF
WHEAT VARIETIES
L.A.Waldroni and S.P.Rose^
^Finnfeeds International Ltd., Marlborough, SN8 1 AA, UK
^National Institute of Poultry Husbandry, Harper Adams College, Newport, TFIO 8NB,
UK
Wheat is the major cereal used in broiler chicken diets in Western Europe. Our previous
work has shown that there are differences in the growth of broilers fed two different
wheat varieties. There were no major chemical differences but the in vitro rate of starch
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digestion was different between the two varieties. The objective of this experiment was
to examine whether there was a relationship between the rate of starch digestion of 6
wheat varieties from 2 different growth sites and their nutritional value when fed to
broiler chickens as part of pelleted or meal-form diets. The rate of starch digestion of
the 12 wheat samples was determined using an in vitro enzymic and physical digestion
technique. The 12 wheat samples were included in a 700 g/kg wheat diet and fed to
growing chickens in either pelleted or meal-form from 7 to 21 d. There were differences
in the weight gains (p<0.05) of the chickens and the rate of starch digestion (p<0.0001)
between the six wheat varieties. Birds fed pelleted diets had greater weight gains
(p<0.01), feed conversion efficiencies (p<0.05) and rate of digestion (p<0.0001) than
meal form diets. However, regression analysis indicated there was no (p<0.05)
relationship between the weight gain of feed conversion efficiency of the broilers and
the rate of starch digestion of the wheat in the diets. In conclusion, wheat varieties
differ in their rate of starch digestion but this was not related to differences in their
nutritional value for broiler chickens.
NUTRITIONAL VALUE OF ROASTED AND EXTRUDED FULL-FAT
SOYBEANS FOR POULTRY
N.K.Sakomura, M.B.Cafe, J.Ariki, E.B.Malheiros, O.M.Junqueira and R.L.Furlan
Faculdade de Ciencias Agrarias e Veterinarias de Jaboticabal-UNESP-Brasil
The digestibility and laboratory assays were conducted with the aim of evaluating the
nutritional value of roasted (RS) and extruded (ES) full-fat soybean, and a chemically
similiar combination of soybean meal plus oil (SM+0). It was evaluated for the chemical
analysis, quality control, metabolizable energy, fat digestibility and available aminoacids
of full fat soybeans. The assays were conducted using the total excreta collection of
chicks and adult cocks and force-feeding method with adult cocks (SIBBALD, 1976).
The metabolizable energy and fat digestibility achieved with cocks were higher than
chicks. The chemical compositions were similar, among the soybeans, however, the
urease and haemaglutinin activities from roasted soybean was higher than the soybean
meal plus oil and the extruded soybean. The metabolizable energy with basis in dry
matter of ES (3795 Kcal/kg) was higher than the one determined from the RS (3472
Kcal/kg) and soybean meal plus oil (3435 Kcal/kg). The aminoacid and fat digestibilities
obtained from the RS (78,66% and 72,88%) were respectively lower in relation that
found in ES (91,15% and 86.02%) and in soybean meal plus oil (90,52% and 82,11%).
Thus, the results of this experiment showed that different processing methods of full
fat soybeans provide different nutritional characteristics for poultry.

170

INDIVIDUAL AND COMBINED EFFECTS OF A TRICHOTECENE MIXTURE
AND A ZEOLITE COMPOUND IN BROILER CHICKENS
V.G.Curtui, Al.Trif, T.Mot, D.Morar and C.Pop
Faculty of Veterinary Medicine, Galea Aradului 119, Timisoara 1900, Romania
An experimental feeding trial was conducted in order to determine the effects of low
doses of a trichotecene mixture (T) and the possible protective effect of a zeolite
compound (Z) containing 80% hydrated sodium calcium aluminosilicate in broilers.
Zeolite was incorporated into diet (.5%) containing T (6.4 mg deoxynivalenol/kg, 1.2
mg toxin T-2/kg and 2.6 mg diacetoxyscirpenol/kg). Broiler chicks (4 groups x 10
chicks) were provided with feed and water for ad libitum consumption from 1 to 28
days of age. Body weight gain, feed and water consumption and feed utilization were
measured. Broilers were sacrificed at 28 days of age for relative weights of organs
measurement, hematological values, serum biochemical values. No clinical signs of
disease were observed. Body weight gains, feed intake, feed utilization and water
consumption were significantly depressed (p<.05) by T and further decreased by the
combination of T+Z. No significant differences were induced by Z. T and T+Z
significantly increased (p<.05) the relative liver, kidney, heart and gizzard weights : Z
singly increased only the relative liver weight. T and T+Z significantly decreased
leukocytes count (-46 and -40% comparing to control group), serum total protein and
serum albumin. Z and T, singly or in combination, significantly increased (p<.05) serum
creatinine concentration. These findings indicate that low doses of above mentioned
T can affect adversely the performance and health of broiler chickens. Adding of zeolite
compound can not diminish the effects of T and for some parameters they have
synergistic effects.

BROILER BREEDER PERFORMANCE IN FISHMEAL FREE DIETS
H.Shen
American Soybean association, China World Tower Rm 1323,13th Floor 1 Jianguomenwai
Ave, Beijing 100004, China
A field study employing 3600,22 weeks-old Arbor Acres broiler pullets and 300 males
was conducted to compare a traditional diet containing 3% fishmeal (+FM) against a
similar corn-soy diet without fishmeal (-FM). Treatment diets were isonitrogenous and
isoenergetic within sex. Pullet diets contained 2700 kcal/kg ME, 15.5% CP, 80% lys,
38% met, 64% M+C, 3.15% Ca and 40% P (avail.) There were no significant differences
(P<.05) in the following performance parameters examined between 26 and 50 wk for
+ FM and - FM respectively: fertility,% -91.5, 91.4;hatchability % -83.5, 82.7; healthy
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chicks of hatching eggs,% -81.2, 79.7; dead embryos before hatch, % -0.48, 40.46; or
between 32 and 50 wk for mean daily feed intake, g-174,174; mean egg wt, g-65.4,
66.2; mean daily egg mass g-40.6, 41.5; FCR -4.28, 4.18. These results indicate fish
meal to be non-essential in breeder feeds. This is significant in China as the price of
fish meal has increased 40% from 1994 to 1996.

BETA-ADRENERGIC CONTROL OF DIET-INDUCED THERMO GENESIS
N.Fraeois
SRA NVRA TOURS-Nouzilly, France
ß-adrenergic control of diet-induced thermogenesis (DIT) was studied in two
experimental lines of domestic chickens, selected for high (R+) or low (R-) residual
feed intake. Propanolol administration (ß-blocking agent) significantly reduced DIT of
ad libitum fed R+ hens (6.5 vs 11.4%), but had no effect in R- hens. As the propanolol
has an anorectic effect, cockerel of both lines were force-fed 60 or 100% of their ad
libitum food intake with or without ß-blocking agent. When they were restricted (60%),
propanolol had no effect on either line. However, propanolol decreased DIT of 100%
force-fed R+ cockerels but had no effect in R- cockerels. R+ cockerels, but not R-,
appear to dissipate excess dietary energy via ß-adrenergic regulation of DIT. Moreover,
assay plasma serotonine indicated differences in the control of appetite between the
two lines.

THE RELATIONSHIPS BETWEEN SERUM TRIGLYCERIDE
CONCENTRATION AND ABDOMINAL FAT WEIGHT OF BROILERS
P.SettarS Y.AkbasS L.Kiriimaz^ and S.Yalcin^
Aegean University ^Faculty of Agriculture, Department of Biometry & Genetic, ^Faculty
of Pharmacy, ^Faculty of Agriculture, Department of Poultry Science, Izmir-l\irkey
The experiment was conducted to investigate the relationship between abdominal fat
weight and serum triglycéride concentration. Pedigreed chicks of 10 sire families were
used. Blood samples were collected at 56 days and birds were slaughtered. The
heritability estimates for carcass weight, absolute and relative abdominal fat weights
and serum triglycéride concentrations were, 0.31, 0.55, 0.37, and 0.04 respectively. A
significant phenotypic correlation between relative abdominal fat weight and serum
triglycéride levels indicated that serum triglycéride level can be used in determining
the abdominal fat weight.
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REQUIREMENTS OF METABOLIZABLE ENERGY AND NITROGEN FOR
1 TO 18 WEEKS PULLETS
R.Basaglia, R.Silva, N.K.Sakomura and K.T.Resende
Faculdade de Ciencias Agrarias e Veterinarias - UNSEP Jaboticabal-SP-Brazil
The experiment was conducted with the objective of determining the energy and
nitrogen requirements of pullets 1 to 18 weeks of age. For the determination of
Metabolizable Energy (ME) and Nitrogen (N) requirements for maintenance, the
comparative slaughtering technique and the method of Nitrogen Balance (NB) were
used, respectively. The requirements of ME and N for weight gain were determined
through the regression analysis from nitrogen and energy present in the body which
were obtained by means of weekly slaughtering in terms of body weight. The regression
coefficients of these equations were used to determining the net requirements for gain,
and taking into consideration the efficiencies of utilization, the ME and N requirements
were determined for weight gain. The prediction equations of daily requirements of
ME and in terms on body weight (BW in grams) and daily weight gain (WG in grams),
for the phases from 1 to 6,7 and to 12 and 13 to 18 weeks old were respectively :
ME=86.12 BW^^^ + 4.12 WG, N=0.3831 BW^^^ + 0.066 WG ; ME=98.95 BW^^"^ +
5.78 WG, N=0.3831 BW«^' + 0.087 WG e ME = 116.24 BW^^^ + 7.32 WG, N=0.3831
BW«^"^ + 0.090 WG.

EFFECT OF FEEDING OF MUSTARD CAKE V/S DETOXIFIED MUSTARD
CAKE IN LAYING HENS
K.Khanna, H.I.Paleja, R.K.Mishra, R.SJoshi and R.K.Shukla
Poultry Complex, Veterinary College, Anand 388 001, India
This experiment was carried out to study effect of inclusion of Undetoxified Mustard
Cake (MCUD) vis a vis Detoxified Mustard Cake (MCD) on egg production
performance in White Leghorn birds, aged 26 weeks, for a duration of 84 days. The
inclusion rate studied for both types of Mustard Cake was to the tune of 5 (T^), 10 (T^),
15 (T3) and 20% (T^). A control group was also maintained. A pre-experimental feeding
period of 3 days was given to all birds before start of recording egg production.
Performance traits viz. egg number (EN), egg weight (EW), body weight (BW) and
total feed consumption (TFC) were studied. All the production traits were recorded at
fortnightly interval. The control birds laid more number of eggs i.e. 70.00 ± 1.45 than
all the treatment groups kept under MCD and MCUD. Whereas, birds under T3 of
MCD laid lowest EN in comparison to all other groups. However differences were
found to be non-significant (P<0.05). EW was found to be more than 50 gm for all
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treatment groups except for T^ and T^ of MCD i.e. 49.023 ±1.175 and 49.214 ± 1.262
but differences were non-significant (P<0.05) for all the group. BW for different groups
and control were found to be ranged between 1.585.25 ± 41.031 (MCD, T,) to 1727.2
± 48.964 (MCUD T^) and differences for BW were found to be statistically nonsignificant (P<0.05). TFC was found to be less in all treatment of MCD i.e. 12.4819
± 0.02926 as compared to MCUD and control without affecting production performance.
The low feed consumption in undetoxified mustard cake groups resulted into low egg
weight.

ENERGY VALUES OF DIFFERENT VEGETABLE FATS AND SYNERGISTIC
EFFECTS OF BLENDS IN BROILER DIETS
A.C J.M.Smulders^ C.KwakernaakS R.P.KwakkeF and M.Zumbado^
^Institute of Animal Science and Health, Branch Beekbrgen ^Wageningen Agricultural
University, Department of Animal Nutrition ^University of Costa Rica
A joint research project of the University of Costa Rica (UCR) and the Institute for
Animal Science and Health (ID-DLO) in the Netherlands was carried out to study
feeding values for poultry of free fatty acids from palm-and soybean oil, as produced
in Costa Rica. From economical and environmental point of view it is important to
make those waste products of the industry useful for poultry feed. High melting points
of palm free fatty acids (PFFA) is one of the main causes for low digestibility of these
fats in broilers. Mixtures of PFFA with other fat sources may act synergistic in reducing
the melting point and by this, increase digestibility. Therefore an experiment was carried
out to study the following objectives :
- determining the AME of PFFA, SBFFA ( =Soybean Free Fatty Acid) and two belnds
(blend 1:50% PFFA with 50% SBFFA and blend 2.75% PFFA with 25% SBFFA)
- measuring of the technical performance of the broilers
- quantity potential synergistc effects on technical performance and digestibility (fat,
protein)
- studying possible positive effect of the use of fats on performance in hot climates
Digestibility values and metabolizable energy of the diets and the different added fats
were measured with commercial male broilers. Also the technical performance was
measured (feed intake, body weight gain, feed conversion ratio) from 11 to 35 days of
age. Nine different diets were calculated iso-energetic by exchanging com starch for
a mixture of the fat (PFFA, SBFFA or blend), sand, celluloses and polyethylene. The
AME values of the fat types from an earlier experiment were used for the calculation.
The experimental factors were :
- 2 fat sources (PFFA and SBFFA)
- 2 blends of the fat sources
- 3 fat levels (0% added fat in the com starch diet, 5% and 10%)
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- 2 temperature schemes
The trial was carried out as a splitplot-trial in which every feed/temperature treatment
had six repetitions. During the first 11 days, the broilers were kept in three ground
cages. After that they were distributed over the balance-cages (13 birds per cage) using
a class-system to obtain equal weight on every cage. After 25 days the number of
chickens per cages was reduced to 12, so the trial-period was carried out with 1296
broilers. The birds were kept in climate controlled rooms. In three rooms the temperature
was constantly 30°C from 11 days age. In the other three sections the normal temperature
scheme was followed. Data of feed intake (20, 25 and 35 days age) and bird weights
(11, 25 and 35 days age) were collected. Excreta samples (25, 26, 27 days of age) and
feed samples were analysed. The fat blends produced higher feed intake and body
weight gain than the pure fats. AME values of fats and digestibility values of protein
and fats in the different diets were used to sustain the performance data, found in the
experiment. Temperature effect was found on the performance data. High temperatures
dereased feed intake and body weight gain and increased feed conversion ratio. The
quantitative effect of synergism on AME, digestibility and technical performance, when
blends were used, were calculated.

GROWTH PERFORMANCE OF MALE CHICKS OF LAYER STRAIN ON
BROILER RATION FOR MEAT
B.R.Ulmek, A.S.Jadhav and N.A.Patil
Division of Animal Science and Dairy Science, College of Agriculture, Kolhapur - 416 004,
M.S. India
One hundred day old male chicks of a layer strain were studied for their growth
performance on a broiler ration. The day old male chicks were randomly divided in 4
groups. Each group comprised of 25 male chicks. Chicks were reared in cages and fed
broiler starter and broiler finisher ration. The average body weight of day old chicks
and cockrels (10th week) was 38.03 ± 0.52 and 1025.89 ± 12.29 gm, respectively. The
coefficient of variation for mean body weights at the respective ages was within
admissible limit. The mean weekly feed and water intake was 365.26 gm and 656.61
ml, respectively. These results revealed that maximum gain in body weight was
observed during 6th week of age. The data suggests that, as the age of male chicks
advanced the water intake per gram of feed consumed also increased. The overall feed
conversion ratio was 1:3.69.
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THE EFFECT OF FEED RESTRICTION IN THE LAST PHASE OF REARING
ON CARCASS YIELD AND COMPOSITION OF MALE BROILERS
J.R.Sartori, E.Conzales, E.M.Souza, E.A.Garcia and F.S.Wechsler
Faculdade de Medicina Veterinaria e Zootecnia, UNESP, C.P.560,18618-000, Bortucatu,
SP, Brazil
Two thousand one-day old male chicks were distrubuted in five randomized blocks
according to a 4x2 factorial. There were 4 feeding programs (?) : ad libitum or one of
three restriction schedules : 0800-1200, 1200-1600 and 0800-1600; and two strains
(S): Ross or Hubbard Peterson. Fifty birds were used per replicate. Birds were raised
under identical feed and management conditions until day 42. Feed restriction was
applied from day 43 to day 56. At day 56, five birds were randomly chosen per replicate,
weighed, slaughtered, eviscreted, dry cooled, cut and deboned. No effects (p<0.05) of
P or SxP interaction were observed for carcass characteristics. The Ross (R) broilers
showed higher (p<0.05) weight, and yields of breast meat, leg meat and abdominal fat
than the Hubbard-Peterson (H) birds, which showed higher (p<0.05) weights and yields
of head plus neck, feet, leg bones and wings. The ad libitum birds showed higher
(p<0.05) crude protein in thigh meat than those restricted during the 0800-1200 period.
A SxP interaction was observed (p<0.05) for meat ash content. The R broilers showed
higher (p<0.05) ash content in breast and thigh meat than the H birds in the 0800-1200
restriction treatment. On the other hand, the R broilers submitted to the 0800-1200
restriction showed higher (p<0.05) ash contents in breast and thigh meat than birds
from the same strain in the other feeding programs. Under the conditions of this
experiment, feed restriction in the last phase of rearing did not alter the yield of whole
carcass, carcass cuts and abdominal fat, but morning restriction influenced carcass
chemical composition.

INVESTIGATION ON PROCESSED ROCK PHOSPHATE AS SUBSTITUTE
FOR BONE MEAL IN DIETS OF LAYING CHICKENS IN NIGERIA
Ikani, I.E. A.O. Aduku, and S.O.Ogundipe
Livestock and Fisheries Programme, NAERLS Department of Animal Science, National
Animal Production Research Ahmadu Bello University, PMB1067, Zaria, Nigeria
An experiment was conducted to determine the optimum replacement value of processed
rock phosphate (PRP) for bone meal. A total of 144, fifty five week old Shavers X
Hubbard cross strain laying hens were used. Triplicate groups of 12 hens area were
placed on four diets containing 0, 1.8, 2.8, and 5.64% PRP which contributed 0, 0.16,
0.25 and 0.51% inorganic phosphorus in the diets respectively. Dietary PRP levels had
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no negative significant (P>0.05) effect on egg production, feed intake, feed conversion
and body weights of hens. Inclusion of 5.64% PRP, equivalent of 3% bone meal, in
layers diet promoted egg production comparable with the control diet. Mortality of
2.8% occured in groups on control and 5.64% FRF diets. Egg weight, interior quality
and shell quality were unaffected by dietary treatments. Shell thickness however, was
increased with FRF diets, though not significantly. Calcium contents of egg shell were
unaffected by dietary treatments. Egg yolk and albumen fluorine contents were also
not significantly affected by inclusion of FRF in the diets.

USE OF SOYBEANS FOR STOCKFEED PRODUCTION IN ZAMBIA
C.A.Chacko
National Milling Company Limited, P.O. Box 31980, Lusaka, Zambia
Soybeans and soybean products are extensively used as a protein and energy source
for humans and animals. Soybean production in Zambia however has been seriously
taken up by the farmers only recently. Therefore there is need to know more about the
processing, nutritional quality, quality control, storage, and usage of soybean byproducts. The present paper is an attempt to highlight these areas which have a direct
bearing on the consistency and quality of stockfeeds production in Zambia. Over the
last five to six years the process of localisation of stockfeed raw materials have been
the aim and we succeeded in sustaining stockfeed production without spending large
amount of foreign exchange for the importation of raw materials as the case was in
the past. Now the stockfeed is produced using locally available raw materials except
for 5 to 7 percent imported ingredients. The method of processing and heat treatment
of soybeans to combat antinutritional factors has been described in addition to nutritional
analysis of locally produced soybeans and other oil seeds. The present demand,
production and supply of soybeans have also critically been discussed. The paper also
urges the policy makers in Agriculture to create a system of close monitoring by which
a proper balance emerges among demand, supply, import, export and consumption of
oil cake products in the country.

EFFECTS OF BALANCER-WHOLE GRAIN MIXTURES
PERFORMANCE OF GROWING BROILER CHICKENS

ON

T.Kiiskinen
Agricultural Research Centre of Finland, SF 31600 Jokioinen, Finland
Two feeding trials were performed to study the suitability of a balancer whole grain
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feeding regimen for broiler production. A total of 4000 broiler chicks (Ross) were
raised in floor pens (4m^) upto 37-38 days of age. During the first 11 days all birds
of each trial were fed same starter diet and then allocated to the treatments which
consisted of feeding a complete grower diet (control) and mixtures of a pelleted (4mm)
balancer diet (25% crude protein) and whole grain. Grain was either wheat or a mixture
of wheat and barely (70:30 and 50:50) and its proportion was increased step by step
from 20% to 40% (Trial 1) or from 30% to 50% (Trial 20). Whole grain accounted for
about 31% (Trial 1) and 38% (Trial 2) of the broiler's total feed intake. Crude protein
analysis for the feed remains revealed that birds did not considerably select between
the balancer and grain. The balancer whole grain mixtures reduced significantly (p<0.01)
feed intake in Trial 1 and as a consequence growth rate decreased by 3-6% (P<0.01).
However, no significant differences could be ascertained in feed efficiency. In Trial 2
birds fed the balancer whole wheat diet consumed feed less (P<0.001) and more and
utilised it efficiently (P<0.001) than birds fed the other dietary treatments. Whole grain
feeding increased by 50-90 % (P<0.001) the empty gizzard weight but did not
significantly affect the abdominal fat content. The present results suggest that during
the growing phase broiler chickens can efficiently be fed with a pelleted balancer diet
and whole grain.

EFFECTS OF BODYWEIGHT ON PERFORMANCE IN BROILER BREEDERS
HENS
V.M.B.Moraes, R.D.Malheiros and E.J.Campos
UNESP Departmento de Zootecnia de Nao Ruminantes- Rod.Carlos Tonanni, km 05,
Janoticabal, Sao Paulo, CEP : 14870-000, Brazil
An experiment was carried out to verify the effects of three feeding programs on the
age of sexual maturity and breeder performance. We have used 6,300 day old Cobb
500 breeders, housed at random in three similar facilities provided with feeders through
drinkers and wood shaving litter. Birds were fed a starter diet (3,000 kcal ME and 22%
crude protein) and a grower diet (2,800 kcal ME and 16% crude protein), according
to the following feeding program: A-starter until 2 weeks and grower until 20 weeks;
B-starter until 4 weeks and grower until 20 weeks; C starter until 6 weeks and grower
until the age of sexual maturity. Birds were weighed every 2 weeks, following the
breeders manual. The age of sexual maturity was measured when the birds had 5%
of production. Birds fed program C presented significantly higher body weight (2,861
g), matured earlier (163 days) compared to the other feeding programs; there were no
significant differences for egg production, egg size, shell egg quality and Haugh units.
It was concluded that body weight is mainly responsible for the age of sexual maturity,
although the birds of 'C group had better egg production, heavier birds at the sexual
maturity are not economically feasible.
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HOURLY EATING PATTERN OF LAYING HENS WITH RESPECT TO TIME
OF OVIPOSITION
J. H. Choi
Choi institute, 903 Windstone, 275-2 Yangjae-dong, Secho-ku, Seoul 137-130, Korea
A total of 60 Manina White laying hens that had previously been in production for 47
weeks were caged individually. Light was provided 15 hours a day, 5:00 through
20:00. For each of seven days, feed intake was measured individually at one hour
intervals during the light period. Individual time of oviposition was also recorded.
Mean hourly feed intake of all hens shows two peaks a day; a smaller peak during
10:00 -12:00 and a larger peak during 17:00 -19:00. There was no significant difference
in mean amounts of daily feed consumed and hourly eating pattern during the day did
not differ much between egg-laying days and non-laying days. The day before
oviposition was regarded as the egg-forming day. Hens consumed significantly (P<0.01)
more feed on egg-forming days than non-egg forming days. Taking time of oviposition
into consideration it was found that hourly feed intake of individual hens decreased
during the hour immediately before oviposition and sharply increased during that hour
of oviposition. The large amounts of intake during the evening hours (17:00 - 19:00)
were consistent regardless of the time of oviposition.

STUDIES OF THE BIOTIN DEFICIENCY AND ITS REQUIREMENT FOR
BROILER CHICKS
Li Jian, Hou Shuisheng, and Huang Junchun
Institute of Animal Science, CAAS, Beijing 100084, P.R.China
Six hundred and forty-eight one-day-old Arbor Acres broiler chicks fed with wheatbased diet supplemented with 6 biotin levels ( 0,50,100,150,200 and 300 micro g biotin/
kg of diet ) respectively were used in the experiment. The mean body weight could be
increased significantly with the increament of dietary biotin (P<0.05). Lesions on the
foot pads during the second week and growth depression in the third week were observed
markedly as the first signs of biotin deficiency. The severity was increased with the
time. By supplementing biotin in diet, the lesions were reduced. In the nonsupplementing group, the lipid content in liver was significantly higher than those in
the supplemental groups; Histological studies showed lipid accumulated in liver and
tibia cartilage growth was slower. However, other organ changes were unsignificantly.
According to the results of experiment, to meet the bird requirement, 300 micro g
biotin per kilogram wheat based diet of broiler chicks should be supplemented.
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EFFECTS OF MANGANESE (MN) DEFICIENCY ON TISSUE MN CONTAINING SUPEROXIDE DISMUTASE (MNSOD) ACTIVITY AND ITS
MITOCHONDRIAL ULTRASTRUCTURES OF BROILER CHICKS FED A
PRACTICAL DIET
Luo Xugang, Su Qi, Huang Junchun and Liu Jinxu
Institute of Animal Science, CAAS, Beijing 100094, P.R.China
Sixty-four day-old Arbor Acres broilers (1/2 male, 1/2 female) were randomly allotted
to two treatments and fed ad libitum either a basal corn-soybean meal Mn-deficient
diet containing 17 ppm Mn or the Mn-supplemented (reagent grade MnSO^ H^O) diet
containing 137 ppm Mn for 28 days. Mn deficiency caused the reductions of Mn
concentrations of liver and heart (P<0.01) and also MnSOD activity of heart about
26% (P<0.01) but not MnSOD of liver (P>0.05). Abnormalities of mitochondrial
ultrastructures were observed both in heart and liver as shown by heart mitochondrial
degenration with a "split" trend, liver mitochondrial "combination" and irregular
sequences of critae and losses of some outer membrances of some mitochondria both
in heart and liver. Coarse reticulum enlargements of both heart and liver were also
observed. Mn deficiency caused higher incidence of leg abnormality and higher plasma
glutamate oxalacetate transminase (GOT) and glutamate pryuvate transminase (GPT)
activity and uric acid level (P<0.01) and plasma creatine phosphokinase (CPK) activity
(>0.05), nevertheless the growth performance of chicks was not affected (P>0.05).

EFFECT OF FEEDING OF PROCESSED AND UNPROCESSED ANIMAL
OFFAL ON PERFORMANCE OF BROILERS
B.S.Barmase, P.R.Patil, S.Z.Ali and A.N.Sarag
^Department of Poultry Science, DnPunjabrao Deshmukh Krishi Vidyapeeth, Akola 444104,
India
An experiment was conducted to evaluate nutritional value of animal offal in place of
fish meal in broiler ration. The fish meal was replaced at 0.25,50,75,100% levels with
processed offal in diet 1,2,3,4,5 respectively and at 100% level with unprocessed offal
in diet 6 while diet 7 contained neither fish meal nor offal i.e. without animal proteins.
It was observed that the different treatment groups had significant effect (P<0.05) on
the body weights, feed consumption and feed efficiency. The replacement offish meal
by processed offal upto 100% level and also by unprocessed offal at 100% level had
not shown any adverse effect on body weight and feed utilization. However, the absence
of animal proteins and diet 7 resulted in significantly lower body weights and feed
consumption. This data suggests that unprocessed, boiled and processed animal offals
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upto 100% level can replace fish meal without any adverse effect on the growth rate
of broilers.

EFFECT OF EXCESS DIETARY ZINC ON TISSUE ZINC, IRON AND COPPER
CONCENTRATIONS IN LAYING HENS
Zhang Minghong and Zhong Yongan
Institute of Animal Science, CAAS, Beijing 100094, P.R.China
One hundred and ninety two pullets (Star cross 579) were given diets containing ZnO
to provied 0,0,1,0,5,1,2 and 3g/kg added Zn. The control diet contaning : Zn, 41ppm,
Fe, 258ppm, Cu, 7ppm, These diets were given ad libitum for four weeks . At the end
of the 4th week, 4 pullets from each treatment were killed, and liver, kiney, pancreas,
spleen and gizzared were taken for measuring Zn, Fe, and Cu concentration.
The resuhs showed:
1. Dietary addition of ZnO significantly increased liver, kidney, pancreas, and Zn
concentrations, but didn't affect spleen Zn concentration.
2. ZnO addition to diet at 0,1,0.5 and Ig/kg added Zn didn't significantly affect liver,
kidney, pancreas, spleen and gizzard Fe and Cu concentration in kidney and spleen,
Cu concentration in spleen and gizzard, and increased Fe concentrations in pancreas
and liver. However, the rate of ZnO addition at which liver Cu concentration strated
to decrease substantially was 3g/kg added Zn diet.
3. There were no significant change in gizzard Fe concentration, pancreas and kidney
Cu concentration among all treatments.

EFFECT OF TRYPSIN INHIBITOR IN UNHEATED RAW SOYBEAN MEAL
ON THE GROWTH OF BROILERS
Hou ShuiSheng, Huang Juncun, Zhao Ling and Wang Surong
Institute of Animal Science CAAS, Beijing 100094, China
The effects of trypsin inhibitor activity (TIA) in raw soybean meal on the growth of
broiler chicks, pancreas weight and proteinase activity in duodenum were investigated
using 180 one-day-old Arbor Acres (AA) broilers. The results indicated that the TIA
and ureas activity in raw soybean meal (RSBM) were 34.9 units/mg N and 1.93 pH
respectively, in the same time the growth rate and feed conversion efficiency were
decreased and the pancreatic hypertrophy took place. The pancreatic cell volume of the
broilers fed the RSBM diet became larger, and the number of cells per square millimeter
decreased significantly. The TI in RSBM depressed the proteinase activity in the
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duodenum and true digestibility of protein was lowered. DL-methionine added in the
RSBM diet could not improve the growth rate of broilers or alleviate the pancreas
hypertrophy.

EVALUATING TOLERANCE LEVEL OF DIETARY SODIUM CHLORIDE IN
LAYING PULLETS
R.S.Thakur, A.B.Mandal and M.A.Akbar
Department of Animal Nutrition, CCS Haryana Agricultural University, Hisar Haryana
125 004, India
To study the tolerance level of sodium chloride (NaCl) in the diet of laying hens. (Two
experiments were conducted). Sixty White Leghorn pullets of 30 weeks age were
randomly divided into 12 groups of five each. In experiment I, three levels of NaCl
(0.58% T, 1.28% T2, and 1.78% T3) were tested. In experiment II the NaCl levels
tested were 0.58% Tl, 2.28% T2 and 2.78% T3, respectively. The birds were offered
three dietary treatments in quadruplicate for 75 days in experiment I and successively
for 115 days in experiment II. In experiment I, the egg weight was reduced (P<0.05)
in both the higher dietary salt level. However, percent hen day production, feed intake
(g/bird/day) and feed/kg mass were not affected. In experiment II, the egg weight was
declined (P<0.01) in the diet containing 2.28% salt in comparison to control and 2.78%
salt diets. Percent hen day production, feed intake (g/bird/day) and feed/kg tgg mass
were not affected. In experiment II, the water intake (ml/g feed) increased (P<0.01)
with increased level of salt. It was inferred that laying birds were able to tolerate 2.78%
NaCl in the diet without any adverse effect on production performance.

EFFECTS OF FEEDING ASTAXANTHIN -RICH ALGAE MEAL
(HAEMATOCOCCUS PLUVIALIS) ON BROILER PERFORMANCE AND
CARCASS QUALITY
J.Inborr
Svenska Foder AB, Box 673, S-53116 Lidkoping, Sweden
Algae meal (Haematococcus pluvialis) with a high content of astaxanthin was added
at two rates of inclusion to a diet based on wheat, oats and soybean meal to get three
dietary treatments - Control (no added algae meal), treatment A (133 g algae meal/
tonne feed) and B (266 g algae meal/ton feed) and fed to day old broiler chickens for
35 days. There were four floor pens of 480 birds per treatment. Feed and water were
freely available during the experiment. Mortality, bird performance and carcass quality
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at slaughter were monitered. Broiler chickens fed diet A gained on average 1673 g and
those fed diet B gained 1676 g liveweight during the 35 day experiment, which was
singificantly more (P<0.05) than that of the control birds (1634 g). The birds on
treatments A and B had higher breast muscle weights (17.6 and 17.4% of carcass weight,
respectively) than those of the control (16.4%). There were no significant (P>0.05)
differences between the experimental groups in terms of feed intake and feed conversion
ratio during the entire experimental groups in terms of feed intake and feed conversion
ratio during the entire experimental period. These results suggest that astaxanthin rich
algae meal had a positive effect on broiler chicken performance and carcass quality
parameters. It is believed that astaxanthin due to its high antioxidative activity may
have exerted these effects.

EFFECT OF DIETARY PROTEIN AND LYSINE CONCENTRATIONS ON
EXCRETA MOISTURE OF LAYING HENS
A.Smith, S.P.Rose and R.G.Weils
National Institute of Poultry Husbandry, Harper Adams College, Newport, Shropshire, TF
10 8NB. UK
High excreta moisture is a practical problem in egg production systems. High levels
can affect air quality, increase faecal contamination of eggs and increase storage and
disposal costs of manure. Previous work has produced conflicting results as to the
effects of dietary crude protein (CP) on excreta moisture and failed to distinguish between
effects of CP level and associated concentrations of major minerals. The objective of
this study was to quantify the effects of dietary concentrations of a well balanced,
available source of CP, and increased lysine concentrations at two differing CP levels
on excreta moisture of laying hens whilst maintaining constant dietary concentrations
of major minerals. In experiment 1, 6 feeds contained one of 6 levels (140, 160, 180,
200, 220, or 250 g/kg) of CP as dried egg protein. In experiment 2, feeds contained
either 160 or 220 g/kg of CP as Qgg protein and one of 6 levels of lysine (90, 125, 150,
175, 200 or 250 g/kg of CP) as L-Lysine HCL in replacement for washed sand and
cornflour. Diets were practical laying hens rations (11.80 MJ/kg of ME). Diets were
given to 48 (expt 1) and 96 (expt 2) individually caged brown laying hens for 8d in
a room kept at 24 ± 1° C and 80 ± 5° RH. Excreta moisture levels were corrected for
loss to the environment by a previously determined factor. Increased dietary
concentrations of CP had no effect on feed intake (p>0.05) and therefor gave linear
increases (p<0.001) in CP intake. Each 10 g/kg increase in CP gave a 1.32 ± 0.13 g/
kg increase (p<0.001) in excreta moisture and a 7.50 ± 1.97 g/b/d increase (p<0.001)
in water intake. Diets gave linear increases (p<0.001) in nitrogen (N) retention and
total N and uric acid N excretion but no differences (p>0.05) in faecal N excretion.
Increased dietary lysine concentrations gave linear decreases (p<0.01) in food intakes
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and N intakes, however each 10 g/kg of CP increase in lysine concentrations gave a
3.02 ± 0.72 gA)/d increase (p<0.05) in water consumption and a 0.526 ± 0.08 g/kg
increase (p<0.01) in moisture contents of excreta. Diets gave linear decreases in N
retention (p<0.01) and increases in total N (p<0.05) and uric acid N excretion (p<0.01)
but faecal N showed no difference (p>0.05). There were no protein x lysine level
interactions (p>0.05) . In expt 1 and 2, 53,0 and 50.6% respectively of the variation
in excreta moisture was explained by variation in uric acid N excretion. Solubility of
uric acid is low. Increased excretion would require increased urine flow and could raise
excreta moisture. In conclusion, an increase in CP or an independent increase in lysine
concentration could raise excreta moisture of laying hens.

GROWTH OF BROILER CHICKENS FED DIFFERENT WHEAT VARIETIES
S.P.RoseS M.Salah Uddin^ and M.R.Bedford'
^National Institute of Poultry Husbandry, Herper Adams College, NewPort, UK
^Bangladesh Livestock Research Institute, Savar, Dhaka, Bangladesh
^Finnfeeds International Ltd. Marlborough, UK
Two feeding trials were conducted with an objective to examine whether differences
in the productive performance of broiler chickens fed different wheat samples could
be explained by their metabolizable energy concentration or differences in digesta
viscosity. Samples of four different wheat varieties were obtained that were also grown
using different crop husbandry methods. Three samples were grown in the UK : One
sample (Hussar) was an autumn sown variety and two samples (Alexandria and Tonic)
were spring sown varieties. A fourth sample was an Australian veriety that was grown
in Australia. The first feeding trial used 800 male and female broiler chickens equally
divided between 32 floor pens. The growing birds were fed diets that contained 700
g/kg of each wheat sample from 21 to 42 days of age. The weight gains of the birds
fed the Australian wheat sample were 1.306 kg/bird and these were significantly lower
(p<0.001) than the weight gains of birds fed Hussar, Alexandria and Tonic wheat samples
(1.376, 1.460 and 1.450 kg/bird respectively (SEM=0.0213). There were no (p>0.05)
differences in feed conversion ratio between the four treatment groups. A second feeding
trial determined the AME of the four wheat samples (overll mean = 13.71, standard
deviation (s) = 0.840) and digesta viscosity (overall mean = 7.64, s= 3.30) of broiler
chicks given the same diets from 7 to 21 d of age. Although there were significant
differences between the treatment groups in these parameters, they were not (p>0.05)
correlated to the differences in productive performance of the broilers. The experiments
showed that different wheat samples can result in different productive performance in
broilers but that AME and digesta viscosity may not be good predictors of these
differences.
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FEED RESTRICTION IN DIFFERENT COMMERCIAL BROILER STRAIN,
EFFECT ON GROWTH, FEED CONSUMPTION AND FEED CONVERSION
G.D.Mallo, J.Melo, E.Villar, M.C.Miquel, M.Paolella and C, Cappelletti
Chorroarin 280 (1427), Dto, Prod. Animal, Fac.Cs.Vet, U.B.A., Bs.As. Argentina
The aim of this work was to compare growth and food intake in broiler chickens fed
ad Hbitum or under restricted conditions. Two broiler strains, Arbor Acres (AA) and
Isa-Vedette (ISA) were used. A starter diet was fed from day 1 to day 36 of age and
a finisher one from day 37 to day 53. The treatment consisted of : free access to diet
during 7, 9 and 24 hs (FR7, Fr9 and FR24, respectively). In each trial a C.A.D. with
3, 3 and 2 repetitions was done. At 0,9,16,23,30,37,44 and 53 days of age Individual
Weight (IW) and Feed intake (FI) per hen were measured. The Weight Gain (WG) and
Feed Conversion (FC) were calculated for each period. No statistical differences (P>0,05)
were found between variables. From day 0 and to day 16 ISA growth curve showed
better response than AA. During the period 23-30 day the line AA showed higher WG
compared to ISA. This difference between lines increased until 44-53 d. These results
could be explained either because of the different IW for AA and ISA at day one (43.4
vs 45.8) or bacause of the different metabolic rates shown in the periods tested for
these genetic lines. Comparing both lines statistical analysis regarding LW showed
differences (P<0.05) for treatments FR 7-9 hs vs ad libitim at day 16 and through the
whole breeding period (LW 53 d : 2518; 2726; 2902). Nevertheless, the WG in FR9
showed that the differences obtained for these two diets (P<0.05) during the period 2023 d was no longer valid for the period 30-37 d. Equivalent results were found for the
WG 37-44 under FR7. With long periods of FR or during the same FR with 7 or 9 hs
of free food access the WG 44-53 d elicted compensatory growth. This compensatory
growth could be due to an increase in the FC in FR7 and FR9 during periods 37-44
d and 44-53 d under the same FC 44-53. The FC 0-9 d in FR7, FR9 and ad-libitum,
did not show any difference (P<0.05) from FR7 to FR9 but with ad-libitum. The FC
during day FR was less than ad-libitum until the period FC 44-53 d was reached. The
FC did not showed differences between the line genotypes or the better efficiency of
the FR. The food restriction could be used indistinctly for both strains AA and ISA.
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EFFECT OF HIGH CONCENTRATIONS OF Cd, Hg AND Pb IN HEN DIET
ON LAYING PERFORMANCE AND EGG QUALITY
Z.Dobrzanski, T.Trziszka, H.Gorecka and R.Kolacz
Department of Animal Hygiene and Livestock Environment, Department of Animal Origin
Food Technology, Agricultural University of Wroclaw, Dicksteina 3,51-617 Wroclaw, Poland
Intoxication procedure used included poisoning of basal diet for laying hens with Cdsulphate in a dose of 5; Hg-chloride, 10; and Pb-acetate, 100 mg per kg feed (group
I). The group II received Cd, Hg and Pb in a doses of 20, 100 and 500 mg per kg feed,
respectively. The group III (control) was given unpoisoned diet with natural
concentrations of metals (Cd-0.4; Hg-0.10; Pb-15). Experiment was conducted during
42 days. Each experimental group consisted of 20 hens (5x4). In the groups I, II and
III mean egg laying was, respectively, 64.6; 43.7 and 58.9% feed consumption averaged
on 129.1; 97.1 and 127.3 g food per hen and mass of egg was 1.69; 1.13 and 1.60 kg
per hen. Significant lowerig of shell strength, yolk pigmentation and Haugh Units
occurred in the group II after 14 days of poisoning. In that group II the concentration
of Kg in egg content increased, starting from the 2nd week of experiment, and reached
peak in the 7th week of poisoning (7.8 mg per kg fresh mass). Lead concentration was
the highest in the 2nd week of experiment (5.28), whereas Cd level was the highest in
the 5th week (O.Of). There were no marked changes in the fatty acids profiles after
intoxication with Cd, Hg and Pb.

RETENTION OF CADMIUM IN THE TISSUES OF FATTENED CHICKENS
J.Zelenka
Mendel University of Agriculture and Forestry, Zemedelska 1,613 00 Brno, Czech Republic
The effect of sex and age of chickens upon retention of cadmium. Cd content in live
body gains and allometry of its growth was studied in 15 subsequent three day balance
periods during the fattening of chickens from the 12th to the 56th day of age. The sexed
birds were distributed into 16 groups, each of them containing 8 chicks. Four groups
of females and four of males were fed on a practical type of feed mixture containing
0.35 mg of Cd per 1 kg of air dry matter while the remaining ones received a mixture
with 0.30 mg of Cd/kg . In the mixture with the lower level of Cd, fish meal and torula
yeast were replaced with meat and bone meal. The feed was supplied ad libitum.
Retention of Cd was estimated by the chromic oxide indicator method. The influence
of sex of chickens upon Cd retention was not significant. For mixtures containing 0.35
and 0.30 mg of Cd, the average retentions, each of them determined in 120 balance
experiments, were 10.2 ± 0.85 and 15.0 ± 0.87 %, resp. and 1 g of the live body gains
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contained 85 ± 7.9 and 105 ± 7.1 ng of Cd, respectively. Both the percentage of retention
of Cd from feed mixtures and the content of Cd per unit of body gain increased highly
significantly with the increasing age of chickens. The growth rate of the total amount
of Cd in the organism was higher than that of body weight. Allometric coefficients
were 1.18 ± 0.045 and 1.41 ± 0.068 for chickens fed on mixtures with 0.35 and 0.30
mg of Cd, resp. The difference was significant. The amount of retained Cd from the
mixture with a lower level of Cd was significantly higher. It may be concluded that
Cd retention is dependent on the source of this element.

THE RESPONSE OF CHICKS OF DIETARY LYSINE AND PROTEIN
CONCENTRATION AT DIFFERENT TEMPERATURES
M.Salah Uddin^ S.P.Rose^
^Bangladesh Livestock Research Institute, Savar, Dhaka, Bangladesh
^National Institute of Poultry Husbandry, Herper Adams College, New Port, UK
The objective of this experiment was to quantify the growth response of broiler chicks
to lysine deficiency and excess and to examine whether environmental temperature
affects the magnitude of the réponse. Three diets were formulated that had crude protein
concentrations of 140, 180 or 220 g/kg and that were all deficient in lysine. The diets
were then supplemented with lysine to give four lysine concentrations of 32, 55, 78
or 102 g/kg of crude protein of each of the three diet series. A flock of 384 28 day old
broiler chicks were randomly allocated to 192 cages that were evenly distributed in 16
environmentally controlled rooms. The rooms were kept at one of four constant
temperatures of 15, 20, 25 or 30°C. Each of the 12 experimental diets were given to
one of the cages of birds in each room for 21 days. The growth rates of the birds reared
at 15, 20, 25 or 30°C were 0.926, 0.960, 0.910 and.825 kg/bird respectively (SEM0.0384) and this was a curvilinear response (p<0.01). The growth rates of the birds
given the different crude protein diets of 140, 180 and 220 g/kg were 0.872, 0.960 and
0.884 kgs birds respectively. SEM=0.0298 which was again curvilinear response
(p<0.01) with no temperature x protein concentration interaction. There was a large
curvilinear response to lysine concentration but with an interaction (p<0.001) with
temperature. The optimum lysine concentration was always between 55 and 78 g lysine/kg
crude protein but the range of growth rates was less at the higher temperatures. The
data shows that the magnitude of the growth responses due to lysine concentration
changes with ambient temperature and that correct lysine balance may be economically
less important at high temperatures.
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DEVELOPMENT OF AN ILEAL AMINO ACID DIGESTIBILITY ASSAY FOR
THE GROWING CHICKEN EFFECT OF FEEDING METHOD AND DIGESTA
COLLECTION PROCEDURES
K.H.Yap, R.D.King, RJ.Moughan and I.T.Kadim
Monogastric Research Centre, Department of Animal Science, Massey University,
Palmerston North, New Zealand
The study was aimed to evaluate method of feeding (free access or intubation), method
of slaughter (carbon dioxide gas or barbiturate) and digesta flushing medium (distilled
water or physiological saline) in the development of an ileal amino acid digestibility
assay for 4 week old broiler chickens. Three diets were used (commercial (C)), semi
synthetic meat and bone meal (MBM) or wheat (W). For the coarser C and W diets
but not for the MBM diet, feeding method had a significant effect on concentrations
of Cr, N, acid detergent fibre (ADF) and neutral detergent fibre (NDF) in the crop
contents. There appeared to be a selection of food particles under free access feeding.
For birds receiving the wheat diet there was an effect (P<0.05) of sampling time on
the concentrations of Cr, N, ADF and NDF/Cr in the crop contents. Flushing ileal
digesta with distilled water or saline led to similar apparent ileal N digestibility
coefficients. Birds given the MBM diet and killed by inhalation of CO2, had significantly
(P<0.05) lower apparent ileal N digestibility coefficients (73 versus 80%) than those
killed by barbiturate overdose.

THE IMPACT OF SECOND MOULT ON HAEMATOHORMONAL
CONCENTRATION OF LAYERS REARED UNDER DIFFERENT
MANAGEMENT CONDITIONS
M.Yousaf, N.Ahmad, M.Akram and Zia-ur-Rahman
Department of Poultry Husbandry, Department of Physiology and Pharmacology, University
of Agriculture, Faisalabad - 38040, Pakistan
One hundred and seventy four birds reared under three lighting (natural, constant,
decreasing) and four feeding (ad lib. 15% feed restriction, 30% feed restriction, low
crude protein and metabolizable energy) regimens were induced to moult at 128 weeks
of age. The data was analysed to see the effect of light, feed at pre-moult, post-moult
and peak production stages. Body weight and production parameters were affected by
Hghting, feeding and by different stages of moulting and production. Cholesterol, glucose
and progesterone was maximum at pre-moult and minimum at post-moult stage. Highest
concentration of urea, T"* and cortisol were observed at post-moult and minimum at
pre-moult stage , maximum concentration of protein, globulin and T"^ were observed
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at post moult and minimum at the peak production stage. The concentration of albumin
and estradiol were maximum at peak production and minimum at post-moult stage.
It is concluded that changes in haematohormonal profile were not only due to lighting
and feeding but also different stages are involved in the process associated with
productive performance of the layers.

EFFECT OF HIGH LEVELS OF VITAMIN A IN EGG YOLK ON ITS
ACCUMULATION IN THE CHICKS EMBRYO LIVER
T.Kuklenko, P.Surai, I.Ionov, F.Yaroshenko, S.MoIachanov, and A.Buzhin
Poultry Research Institute, Kharkov region 313 410, Ukraine
Laying hens were fed diets supplemented with 10,000 , 100,000, 400,000 lU vitamin
A/kg (Control C) , 1st and 2nd groups (G) respectively) or without vitamin A
supplementation (G3) during 30-180 days. The levels of vitamin A in the tgg yolk
obtained just before the incubation reflected vitamin A levels in the feed and were as
follows 7.0,20.5,85.1 and 4.0jiig/g in the C, Gl, G2 and G3 respectively. The carotenoids
concentrations were 12.57, 8.58, 7.74 and 10.82 micro g/g in the respective groups.
Similar results were obtained for vitamin E as well 80.7, 50.5, 24.3 and 92.0 ug/g in
C; Gl, G2 and G3 respectively. The efficacy of vitamin A transfer from egg yolk to
the embryo liver didn't change in C, Gl and G3 and was 23.5-26.4% . In the case of
the highest vitamin A concentration in the egg yolk (G2) the efficacy of vitamin A
transfer to the embryo liver decreased by about 2 fold and was 13.8%. Nevertheless
the maximum vitamin A concentration in the liver of day old chicks was found in G2
(200.5 ug/g) and was 6.5 times higher compared to the control group. High
concentrations of vitamin A in the egg yolk didn't influence vitamin E transfer from
the egg yolk to the embryo liver. Alpha tocopherol levels in the liver of day old chicks
were as follows 253.1, 155.7, 94.6 and 245.3 ug/g in C, Gl, G2 and G3 respectively.
The highest vitamin A dose (40 fold) significantly decreased hatchability from 91.1
(C) to 58.0% (G2). The analysis of dead embryos showed that there was osteodystrophy,
probabaly as a result of vitamin A effect on bone calcification. In some cases there
was an accumulation of uric acid in the embryonic kidney.
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ANTIOXIDANT SYSTEMS OF THE DEVELOPING CHICKEN EMBRYO:
VITAMIN E DISTRIBUTION IN THE TISSUES DEPENDING ON STAGE OF
EMBRYO DEVELOPMENT
P.SuraiS B.Speake^ R.Noble^, and I.Ionov
^Department of Physiology, Biochemistry and Nutrition, Poultry Research Institute, Kharkov
region, 313410, Ukraine
^Department of Biochemical Sciences, Scottish Agricultural College, Ayr, KA6, 5HW, UK
Vitamin E is accumulated within the yolk sac membrane initially demonstrating a high
level around the middle stages of development. On day 12 of egg incubation the level
of vitamin E in the yolk sac membrane (46.3 ug/g) was 1.3 times higher than that in
the residual yolk and 3.3-fold higher compared to the liver. At the period of development
between days 15 and 17 the level of vitamin E in the yolk sac membrane increased 2.5
times. A maximal vitamin E concentration was found on day 20 of embryo development
followed by a slight decrease at the time of hatching. In the embryo Uver, vitamin E
started to accumulate from day 13 of development but the highest rise took place on
day 19 and the maximal level of this vitamin (270.5 ug/g) was found just agter hatching.
Vitamin E levels in the residual yolk constantly decreased from 13 to 21 days of embryo
development. Embryo brain was characterised by comparatively stable vitamin E levels
throughout the development and a pronounced increase just before hatching. In the
embryo blood plasma, vitamin E slightly increased from day 12 to 17 of development
and then a sharp increase in concentration was found on day 19 of development,
indicative of active transport of the vitamin from the sac membrane to the embryo
liver and other tissues. A second increase in vitamin E concentration in the blood plasma
took place just after hatching reflecting enhanced tissue requirement for the antioxidant
during stress conditions associated with hatching. In the heart, lung and kidney a
significant increase of vitamin E was found on day 19 of development remaining at
this level to the end of incubation.

VITAMIN E TRANSFER TO THE DEVELOPING EMBRYOS DEPENDING
ON ITS LEVELS IN THE EGG YOLK
P.Surai \ B.Speake S R.Noble ^ I.IonovS and S.Molchanov^
^Department of Physiology, Biochemistry and Nutrition, Poultry Research Institute, Kharkov
region, 313410, Ukraine
^Department of Biochemical Sciences, Scottish Agricultural College, Auchincruive, Ayr,
KA6, 5HW, Scotland
Four groups of laying hens were used. The diet of control group (C) was supplemented
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with vitamin E (10 mg/kg) and experimental hens received increased vitamin E
supplementation: 100 and 200 mg/kg (Gl and G2 respectively) and 03 was not
supplemented with vitamin E and received only basal diet. The vitamin E levels in the
egg yolk were as follows 80.8; 600.1; 1016.0 and 64.8 ug/g in C, Gl, G2 and G3
respectively. A similar trend was found in vitamin E concentrations in the livers: 12.8,
54.1, 80.5 and 6.4 micro g/g in the same groups. Vitamin E concentration in the liver
of day old chicks reflected its level in the egg yolk. The maximal level of alpha tocopherol
(2730.17 ug/g) was found in the G2 liver. It was 10.8 times higher compared to the
control group. An absence of vitamin E supplementation in the G3 during 60 days
reduced vitamin E level in the egg yolk and its level in the liver of day old chicks
(223.3 micro g/g). Nevertheless the efficacy of vitamin E transfer from the egg yolk
to the embryo liver was on the same level in C and G3 (20.8-21.4%). An increase of
vitamin E concentration in the egg yolk (Gl and G2) significantly decreased efficacy
of vitamin E transfer to the embryo liver (9.01-11.2%). The results obtained indicate
that vitamin E transfer from the egg yolk to the embryo liver during embryo development
depends on its initial level in the egg yolk.

CHEMICAL AND PHYSICAL GROSS EVALUATIONS OF PHOSPHATE
SOURCES
F.R.Lima, and V.W.Hays
Faculdade de Medicina Veterinaria e Zootechnia, Universidade de Sao Paulo, Pirassununga,
SP 13630-000, Brazil
Twenty one samples of phosphate sources were evaluated at five different laboratories
(four in Brazil and one in the USA) for physical and chemical gross characteristics.
Phosphate sources were three samples of purified grade phosphates (PP), seven samples
of agriculture grade phosphates (AP) and seven samples of raw rock phosphates (RP),
(five from mine sites in Brazil, one from the USA and one from Israel). Average values
for PP, FP, AP and RP, respectively, were 1.8, 2.4, 6.3 and 1.7 (% moisture); 0, 1.2, 2.5
and 12.0 (% insoluble residue), 21.9, 13.4, 37.8 and 4.4 (% loss on ignition); 5.7, 6.7,
4.7 and 7.4 (pH); 669,1003,1055 and 1392 (g/1 apparent density); 42.7,11.5, 55.0 and
.2 (% water P solubility); 94.9, 84.3, 88.4 and 21.6 (% citric acid P solubility) and 99.7,
84.8, 96.9 and .6 (% neutral ammonium citrate P solubility). Most products evaluated
were fine powder, except for supersimple and supertriple AP, Arad and RP and the
three granular FP made in USA.

191

EFFECT OF ADDITION OF CHELATED AMINO ACID MINERAL (IRON,
MANGANESE, ZINC) IN BROILER RATION
C.C.Rakshit
Nutritionist, Regional Feed Analytical Laboratory, Central Poultry Breeding Farm Campus,
Industrial Area, Chandigarh - 160002, India
An experiment was conducted to study the effect of chelated amino acid minerals.
Iron, Manganese, Zinc (IMZ) in broiler ration. Eighteen hundred day-old chicks and
three treatments were used for this purpose. The birds were raised on floor pens @ 100
birds per pern (all male). In treatment one no (IMZ) was added and used as control diet.
In treatment two 0.05% IMZ was added in the ration. Feed consumption, body weight,
mortality and feed conversion ratio were recorded and calculated for six weeks and
analysed statistically. Body weight and feed conversion of birds on treatment two and
three with 0.02% and 0.05% IMZ in fed were significantly better than the birds on
control diet (P<0.01). From the result of this experiment it appears addition of chelated
amino acid minerals in broiler ration has a beneficial effect on performance.

THE EFFECT OF FEED ENERGY LEVEL, CALCIUM SOURCE AND FREE
CHOICE FEEDING OF WHEAT GRAINS AND CONCENTRATE MASH ON
LAYER PERFORMANCE
E.Samuli
Estonian University of Agriculture, Tartu, EE 2400, Estonia
A 13x28 days lasted feeding trial was conducted to optimize the feed intake and eggshell
quality. 360 individual caged Lohmann Brown laying hens were divided into 12 feeding
groups. 6 groups fed mash with different energy levels (10.85 and 12.00 MJ) and different
calcium source: pulverized limestone (particles size 0.03 mm), mixture 1:1 of pulverized
limestone and particulate limestone (0.7 mm) and mixture 1:1 of pulverized limestone
and oyster shell (3 mm). 6 other groups fed similar to first 6 groups, only wheat was
taken out from mash and fed separately on free choice basis. All hens fed ad libitum.
Lighting regime during the trial was 16L:8D. There was no significant differences in
the egg production among experimental groups. Free choice fed hens consumed more
feed (P<0.01) and had higher body weight (P<0.001). The wheat grain consumption
was significantly lower by liigher feed energy content (P<.001). High feed energy content
increased egg weight (P<0.001) and body weight (P<0.01) and decreased feed intake
(P<0.001) and feed conversion (P<0.01). All eggshell quality parameters were slightly
lower by feeding only pulverized limestone as calcium source, but there was no
significant differences in eggshell quality. Laying hens are partially able to regulate
192

their feed intake to their body requirements. By free choice feeding of wheat grain and
concentrate mash hens tend to overconsume the wheat grains and so is this feeding
method not always economical. Feed energy content of 12.00 MJ decrease feed
consumption, but leads to over consumption of energy. Use of calcium sources of
different particles size in the diets, especially during the second half of laying period,
is recommended.

EFFECT OF LYSINE LEVEL DURING FINISHER PERIOD ON
PERFORMANCE AND CARCASS QUALITY OF BROILER CHICKENS
A.A.Mendes, and E.S.Politi
Fmvz/Unesp, Cx. Postal 560, 18618-000 Botucatu, SP, Brazil
The experiment was conducted to evaluate the effects of high lysine levels in the finisher
diet fed at 42 to 49 days of age on performance and carcass yield of broiler chickens.
Sexed day old chicks were reared to 42 days and then randomly assigned to diets
formulated to contain 100, 108, 116 and 124% of NRG (1994) recommended lysine
levels for 42 to 49 days. Body weight, feed intake, feed utilization, dressing percentage,
and parts yield were determined. Increasing lysine levels did not significantly (P>.05)
affect 42 to 49 day weight gain, feed consumption, feed conversion or 49 day yields
of breast meat, leg quarter, wing or dressing percentage of males or females. However,
males yielded higher (P<.05) carcass and leg quarter percentages and lower percentages
of breast meat and wings than females. As increasing lysine levels did not improve live
performance and breast meat yield it is concluded that levels suggested by NRG (1994)
are adequate for this age birds.

INFLUENCE OF DL-METHIONINE SUPPLEMENTATION ON
PERFORMANCE OF COMMERCIAL LAYERS DURING SUMMER STRESS
D.Ravikiran and G.Dewegowda
Department of Poultry Science, University of Agricultural Sciences, Hebbal, Bangalore 560 024, India
Trials were conducted in two batches of 28 week old commercial layers (720 and 479
nos) to evaluate the performance during summer stress using diets supplemented with
DL Methionine. Three levels of DL Methionine (0.0, 0.04 and 0.08%) were
supplemented to the basal diet containing 0.32% of methionine and fed to the birds.
In DL Methionine supplemented groups there was significant improvement in egg
production and feed efficiency accompanied by significant decrease in feed intake and
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broken egg percent. Respiratory rate showed a non significant decrease. In conclusion,
supplementation of DL Methionine at 0.04 to 0.08% to commercial layer diets improves
payer performance during summer stress.

THE DETERMINATION OF MAXIMUM GROWTH AND FEED INTAKE IN
THE CHICK UTILISING AN n-COMPONENT SYSTEM
R.Moller, MJ.Van der Linde, G.A.Smith and H.T.Groeneveld
University of Pretoria, Pretoria, 0002, Republic of South Africa
An experiment was conducted, using a five component system, an example of an ncomponent system, to determine maximum growth and feed intake of Ross male chicks
between 1 to 21 days of age. Theoretical diets were formulated with four concentrations
of the five dietary nutrients : Protein (180.0, 230.0, 260.0, 300.0 g/kg), lysine (9.6,
11.0, 13.0, 16.0 g/kg), methionine (4.5, 5.0, 7.9, 9.0 g/kg), fat (34.5, 47.3, 60.0, 80.0
g/kg) and starch (determined from samples as per diet after mixing) producing 1024
diets for consideration. Of the 1024 diets, only 481 were considered as being biologically
suitable for the chick. Of the 481 suitable diets, 90 diets with duplicate protein and
starch values were discarded. Chicks had free access to feed. There were three chicks
per cage for the first 7 days, and two chicks per cage for the next 14 days. Areas of
maximum growth and maximum feed intake were determined by an alternative visual
examination method. Diet 26 containing protein (226.6 g/kg), lysine (16.0 g/kg),
methionine (9.0 g/kg), fat (54.0 g/kg) and starch (349.1 g/kg) yielded the most
predominant range for maximum growth and feed intake of the chick between 1 to 21
days of age. These results demonstrated that the five component system described can
be used by poultry producers and nutritionists to indicate possible maximum growth
and feed intake areas related to a specific diet fed.

PERFORMANCE OF BROILER CHICKS FED ON LOW CHOLINE AND
METHIONINE DIETS SUPPLEMENTED WITH BETAINE
P.Florou-Paneri, D.C.Kufidis, V.N.Vassilopoulos and A.V.Spais
Laboratory of Nutrition, Department of Animal Production, Ichthyology, Ecology and
Protection of Environment, Aristotle University, Macedonia, Greece
Considering betaine's (BET) capability to act as a methyl donor, an attempt was made
to examine the potential of a partial (80%) replacement of the supplementary methionine
(METH) and/or choline (CHOL) in a commercial ration, which was utilised by a big
poultry farm, by the biologically equivalent amount of BET. Eighty, day old, broiler
194

chicks were divided into four groups of 20 birds each and fed for 49 days four diets
(A,B,C,D). Diet A (commercial ration) was formulated to contain either 4600 mg of
METH and 1675 mg of CHOL/kg (starting period), or 3800 and 1575 mg/kg (finishing
period), by supplementing a commercial ration with METH and CHOL at levels of
1330 and 560 mg/kg, or 700 and 560 mg/kg, respectively. In diet B, betaine was
incorporated at a level of 388 mg/kg to replace a portion (80%) of the supplementary
CHOL, whereas in diet C betaine was added at levels of 851 and 448 mg/kg, during
the starting and finishing period, to replace a part of the supplementary METH. In diet
D, both supplementary METH and CHOL were partially (80%) replaced with betaine
added at levels either of 1239 or 836 mg/kg, for the respective feeding periods. The
results showed that partial substitution (80%) of BET for supplementary METH and
CHOL in the diets of broiler chicks, from the first day of age until slaughtering (49th
day), did not significantly (p>0.05) influence either body weight gain and feed
conversion ratio or carcass quality characteristics (carcass weight and yield, liver and
gizzard weight, approximate chemical composition and distribution of fatty acids in
the lipids of breast and thigh muscular mass and in the lipids of sub-cutaneous abdominal
fat). However, METH substitution with BET did adversely influence feathers formation.

EXPERIMENTAL CALCIUM AND PHOSPHORUS DEFICIENCY IN
BROILER CHICKENS : SIGNS, BIOCHEMICAL FINDINGS, GROSS AND
MICROSCOPIC LESIONS
Cui Hengmin and Luo Lingping
Department of Veterinary Medicine, Sichuan Agricultural University, Yaanm Sichuan, Zip
code: 625014, China
Eighty 4 day old Arbor Acres broiler chickens were divided into four groups, and fed
on diets as follow .1. Ca-P deficient (Ca 0.02%, P.0.30%) 2.Ca Deficient (Ca 0.02%,
R 0.71%), 3. P deficient (Ca 0.95%, R 0.30%) and 4. control (Ca 0.95%, R 0.71%) for
three weeks, and examined for signs, biochemical findings, gross and microscopic
lesions. Signs began to appear in group 3 at the first week and in groups 1 and 2 at the
second week during the experiment. Morbidity of each group was 100% and some
chicks died. The affected birds mainly showed Leg weakness and deformities, difficulty
in standing, severe lameness and stunted growth, crooked keels, depression, lack of
appetite. The tibial ash, Ca and P content were much lower in groups 1, 2 and 3 than
in group 4. In groups 1 and 2, the ribs were thickened and crooked at necropsy. The
proliferating zone of the growth plate in epiphysis of the long bone was lengthened
and irregular. A lot of osteoid and fiborus tissue and abundant osteoclasts and osteoblasts
appeared in the metaphyseal spongiosa histopathologically. The serum Ca concentration
(and P concentration, group 1) decreased. Group 3 showed decreased serum P
concentration, enlargement at the caput costae grossly and lengthened hypertrophied
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zone of the growth plate in the long bone. The osseous trabeculae in metaphyseal
spongiosa were reduced and bordered by increased osteoid. Results demonstrated that
the rachitic lesions and the changes of serum Ca and P concentration produced by Ca
deficiency were very different from those of P deficiency and that it is difficult to
diagnose rickets caused by Ca, or P, or both according to signs.

EFFECT OF A SUNFLOWER PREPARATION ON THE DIGESTIBILITY AND
ME VALUE OF BROILER DIETS AND PRODUCTION
Gippert, T. Sherif Khan and D.Gerendai
Institute for Small Animal Research, 2101 Godollo, Hungary
The aim was to replace soybean meal of high nutritive with great quantity sunflower
preparation in broiler diets. The control diets contained 20% solvent extracted soybean
meal, which was replaced in the experimental diets with the preparation (sunflower
meal, sunflower oil, synthetic amino acids) at levels of 10,15 or 20% weight for weight.
The experiment was conducted with 240 unsexed Ross meat type birds from 18 to
46 days of age. The sunflower oil in the preparation favourably influenced the
digestibility of nutrients by 2-4%, increased the ME value of diets by about 10%. The
46 day weight of the control birds was 1928 and that of the experimental treatments
were 2014, 1949, 1987 g. No significant differences were observed among treatments
in feed conversion, dressing percentage and abdominal fat. The sunflower meal enriched
with energy and completed with amino acids can be effectively used at levels of 1020% in broiler diets during growing and finishing periods in place of soybean meal.

DIETARY CALCIUM LEVEL, PARTICLE SIZE AND FEEDING PROGRAMS
OF LIMESTONE ON EGG QUALITY IN LAYING HENS IN THE SECOND
CYCLE
J.E.F.Oliveira, A.G.Bertechini and B.L.Oliveira
Universidade Federal de Lavras, Minas Gerais, 37.200-000 Lavras, Brazil
A total of 1080 laying hens were used, being 540 laying hens with 7 week post molt
(initial phase) and 540 laying hens with 37 week post molt (final phase). All laying
hens for each phase received simultaneously 3.4, 3.8 and 4.2% levels of calcium, from
limestone in following forms : 100% pulverized limestone : 50% pulverized limestone
with 50% particle size limestone included in diet and 50% pulverized limestone with
50% particle size limestone added in diet at 6.00 pm, with the objective to evaluate the
effects of level of calcium and feeding form of limestone on performance of laying
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hens and egg quality. During the initial laying phase randomized experimental design
in the factorial scheme 3x3x7 (level of calcium x limestone feeding form x weeks); and
during the final laying phase a 3x3x2 (level calcium x limestone feeding form x
evaluations) designs were used. Each group was tested in 5 replicates and 12 hens in
each experimental unit. It was concluded that the egg output and quality were reduced
with age of the birds. The particle size of limestone improved the egg shell quality in
the end phase. In the initial phase, the limestone particle size provided at 6 pm reduced
the egg losses. In both phases of laying the internal egg quality was not affected by
calcium level or the form of limestone fed.

LYSINE LEVEL IN DIETS OF LAYING HENS REARED IN THE TROPICAL
CLIMATE ON PRODUCTION PEAK
A.G.Bertechini E J. Fassani and E.T.Fialho
Universidade Federal de Lavras, Minas Gerais, 37.200-000 Lavras, Brazil
An experiment was conducted in order to study the Lysine levels in diets for commercial
laying hens in production peak phase. A total of 288 Lohmann - LSL hens of 27 wk
age were fed diets based on com and soybean meal with 4 levels of total lysine (0.680;
0.730; 0.780 and 0.830 %) in a randomized experimental design with 6 replicates and
12 laying hens per experimental unit. The experiment was for a 10 weeks period. Egg
production increased up to the lysine level of 773 mg/day and the feed conversion was
best with 804 mg/day. The egg quality and feed intake were not influenced (P>0.05)
by any lysine level tested. These results indicate that lysine level of diets for modem
laying hens in the production peak phase should be increased, in order to obtain the
highest eggs production.

EFFECTS OF DIETARY SODIUM LEVEL ON PERFORMANCE AND EGG
QUALITY OF THE LAYING HENS REARED IN TROPICAL CLIMATE
A.G.Bertechini V.M.C.Lira and EJ.Fassani
Universidade Federal de Lavras, Minas Gerais, 37.200-000 Lavras, Brazil
The experiment was conducted in order to evaluate the dietary sodium levels for
commercial laying hens reared in the tropical climate in the peak and final production
phase. A total of 576 Lohmann-LSL laying hens at 26 (288 hens) and 60 (288 hens)
weeks age were housed in conventional cages. The hens were fed diets based on com
and soybean meal with 2750 kcal ME/kg, 17% CP, 0.610 % TAAS, 3.6% Calcium and
0.44% PD supplemented with 4 levels of sodium (0.080; 0.130; 0.180 and 0.230%) in
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a randomized experimental design with 6 replicates and 12 laying hens per experimental
unit. The experiment was conducted for 10 weeks. Levels of sodium determined by
the Linear Response Plateu for egg production were 0.150 and 0.180%, for feed
conversion 0.192 and 0.198% and for egg quality 0.107 and 0.125% respectively for
the peak and final phases. These data indicate that the sodium requirements for laying
hens reared in the tropical climate should be higher than the levels commonly suggested.

IRON ASCORBIC ACID INTERRELATION IN BROILER CHICKENS
RAISED AT TEMPERATURES SPECIFIC TO THE SUMMER SEASON IN
ROMANIA
Diana Rodica Criste, Lonelia Taranu, N.Avram, R.Burlacu and Gh.Burlacu
Institute of Biology and Animal Nutrition Sos.Bucuresti-Ploiesti, km 18,8113, Balotesti,
Romania
An experiment involving sixty, 21 days old broiler chickens raised at temperatures
specific to the summer season in Romania (30-35° C), investigated the effect of a
dietary supplement of 1,500 ppm ascorbic acid (AAS) on the performance of broilers,
on the absorbtion and utilization of iron (Fe) and assessed the possibilities of decreasing
the supplemental dietary Fe in the presence of AAS. The birds were assigned to 3
experimental groups (C,E1,E2) and raised for 5 weeks in metabolic cages. The com
soybean meal basal diet was same for all groups : 24.07% crude protein during weeks
1 to 3, and 21.78% crude protein during weeks 4 and 5,14,330 MJ/kg/DM and 14.483
MJ/kg/DM respectively during the same periods. An amount of 64.5 ppm Fe as iron
sulphate was added in the diets for C and El, and 32.25 ppm Fe for E2.AAS (1,500
ppm) was added to the diets for El and E2. The paper presents and discusses data on
the average daily intake, average daily gain, feed conversion, Fe balance, blood
parameters (number of erythrocytes, haemoglobin, hematocrit, Fe and Cu concentration)
and Fe retention in liver.

EFFECTS OF CECECTOMY ON NITROGEN UTILIZATION AND
NITROGEN EXCRETION IN CHICKENS FED A LOW PROTEIN DIET PLUS
UREA
J.H.Son, Y.Karasawa and K.Koh
Laboratory of Animal Nutrition and Feed Science, Faculty of Agriculture Shinshu University,
Minamiminowa-mura, Nagano-ken 399-45, Japan
It has been reported that Ugation of ceca in chickens fed a low protein diet plus urea
198

tends to increase nitrogen balance and nitrogen utilization. This study was carried out
to examine whether cecectomy gives similar effects to ligation of ceca in chickens fed
a 5% protein diet plus urea. Sham operated and cecectomized adult chickens were
daily fed on a 5% protein diet once in the morning at a rate of 35 g/kg BW for 7 days,
and also fed urea as a 6% solution at a rate of 10 mg/kg BW/d by a stomach tube when
chickens had consumed about 5 g diet. Each of nitrogen intake of protein and urea was
280 mg/kg BW/d. Excreta were collected for the last 2d of the experimental period.
Cecectomy tended to increase nitrogen balance and nitrogen utilization, and significantly
decreased uric acid (UA) excretion (P<0.05), which is in good agreement with those
obtained previously in ceca ligated chickens.
Table 1 : Effects of cecectomy on nitrogen balance, nitrogen utilization (N balance/N
intake) and nitrogen excretion in chickens fed a low protein diet plus urea.
Control
Cecectomy
N balance (mg/kg BW/d) 4
133 ± 12
N utiUzation (%)
4
24 ± 2
UA-N excretion
4
159 ± Ua
(mg/kg BW/d)
Urea N excretion
4
70±14
(mg/kg BW/d)
Figures in parentheses indicate number of tested chickens, a,

175 ± 21
31 ± 3
77 ± 6b
114 ± 23
b, P<0.05

COMPARATIVE EFFECTS OF DIETARY RNA AND ADENINE ON P AND
Ca CONCENTRATIONS IN BLOOD AND TISSUES AND P AND Ca
EXCRETION IN CHICKENS
Y.Karasawa, T.Koji and K.Koh
Laboratory of Animal Nutrition and Feed Science, Faculty of Agriculture Shinshu University,
Minamiminowa-mura, Nagano-ken 399-45, Japan
The present experiment was conducted with chickens fed a RNA containing diet, in
order to examine whether phosphorus in RNA is involved in the enlarged kidney
previously observed in chickens fed a RNA diet. Effects of dietary RNA (5% and 10%)
and adenine (0.48 % and 0.96%) on F and Ca concentrations in blood and tissues and
P and Ca excretion were compared in growing chickens. Blood Ca concentration was
decreased by feeding a 10% RNA diet. However, blood and liver P and liver Ca
concentrations did not respond to supplementary RNA and adenine. Renal P and Ca
concentrations increased with an increase of dietary RNA up to 2.4 times and 5.6 times
of those of control chickens, respectively, where as they tended to decrease in chickens
fed adenine diets. P excretion was 2.7 times and 3.4 times in chickens fed 5% and 10%
RNA diets as much as that in control chickens respectively, although it was not affected
by dietary adenine. Dietary RNA and adenine caused increases in Ca excretion to almost
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the same extent. These results suggest that excess phosphorus derived from dietary
RNA may be involved in the enlarged kidney observed when RNA diet was fed to
chickens.

COMPARISON OF FEEDING CORN SOYBEAN MEAL, CORN RAW WHITE
LUPIN AND CORN AUTOCLAVED WHITE LUPIN DIETS WITH OR
WITHOUT LIVE YEAST CULTURE ON BROILER PERFORMANCE
Boldaji, F.
Gorgan University of Agricultural Sciences and Natural Resources Shaheid Beheshti Avenue,
49134 Gorgan, Iran
The objective of this experiment was to deteimine the effect of feeding broiler chicks
from 7 to 28 days of age raw and autoclaved white lupin diets with or without live yeast
culture. Under the conditions of this experiment, no significant differences among the
dietary treatments were observed in body weight gain and feed conversion Table 1.
The incidence of fecal adhesion to the abdominal area of the chicks fed both the raw
and autoclaved white lupin diets were high and the addition of live yeast culture to
these diets further increased the incidence of fecal adhesion when compared to the com
soybean diet (Table 2). No differences (P>.05) in fecal moisture level among the dietary
treatments were observed Table 2. The protein efficiency ratios were not different either
between the com soybean meal diet and the com raw white lupin diets, or between the
com soybean meal diet and the com autoclaved white lupin diets. Nitrogen or protein
retention was higher for the com soybean meal diet than the raw or autoclaved white
lupin diets.

DIETARY AMINO ACID BALANCE AND ENERGY METABOLISM IN
BROILER CHICKENS
M.G.MacLEOD
Roslin Institute (Edinburgh), Rosiin, Midlothian EH 25 9PS, Scotland
An experiment was performed with growing broiler chickens to examine dietary factors
implicated in regulatory elevation of metabolic rate: high dietary energy concentration,
low protein (GP) concentration and an imbalanced amino acid mixture. For this paper,
the results have been analysed with a view to studying relationship between amino acid
concentrations, protein synthesis and energy metabolism. Differences in energy
expenditure could be explained almost entirely (93%) by differences in costs of protein
and fat synthesis. Heat production was not significantly correlated with CP:TME ratio
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and was negatively correlated (P<0.01) with TME concentration. Heat production was
closely correlated (P<0.001) with rate of protein synthesis, which in turn was more
strongly associated with lysine intake than with total CP intake. There was no indication
of a stimulation of heat production by excess amino acids. Heat production, adjusted
for body weight, was similar on paired diets which had identical lysine concentrations
but a 1.5 or 2 fold difference in CP concentration. There was a strong negative correlation
(P<0.001) between protein retention per g of lysine consumed and lysine : CP ratio,
suggesting that, in this case, response to a limiting amino acid was improved by the
presence of a super abundance of other amino acids.

INVESTIGATION OF POSSIBILITY FOR SUBSTITUTION OF SOYBEAN
WITH SUNFLOWER MEAL IN DIETS FOR FATTENING CHICKS
R.M. Cmiljanic, Zlatica Pavlovski, S.E. Hopic
Research Institute for Animal Husbandry, 16 Autoput, 11080 Zemun, Yugoslavia
The possibility for the substitution of soybean meal with sunflower meal in diets for
chicks for fattening was investigated. The trial included a total of 1500 Arbor Acres
chicks distributed randomly in three groups (500 chicks in each group) with four
replications (125 chicks in each). During the first period (1-10 days) chicks were fed
starter diet with 15 and 25% protein from soybean meal substituted with protein from
sunflower meal. In second period (11-35 days) protein from sunflower meal substituted
25 and 35% of soybean meal protein, and in third period (36-42 days) sunflower meal
substituted 35 and 45% of protein from soybean meal. For this investigation sunflower
meal of improved quality (45.5% protein, 1.80% lysine and 1.35% methionine) was
used. Chicks were housed on deep litter and fed and watered ad libitum. Growth rate
of body mass, feed conversion and mortality were studied during the trial. At the end
of the experiment no significant differences in growth rate (1833, 1878, and 1894 g)
or feed conversion (2093, 2034,and 2000 kg/kg) were noticed. Based on the results it
was concluded that protein from sunflower meal can be used as a satisfactory substitute
for soy proteins depending on fattening period.
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EFFECT OF ENVIRONMENTAL TEMPERATURE AND VARIOUS DIETARY
VITAMIN AND MINERAL SUPPLEMENTATIONS IN BROILER CHICKENS
lonelia Taranu, Rodica-Diana Criste, R.Burlacu and Margareta Olteanu
Institute of Biology and Animal Nutrition, Sos., Bucuresti-Ploiesti, 8113 Balotesti, Romania
The interrelation between the dietary vitamin mineral supplementation and
environmental temperature in broiler chickens was studied. The experiment was carried
out on two hundred fifty broilers subjected to simulated hot summer growing conditions
(temperature of 30°C ± 2°). Chickens allocated to three groups used from hatching to
42 days were fed on com, soybean meal and fish meal based diet with crude protein
levels of 25.7% for starter, 23.5% for grower and 20, 4% for finisher. The control diet
was supplemented with a vitamin mineral premix at the levels of the current
recommendation in use in Romania. The diet of experimental group 1 had the same
vitamin and mineral levels in premix like the control group. The dietary vitamin mineral
supplementation of the experimental group 2 was reduced. Responses that could
significantly affect broiler production profitability, live weight gain, feed efficiency,
mortality and quality of body composition were measured. The results revealed that
experimental heat stress significantly affected broiler performances, irrespective of the
dietary vitamin mineral supplementation levels. Body weight gain decreased by 17.8%
in males and 25.2 % in females in group 1 and by 22.1% in males and 22.9% in females
in group 2 in comparison to control. Efficiency of feed utilization and body composition
were also decreased in heat stressed birds. However, group 1 with a higher dietary
vitamin mineral supplementation than group 2 showed higher resistance, the mortality
percentage being 8.33% in both males and females, while in group 2, the mortality was
10% in males and 11.7% in females.

STUDIES ON UTILISATION OF RAGI (ELEUSINE CORACANA) IN
BROILER DIETS
M. Venketeswara Rao, P.V.V. Satyanarayana Reddy, A. Venkatramaiah and
D. Venka Reddy
Department of Poultry Science, College of Veterinary Science, Tirupati 517 502 Andhra
Pradesh, India
Two experiments each of 56 days duration were conducted to study the performance
of broilers fed with ragi. In the first experiment ground/unground ragi was incorporated
at 0, 25, 50, 75 and 100 percent levels in place of maize. Nonsignificant differences
were observed for body weight gains among the treatments, except for 75 percent
unground ragi and 100 percent unground and ground ragi fed groups, which were
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significantly (P<0.01) low The feed efficiency was found to be significantly poor
(P<0.01) in broilers fed with 100% ground/unground ragi when compared with other
treatments. In the second experiment the effect of enzyme 'ventrigold' addition at 75%
ragi inclusion in broiler diets was studied and it was observed that the enzyme addition
(0.5 g/kg) did not produce significant beneficial effects for body weight gains but yielded
significant beneficial effects for feed efficiency. From the results obtained in these
studies it can be inferred that ragi can be incorporated upto 50% in unground form and
upto 75% in ground form in broiler diets replacing maize.

INFLUENCE OF DIETARY PROTEIN CALCIUM AND VITAMIN E. ON THE
REPRODUCTIVE PERFORMANCE OF MALE BROILER BREEDER
S.T. Selvan and D. Narahari
Veterinary College and Research Institute, Namakkal Salem, Tamil Nadu, India
A 2x2x2 factorial experiment involving 12 to 18 percent crude protein, 1 or 3 percent
calcium and 10 or 40 mg/kg of vitamin E.making a total of eight experimental diets
was carried out to study their effect on the reproductive performance of meat-type
cockerels. Parameters like semen characteristics, body weight gain, tests weight, its
biometry and histology were studied. Thirty two meat type cockerels used in this study
were fed with the experimental diets from 24 weeks to 36 weeks of age. They were
trained for artificial collection of semen using one man technique. The individual semen
analysis, in duplicate was carried out both at 24 weeks of age as well as at 36 weeks
of age. At the end of experiment, the birds were sacrificed and their tests harvested
in order to explore the effect of the dietary treatments on the testicular weight, biometry
and histology. Cockerels fed with 12 percent crude protein had showed consistently
superior semen quality than the birds fed with 18 percent crude protein. Dietary calcium
and vitamin E levels comparatively played a minor role in determining the semen quality.
Most of the semen traits were in favour of the cockerels fed higher calcium levels.
Cockerels fed with higher levels of protein and vitamin E. resulted in significantly
higher body weight gain (1303 gms and 1236 gms respectively) as compared to the
birds fed with lower levels of protein and vitamin E. (990 gms and 1058 gms
respectively). Calcium level did not influence the body weight gain. The shape index,
expressed as ratio between the length and width of the testis showed significant variation
only due to vitamin E. levels (P<0.05) Testicular weight expressed as percentage of
body weight were moderately heavier in males fed with lower levels of calcium and
vitamin E. as compared to their higher levels. The histology of the section of the
cockerel's tests did not show significant variations based on the dietary treatments.
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BIOAVAILABILITY OF DIFFERENT INORGANIC MANGANESE SOURCES
FOR BROILER CHICKS
X.G.Luo, Q.Su, J.C.Huang and J.Z.Liu
Institute of Animal Science, Chinese Academy of Agricultural Science, Beijing 100094,
P.R.China
A trial conducted using two hundred seventy two day old Arbor Acres broiler (half
male, half female) to study the relative bioavailability of reagent grade Mn02,
(63.2%Mn), ore Mn02 (33.5% Mn)and treated ore MnO (46.0% Mn) compared to the
reagent grade MnS04, H20 (32.2 % Mn). A basal com soybean meal diet containing
Mn 22 mg/kg was supplemented with 0, 50,100,150 or 200 mg Mn/kg from the above
mentioned four Mn sources and fed ad libitum for 28 days. There was a highly linear
increase (P<0.01) in metatarsal bone ash Mn content as dietary Mn levels increased
for all sources. Based on linear and multiple linear regression slopes and increase in
bone ash Mn content the relative bioavailability of reagent grade Mn02 ore Mn02 and
treated ore MnO averaged 72.0, 71.6 and 83.4% if 100.0% was set for the reagent
grade MnSo4 H20. These results suggest that Mn sulfate was more available than Mn
monoxide and dioxide, and Mn monoxide was more available that Mn dioxide for
broiler chicks.

PHYTATE PHOSPHORUS AVAILABILITY FOR LAYER BIRDS RECEIVING
DIETS CONTAINING NORMAL CALCIUM OR LOW CALCIUM WITH
OYSTER SHELL
S.P. Gunaratne^ and K.N. Boorman^
^Veterinary Research Institute, Gannoruwa, Perdeniya, Sri Lanka
^University of Nottingham, Faculty of Agricultural and Food Sciences, Sutton Bonington,
LE 12 5RD, UK
An experiment was carried out to investigate the effect of calcium on phytate availability
when calcium is fed separately as oyster shell with a low calcium layer diet. This diet
had only 2.66 g calcium/kg. Other diet which served as control contained normal
recommended level of Calcium; 34.58 g/kg. Three day balance experiment was
conducted using 53 week old laying birds. Phytate Phosphorus availability calculated
as a proportion of phytate retained (intake -excretion/intake) was high in both treatments;
0.645 in normal calcium diet and 0.639 in low calcium diet with oyster shell. These
values were not significandy different. It could be concluded that phytate p availability
for laying birds is high under the conditions used in present experiment and there is
no significant effect on phytate availability if calcium is fed separately.

204

EFFECT OF DIETARY PROTEIN LEVELS ON GROWTH AND CARCASS
YIELD OF COMMERCIAL BROILER FROM DWARF DAM
S.S.Atkare, A.G.Khan and J.K.Bhardwaj
Department of Poultry Science, JNKVV, Jabalpur 482004 U.P., India
Day old commercial broiler chicks obtained from coloured dwarf dam x normal sire
mating were divided into two groups of 42 chicks each sub-divided in 3 replicates were
used to examine growth and carcass yields under two dietary protein 22% (XL) and
24% (T2) having 3000 kcal ME/kg of diet. Between 1 to 5th wk T2 birds gained 15,
50, 64,120 and 195 gms more body weight than Tl, with significantly better feed
efficiency. High protein (24%) profile resulted significantly better conformation. The
body weights at 5 weeks age of Tl and T2 males were 920.0,1135.4 gm and in females
850.4,1079.7 gm respectively. Dietary protein levels had no effect on edible or inedible
yield. With increased dietary protein in the giblet weight was low and feather loss was
high. Percent shrinkage, abdominal fat and total inedible losses were more in females
than in males. Breast cut up yield was significantly high in females whereas males
were found better in back and neck yield.

EFFECTS OF FEEDING AREA AND FEED INTAKE ON MEAT
COMPOSITION AND TASTE RELATING COMPONENTS OF BROILER
CHICKS
S. Fujimura^ and T. Ishibashi^
^Akita Prefectural Station of Animal Industry, Kamioka, Akita 019-17, Japan
^Nilgata University, Nilgata-shi, Nilgata, 950-21, Japan
Previously, it has been reported that free glutamic acid (Glu), IMP and potassium ion (K)
are the main taste active components in the broiler meat. In this report, to elucidate the
factors affecting taste of chicken meat, the effect of exercise and restricting dietary intake
on broilers meat compositions and taste active components were studied. The chicks were
fed ad libitum in individual wire cages with 0.14m^ floor area, In the restricted feeding
group, chicks were fed ad Hbitum in individual wire cages with 0.34m^ floor area. At 8
week old, water, protein, hpid, ash, minerals, and fatty acids and meat extract were analysed.
However, no differences were found in the amino acids in meat among treated groups.
In the meat extract, GLu decreased in the restricted feeding group. IMP and K were not
aff^ected. These results suggested that meat compositions were invariable by above
treatments, but taste active component, especially free Glu was possible to be affected by
some feeding treatments. Therefore it was suggested that feeding conditions were one of
the important factors affecting the meat taste of broilers.
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EFFECTS OF FEED INTAKE DIETARY PROTEIN LEVELS AND AGE ON
NITROGEN EXCRETION OF BROILERS
T.Ishibashi and K.Koide
Nilgata University, Niigata-shi, Nilgata,950-21, Japan
In order to reduce the waste of poultry and livestock, the effect of age, feed intake and
dietary protein levels on the nitrogen excretion were studied using female broilers. The
chicks were housed in individual wire cages for 20 to 30, 30 to 40, or 40 to 50 days
of age. For last three days of each stage, total excreta were collected, and feather and
scruf were removed carefully using pincette and tea ball. Nitrogen in the excreta was
determined by the Kjeldahl method. Amount of feather and scurf increased linearly
with advancing age from 0.5 to 2.0 g per chick daily, which was not affected by feed
intake and dietary protein levels when the chicks achieved the genetical maximum
performance. When the same feed was fed through three growing stage, the feed intake
increased and the nitrogen excretion paralleled with feed intake. When the chicks at
the same age were paired fed at 80 and 90% of ad libitum, the body weight gain and
nitrogen excretion paralleled with increasing feed intake. When the chicks were fed
the 20% CP commercial and the 15% CP amino acid balanced diets, there were no
differences in feed intake and body weight gain but nitrogen excretion of the former
increased to about two times of the latter.

AMINO ACID CONCENTRATION IN TISSUES OF LAYING HENS UNDER
VARIOUS CONDITIONS
A.Yamamoto and Tlshibashi
Nilgata University, Nilgata-shi, Nilgata,950-21, Japan
In order to elucidate availability of plasma amino acid as a criterion to estimate amino
acid requirement and adequacy of amino acid balance in feeds and nutritional amino
acid status in laying hens, amino acid concentrations in tissues were determined along
with changing 1) egg albumen synthesis rate 2) dietary amino acid level, and 3) ambient
temperature using Single Comb White Leghorn hens, Dekalb XL Link, at 40 weeks
of age. Plasma, liver, small intestine, oviduct, M.Pectoralis profundas, M.tibialis anterior,
skin and remained carcass were taken 1) 3 hrs before and 5 hrs after oviposition, 2)
at 14:00 and 3) at 14:00 at 16, 25, 32°C. Significant differences for amino acid
concentration in tissues were not observed along with changing egg albumen synthesis
rate. Alteration of plasma threonine. Concentration was paralleled with changing of
concentration in other tissues. However, degree of decline of plasma amino acid
concentration to the control is severe than that of tissue. Plasma amino acid concentration
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was higher at 16, 32°C compared at 25°C. These result indicated that the response of
plasma amino acid concentration is a useful criterion.

USE OF PHYTASE IN FEED FOR PULLETS AND LAYING HENS IN CAGES
Th.G.C.M. van Niekerk and B.FJ.Reuvekamp
Spelderholt Centre for Applied Poultry Research, P.O.Box 31, 7360 A A Beekbergen,
Netherlands
Two trials with layer pullets and two trials with laying hens were done to investigate
the effects of reducing the total amount of phosphorus in the feed by 15% by reducing
the percentage of monocalcium phosphate and adding 500 ETU phytase to keep the
same available phosphorus level. For these experiments the Phytase produced by Gist
Brocades (Natuphos) was used. The experiment was conducted in two henhouses with
3 tier beltbatteries (one house with rearing cages for 16.000 pullets and one house with
cages for 14.000 layers) at the Centre for Applied Poultry Research. All trials were
done with white (LSL) as well as brown hens (Lohamnn brown and Isabrown). The
rearing trials as well as the laying trials showed the same results. Phytase had no effect
on the important production results. Also the bonestrength wasn't different for both
feeding groups. The manure seemed to be slightly more wet for the low phosphorus
feed with phytase, but the differences were small and probably not very important for
hens in cages. One of the reared flocks was used for the second trial with layers. In this
flock no interaction between the feed in the rearing period (with or without phytase)
and the feed in the laying period (with or without phytase) was found. The above
mentioned trials show that for pullets and layers it is well possible to reduce the total
amount of phosphorus in the feed by 15 percent and adding 500 FTU phytase for
keeping the same level of available phosphorus.

EFFECT OF DIETARY PROTEIN AND ENERGY LEVELS IN REARING
PERIODS ON PULLET GROWTH AND SUBSEQUENT PERFORMANCE OF
IRANLVN NATIVE HENS
A.A. Gheisari^ and A. GoUian^
^Isfahan Research Center of Animal Science and Natural Resources, P.O. Box 81785-114,
Isfahan, Iran, ^Dept. of Animal Science, Agri. College, Ferdowsi University, Mashhad, Iran
Growth rate, feed intake, body composition of Iranian native hens during rearing periods
(0-6, 6-14 and 14-20 wk of age) and their egg production potential were studied on
the floor system. Under varying energy and protein regimen diets were formulated to
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contain three levels of energy (2900,2700 and 2500 Kcal ME/Kg feed) and three levels
of protein (80, 100 and 120% of NRC's recommendation for layer pullets). All birds
were provided with a diet containing of 2900 Kcal ME/KG feed and 14.5% protein
from 140 days of age to end of the experiment (378 days of age). As a consequence
of protein increase, feed consumption, energy and protein intake, daily gain and feed
conversion were improved (P<0.05). Body composition, age of sexual maturity, first
egg weight and feed per Kg eggs were not consistently affected by energy of the diets
during the rearing periods (p>0.05). Consumption of low energy diets in comparison
to high energy diets resulted in a 4.2% increase in egg production (56.5 vs 61.2 %)
(P<0.05). This study showed that the highest egg production of native hens can be
achieved by feeding of low energy (2500 Kcal ME/KG feed) and mid (100% NRC)
or high (120% NRC) protein diets during the rearing periods.

EFFECT OF CHELATED AMINO ACID MINERAL IN DRINKING WATER
OF BROILERS
C.C. Rakshit,
Regional Feed Analytical Laboratory, Central Poultry Breeding Farm Campus, Industrial
Area, Chandigarh 160 002, India
An experiment was conducted to study the effect of addition of chelated amino acid
mineral liquid (Replamin) in drinking water of broilers. For this eighteen hundred day
old chicks and three treatments were used @ 600 chicks per treatment. The chicks were
raised in groups of 100 (40 male + 60 females) on floor pens. Usual broiler starter and
finisher diets were used. Birds on treatment one were not given any replamin (chelated
amino acid minerals) in drinking water, birds on treatment two were given replamin
liquid @ 1/2 oz/gallon of drinking water from 1st to 10th day and @ 1/4 oz/gallon for
27 th to 29th day. Birds on treatment three were given replamin liquid half the dose
used for treatment two during the same period. Feed consumption, body weight and
mortality were recorded and calculated for seven weeks and analysed statistically.
Though not significant performance of birds on replamin liquid @ 1/2 oz/gallon drinking
water from 1st to 10th day and @ 1/4 oz/gallon for 27th to 29th day was better than
the birds with no replamin or half the dose of replamin. There was 1% less mortality
in birds of treatment two and three with replamin in drinking water.
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COMPARATIVE EFFICIENCY OF PEARL MILLET, FINGER MILLET AND
SORGHUM AS ALTERNATIVES TO YELLOW CORN IN BROILER DIETS
V.R.Sadagopan, M.V.L.N. Raju, G. Shyam Sunder, A.V. Elangovan and M.R. Reddy
Project Directorate on Poultry, Rajendranagar, Hyderabad 500 030, A.P., India
The efficiency of pear millet (PM), finger miller (FM) and sorghum (SO) as individual
sources of energy in place of yellow com (YC) was evaluated in two broiler feeding
trials. In trial 1, YC was totally replaced with PM, unground FM and SO without
balancing for calorific value of diets. A commercial multi enzyme mix was added to
the second set of the three test diets. Seven experimental diets were formulated and
each was fed to 24 purebred broilers from 1 to 7 weeks. In trial 2, isocaloric diets
having two ME levels, 2530 and 2750 kcal/kg were formulated using separately YC,
PM, ground FM, unground FM and SO. Each of the ten experimental diets was fed to
30 commercial broilers from 1 to 6 weeks. Performance of broilers fed PM and SO
in terms of body weight (1164-1217 g), feed efficiency (2.09-2.36) and dry matter
digestibility (54.6-67.0%) was statistically similar to YC, irrespective of differences
in energy levels (trial 1). When the diets were balanced for energy, PM and SG produced
significantly better body weight (1847 g), feed efficiency (1.89) and dry matter
digestibility (68-70.4%) over YC and FM. Unground FM adversely affected the
performance and grinding significantly improved its feeding value. Performance of
broilers was significantly better at 2750 kcal for all the cereals over 2530 kcal. However,
low energy diets containing PM and S G were as efficient as high energy YC diets.
Enzyme supplementation showed a marginal improvement in PM and SG diets.
Processing yields were similar in all groups but weights of gizzard lining and abdominal
fat were significantly more in PM and SG groups. Weights of gizzard and giblets and
length of small intestine were significantly more in FM and low energy diets. The
results clearly reflect the utility of PM and SG as effective alternatives to YC, particularly
in low energy diets.

EFFECT OF VARIOUS OIL CAKES AND THEIR COMBINATIONS ON
PERFORMANCE OF LAYING HENS
Mandlekar S.M.
Nagpur Veterinary College, Nagpur 440 006, India
The objective was to know whether groundnut cake and sunflower cake, alone or in
combination, could substitute soybean cake in layer diets. In all, 108 laying pullets
were randomly assigned to 9 treatments with 12 replicates of single caged pullets each.
The treatments comprised isocaloric and isonitrogeneous rations containing 2675 kcal
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ME/kg and 17.6% protein with either soybean cake, groundnut cake or high fibre low
protein sunflower cake or 50:50 or 50:25:25 combination of these cakes. Experiment
lasted for 28 weeks of laying. The results are presented in table 1. A highly significant
difference in egg production among dietry treatment group indicates difference in protein
quality, though all diets were isocaloric and isonitrogenous (and intake of protein was
adequate to support egg production). The difference among diets within single cake,
two cake or three cake series was not significant. The difference in egg weight between
dietary treatments was non significant suggesting that all diets were adequate in protein
content and quality to support satisfactory egg weight. The decreasing egg weight on
soybean cake, groundnut cake and sunflower cake was also not significant. Significant
difference in average egg mass on various dietary treatments may be due to significanl
differences in average rate of laying, and also to some extent due to difference, in egg
weight. The difference in daily feed consumption among dietary treatment was
significant. This may be due to higher crude fibre content especially in sunflower cake
which could result in higher feed intake. Feed efficiency was also significantly different
among dietary treatment.

PERFORMANCE OF EGG TYPE PULLETS IN THREE AND TWO PHASE
PROTEIN FEEDING PROGRAMME
D.W. Khire and R.T. Desai
Department of Animal Management, Hygiene, Dairy Science and Animal Production.
Dr. Panjabrao Krishi Vidyapeeth Akola - 444104, India
In a 2x2x3 factorial experiment having 2 programme of phase protein feeding viz. three
phase (16-16-12 wks) and two phase (22-22 wks) each with 2 levels of protein reduction
i.e. 2 and 4% and three variable protein levels of 16, 18 and 20% one hundred and forty
four pullets at 50% production were allotted to 12 treatment groups each having 6 rephcates
of 2 birds/cage. All diets were isocaloric (28(X) kcal ME/kg) and were formulated by
using yellow maize, wheat bran, groundnut cake (GNC), soybean cake (SBC) and fishmeal
(FM), mineral mixture and vitamin mixture. To maintain similar amino acid composition
in different diets a premix consisting of 70 parts GNC and 30 parts FM was prepared and
was used for adjusting the protein level in the diet. Two phase resulted in significantly
higher Qgg prodcution (P<0.05) wiüi no effect on egg mass, body weight, feed efficiency,
protein conversion efficiency (PCE) and nitrogen retention. Three phase feeding resulted
in significantly higher egg weight (P<0.01). Reducing protein by 2% resulted in significantly
higher egg production, egg mass, feed efficiency and nitrogen retention than 4% reduction
but had no effect on egg weight, body weight and PCE. Protein level of 16-18-20% in
phase feeding resulted in significantly increasing egg production, body weight, feed
efficiency on increasing protein levels. It is concluded that two phase protein feeding
programme appears to be economic and beneficial.
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EFFECT OF REPLACEMENT OF CORN WITH ELEUSINE CORACANA
(FINGER MILIET) ON THE PERFORMANCE OF POULTRY
V. Ravindra Reddy, P. Srilatha Rani and V. Ramasubba Reddy
Department of Poultry Science, College of Veterinary Science, Rejendranagar, Hyderabad
500 030, India
The nutritive value of Eleusine coracana (finger millet, ragi) and the effect of its
inclusion unground and ground in diet on growth and egg production of chicken was
investigated. Eleusine coracana in unground or ground form at 600 g/kg replaced com
)r com+deoiled rice bran (DORB) part per part. Each of the four diets was fed to 4
groups X 8 WL male chicks from 1 to 28 days, 6 groups x 6 Hubbard broiler females
from 1 to 35 days and 4 groups x 12 BV 300 WL layers from 27 to 33 weeks age.
Eleusine coracana contained slightly lower protein and ether extract but higher crude
fibre, calcium and phosphorus than com. In WL male chicks, weight gain, feed intake,
feed/gain, energy intake and livability were similar on all the diets. In broilers,
replacement of com with Eleusine coracana, unground and ground at 600 g/kg resulted
in lower weight gain and poorer feed feeiciency. Livabihty was almost similar on all
the diets. In layers, Qgg production and feed intake were similar on all the diets. The
intake of energy was significantly higher (P<0.05) on com than on Eleusine coracana
and com+DORB diets. Com diet resulted in higher egg weights than other diets.
Livability was not influenced by grain source. The cost of feeding for production of
WL chicks of similar body weight and for production of egg reduced with inclusion
of Eleusine coracana. However, the cost of feeding for broiler production with Eleusine
coracana ground diet only was lower than with other diets. It was concluded that Eleusine
coracana can be included up to 600 g/kg in the diet for egg type chicks and layers but
not for broilers.

INFLUENCE OF ORGANIC CHROMIUM SUPPLEMENTATION ON EGG
PRODUCTION AND QUALITY IN LAYING HENS
P. Pignattelli, D. Baroli, M.G. Mangiagalli, and L.G. Cavalchini
Institute di Zootécnica, Universita degli studi di Milano Via Celoria 10,20133 Milano Italy
Organic Chromium supplementation in the diet of laying hens was studied. Chelated
Chromium was supplemented as picolinate and nicotinate, and its effect on egg
production and quality were measured. Concerning egg quality, fat, protein and
cholesterol contents were considered. 150 Isabrown laying hens were divided into 5
groups at 24 weeks of age and housed in cages. A soya-com diet (16.5% CP, 2750 Kcal
ME/kg diet, 4.66% Ca and 0.98 % P) and water were provided ad libitum. Group 1 was
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the control, group 2 and 3 were fed a 200 and 400 ppb chromium picolinate supplemented
diet respectively, and group 4 and 5 were fed a 200 and 400 ppb chromium nicotinatesupplemented diet respectively. Daily egg production and mortality rate were recorded
from 24 to 45 weeks of age. Egg weight, yolk weight, fat, protein and cholesterol
contents were analysed monthly on a random sample of 18 eggs for each group. Weekly
egg deposition percentage was significantly different among groups (p= 003), in
particular group 3 showed the lowest performance for egg production (86.99%)
significantly different from the control group (89.70%) and group 5 (89.35%). Organic
chromium supplementation seems to have no effects on egg weight and yolk weight.
Results obtained on fat and protein contents suggest no effects of supplemental dietary
Chromium. The treatment effect on egg cholesterol content approached significance
(P=.07). Therefore in laying hens no evidence was obtained to support the metabolic
effects of chelated chromium supplementation observed on performance of different
mammal species.

EFFECT OF RIBOFLAVIN ON THE UTILIZATION OF METHIONINE AND
METABOLISM OF PROTEIN OF LIVER
Luliang YangS and Hemin Wang^
*Feed Research Institute, Chinese Academy of Agri. Sei., Beijing 100081, China ^Institute
of Animal Science, Chinese Academy of Agri. Sei., Beijing 100094, China
One hundred and thirty-two newly-hatched Arbor Acres(AA) broilers were used for
a 3x2 factorial treatments involving three riboflavin supplemental levels (0,4,and 15
mg/kg) and two kinds of methionine ([^H]-D-methionine and [^H]-L-methionine), the
content of riboflavin in basal diet was 2.04 mg/kg. Compared with corresponding other
groups, the absorption of [^H]-L-methionine was not affected,but that of D-isomer was
depressed significantly, and the degradation of protein of liver was not influenced for
both D_methionine and L-methionine, but the deposition of [^H]-D-methionine and
[^H]-L-methionine in liver decreased when chicks fed diet with no riboflavin
supplementatiom.High level of riboflavin (with 15 mg/kg supplementation) increased
the absorption of [^H]-D-methionine and [^H]-L-methionine, and decreased the
degradation of protein in liver, but did not affect the incorporation of labelled amino
acid into protein of liver. The efficiency of [''H]-L-methionine for incorporation into
protein of liver was higher than that of corresponding D-isomer.
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FFFECT OF SUNFLOWER SEED HULL ON THE METABOLISABLE
ENERGY AND ON PERFORMANCE OF CHICKS
V. Ramasubba Reddy, B.V. Suresh and V. Ravindra Reddy
Department of Poultry Science, College of Veterinary Science, Rajendranagar,
Hyderabad 500 030, India
The proximate composition of sunflower seed meal (SFM) and sunflower seed hull
(SSH) was estimated. The influence of SSH on the metabolizable energy (ME) content
of SSM and on the performance of chicks was studied. In diets, com at 960 g/kg, SFM
at 400 g/kg and SSH at 107.1 g/kg was incorporated. The Me content of the three diets
was determined in WL cocks kept in cages by modified European reference method.
The performance of chicks was studied on com -soybean meal (SBM) and com-SFM
diets containing SSH at 0, 60 and 120 g over each kg diet. Each diet was fed to 4
groups of 5 broiler males from 14-34 d age. The nutrient intake excluding SSH within
com-SBM and com-SFM diets was maintained equal, based on feed intake on diets
having 120 g SSH fed to similar groups of chicks the previous day. SFM, partially
decorticated, contained 358 g crude protein, 216 g cmde fibre, 6 g ether extract, 60 g
ash and 360 g nitrogen free extract, while SSH contained 30 g cmde protein, 608 g
crude fibre, 18 g ether extract, 26 g ash and 318 g nitrogen free extract per kg. The
AMEn of the ingredients on dry matter was: Com 15.32 kJ/g, SFM 9.58 kJ/g and SSh
5.07 kJ/g. Considering zero AMEn for SSH, the AMEn of SFM was 11.10 kJ/g. The
cmde fibre content in corn-SBM and corn-SFM diets was 37.3 g/kg and 109 g/kg,
respectively. The fibre content increased to 73.7 and 110 g/kg in com-SBM diets and
to 145.4 and 181.1 g/kg in com-SFM diets on including SSH at 60 and 120 g/kg,
respectively. The added fibre did not cause any adverse effect on the weight gain and
livability of broilers. The weight gain of chicks (14-34 d) on SBM diets (40.2 to 41.0
g^/d) was singificantly ( p < 0.05) better than on SFM diets (38.2 to 38.7 g^/d). It
was inferred that the fibre added through SSH acted as an inactive diluent of the diets.

STUDIES ON CORRELATION BETWEEN DIETARY ZINC LEVELS AND
ZINC BIOAVAILABILITY FOR BROILERS
Li Jie
Animal Nutrition Laboratory, Northeast Ahricuuktural College, Harbin, 150 030, P.R. China
Female broilers were fed on basal diet with 10 mg/kg Zn or the basal diet plus 20, 40,
60 and 80 mg/kg Zinc of Zn sulphate, respectively, from 9 to 27 days old. Zn
concentrations in tissues were determined and the determinants of Zn bioavailabihty
to broilers were discussed according to the correlation of dietary Zn levels with criteria
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measured. The growth rate and tissue development of broilers were not singificantlx
affected by the dietary Zn levels except the fresh weight of liver of broilers fed 10 mg/
kg Zn diet ( P < 0.05 ). When Zn contents in diets were 30 or 50 mg/kg. Zn concentrations
in the whole body or blood were higher than those of the control ( P < 0.05 ). When
dietary Zn contents were increased from 10 or 30 mg/kg, the Zn concentrations rose
sharply to 63.92 and 63% (20.24 and 18 mg/kg). Zn concentrations in pancreaas raised
to a great degree and to a some degree in liver and to a slight degree in tibia with Zn
levels in diets were increased to 90 mg/kg. There was a approximate correlation of
index function between dietary Zn levels (X) and liver or tibia Zn(Y). liver : Y =
61.54e 8.67/X, r = 0.95 (P<0.01); tibia : y = 53.19e -6.92/X, r = 0.88 (P<0.01). There
was a correlation of power function between dietary Zn levels (X) and pancreas Zn
contents (Y),Y = 18.81x^^^^ 0.284 (P<0.01), the linear regression equation was Y =
37.79 + 0.34X, r = 0.79 (P<0.01). According to the correlation between dietary Zn
levels and Zn contents in tissues it was suggested that pancreas, liver and tibia Zn
contents could be a good determinants of Zn bioavailability for broilers.

STUDIES ON THE ENDOGENOUS AMINO ACID MEASUREMENT FOR
ROOSTERS
Haijie Van and Qiguang Huo
Feed Research Institute, Chinese Academy of Agri Sei., Beijing 100 081, China
Three experiments were conducted to study the methodology of the measurement of
the endogenous amino acids for roosters. In experiments 1, a nitrogen-free diet (NFD)
was force-fed to 20 caecectomised and 20 intact adult birds to measure the endogenous
amino acid excretion of each group. In experiment 2,24 intact adult birds were allocated
to 2 groups, (fasted group and NFD group) to measure the endogenous amino acids
excretion in 4 different excreta collecting periods (0-24 hours, 25-36 hours, 37-48 hours,
49-60 hours after fasting or NFD force- feeding) In experiment 3, 64 intact roosters
were force-fed a nitrogen- free diet. The endogenous excreta were collected for the
amino acid, uric acid, fecal nirtogen, and total nitrogen analyses. The results are as
follows; 1. The amino acid, excretion of caecectomised roosters was singificantly
(P<0.05) higher than that of intact birds, and the variation ( CV,%) of the measurement
of caecectomised birds was less than that of intact birds. 2 The endogenous amino acid
excretion of fasted birds varied irregularly in the 4 periods of excretra-coUection, whereas
for birds fed NFD the endogenous total amino acid and total essential amino acid contents
were stable in 60 hours and total-non-essential amino acid content was stable in 48
hours. 3.The mean contents of uric acid nitrogen and amino acid nitrogen of the airdried excreta were 9.57 and 0.43%, respectively, and those of uric acid nitrogen and
amino acid nitrogen in total nitrogen were 82.82% and 3.78%, respectively. There was
no relationship between the contents of amino acids and total nitrogen in the endogenous
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excerta of birds fed NFD. The relationship between the content of amino acids (except
for tryptophan and cystine) and fecal nitrogen was significant (P <0.05 or 0.01).

THE UTILIZATION OF DIETARY RIBOFLAVIN BY BROILER BREEDER
HENS
Luliang Yang* and Hemin Wang^
'Feed Research Institute, Chinese Academy of Agri.Sci., Beijing 100081, China
^Institute of Animal Science, Chinese Academy of Agri.Sci., Beijing 100094, China
Ninenty-six Arbor Acres (AA) breeder hens were assigned to 4 dietary treatments and
given 0,2,4 and 20 mg of supplemental riboflavin per kg of feed respectively. The
riboflavin content of the unsupplemented diet was 2.02 mg/kg. The results showed that
the dietary level of riboflavin had little effect on Qgg production. In hens fed the diet
without riboflavin supplementation, the riboflavin content of egg was significantly
lower than that of other groups, and the formation of FAD (flavin adenine dinucleotide)
in early period of embryo was depressed, and decreased reproductivity (fertility and
hatchability) was observed. Feeding high level of riboflavin (with 20 mg/kg
supplementation) increased the retention of riboflavin in egg embryo (early stage), and
improved the reproductivity of hen. The dietary level of riboflavin did not affect the
riboflavin content of liver significantly, but had a notable effect on that of egg, which
indicated that riboflavin content in egg was a good indicator to evaluate the nutritional
status of laying chicken.

EFFECTS OF FEED ENZYMES (ROXAZYME G) ON THE PERFORMANCE
OF TWO DIFFERENT STRAINS OF BROILER CHICKENS FED A WHEAT
BASED DIET
Anna-Maria Klunter, Anne Devaud and L.Volker
Research Center for Animal Nutrition, Société Chimique Roche Ltd., F-68305 Village-Neuf,
France
A floor pen trial was conducted to investigate the effects of ROXAZYME G on the
growth performance of two different commercial strains of broiler chickens, 'strainA' and
"strain B'. The birds were fed a starter diet from day 1-15 and a grower diet from day
15-36. Both diets contained 65% of wheat. Day old chicks were divided by weight in
groups of 20 chickens of the same sex and were allocated either to the control without
enzyme supplementation or to the treatment supplemented with 130 ppm of ROXAZYME
G. For both strains each treatment was repHcated with 8 groups (4 groups of each sex).
215

The groups were weighed at day 15 and 36, respectively. To determine the significance
of the main effects (enzymes, strain and sex) and the interactions (p<0.05), the general
linear models procedure of ANO VA was used. The overall results, calculated for the
whole growth period (day 1-36), showed that the supplemention with enzymes significantly
improved weight gain (4.3%) and feed conversion (3.2%). The feed intake was not affected.
There was a significant interaction between enzymes and sex for the weight gain. The
effects of the enzymes were singificant in the males but not in the females. The strain
influenced weight gain and feed conversion significantly. Strain B had a higher weight
gain (4.9%) and an improved feed conversion (3.7%) in comparison to strain A. There
was a significant interaction between strain and sex for the weight gain, with significant
differences between the strains in the males but not in the females. The results of the trial
demonstrate, that the supplemention with ROXAZYME G significantly improved the
growth performance of both strains. The rate of improvement was comparable, although
the growth potential was different between the strains.
EFFECT OF LIVOL CLASSIC ON THE PERFORMANCE OF BROILERS
A.R. Nageswara and V. Ramasubba Reddy
Department of poultry Science, College of Vaterinary Sciences, Rajendranagar,
Hyderabad - 500 030, India
The effect of Livol classic, a proprietor/ preparation from M/s. Indian Herbs, Bangalore,
India, on the performance of broilers fed aflatoxin was studied in a 3x2 factorial
experiment. Aflatoxin at 0, 0.5 and 1.0 mg/Kg and Livol Classic at 0 and 1.0 g/Kg
respectively were supplemented to a maize-soy-sunflower diet. Each diet was fed ad
lib. from 1 d to 40 d age, to 5 groups of 7 broilers maintained in battery brooders. The
effect of aflatoxin in reducing weight gain, feed intake, feed efficiency, dressing
percentage and livability were dose related. Livol Classic appreciably reduced the
mortality and improved the weight gain and feed/gain at aflatoxin level of 1 mg/Kg
(Table).
Table : Effect of Livol classic on the performance of broilers fed aflatoxin in diet
Criterion

Livol Classic(g/Kg)
0

Weight gain (g/b/d)
Feed intake (g/b/d)
Feed/gain
Dressing
percentage
Livolibility

0
1.0
0
1.0
0
1.0
0
1.0
0
1.0

38.1^
38.7^
71.F'^
72.9"
1.831
1.839
72.32^
72.12'-'
88.7
97.1

Aflatoxin i(mg/kg)
0.5
1.0
32.7^
34.1"^'
63.6^
66.2"
1.905
1.904
71.23"
71.97"
82.9
91.4

23.4^26.9^
48.5^^
50.5^
1.954
1.829
70.48^70.13'^
60.0
74.3

values bearing different superscripts within a criterion are significantly different (P<0.05)
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INFLUENCE OF STORAGE TIME OF WHEAT ON THE EFFECT OF NONSTARCH POLYSACCHARIDE DEGRADING ENZYMES (ROXAZYME G) IN
BROILER CHICKENS FED WHEAT-BASED DIETS
Anna-Maria Klunter, Anne Devaud and L. Volker
Research Center for Animal Nutrition^ Société Chimique Roche Ltd., F-68305 Village-Neuf,
France
It is generally accepted that during storage of cereals the content of undigestible
constituents like non-starch polysaccharides (NSP) is decreasing, to further investigate
the influence of these post-harvest alterations on the efficacy of ROXAZYME G in
broiler, two trials with a wheat-based diet were conducted. In the first trial the effects
of ROXAZYME G were studied using a diet with a freshly harvested wheat. In the
second trial the same wheat, which was stored for 4 month under usual warehouse
conditions, was used. Both trials followed the same experimental protocol. Growth
performance of broiler chickens and apparent metabolizable energy (AME) of the diets
were determined. The results of the two trials are compared with respect to the efficacy
of ROXAZYME G in relation to the storage time of the wheat.

EFFECT OF DIFFERENT DOSES OF FURAZOLIDONE IN FEED ON THE
HEMATOCHEMICAL AND PATHOLOGY OF WHITE LEGHORN
COCKERELS WITH AGE
Z. Iqbal, A. Ahmed, M.Z. Khan, and Zia-ur-Rehamn
Faculty of Veterinary Sciences, University of Agriculture, Faisalabad-38040. Pakistan
One hundred and sixty, day old chicks were divided into 8 groups. In first experiment,
four groups were fed furazolidone (Furazole - 24.4%; Hilton Pharma, Karachi) mixed
with feed at a rate of 0, 400, 800, and 1000 mg per kg of feed for four weeks of age.
In second experiment, remaining four groups were fed at a basal feed for three weeks
and then shifted to three different graded doses of furazolidone (FZ) in feed upto seven
weeks of age. Significant decrease in body weight was observed when these birds were
fed Fz 1000 mg/kg. Hyperexcitability was noted in one out of twenty at the fourth
week fed on FZ 1000 mg/kg. Leg paralysis was noted only in second experiment in
one bird fed on highest dose. Mortality was not seen in any group. Hematocrit revealed
no change in both experiments. Heamoglobin concentration was significantly lower as
compared to control in 1st experiment at 4 week while in 2nd experiment no statistically
significant change was noted in this parameter. Erythrocyte count was significantly
decreased in birds fed on FZ 1000 mg/kg at 4 week in both experiments. Total leucocyte
count showed non-signifie ant change. Plasma protein was higher at 4 week in 1st
experiment in birds fed on FZ 1000 mg/kg. Serum Globulin showed lower level at 4
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week only in 1st experiment in birds fed on FZ feed. It is suggested that use of FZ as
feed additive at dose rate of 400 (mg/kg) can be used for a week or two, since higher
doses and long duration will lead to toxicity.

STUDY ON DIETARY SUPPLEMENTATION OF ENZYMES ON BROILER
PERFORMANCE
N. Rajeswara Rao and G. Devegowda
Department of Poultry Science, University of Agricultural Sciences Hebbal, Bangalore
560 024, India
Possibility of effective utilization of standard broiler diets or diets containing low quality
agricultural by-products by supplementing with suitable enzyme preparations was
examined in 3 experiments. An in vivo study by employing forced feeding method was
also conducted to study the digestabilities of these enzymes. Birds consumed more
feed and attained better body weights with low energy diets in experiment I irrespective
of protease or superzyme or their combined supplementation. When maize and wheat
based rations were supplemented with a combination of xylañase, protease and amylase
in experiment II, feed consumption was uniform irrespective of energy variation in
diets and birds attained less body weight in low energy fed groups. In experiment III,
performance of birds varied depending upon the level of salseed inclusion in diets and
supplementation of these diets with tannase did not produce significant influence on
performance of birds. Similarly 'selfeed' and 'canolazyme' failed to produce significant
improvement in non-salseed fed groups. Metabolic study revealed that supplementation
of enzymes reduced moisture content of droppings, improved fibre digestibility and
reduced tannin content of feeds.

EFFECTS OF FEED ENZYMES ON BETWEEN BIRD VARIATION AND
ILEAL AND CAECAL VOLATILE FATTY ACID LEVELS IN BROILERS FED
WHEAT
M.Choct, RJ.Hughes' and M.R.Bedford^Department of Animal Science, University of New England, Armidale, NSW 2351, Australia,
Pig and Poultry Production Institute, University of Adelaide, Roseworthy, SA 5371, Australia,
^Finnfeeds International Limited, Market House, Marlborough, UK
A study was conducted to examine the effect of a commercial glycanase product in
broilers given diet containing low apparent metabolisable energy (low-ME) wheat in
between bird variation and the ileal and caecal volatile fatty acid (VFA) levels was the
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criteria of study. Broilers (48) were raised to 29 day of age and were given a wheat
based (67.8%) commecial type diet with and without enzyme. A 7-d AME trial was
then conducted using individual ME cages. At the end of the trial, the birds were
humanely killed and digesta from various gut sections were sampled. Enzyme
supplementation significantly increased (P<0.01) the AME (13.7 vs 14.5 MJ/kg DM),
with a 74% reduction in between bird variation (SD from 0.95 to 0.25). VFA production
(millimole pool) in the ileum was reduced by 35% (9.2 vs 6.2) but that in the caeca
was increased by 34% (340 to 519). The current data demonstrated that feed enzymes
can not only increase the nutritive value of wheat for broilers, but also decrease between
bird-variation which is of great importance in accurate formulation of least cost diets.
A change in the gut microflora, i.e., proliferation of fermentative organisms in the
small intestine, appears to be a significant factor related to the between-bird variation
noted when low-ME wheat is fed to broilers.

EFFECT OF GROWTH PROMOTERS AND COCCIDIOSTATS ON
PERFORMANCE AND GROWTH OF CLOSTRIDIUM PERFRINGENS IN THE
CAECA OF BROILERS
K.Elwinger, B.Engstorm, E.Berndtson, O.Fossum and L.Waldensteat
Dept. of Animal Nutrition and. Management, The Swedish University of Agricultural
Sciences, S-755 97 Uppsala, Sweden, National Veterinary Institute, S-750 07 Uppsala, Sweden,
Deptof Food Hygiene, The Swedish University of Agricultural Sciences, S-750 07 Uppsala,
Sweden
The effects of the growth promoters avoparcin and avilamycin and the ionophore
coccidiostats maduramicin, narasin and monensin, on performance and caecal growth
of Clostridium perfringers (Cp) in broiler chickens were tested in two experiments.
The supplements were fed as single feed additives or in some combinations. The birds
were kept in floor pens, each with 145 birds. No clinical signs caused by coccidia were
observed in any of the studies. All supplements had an antibacterial effect on Cp and
significantly improved growth rate. There were no significant differences in mortality.
Necrotic enteritis occured in one experiment, but only control birds were affected. The
number of Cp positive birds and caecal counts of Cp in samples taken from the processing
line were higher than during the life whether the feed contained drug supplement or
not. The results indicate that, what concerns production performance, supplementation
with feed antibiotics may not be necessary when the diet is supplemented with a
coccidiostat with antibacterial effects.
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EFFICACY OF CYPROHEPTADINE AS A GROWTH PROMOTER IN
BROILER CHICKS
P.C.Samal, B.K.Sahoo and P.K.Mishra
Department of Animal Nutrition, Orissa University of Agriculture and Technology,
Bhubaneswwar - 751 003, India
One hundred and sixty day old commercial broiler chicks were randomly divided into
eight groups of 20 chicks each. Group Dl, D2, D3, D4, D5, D6, D7 and D8 received
rations containing 0,2.5,5,10,15,20,25 and 30 ppm of Cyproheptadine, respectively,
for six weeks. The corrresponding sixth week average body weights of chicks were
1146, 1217, 1227, 1342, 1290, 1308, 1262 and 1263 g while the feed conversion ratio
were 2.73, 2.48, 2.41, 2.39, 2.44, 2.41, 2.40 and 2.48. The body weight of the chicks
receiving more than 10 ppm Cyproheptadine were significantly (P<0.05) higher than
the control. No definite pattern of change could be observed in carcass characteristics
like dressing percentage, giblet yields and edible carcass yields. Similarly no significant
change in different groups was observed in respect of alkaline phosphatase activity
of both serum and liver, alanine transaminase activity of serum and liver and serum
aspartate transaminase activity. It is concluded that Cyproheptadine may be included
at 10 ppm level in the rations of broiler chicks for growth promotion.

COMPARATIVE STUDIES OF ANTIBIOTICS AND PROBIOTICS ON THE
GROWTH AND ECONOMICS OF BROILER RAISING
L.Mandal, S.K.Sarkar, S.K.Mandal and N.Baidya
Dept. of Animal Nutrition; West Bengal University of Animal & Fishery Sciences;
Mohanpur-741252, Nadia, West Bengal, India
The efficacy of some antibiotics and probiotics was examined in broilers over a week.
A 7 week growth trial using either singly or in combination or on alternate weeks for
a total of 15 treatments. The proprietary preparations of antibiotics and probiotics tried
were Aurofac-100, Vetradox, Flavomycin, Stafac-20, TM-50, Neftin-50, Bioboost-forte,
Biospur, and G-probiotic at the recommended doses. Some of the blood parameters
like ESR, PCV, Hb, S-GOT and S-GPT were studied alongwith the dressing percentage.
The results indicated that weekwise alternate use of antibiotics (on 1,3,5,7 week) and
probiotics (on 2,4,6 week) showed the maximum weight gain (1866.71g) and that such
weight gain was most economic as compared to all other treatments. Although Stafac20 (Virginiamycin) showed the next best weight gain (1843.16 g) but on economic
return per broiler, it was placed on 3rd position and the 2nd position was attributed to
feeding of antibiotic (Aurofac-100) in the starting phase (0-4 weeks) and probiotic
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(Biospur) in the finishing stage (5-7 weeks), although growth-wise, its position was
3rd in the row (1821.49). All the aforesaid treated groups showed significantly
higherweight gain than that of the control. Interestingly,when probiotic (Biospur on
1,3,5 and 7 week) was used on alternate week with antibiotic (Aurofac-100 on 2,4 and
6th week), the weight gain was only 1803.41 g indicating significantly lower body
weight gain than when antibiotic was used on alternate week with probiotic (1866.71
g). Further, the combined use of antibiotic and probiotic was not better than the use
of probiotic in the starting and antibiotic in the finishing phase. Dressing percentage
as also blood pictures, however, did not vary significantly among the treated groups.
The results conclusively indicated that the use of antibiotic and probiotic on alternate
week starting with antibiotic in the first week gave the maximum weight gain as also
the most economic return. From practical standpoint, however, the use of antibiotic in
the starter ration and probiotic in the finisher ration will be most useful yielding the
2nd best economic return per broiler.

EFFECT OF BARLEY BASED DIET SUPPLEMENTED WITH CRUDE
ENZYME PREPARATIONS ON BODY WEIGHT GAIN, DIGESTIVE
FUNCTION AND METABOLIC HORMONE LEVELS IN CHICKS
Z.K. Han and T.Yu
Laboratory of Animal Physiology and Biochemistry, Nanjing Agricultural University,
Nanjing, 210095, P.R. China
Ninety-six male chicks of 7 days of age were allocated randomly into 4 groups were
fed maize based diet (MC): barley based diet containing barley 50% (BC), EC + 0.1%
and 1% crude enzyme preparations (Roxazyme) (RE^^^ and RE^^) ad libitum. Body
weights (BW) were weighed at day 7 and 21. The passage rate of intestinal digesta was
estimated by chromium oxide as marker. The birds were sacrificed and samples of
jugular blood and digesta from jejunum were collected at day 21. The thyroid hormone
content in serum was measured by RIA. The results showed that body weight gain of
RE^^, group was 8.85% higher (P<0.05) compared to that of BC group. However the
increase in BW gain (RE, Q) was insignificant. Enzyme supplementation decreased the
viscosity and increased the passage rate of digesta. Furthermore, the apparent
digestibilities of DM, OM and protein also increased significantly in RE^, group, but
was still lower than those of MC group. In RE, ^ group the nutrient digestibilities
decreased apparently. The serum T^ content was elevated 22.09% and 80.98% in groups
RE^^, and RE, ^ respectively, compared to those of BC group, T^ varied similarly but
was not significantly.
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INFLUENCE OF AGE AND CRUDE ENZYME ON GROWTH AND
DIGESTIVE FUNCTIONS IN DUCKS FED BARLEY BASED DIET
N.G.Gao and Z.K.Han
Laboratory of Animal Phisiology and Biochemistry, Nanjing Agricultural University,
Nanjing, 210095, P.R.China
Forty one-day-old ducklings were fed barley based diets (containing 60% barley)
supplemented with crude enzyme (Roxazyme) O (Control), and 1 g/kg for 21 days and
42 days to investigate the influence of age and enzyme supplementation on growth
performance, digesta viscosity and digestive enzyme activities. The results indicated
that the digestive functions are not fully developed in the first 3 weeks and enzyme
treatment can reduce the digesta viscosity and increase the body weight gain significantly,
while such effects can not be observed in the later 2 weeks. These studies also suggest
that the exogeneous enzymes supplemented in diet may inhibit the endogenous digestive
enzyme activities.

STUDIES ON SUPPLEMENTATION ENZYME AND HERBAL PREPARATION
AT DIFFERENT LEVELS OF ENERGY ON THE PERFORMANCE OF
BROILERS
S.K.Sarkar; L.Mandal and T.Biswas
Dept. of Animal Nutrition; West Bengal University of Animal & Fishery Sciences, Mohanpur741252, Nadia, West Bengal, India
The effect of feeding various commercial enzyme preparations like Anizyme, Allzyme
EG, Ventrigold was studied on broilers for 6 weeks and compared with one herbal
preparation (Digestovet) against control diet without any added additives in regard to
growth, feed efficiency ratio (FER) and economic return per bird. The other objective
was to see whether the same diet lower in energy as compared to normal energy level
is able to sustain growth and income. The weight gain as also FER were found to be
superior in enzyme treated groups as compared to control. The herbal (Digestovet)
treated group also showed similar trend. However, within the same enzyme treated
groups, diet with lower energy level did not vary significantly from that of the normal
energy level although the latter showed numerically higher weight gain excepting
Anizyme treated group. The income per bird in comparison to control group (after
accounting for both feed and chick cost) was found to be the highest with Ventrigold
containing normal energy level (Rs. 3.16 per bird) followed by lower energy level of
Anizyme group (Rs. 2.89 per bird), Allzyme EG group with lower energy level (Rs.
2.81 per bird); Anizyme normal energy level (Rs. 2.71 per bird) and Digestovet (herbal
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preparation) with normal energy level (Rs. 2.53 per bird) in that order. The eviscereted
yield as well as blood pictures of the treated groups in respect of Hb, ESR, PCV, SGPT did not differ significantly from that of the control, indicating that the enzymes
or the herbal preparation have no deleterious effect on the perform^ince of broilers.

ENZYME ADDITION TO CORN/SOY DIETS IMPROVED PERFORMANCE
OF POULTRY
D.W.Fodge and H.Y.Hsiao
ChemGen Corp., 211 Perry Parkway, Gaithersburg, Maryland, 20877, USA
A commercial preparation of enzyme (Hemicell), high in a unique ß-mannanase activity,
has been shown to improve feed conversion and average daily gain of broilers and
turkeys grown on com/soy diets. Broiler chicks at day 1 were randomly divided into
16 pens of 80 chicks per pen. Half of them were fed a typical US com/soy diets without
enzyme and another half were fed with the same diet supplemented with 0.05% Hemicell.
After 42 days, the enzyme group showed improvement in net weight gain,
feed consumption and feed/gain: 0.03kg (2.49kg/2.46kg, p<0.05), -0.078kg (4.08kg/
4.15kg) and -0.05 (1.639/1.689, p<0.05), respectively. A 18 week test in male turkeys
(14 pens of 17 birds/pen, half with and half without enzyme) showed that the enzyme
group had a net weight gain of 0.162kg (14.967 kg/14.8Q5kg, p<0.05) and reduction
in feed/gain of -0.092 (2.617/2.709, p<0.05). In field tests conducted by broiler
producers, birds from 180 farms with enzyme in the feed showed a net weight gain
of 0.056 kg (p<0.05) and a net feed/gain reduction of -0.06 (p<0.05) when compared
to similar numbers of farms without enzyme. Results from a field trial with turkey
toms (enzyme group of 310 farms and control group of 300 farms) showed positive
benefits from addition of Hemicell in a net weight gain of 0.641 kg (p<0.05) and a net
reduction in feed/gain of -0.058 (p<0.05). Hemicell addition gave even better
performance in broiler trials conducted in China. One 52 day trial in Beijing (20 pens
of 100 chickens/pen, half on and half off Hemicell®) showed performance benefits
from Hemicell of net weight of 0.214 kg (2.747kg/2.533kg, p<0.05) and a net reduction
in feed/gain of -0.17 (1.89/2.06, p<0.05).
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EFFECTS OF DIETARY SUPPLEMENTATION OF DIFFERENT STRAINS OF
YEASTS, LACTOBACILLI & STREPTOCOCCI FROM DIFFERENT
SOURCES VIS-A-VIS THEIR RESPECTIVE SELECTED STRAINS ON THE
BIOLOGICAL PERFORMANCE OF BROILERS
B.S.Katoch, Meena Kumari, Gorakh Mai, K.K.Dogra, and C.R.Sharma
Department of Animal Nutrition, H.P.K.V., Palampur 176062, India
Microbial isolates like yeast, Torulopsis sphaerica from over ripe banana & calf excreta,
and Picnia membranaefaciens from curd and over ripe tomato; Lactobacillus lactis
from curd and over ripe lemon, Lactobacillus acidophilus from bread khamir and
Lactobacillus plantarum from over ripe carrot, and Streptococcus uberis from over
ripe tomato and apple. Streptococcus faecium from over ripe banana and bread khamir
were assayed for 1-6 weeks on commecial broilers to study their comparative effects
vis-a-vis already identified promising strains like Y3 of Saccharomyces cerevisiae, L4
of Lactobacillus bulgaricus and S1 of Streptococcus lactis. The growth performance
of broilers was significantly (P<0.05) better in treatments fed Y3 strain of S.Cerevisiae,
Lsphaerica from over ripe banana, Rmembranaefaciens from over ripe bread khamir
and S.faecium from over ripe banana and SI of S.lactis & S.uberis from over ripe
apple. The mortality per cent was higher in control group in which only the culture
medium had been supplemented. The digestibility and retention of nutrients in broilers
under different treatments were almost similar to the growth performance. The duodenal
microbial count and the proportion of gram -i-ve microbes was also matching to the
growth response. Lsphaerica and S.faecium from over ripe hanrnia, Rmembranaefaciens
from over ripe tomato and S.uberis from over ripe apple had shown matching broilers
performance to the already selected promising respective strains which is also suggestive
of their promising role as probiotics for commercial broilers.

INTERACTIONS OF DIFFERENT DOSES OF LIVOL INCLUSION DURING
AFLATOXICOSIS IN BROILERS LIVABILITY AND NUTRIENT
UTILIZATION
T.K. Ghosh and P. K. Senapati
Department of Animal Nutrition, WBUAFS, Calcutta 700 037, India
The effects of interaction between aflatoxins (Bl-i-Gl) and livol level on livability and
nutrient utilization were studied using 150 broiler chicks. Diets containing pure aflatoxin
50:50 mixture B ,+G, at (0.04,0.06 and 0.08 mg/kg diet) supplemented with 0.25 and 0.50%
livol with a control in each group without any livol along with general control without
livol and aflatoxin (C). A significant (P<0.05) interaction between dietary aflatoxin and
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livol level was observed in response to body weight gain, feed consumption and retention
of protein; DM, EE and N retention were adversly affected with increasing level of dietary
aflatoxins. But an increase in Hvol level from 0.25to 0.50 % in diet gave protection against
aflatoxicosis in broilers. Haematological and biochemical studies were not affected
significatly (P<0.05) by the level of tested toxin and livol. No direct effect of aflatoxin
was observed other than leg weakness. These results suggested that hvol was able to
counteract effects of aflatoxin (at 0.04 - 0.06 ppm).

INFLUENCE OF ENVIRONMENT ON GROWTH PROMOTION BY
ANTIBIOTICS
Tong Jianming, Sarna, Huang Melyn and Shao Guizhi
Institute of Animal Science, Chinese Academy of Agricultural Sciences, Beijing, 100094
P.R.China
Three experiments were coducted in different conditions to study the influence of
environment on growth promotion of chlorletracycline (aureomycin). In experiment
1,440 Arbor Acres commercial day-old broilers were raised on deep litter. They were
divided into four groups of one hundred and ten birds. There were four levels (Oppm,
20ppm, 35ppm, 50ppm) of chlortetracycline in the test ration. Food and water were
offered ad lib. All birds were weighed at the beginning of the experiment and after 14,
42,51 days. The result showed that there was a statistically significant (p<0.01) increase
in the growth of the birds receiving 35 or 5Oppm aureomycin and the greatest growth
response of broilers occured during 42-51 days. In experiment 2, the first experiment
was repeated in the cage rising condition. There were four groups of 43, day-old broilers
and four levels (Oppm, 25ppm, 40ppm, 55ppm) of aureomycin. All of the birds were
maintained in cages cleaned once a week. Food and water were offered . All broilers
were weighed once a week before 21 day and after 49 day. The results showed that
there was no significant effect of antibiotics on the growth rate of broilers. The third
experiment was designed to test the effect of aureomycin fed in combination with
acidum pipemidum (PPA) on the performance of broiler further. Four thousand Arbor
Acres commercial day-old broilers were divided into four groups of one thousand
birds. Four levels (Oppm, 20ppm, 40ppm, 60ppm,) of aureomycin was offered to these
birds. The birds were raised on the sand litter padded with fresh sand once a week.
Food and water offered ad lib . The birds were weighed at 1, 21 and 49 day. The result
showed that there was no significant increase in the growth of broilers receiving
aureomycin. From these observations in the three experiments it was concluded that
the beneficial effect on broilers mainly depend on the management conditions. If the
broilers are raised in cages cleaned every week there is no or little effect of aureomycin
on their growth. If the broilers are treated with other antimicrobial agent first there is
no significant beneficial effect of aureomycin on the broiler performance.
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THE EFFICACY OF PROBIOTICS (TOYOCERIN) IN BROILER BREEDER
FEED FOR INDUCING IMMUNOSTIMULANT AND BIOREGULATOR
EFFECT
J. Khajarern^, S. Khajarern" and C. RatanasethakuF
'Department of Animal Science, Faculty of Agriculture, ^Department of Medicine, Faculty
of Veterinary Medicine, Khon Kaen University, Khon Kaen 40002, Thailand
Ten thousand 20-weeks old commercial broiler breeders were divided into two groups.
Each group of birds were fed with and without supplementation of Toyocerin 0.05%
in the diet. Toyocerin treated birds when fed under practical farming conditions exhibited
an increase in number of large egg size and a higher percentage of setting eggs for
incubation, and also decrease in percentage of downgraded eggs. Fertility, hatchability
of all eggs set, total chicks/house and number of chicks/hen were also increased with
the Toyocerin supplementation to the diets. Supplementation of Toyocerin in broiler
breeder feed improved birds' health and decreased mortality. Continuous usage of
Toyocerin in the diet caused an increase in both ND, HI titers and IBD antibody titres
indicating that Toyocerin could act, not only as a nutritional bioregulator, but also as
immunostimulant leading to improved broiler breeders performance and health.

EXAMINATION OF THE EFFECTS OF AN ENZYME DESIGNED FOR USE
IN BROILER DIETS BASED ON CORN AND SOYBEAN MEAL
M.R.Bedford, H.Graham, A.J.Harker and D.Creswell
Finnfeeds International Ltd., PC Box 777, Marlborough, UK and Creswell Livestock
Consultants, Sydney, Australia
Previous work has been undertaken to determine the dose optimisation of a xylanase,
protease and amylase for use in corn and soybean meal based broiler diets. This
experiment was designed to confirm the efficacy of this product. Eight replicate cages
of 80 seperate sex, commercial cross bred broilers per replicate were fed a com/soybean
meal diet from 0-42 days of age. A starter diet was fed from 0-21 days, and a grower/
finisher from 22-42 days of age. Parameters determined were weight gain, weight, feed
intake and feed conversion ratio. No difference in sex were noted for any parameter
throughout the trial indicating that males and females responded to enzyme
supplementation in a similar fashion. A significant effect of enzyme was detected at
21 days of age on Feed Conversion Ratio (1.484 vs 1.406, P<0.05), but gain and intake
did not differ. From 22-42 days of age, the effect of enzyme addition became much
more dramatic and was significant for both gain (1067g vs 1272g, P<0.01) and FCR
(2.45 vs 2.079, P<0.001), but no effect on intake was noted. Overall effects on gain
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and FCR were significant at p<0.01; (1702g vs 1901,2088 vs 1856). These data indicate
that com soybean meal based diets can respond dramatically to enzyme supplementation
and that the effect may well be concentrated in the last phase of production when the
intestinal microflora begin to play a larger role in competing for nutrients.

EFFECT ON BROILER PERFORMANCE OF ENZYME SUPPLEMENTATION
OF CANOLA BASED DIETS
IJ.DingleS A.Kumar', and D.CreswelF
'Department of Animal Production, University of Queensland, Gatton-4343, Australia,
^Fin Feeds International Ltd. UK
Ganóla meal consists of approximately 40 per cent crude protein, contributes about 20
MJ/kg of gross energy, and is a good source of minerals, vitamins and pigments. In
addition to these nutrients, canola meal contains anti nutritional factors such as non
starch polysaccharides, glucosinolates, tannins, phytic acid etc. In the present study, an
attempt has been made to neturalise the anti nutritional factors in canola meal by enzyme
supplementation of broiler diets. Three feeding trials were conducted to determine the
efficacy of enzyme supplementation of canola meal diet on broiler performance. In
Trial 1, Avizyme 1300 or Avizyme 1300/1200 was supplemented at the rate of Ig/kg
of feed. In Trial 2, Avizyme 1300 was supplemented at the rate of 0.5 or 1.0 or 2.0 g/
kg of feed. In Trial 3, Avizyme 1300 was supplemented at the rate of 0.5 g/kg of feed
with or without high calcium in the diet. Each trial was conducted in cages with 320
day old male meat chickens with four treatments having eight replications per treatment.
Broiler starter (0-3 weeks) and grower (4-6 weeks) diets were fed ad libitum. In Trial
1, the six weeks mean body weight of chicks fed Avizyme 1300 gm supplemented
canola diet was significantly higher than that of the chicks fed the unsupplemented
diet. The feed consumption of broilers fed the basal diets was not significantly affected
by enzyme supplementation, but feed conversion efficiency was significantly improved
by the enzyme supplementation. In Trial 2, the feed efficiency was significantly improved
by 0.5 g/kg enzyme supplementation. In Trial 3, broiler production performance was
not significantly affected by high calcium supplementation in the diet. These results
suggest that the nutritive value of canola meal in broiler diets can be improved by
dietary enzyme supplementation.
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INFLUENCE OF FEED ENZYMES ON NUTRIENT AVAILABILITY FROM
LAYER RATIONS
B.Satyamoorthy and Maggie Menachery
College of Veterinary and Animal Sciences, Kerala Agricultural University, Mannutliy,
Thrissur 680 651, India
Influence of feed enzymes, viz. cellulase and protease supplemented at levels of 0.06 and
0.02 per cent respectively either singly or in combination on nutrient availability for egg
production was evaluated in a standard and a less dense layer rations using one hundred
rW^N strain of SC White Leghorn pullets of 20 weeks of a^ge in individual cages for an
experimental period of 20 weeks. A positive enzyme effect on feed intake and on feed per
egg was noticed in dietary treatments with enzymes. Feed efficiency for egg production
(egg number) was significantly (P<0.05) higher in birds fed standard layer ration with
cellulase and protease than those on other treatments with or without enzymes. Feed
enzymes reduced moisture contents of excreta and reduced the microbial load on eggs
laid. Slaughter studies showed decrease in intestinal viscosity in enzyme treated groups.
Metabohsm trial conducted in six birds from each treatment at the end of the experiment
showed marginal improvement in metabohsable energy and in protein availability with
enzyme supplementation. The cost benefit analysis indicated that, though nutritionally
beneficial, the enzyme costs were prohibitive. Based on the present investigation it appears
that there is tremendous scope for enzyme in feed industry.

INFLUENCE OF DIETARY ENZYMES ON THE PERFORMANCE OF
BROILERS
S.C.Suresh and G.Devgowda
Department of Poultry Science, University of Agricultural Sciences, Hebbal, Bangalore 560 024, India
Energy is a major limiting factor in poultry feed formulation rather than protein in
many of the developing countries. Therefore, an attempt has been made to study the
efficacy of cellulolytic enzymes to derive more energy by improving digestibility of
fibre. Diets were formulated so as to contain 5.5, 6.5 and 7.5% crude fibre
supplementation with an enzyme proportion containing cellulose, ß-glucosidase,
hemicellulase at three levels 0, 0.75 and 1.5 kg per ton of feed. Body weight, feed
intake and mortality were recorded. Supplementation of enzyme at 1.5 kg per ton of
feed resulted in significant (P<0.05) improvement in body weight in groups fed diet
containing 5.5 and 6.5% crude fibre and feed efficiency in group fed diet containing
5.5 and 7.5% crude fibre. In conclusion, improvement in performance may be attributed
to the better utilisation of energy from fibrous materials.
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EFFECT OF FEEDING CERTAIN BACTERIAL CULTURES ON THE
PERFORMANCE OF BROILER CHICKS
S.V.S.VermaS B.RSinghS S.Chand' and B.S.Katoch^
'Central Avian Research Institute, Izatnagar, 243 122, India ^HPKVV, Palampur, H P, India
The supplemented value of three microbial cultures viz. Lactobacillus bulgaricus (L4),
Streptococcus lactis (SI) and Saccharomyces cerevisiae (Y3) in diet of growing broiler
chicks was examined on their growth and feed utilization. Freez dried cultures were
incorporated into the standard broiler mash either singly or together to develop four
experimental diets, which were offered ad lib to quadruplicate groups of chicks housed
in battery cages from 8 to 49-d of age. A control ration to which only the microbial medium
and not the organisms was added was fed to comparable group of chicks. Observations
on live weight gain, feed intake and utilisation of dietary nutrients by chicks during the
test period were recorded. Results showed a slight but non-significant effect of microbial
cultures on the performance of chicks. However, a beneficial effect of supplemental 5./^cto
and S.cerevisiae was evident. On the other hand, supplementation of Lbulgaricus in diet
tended to depress chick performance. The combination of the three cultures in diet also
brought about a negative effect on the bird performance presumably due toLbulgaricus.
It is concluded that supplementation of diet with S.cerevisiae and S.lactis may be useful
in the feeding of broiler chicken to help improve their growth and efficiency of feed
utilisation.

FIELD EVALUATION OF COMBINATIONS OF SELECTED USEFUL
MICROBES AS GROWTH PROMOTERS IN BROILERS
K.S. Sharma and B.S. Katoch
Dept.ofAnimal Nutrition, COVAS, HPKV, Palampur-176 060 HP, India
The microbial strains from different sources identified on the basis of their promising
performance in broilers under University farm conditions were evaluated in different
combinations for their field performance at the farmer's level as potential probiotics.
The four combinations included (i) Lactobacillus bulgaricus (L4) + Streptococcus lactis
(SI) + Saccharomyces cerevisiae (Y3) : (ii) L.salivarius (cauliflower) + S.faecium
(Banana) + Pichia membranaefaciens (plum) : (iii) L.plantarum (carrot) + S.faecium
(onion) + S.cerevisiae (bread khamir) and (iv) L.acidophilus (leopard faecal matter) +
S.faecalis (leopard faecal matter) + S.cerevisiae (Y3). The combination (i) tried at
three farms on different strains of broilers for a period of 6 weeks showed significantly
(P<0.05) higher growth rates of 22.58 (Vencob), 38.09 (Kegbro) and 70.68 (Pearlbro)
per cent over control. The combination (ii) tested in Vencob strain of broilers gave 10.0
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per cent higher body weight gains, The combination (iii) tried in 'Vencob broiler
produced 13.0 per cent higher growth rate. The combination (iv) tested on 'Vencob
strain of broilers, showed 12.4 percent higher broiler growth. Besides improving body
weight gains, these combinations also reduced chick mortality. The overall results
indicated that the combinations of direct fed microbials have a great potential as
probiotics to support higher growth rates of commercial broilers under field conditions.

INFLUENCE OF PROBIOTIC AND ENERGY ON NITROGEN (N)
RETENTION AND GROSS ENERGY (GE) METABOLIZABILITY DURING
SUMMER
V.P. Sharma, Satbir Singh and V.S.Panwar
Department of Animal Nutrition, CCS Haryana Agricultural University, Hisar-125 004,
Haryana, India
To find the effect of probiotic and energy in gross energy (GE) metabolizability and
nitrogen (N) retention, 480 day-old broiler chicks were divided into 24 lots.
Isonitrogeneous diets comprising 0.02, 0.03 and 0.04 per cent levels of Lactobacillus
sporogenes each at 2600, 2900 and 3200 Kcal ME/kg fed ad lib to groups of chicks
which were subjected to two metabolic trials at 6th and 8th week of age. The levels
of probiotic and energy influenced the per cent N-retention and GE metabolizability
significantly but their interaction did not reveal any significant effect. At 6 week of
age the lactobacillus @ 0.02 and 0.03% showed higher N-retention than that of 0.04
and 0%. At 8 week of age the level of 0.03 per cent probiotics showed higher (P<0.05)
N-retention than other levels. Increasing levels of energy in the diet increased
N-retention significantly at both the ages. The GE metabolizability at any level of
lactobacillus was higher (P<0.05) then 0%. At 8th week of age, the 0.02% level of
probiotic showed higher (P<0.05) GE metabolizability and increased progressively
with increased energy level. Thus, Lactobacillus sporogenes improved N-retention
and GE metabolizability in broiler chicks.
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STUDIES ON SUPPLEMENTATION OF FEED PIGMENTS ON EGG
QUALITY AND EGG YOLK COLOUR INDEX
A.S.Ranade, B.V.Rajmane, M.B.Patil and P.K.Pawar
Department of Poultry Science, Bombay Veterinary College, Parel, Mumbai - 400012,
India
An experiment was conducted to evaluate the effect of feed pigments (Carophyll Red
and Yellow) on egg quality and egg yolk colour index. In the first part of the experiment
a survey was undertaken on various farms to evaluate the egg quality. It was observed
that the average concentration of pigments in the diets was 2.00 to 4.40 mg/kg resulting
into yolk colour index of 1.00 to 4.65 as evaluated by using Roche yolk colour fan. In
the second part of the experiment a trial was conducted on 200 layers of 28 weeks age
by dividing them in 4 equal groups. Group A received diet based on maize and group
B received a wheat based diet. Group C and D received the diet same as group B and
in addition received pigment Carophyll red, and Carophyll yellow respectively. It was
observed that the average values for egg weight, shape index, albumin and yolk index
and shell thickness were almost comparable for all the groups. Group B receiving wheat
based diet had a yolk colour index as 1.00 which increased to 9 and 10 for groups C
and D. Further it was also observed that addition of these pigments to maize based diets
increased the index to 11. Thus the overall results indicated beneficial effects of addition
of Carophyll red and yellow in the layer diets with or without maize.

INFLUENCE OF VIRGINIAMYCIN ON PERFORMANCE OF BROILERS
RECEIVING VARYING LEVELS OF ENERGY AND PROTEIN IN THE DIET
B.V.Rajmane, A.S.Ranade, R.D.Kelkar and P.P.Kulkarni
Department of Poultry Science, Bombay Veterinary College, Parel, Mumbai - 400 012,
India
An experiment was conducted to study the effect of Virginiamycin as a growth promoter
in broilers. 400 commercial broilers were divided into 8 equal groups of 50 birds each.
Four diets were formulated; Control - High Protein and High Energy, Low Protein and
Low Energy, Low Protein and High Energy and High Protein and Low Energy, and
were offered to two groups each. One of these two groups for each feed treatment
received Virginiamycin @ 10 ppm. The trial lasted for 42 days. The Virginiamycin
supplementation to the broiler diets deficient in protein or energy resulted in significant
improvement in final live weights at the end of 42 days. However, supplementation
had no significant effect on live weights. It was observed that Virginiamycin
supplementation significantly improved the feed consumption only in low protein high
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energy diets. Virginiamycin supplementation improved the feed efficiency at all levels
of energy and protein except for control group. Thus the overall results suggested that
the Virginiamycin supplementation significantly improved the performance of the
broilers with diets deficient in either protein or energy.
INFLUENCE OF STAFAC 20 (VIRGINIAMYCIN) ON THE PERFORMANCE
OF BROILERS
Eshwaraih, V.Ramasubba Reddy and A.R.Nageswara
Department of Poultry Science, College of Veterinary Science, Rajendranagar,
Hyderabad - 500 030, India
The influence of Stafac 20 (Virginiamycin 2% w/w), a product of Pfizer Limited, at
different levels of protein and energy was tested in a 2x2x2 factorial experiment on the
performance of commercial broilers. Stafac 20 was supplemented at 0 and 0.5 g/kg to
corn soya sunflower fish diet providing 188 and 204 g protein and 11.18 g protein and
12.10 MJ ME/kg during starter phase (1 to 28 days of age) and 170 and 185 g protein
and 11.47 and 12.39 MJ ME/kg during finisher phase (29 to 42 days of age). Each of
the eight diets was fed ad lib to 5x7 broilers, reared in battery brooders. Weight gain,
feed intake, feed/gain on group basis and evisceration yield on 2 birds per group were
recorded. There was no interaction of stafac 20, protein and energy on any of perfonnance
factors studied. Stafac 20 improved weight gain (P<0.05). Feed intake, feed/gain and
evisceration yields were not influenced by stafac 20. On the higher protein regimen,
weight gain and feed/gain were better (P<0.01 ) than on the lower protein regimen. The
higher energy level improved the weight gain, feed intake and feed/gain (P<0.01) and
evisceration yield (P<0.05) than the lower energy level. The livability on different
diets ranged from 83 to 100 per cent and unrelated to the dietary causes. It was inferred
that virginiamycin improved the performance of broilers when supplemented to diets
different in protein and energy as well.

THE OCCURRENCE OF ASCITES IN MODERN BROILER POPULATIONS
C.W.Scheele and C.Kwakernaak
Institute of Animal Science and Health (ID-DLO) Branch Beekbergen PC Box 15, NL-7360
AA Beekbergen, The Netherlands
In modem selection programs in broiler breeding, chickens are selected for a low feed
conversion (FCR). This may result in a reduced heat production and a reduced abihty to
consume oxygen for all metabohc processes, necessary for a fast production rate. Especially
in environmental circumstances such as a low ambient temperature (Ta), this might lead
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to metabolic diseases related to a deficit in oxygen supply. An experiment was carried out
with five different broiler lines selected for a favourable FCR combined with different
growth rates from 0-5 weeks of age. Two hundred forty day old male broilers of diffemt
stocks were allotted to battery cages (12 birds per cage) in two climatic rooms. The birds
were kept at a low ambient température (Ta) decreasing from 30°C at the start until 15°C
at 3 weeks of age. After 3 weeks Ta was kept constant. Following measurements were
carried out : production characteristics, heat production (Hp), oxygen consumption (OXc)
and carbondioxide and oxygen tensions in blood and thyroid hormone concentrations in
plasma. A low thyroid activity may lead to a low circulation rate, and to an impaired
adaptation of metabohsm to a cold environment. Hypothyroidism might inhibit the increase
of AME intake, Hp and OXc which is required at a low Ta. This inhibition might cause
a pathophysiology related to hypoxemia, heart failure and ascites. At 5 weeks of age two
birds per cage were sacrificed in these birds heart, lung and liver weights were measured.
It was concluded that low thyroid hormone concentrations in broiler Unes was accompained
with hypoxemia and with low rates of heat production and oxygen consumption. The
number of ascitic birds was high in lines exhibiting a low metabolic rate and low thyroxine
concentrations in plasma, hi selection programs attention should be paid to balance between
energy deposition (protein and fat) and energy requirements for heat production
(maintenance).

RARE EARTHS AS A FEED ADDITIVE FOR POULTRY
Shang Lei and Liu Xueying
Shanxi Agricultural University, Shanxi Taigu, 030801, P.R.China
Rare Earths is the common name for the Lanthanide series and Yttrium and Scandium
elements, which makes up 0.016% of the whole earth crust. Rare Earths were first studied
and applied to poultry in 1987. This paper summarizes recent published studies and
addresses present applications of feeding Rare Earths to poultry. Numerous feeding
experiments have shown that adding proper amounts of Rare Earths to diets, has beneficial
results in performance of both egg-laying poultry and meat-type poultry. 1. When added
30- 1(X)0 ppm Rare Earths to com-i-soybean cake type diets, layers' egg production increased
3.0-15.0% ; rate of egg production increased 2.0-10.0% egg weight was changed
insignificantly ; layers' feed conversion rate decreased 2.0-22%; mortahty was not
inñuenced; setting eggs' hatchability increased 5.0-15.0% . 2. When added 20-400 ppm
Rare Earths to diets, broilers' body weight gain increased 4.0-14.0% ; percentage of
eviscerated yield increased 3.0-5.0% ; feed conversion rate reduced 3.0-6.0% ; the viabihty
of rearing chicks improved 1.0-4.0% . 3. Ducks fed with 60-700 ppm Rare Earths in diets
increased body weight gain 12.0-16.0% . Meat-type pigeons fed with 1000 ppm Rare
Earths in health mineral premix increased liveweight 3.0-7.0% . No unusual clinical
symptoms and harmful reactions have; been observed when the birds take Rare Earths as
a feed additive. Rare Earths have a poteatial prospect for further exploitation and appUcation
in poultry.
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THREONINE RESPONSES OF BROILERS FED LOW PROTEIN DIETS
M.T.KiddS BJ.Kerr^ J.D.Firman^ and S.D.Boling^
^Nutri-Quest, Iric, Chesterfield, MO 63017, USA
^Animal Sciences Center, University of Missouri, Columbia, MO, 65211, USA
The objective of this experiment was to determine if dietary supplemental L-threonine
could heighten growth or carcass characteristics when supplemented to a low protein
diet utilizing threonine limiting ingredients. Male broilers (1,440) were fed six
experimental diets from 21 to 42 days of age (8 replicate pens of 30 birds). Dietary
treatments consisted of : 1) a high protein (20.0%) sorghum soybean diet containing
.78% threonine; 2) a low protein (16.8%) sorghum soybean diet plus all essential amino
acids containing .78% threonine; 3-6) a low protein (16.8%) sorghum soybean diet
plus four graded levels of thronine from .60 to .78% threonine. All diets were equal
in total sulfur amino acids, lysine, and metabolizable energy. Feed intake, feed efficiency,
weight gain, and carcass characteristics were measured at 42 days of age. Broilers fed
the low protein diet (without essential amino acids) containing .78% threonine had
statistically equivalent 21 to 42 day weight gain and feed efficiency as the high protein
diet containing .78% threonine. Feed intake, mortality, and 42 day carcass characteristics
did not differ among treatments. These data indicate that broilers consuming low protein
diets may have equal body weight gain and feed efficiency as broilers receiving higher
protein diets when equal in total sulfur amino acids, lysine*, threonine, and metabolizable
energy.

EFFECT OF DIETARY FIBER SOURCE: OATS AND/OR FLAX WITH OR
WITHOUT ENZYME SUPPLEMENTATION ON GROWTH, INTESTINAL
MEASUREMENTS, VISCOSITY AND SUBSEQUENT RATE OF LAY IN TWO
STRAINS OF WHITE LEGHORN PULLETS
S.E. Scheideler and D. Jaroni
Department of Animal Science, University of Nebraska, Lincoln, NE. 68583-0908, USA
A feeding trial was conducted with Hisex White and Dekalb Delta pullets from 4 to
17 weeks of age testing the effectiveness of enzyme supplmentation in high fiber (3.5%)
starter and grower diets; on growth characteristics, intestinal measurements and
subsequent laying performance with the fiber sources of whole oats, and/or flax. Fiber
source significantly affected weight gain with the flax diet treatments having slightly
suppressed growth compared to the control (corn-soy) diet or oats diet. Enzyme
supplementation of the high fiber diets had inconsistent positive effects on weight gain
and feed:gain. Intestinal viscosity measurements show a marked decrease with pectinase
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enzyme supplementation in flax diets but limited effect of glucanase on viscosity of
the oats diets. Enzyme supplementation decreased overall fecal production by 3%. The
Hisex White had significantly greater liver and gizzard size compared to the Dekalb
Delta, and a poorer feed:gain (4.26 vs 4.10, respectively). Dietary fiber source had
significantly carryover effects on layer performance. Average rate of lay to 40 weeks
of age was 88.8, 88.6, 87.6 and 86.6% for the control, oats, flax, flax+oats pullet rations,
respectively. Enzyme did not have a lingering effect on rate of egg production.

THE EFFECT OF USING KEMZYME, ZINC BACITRACIN, LYSOFORTE
AND FERMACTO 500 ON CARCASS AND MEAT QUALITY IN BROILER
CHICKS
Samia, M, Hashish, A. EL-Ghamry and Sh. A. Ibrahim
Animal and Poultry Nutrition and Production Department, National Research Center, Dokki,
Cairo, Egypt
The effect of using kemzyme (an enzyme preparation containing alpha amylase, protease,
lipase, cellulase and ß-glucanase); and some growth promoters like zinc bacitracin,
lysoforte and fermacto 500 in a broiler chicks experiment were studied. Their effect
on carcass and meat quality were also determined using 270 day old Arbor-Acres
broiler chicks, randomly distributed in 9 different treatments:-1- Control without any
additions,-2- kemzyme (0.5 gm/kg diet)-3-kemzyme (0.5 gm/kg diet)-H zinc bacitracin
(50 mg/kg diet)-4-lysoforte (0.5 gnfi/kg diet)-5-lysoforte (0.5 gm/kg diet) + zinc
bacitracin (50 mg/kg diet)-6-zinc bacitracin (50 mg/kg diet) -7-zinc bacitracin (100
mg/kg diet)-8-fermacto 500 (2.5 g/kg diet)-9-fermacto 500 (2.5 g/kg diet) + zinc
bacitracin (50 mg/kg diet). All growth parameters were recorded throughout the
experimental period (6 weeks). At the end of the experiment 6 broiler chicks from
every treatment were slaughtered, carcass characteristics and meat quality were studied.
The results obtained revealed that, there is no significant effect on the following
parameters: dressing %; breast part %; thigh %; liver %; heart %; gizzard %; neck %;
feet %; head % and intestine %.

RECYCLING OF POULTRY WASTE (DPD) UNDER INDIAN CONDITIONS
R J. Kukde and S.B. Jadhao
Department of Animal Nutrition, Veterinary College, Seminary Hills, 440006, Nagpur, India
A study was conducted to observe the effect of inclusion of sun dried poultry droppings
and sand on broiler production. Hundred broiler chicks of 2 weeks age were randomly
divided into five dietary treatments of twenty chicks in each group, having replicate
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of 10 chicks. Treatment consisted of five groups in which, the (Tl) was control. In T2,
T3, T4 and T5 groups, percent mash was replaced by 5,7.5,10% DPD and 5% DPD
+ 5% sand. Standard managemental practices were adopted. The body weight was
significantly higher in T4 and T5 group (1440 and 1558 g) and Feed:Gain ratio in T5
group was significantly lower (2.65%). It was also observed that percent nitrogen
retention was higher in T5 group (70%). It revealed that replacement of conventional
feed by poultry waste like DPD and dietary diluent like sand upto 10% level was
economical by 5.55% and 14.86% respectively and was also safe without any detrimental
effect on broilers.

ENZYMATIC IMPROVEMENT OF BARLEY DIETS FOR POULTRY-AN
UPDATE
D.Narendranath and H.P. Shrivastava
Central Avian Research Institute, Izatnagar 243 122 U.P., India
Upgrading the nutritive value and utilization of animal feed resources through
biotechnological processing tenets is a constant endeavour worldwide. Despite of higher
protein content, barley (Hordeum valgare) grain holds a low profile in its primitive
form for poultry because of its high fibre and low energy contents than maize or wheat
and also the presence of a viscous non-starch polysaccharide known as beta glucan.
Feeding of barley as such or its isolated beta-glucans to broilers and layers has been
associated with impeding digestion, wet litter problem and the dose-dependent
depression in growth, feed conversion, egg production etc. Among various ways of
improving the nutritive value of barley, the enzyme treatment has been very promising
and effective in counteracting the anti-nutritional factors that hinder nutrient availability.
There are fairly convicing evidences from many sources that addition of beta glucanase
enzyme to barley based diets can amehorate its negative effects and therefore improve
its utilization as resulted by betier performance of commercial birds. The improvement
in bird performance achieved by feeding of enzyme added barley diets has been linked
up with a reduction in digesta viscosity resulting from beta glucan hydrolysis and
substantial increase in metabolizable energy content. Enzyme preparations, exhibiting
beta glucanase activity, have been isolated from a number of bacterial and fungal sources,
including Bacillus amyloliquefaciens, B.subtillis and Trichoderma viride and used to
eliminate the adverse effects of barley on chick growth. The application of enzyme
technology to upgrade the feeding value of barley-based diets has been very encouraging
in animal feed industries and will also continue to popularise much as and when its
beneficial effects are highlighted.
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EFFECT OF PHYTASE ADDITION TO FEED ON GROWTH PERFORMANCE
OF BROILER CHICKENS
J. Fris Jensen^, Mie Nielsen\ Lene christensen^ and Trine Hastrup^
^Royal Veterinary and Agricultural University, Institute of Animal Science and Animal
Health, 13 Bulowsvej, DK 1870 Frederiksberg C. Denmark
^NovoNordisk A/S Animal Feed, Novo Alle, DK 2880 Bagsvard
The effects of the enzyme phytase as an additive to compound feed for broilers, has been
investigated in an experiment with 4800 chickens. At the start of the experiment the boxes with
the day-old-chickens were weighed and distributed at random to 48 groups. On the basis of a
commercial compound feed a basic diet was calculated. 13,4 MJ ME per kg, 172 g cmde protein
per 10 MJ ME, 0.8% calcium and 0.55% posphorus. This diet was supplemented with 6 levels
of the phytase product : 0.250,0.500,0.750 and 0.1000 and 2500 FYT/kg feed. The 6 treatments
were distributed at random in 8 blocks. At day 15 and 28 the chickens were weighed by group,
and the feed intake measured. Dead chickens were registered and weighed on the day of death.
The quality of the deep litter was subjectedly evaluated at the days of weighing. The experiment
wiU be repeated in which the breaking strength and mineral content of the Tibia will be measured
as well as frequency of Tibia Dyscondroplasia. The results at day 15 demonstrates, that both
feed intake and weight gain increased by increasing levels of phytase at the first 4 levels. The
same tendencies were seen in the following period, resulting in an improved feed conversion.
The addition of the ph>tase did not seem to influence mortality of the chickens or the quality
of the litter. These priliminary results indicate that tlie supplementation with phytase to a diet
with reduced levels of calcium and phosphate has a positive effect on the performance of the
chickenss.

INFLUENCE OF LIVE YEAST (SACCAROMYCES CEREVISIAE'«^^) ON
PERFORMANCE OF BROILERS AND NUTRIENT DIGESTIBILITY
S.M.S.M.TaklimiS C.V.Gowdh, G.Devegowda, B.I.R.Aravind and A.AUameh'
Department of Poultry Science, University of Agricultural Sciences, Hebbal, Bangalore
560 024, India
^Animal Husbandry Research Institute, Karaj, Iran
A 2x2x2 factorial experiment was designed to evaluate the performance of broilers fed
two levels of energy (2800 and 2540 K. Cal/kg) and two levels of protein (23 and 21%)
with or without live yeast. Body weight was significantly (P<0.01) low in low energy
and low protein diets as compared to other diets. Yeast supplementation at different
levels of energy and protein improved body weight but remained non significant (P<0.05)
with respective unsupplemented groups. Live yeast supplementation improved
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significantly (P<0.01) feed efficiency, dry matter digestion and nutrient digestibility
except for fat and acid detergent fibre. Feed consumption and dressing percentage were
not affected by either energy, protein or yeast levels.

SUPPLEMENTARY EFFECTS OF YEAST AND
LACTOBACILLUS ON BROILER PERFORMANCE

YEAST

WITH

K.M.Megharaja, C.V.Gowdh and G.Devegowda
Department of Poultry Science, University of Agricultural Sciences, Hebbal, Bangalore
560 024, India
A biological trial of six weeks duration was conducted to know the effects of yeast
{Sacchawmyces cerevisiae) and yeast with lactobacillus {Lactobacillus sporogenes)
on the performance of broilers. Treatments consisted of three levels of yeast (0.025,
0.05 and 0.075%), three levels of yeast with lactobacillus (0.0125,0.025 and 0.0375%)
and one group served as control. Biweekly body weight, feed consumption and livability
were recorded. No significant (P<0.05) improvements were noted in weight gain, feed
consumption, feed efficiency and livability among treatment groups as compared to
control. From the results of this experiment it is confirmed that, low levels of yeast and
yeast with lactobacillus do not have any significant influence on broiler performance.
OLFACTION IS INVOLVED FOR FOOD PREFERENCE IN THE CHICKEN
J.Okumura, R.T.Mabayo and M.Furuse
Laboratory of Animal Nutrition, School of Agricultural Sciences, Nagoya University, Nagoya
464-01, Japan
The role of olfaction on the preference of diets containing 20% medium chain (MCT)
or long chain triacylglycerol (LCT) was investigated in the chicken. In the first
experiment, olfactory bulbectomized, sham-operated (Sham) or intact (Intact) birds
were offered a choice between LCT or MCT diet and food intake was measurd over
a short-time period. Intact and Sham groups showed a significant preference for LCT
over MCT diet, but olfactory-bulbectomized chickens lost on the food selection of
flavored (FLCT) of flavored MCT (FMCT) in chickens. Using FLCT or FMCT, the
birds showed a significant preference for non-flavored diets over flavored diets. Thus,
it is concluded that olfaction plays a major role in the preference of diets containing
MCT or LCT in chickens.
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EFFECT OF FEEDING LIVFIT VET PERMIX ON FEED CONSUMPTION
AND EGG PRODUCTION IN WHITE LEGHORN BIRDS
D.N.Verma and K.Q.Husain
Department of Animal Science, N.D.University of Agriculture and Technology, Kumarganj
224 229, Faizabad, India
Eighty pullets of about 7 months old white leghorn birds were randomly divided into
four groups of 20 birds in each. The I group of birds was fed special layer ration at the
rate of 125 g/d/bird and served as a control. The 11, III and IV groups of birds were
fed Livfit-vet premix at the rate of Ig, 2g and 3 g/kg in special layer ration at the rate
of 125 g/bird/d. The average feed consumption in various groups of birds did not differ
from each other. The average egg production per day in group I,II,III and IV was 8.00
± 0.5; 10.00 ± 0.10, 12.00 ± 0.22 and 15.50±0.25 respectively. The production of eggs
was significantly higher (P<0.01) in Livfit vet fed group than control group. This short
study suggests that Livfit vet premix accelerate egg production and egg mass in the
birds.
INTERACTIONS BETWEEN ENZYME AND LYSOPHOSPHOLIPID FEED
SUPPLEMENTS ON BROILER PERFORMANCE
C.A.Adams
Kemin Europa, Industriezone Wolfstee, 2200 Herentals, Belgium
Broilers on wheat or barley-based feeds show significant benefits when enzymes are
incorporated into broiler feed. Phospholipids also play an important role in animal
nutrition. They help in fat emulsification and in nutrient absorption. Feeding trials with
broilers were conducted to determine the efficay of proprietary enzyme(KEMZYME
W) and phospholipid (LYSOFORTE) products. The products were studied separately
and together. The phospholipid product contained lysophospholipids, which are much
more water dispersible than other phosphohpids. Viscosity of the contents of the jejunum
and ileum were measured in broilers at 35 days of age. Both enzyme and
lysophospholipids slightly reduced viscosity of jejunum contents but a more pronounced
effect was seen in the ileum. The combination of enzyme and lysophospholipids gave
the lowest viscosity in both jejunum and ileum. Enzyme and lysophospholpholipids
were incorporated into a wheat-based broiler feed and performance compared to a
maize-based feed as a positive control. Wheat-based feed gave significantly lower
body weights than maize-based feeds. Addition of enzymes or of lysophosphlipids
separately did not significantly improve liveweight. A combination of both products
however gave live weights of 1.891g, which was very similar to that obtained on a
maize-based diet of 1.878g. Trials in different locations with feed containing both
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enzymes and lysophospholipids frequently gave reduced mortalities. The largest trial
contained both over 1 000 000 broilers and mortality was reduced from 8.98% to
7.13% in the presence of lysophospholipids. Possibly the lysophospholipids help weaker
birds improve nutrient absorption so that more of them survive. There is clearly a
positive interaction of enzymes and lysophospholipids which may give useful benefits
in improving brolier production.

EFFECT OF PROTOSOL ON GROWTH PERFORMANCE OF BROILER
CHICKS
C.B.Singh, Vir Singh and A.K.Singh
G.B.Pant University of Agri & Tech., Hill Campus, Ranichauri, Tehri Garhwal, 249-199,
India
The growth promoting ability of protosol in Van-Cob broiler chicks was observed under
temperate climatic conditions of U.P. Hills. One hundred number of commercial broiler
chicks of a single hatch were divided into two groups. All the chicks were kept under
the same management system. Protosol at the rate of 0.1 ml/chicks in drinking water
was given in one group and compared with control group, for a period of 0-4 weeks
of age. The protosol treated groups gave 6.7% more body weight than the control
group. The av. body weights in treated and control group were 51.20 gm and 484.80
gm. respectively. The protosol treated group also resulted in to enhancd feed efficiency
over the control group. The poultry keepers can realise better economic returns through
protosol treatments of the broiler chicks at their poultry farms.

IMMUNOSTIMULATING AND GROWTH PROMOTING EFFECTS OF
PEPTIDOGLYCAN IN BROILER FEED
C.Ratanasethakul and J.Khajarern
Dept. of Medicine, Faculty of Veterinary Medicine, Dept. of Animal Science, Faculty of
Agriculture, Khon kaen University, Khon Kaen, 40002, Thailand
A feeding trial was conducted to evaluate the efficacy of peptidoglycan (PG) on
immunostimulation and growth promotion in broilers. Broiler chicks were divided into
4 groups of 50 birds each at one days of age and fed starter mash containing 1) No PG
2) 0.01% PG 3) 0.03% PG and 4) 0.05% PG. Live B1 Newcastle disease (ND) vaccine
was given to all birds at 14 days of age. Ten birds from each group were bled at 14,28
and 42 days of age and the sera were collected for HI test against ND. Weight gain
and fed conversion were recorded every week until termination. Inclusion of PG in the
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broiler feed improved both weight gain and feed conversion over the control and no
mortality due to PG toxicity were noted. The HI titers of all groups fed PG were higher
than that of the control at 28 days of age (14 days postvaccination), but the significant
difference(P<0.05) was noted only in the 0.03% PG group. At 42 days of age (28 days
postvaccination) the HI groups fed PG were significantly higher (P<0.05) than that of
the control. These data suggested that PG at level 0.01, O.OBand 0.05% in broiler feed
had immunostimulating and growth promoting effects.

AN INCREASED AVAILABILITY OF PHYTATE PHOSPHORUS BY
INTRODUCING MICROBIAL PHYTASE INTO LAYERS FEED
B.Z.Ksminska, B.Skraba and J.Koreleski
Institute of Animal Production, 32-083 Balice n.Krakow, Poland
Alomost two-thrid of Phosphorus (P) in diets is present as phytate-P, which is unavailable
to birds because of a lack of enzyme phytase in digestive tract. In this experiment,
unlike in our earlier works, diets did not contain wheat bran, which is a good source
of plant origin phytase. Hisex Brown hens aged 48 wks were divided into 12 groups
of 18 birds and kept in individual cages for 5 months. They were fed wheat-cornsoybean meal diets containing 0.25 0.30 or 0.35% available P. Each of three diets was
supplemented with 0,150,300,450 FTU/kg feed. Analyses of eggs and egg-shell quality
were made at 54,62 and 70 wks of age. Available P and phytase levels did not affect
laying rate (ave 83%). Egg weight was the highest (66g) when P level was 0.25% and
diet was not supplemented with phytase, and the lowest (63g) when 0.35% av. P was
supplemented with 150-450 U phytase. The highest specific gravity, shell thickness
and percent shell were stated when diet contained 0.35% av.P and 150 FTU phytase
while shell strength was highest with 0.35% av.P and no phytase added. The lowest
values were obtain with 0.25% av.P not supplemented with phytase. Hens fed diet
containing 0.25% av.P plus 300 FTU displayed high egg weight, specific gravity and
shell strength. However, supplementation of this diet with 450 FTU did not bring further
improvement.
INFLUENCE OF TYLOSIN PHOSPHATE
PERf ORMANCE OF BROILER BREEDERS

ON

PRODUCTIVE

V.G. Bhagwat, B. Umakantha and G.Devegowda
Department of Poultry Science, University of Agricultural Sciences, Hebbal, Bangalore
560 024, India
Mycoplasma has been a major constraint in optimising broiler breeder performance.
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Hence efficacy of tylosin phosphate was evaluated in 360 broiler breeders of 28 to 44
weeks of age. These bird were subjected to three dietary levels of tylosin phosphate
(0.35 and 50 ppm). Various production traits viz. egg production, egg. weight, feed
intake and settable eggs were recorded for a period of 112 days.
Particulars

Tylosin
0

Phosphate
35

ppm
50

Egg production %

63.4

67.0

71.1

Feed cons./doz eggs.kg

3.32

3.07

3.02

Settable eggs. %

78.6

81.2

83.2

Eggweight.g

58.9

58.9

58.9

Tylosin phosphate at both the levels of supplementation improved egg production and
feed conversion (P<0.05) and reduced the microbial load in different segments of
digestive tract. Supplementation of tylosin phosphate was cost effective.
EFFECT OF TYLOSIN PHOSPHATE ON REPRODUCTIVE PERFORMANCE
OF BROILER BREEDERS
O.R.Natarju. B.Umakantha and G.Devegowda
Department of Poultry Science, University of Agricultural Sciences Hebbal. Bangalore 560
024, India
Mycoplasmosis is commonly encountered in commercial poultry operations. It is of
utmost importance in breeding flock because of its nature of vertical transmission.
Therefore effect of tylosin phosphate was evaluated by incorporation in the diet at
three levels (0. 35 and 50 ppm) on the fertility and hatchability of broiler breeders from
28 to 44 weeks of age. The results are shown in the table.
Tylosin Phosphate ppm

Fertility %

Hatchability %

0
35
50

87.89
91.41
94.22

87.17
90.48
92.53

Significant (P < 0.05) improvement in fertihty (4.0 to 7.2%) and hatchability (3.8 to
6.2%) was observed in birds fed 35 and 50 ppm of tylosin phosphate respectively.
Supplementation of tylosin phosphate improved the reproduction performance of broiler
breeders.
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EFFECT OF DIFFERENT FEED ADDITIVES ON THE PERFORMANCE OF
BROILERS
Y.B.Wanjare, A.N. Sarag, B.S.Barmase and A.R.Sirothia
Department of Poultry Science, Dr.Panjabrao Deshmukh Krishi Vidyapeeth, Akola 444104,
India
An experiment was conducted to determine the efficacy of different feed additives viz.,
Neftin-200, Tetradox, Stafac-20, and neem leaves powder in broilers. The birds were
randomly divided into 10 groups of 18 chicks in each, and fed, mash containing i)
Control diet with no additives ii) Neftin-200 @ 250 g/ton iii) Tetradox @ 250g/ton iv)
Stafac-20 @ 500 g/ton v) 0.1 per cent neem leaves powder for the period of 8 weeks
of age. The corresponding average body weights at 8 week of age were 1777 ± 28,
1863 ±32, 1906 ±31, 1918 ±30 and 1883 ±29 g with cumulative feed efficiency 2.41,
2.27,2.30,2.33 and 2.35 respectively. The results in body weight showed that the control
was found to be lower than all the other treatment groups. The result also revealed no
significant effect of treatment on feed efficiency. This data suggest that incorporation
of neem leaves powder at 0.1 per cent has shown comparable results other feed additives
indicating its use as economic feed additive in broiler ration.

EFFECT OF CLOMIPHENE CITRATE ON PERFORMANCE OF LAYING
BIRDS
N.V.Jadhav and S.V.Deshmukh
College of Veterinary and Animal Science, Udgir, Latur 413 517, M.S., India
Two experiments were conducted simultaneously to assess effect of clomiphene citrate
on the performance of laying birds. Sixty pullets and forty eight hens were randomly
divided into the group of each category which served as control and treated groups.
Birds in control groups were fed plain layer mash while treated groups were offered
layer mash added with clomiphene citrate at the level of 200 mg/kg of feed in both the
categories. At the end of 12th week 16 birds (2 birds from each of 8 replicates) were
slaughtered to study the effect of feed additive on number of developed follicles; ovarian
weight; length and weight of whole genital tract. The results indicated marginal (1-2%)
increase in egg 1 percent production of treated pullets and hens. Feed efficiency did
not show any differences in any category while Haugh units albumen and yolk indices
were significantly (P < 0.01) higher in treated hens. Study of gential organs revealed
no significant differences where as body weight of treated hens were significantly (p
< 0.01) reduced. The overall results showed non-significant effect of clomiphene citrate
on performance of laying birds.
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THE EFFECTS OF DIFFERENT ANTIBIOTIC GROWTH PROMOTERS IN
BROILER FEEDS
D.Cier, Y.Rimsky, N.Rand, D.Sklan, N.Gur, I.Ptichi, Y.Frisch, A.Ben Moshe and A.Ben
Shoshan
Central Feed Mills Association, 76 Yigal Alon,Tel Aviv 67067, Israel
A trial was conducted in order to evaluate the effects of three different antibiotic growth
promoters in commercial broilers diets. Treatement were as follows : 1) Un supplemented
basal diet. 2) Basal supplemented with 15 ppm Avoparcin (Avp) from day of hatch to
market. 3) Basal +15 ppm Avp. from 29 days of age to market, 4)Basal +15 ppm Avp.
from day 1 to day 28 - Basal + 20 ppm Zinc Bacitracin (ZB) from day 29 to market.
5) Basal + 20 ppm Avp. from day 1 to market. 6) Basal + 50 ppm granulated ZB from
day 1 to market. 7) Basal +10 ppm Avilamycin (Avm) from day 1 to market. 8) from
day 1 to day 28 : Basal + 10 ppm Avm from 29 days to market: Basal + 5 ppm Avm.
Each Treatment consisted of 6 floor pens of 105 broiler male chicks, at the age of 42
days, on the floor, by supplementing the basal diet with antibiotic growth promoters
a significant (p = .03) improvement in body weight of 2.2, 1.5, .9, 1.6, 1.1, 3.7 and
3.9% was achieved for diets 2, 3,4, 5, 6,7 and 8 respectively over the basal diet results.
The improvements in feed efficiently were 3.3, 2.0,4.7, 2.9,4.5 and 4.5% respectively,
these results were significant (p =.004).

THE EFFECT OF ENZYME PREPARATIONS
CHARACTERISTICS OF LAYING HENS

ON THE YOLK

M.Miskiniene and Z. Sedereviciute
Vilnius Pedagogical University. 2034 Vilnius, Lithuania
The subject of the persent investigation is the effect of enzyme preparations (EP) on
the yolk indexes of Hisex Brown laying hens, which have been split into 5 groups, each
consisting of the 72 hen, kept in battery cages, 6 hens per cage. They were fed with
the diet, whose cereal ingredient was 37% wheat, 25% rye and 15% soybean meal. The
diet contained 16.8% crude protein and 11.4 MJ/kg metabolizable energy. The hens in
the control group received this diet free of EP. While the remaining 4 groups received
the additions of EP : MEC-CGAP (producer Joint Stock Lithuania) - 0.5 kgand BioFeed Plus CT (Novo Nordisk Denmark) -0.5 kg per tonn feed respectively. The average
egg weight was increased at the age of 48 weeks by MEC-CGAP 0.5 and 1 kg/t additions
- 3.75 and 5.05 g respectively. Yolk weight was also increased by the MEC-CGAP (0.5
and 1 kg/t) and Bio-Feed Plus CT additions respectively -0.85 : 1.17 and 1.24 g at the
age of 37 weeks 2.07: 1:63 and 1.23 g at 48 weeks. The precentage of yolk/egg was
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positively affected by the additions of all EP under research. This influence, however,
being insingificant (0.28 - 3.33%). An insingificant increase was observed in the yolk
cholesterol in all groups at the age 37 weeks (P>0.05) and a decrease - at the age 48
weeks. The effect of Ep additions was insingificant on the total lipids in the yolk.

THE INFLUENCE OF FEEDING A MANNAN OLIGOSACCHARIDE (BIOMOS) ON THE INCIDENCE OF ASCITES IN BROILERS
T.F.SavageS H.S.Nakaue^, J.D.CunninghamS F.F.Cotter^ and A.E.Sellon^
^Dept. of Animal Sciences, Oregon State University, Corvallis, Oregon 07331, USA ^Dept.
of Biology, Framingham Stat College, Framingham, Massachusetts 01701, USA and^AUtech
Biotechnology Centre, inc. 3031Catnip Hill Pike Rd, Nicholasville, Kentucky 40356, USA
The study was conducted to provide a preliminary assessment of a commercially
available NOS (Bio-Mos, Alltech, Inc.) on broiler performance and its ability to
ameliorate ascites. A total of 800, day-old broilers (combined sexes) were randomly
assigned to 8 pens (2.43 m 3.05 m) and provided one of two feeding programs: without
MOS (control) or with .11% MOS (1100 mg/kg). The diets consisted of a starter ration
fed in crumbles form 21.4% Cp and 3190 Kcal/kg, ME) from day-old to 21 days (d)
and a grower-finisher ration in pellet from (17.7% CP and 3244 Kcal/kg, ME) from
21 to 49 d. Each dietary treatment consisted of 4 rephcations. All broilers were housed
in a passive ventilated facility on wood shavings with continuous lighting (12 Ix) from
day-old to 49 d. The study revealed no difference in final body weights or feed efficiency
between the dietary treatments, but reductions in mortahties during early (0 to 7 d;
1.75% and 1.00%, C and MOS, respectively; p=.046) and growing (14to 49 d; 20.42%
andl4.93% c and MOS, respectively; P=.051) periods were recorded. The primary
difference was attributed to lowered mortahty from ascitis in broilers fed the MOS.
Biochemical analyses of bile and blood plasma from 49 d males fed the MOS revealed
increased concentrations of bile immunoglobulin A (P= .067). plasma sodium (P=.038)
and albumin (P =.004) levels and a lowered activity of plasma gamma glutamyltransferse
(P=.002). Feeding broilers per os resulted in physiological changes accompanied by
significantly reduced broiler mortality from ascitis.
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FEEDING VARYING LEVELS OF PROTEIN AND ENERGY ON
PERFORMANCE OF CAGED LAYER HENS
M.C.Desai, K.Khanna and P.C.Shukla
Animal Nutrition Department, Gujarat Agricultural University, Anand Campus, Anand
388 110, India
A 3 X 3 factorial experiment on caged layers was followed with three levels of protein
(CP %) each with three levels of energy (ME Kcal/kg) using nine treatments (T, - 2700
ME and 16% CP;T, -2700 ME and 18% CP; T, - 2700 ME and 20% CP; T^ -2600 ME
and 16% CP; T, - 2600 ME and 18% CP; T^ - 2600 ME and 20% CP; T^ - 2500 ME
and 16% CP; 7^-2500 ME and 18% CP and T^ - 2500 ME and 20% CP) Twenty seven
hens maintained under each treatment in California cages were individually fed one of
the nine diets from 22 to 72 weeks of age. Egg production was maximum under T^
(251.6 egg/357 days and 70.5 HH per cent) and minimum under T^ (198.7 eggs/357
days and 55.6 HH per cent). Similar trend was also noted on HD basis. The differences
were found to be non significant (P > 0.05) for egg production on HD basis. Treatment
differences for egg quality characters were non significant. The feeding cost was higher
on high energy as well as high protein diet than on low energy and low protein diet
( P > 0.05). Return over feed cost was maximum under T 7 (Rs. 40.30/357 days laying
period/hen) and minimum under T 2 (Rs 19.78/357 days laying period/hen). The return
over feed cost was significantly ( P < 0.05) more on low protein diets than on medium
or high protein diet. It was also higher for low energy group than high energy group
(P<0.05). The over all results of verying levels of protein and energy on performance
of caged hens suggest that low protein and low energy diet (16% CP and 2500 Kcal
ME/kg) gave maximum egg production and maximum return over feed cost.

PHYTASE IMPROVES MINERAL AND NITROGEN RETENTION IN
BROILER CHICKENS
L.Christensen, D.Cowan, T.Hastrup, G.Huyghebaert, D.Pettersson, P.B.Rasmussen
and B. Saterby
Novo Nordisk A/S, Novo Alle, DK- 2880, Bagsvaerd, Denmark
Two experiments were carried out with broiler chickens fed diets limited in phosphorus
content in order to evaluate the efficacy of Phytase Novo, a microbial enzyme preparation
obtained by using recombinant DNA-technology. In a balance study comprising 120
broiler chickens a significantly (P < 0.05) improved retention of phosphorus was
observed for all levels of phytase supplementation (250, 500 and 750 FYT/kg diet) in
comparison to that of birds fed unsupplemented diets containing 4.1,5.0 and 5.9 g total
246

- p/kg. At supplementation levels of 500 and 750 Fyt/kg singificantly improved calcium
digestibilities and in addition an improved (P < 0.05) nitrogen retention was also
observed. In a production study pelleted diets containing 4.8, 5.4 and 5.9 g total -P/
kg was fed with and without phytase supplementation to a total of 3600 broiler chickens
(1800 males and 1800 females). Birds fed the enzyme supplemented diet (600 FYT/
kg) with the lowest content of total-P (4.8 g/kg) displayed a performance similar to that
of birds fed the unsupplemented diets containing 5.4 and 5.9 g total-P/kg, respectively.
The results demonstrate that phytase supplementation may improve the utilisation of
both phytate and calcium naturally present in feed components and that also other
beneficial effects may be obtained, such as an improved nitrogen retention accompanied
by a better production performance.

ENZYMES AFFECTING THE FEEDING VALUE OF WHEAT CONTAINING
DIETS
C.W.Scheele, J.D. v.D.Klis and C.Kwakernaak
Institute of Animal Science and Health (ID-DLO) Branch Beekbergen, PC BOX 15,NL7360 AA Beekbergen, The Netherlands
The feeding value of wheats for poultry can be variable (Mollah et al 1983 Roget et
al 1987; Scheele et al 1992). It is generally accepted that physical properties of nutrients
in wheat, determined as the viscosity of a watery extract of wheats and as the intestinal
viscosity of the chyme supernatant from chickens fed a wheat containing diet, are directly
related to the feeding values of wheat containing diets. Increased viscosity values in
the intestines affect negatively the digestibility of all nutrients. But especially fat
digestibility in poultry is much more affected by an increased viscosity value than
carbohydrate and protein digestibilities (Scheele et al 1994). In the Netherlands high
AME values of poultry diets are obtained 4-8% of animal fats to soybean-wheat
mixtures. Depending on the wheat variety and on the fat content of the diet interactions
in the intestinal tract may occur. Interactions between physical properties of nutrients
in wheat and the digestibility of added fat in diets can have important negative effects
on the feeding value of complete mixed diets. The viscosity of the fluid phase of the
chyme in the intestinal tract of poultry will increase by increasing contents of water
soluble pentosanes (WSP) in wheat carbohydrates and by an increased gliadin/glutenin
ratio in wheat proteins. Gliadin and glutenin are both components of wheats gluten
proteins. Glutenin behaves as a cohesive elastic solid when hydrated but gliadin (the
content can be influenced by the level of nitrogen fertilization of growing wheats)
together with water behaves as a viscous liquid (Dimler,1963). Enzymatic
depolymerisation of WSP by industrial pentosanases (endoxylanase) can decrease their
viscose nature and will improve feeding values of wheats for poultry (Van der Kils et
al 1995). In a series of experiments with broiler chicks different varieties of wheat
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mixed with different basal diets (fat levels) and with different levels of added
endoxylanase were used. Results are discussed.
Conclusions :
1. Values for viscosities determined in supematants from wheat suspensions and chymes
differed noticeably between wheat varieties.
2. In diets without added endoxylanase no clear relationships between determined
viscosities in supematants and feed conversion ratio (FCR) of wheat containing
diets, could be found.
3. A marked effect of added enzyme to diets was found on lowering viscosity values
in intestinal chyme and on improving FCR of all diets. These observation are
suggesting that there may exist some relationship between viscosity values and FCR.
4. Endoxylanase improved distinctly FCR of all diets almost independently of large
differences in viscosity values between varieties of wheat used in this experiment.
These results indicate that enzyme may affect also other factors in chyme than
viscosity, this might be an additional cause of an improved FCR.

THE EFFECT OF AN ENZYME COMPLEX IN A WHEAT-BASED DIET FOR
BROILERS
R.Hadorn and H.Wiedmer
Swiss Poultry Husbandry School, ZoUikofen, Switzerland
The effect of supplementing an enzyme complex(300 and 600 ppm of Novozym 628
CT) to wheat-based diet (43% wheat,13.2 MJ ME, 23% CP) was tested for growth
performance and litter quality. A flock of 3'375 sexed Ross broilers was divided into
15 units of 225 birds; each diet was fed to five units. A starter diet was given up to
day 10; the experimental diets were fed from day 11 to day 41. The diets fed as crumbs
water were available ad libitum.
Diet

Enzyme'

kg/ton
A
B
C
significance

_
0.3
0.6
^

Weight Food Feed
ME
ME Mort- Litter in
gain
consu- efficie- consum- efficie- ality crustation^
mtion
ncy
ption
ncy
g/day
g/day kg/kg kJ/day kJ/day %
%
48.8
50.4
50.5
*

96.1
92.4
91.1
*

1.968 ^
1.831 '
1.803 ^
n.s.

1249
1220
11963
*

25.6 ^
24.2 "^
23.6^

2.8
2.6
2.4

n.s.

*

61 '
15 '
16^

1 xylanase from Termomyces lanuginosus and produced in Aspergillus oryzae with an
activity of 400 FXU/g estimated on day 41
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* = p <- 0.05; n.s. = not significant; singificant differences are denoted by different
letters (p <- 0.05)
For both enzyme diets, food consumption and daily weight gain were improved (35%). This resulted in a better feed efficiency (7-9%). Similar effects could be seen
when growth parameters were related to metabolisable energy (ME). There were no
significant enzyme effects on mortality, whereas, an important improvement of litter
quality could be observed. It can be concluded from this trial, that improved growth
parameters and a better litter quality can be expected by the supplementation of
the enzyme complex to wheat-based diets.

EFFECT OF LIVFIT SUPPLEMENTATION IN FEED ON PERFORMANCE
OF BROILER CHICKENS
B.I.R. Aravind and G. Devegowda
Department of Poultry Science. University of Agricultural Science, Hebbal, Bangalore
560024, India
The value of herbal products as growth promoters and liver correctives has gained
importance in the recent past due to its effectiveness. A field trial was conducted to
evaluate the efficacy of LIVFIT, a proprietory herbal preparation in improving the
performance of broiler chickens. A batch of 990 day-old commercial broilers were
randomly distributed into three groups fed diets containing 0.02 and 0.4% LIVFIT.
Body weight, feed intake aflatoxin content in feed, serum enzymes and titres against
Newcastle disease (ND) and Infectious Bursal disease (IBD) were recorded.
Supplementation of 0.2% LIVFIT significantly (P < 0.05) improved body weight and
feed intake as compared to control. Serum enzymes and titres against ND and IBD
showed no variation upon inclusion of LIVFIT. No further improvement was observed
at higher concentrations. In conclusion the inclusion of LIVFIT improved the
performance of broiler chickens through better nutrient utilisation.

THE EFFECTS OF ENZYMES SUPPLEMENTATION OF BARLEY BASED
DIETS ON BROILER PERFORMANCE
K.Benabdeljelil
Institute of Agronomy and Veterinary Médecine, Hassan II, B.P.6202 Rabat-Institutes 10101
Morocco
Eight experiments were conducted with day-old broiler chicks to investigate the effects
of barley and dietary commercial enzymes supplementation. All experimental diets
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within each trial were isonitrogenous and isocaloric and fed in mash form upto market
age. Feeding barley up to 25% without enzymes addition did not have any significant
effect on bird performance or feed conversion. Similarly, the addition of the enzymes
supplements to a 10% barley diet did not have any significant effect on 45 day old
broiler performance. Body weight gain (B WG), feed consumption and feed efficiency
(FE) were not significantly affected by adding the enzymes to diets containing up to
40% barley in three experiments. Enzyme supplementation of a 50% barley diet
significantly improved, however BWG,FE and reduced the incidence of sticky
droppings. This study suggested that the addition of commercial enzymes supplements
to high barley diets (although with low betaglucans barley varieties) can sustain
comparable performance to control diets without barley.

EFFECT OF INCLUSION OF VEGETABLE PROTEIN ENZYME IN BROILER
STARTER DIET
Wim DE Koningi and H.Perdok^
^Alltech Netherlands B.V.HoUandsch Diep 63,2904 EP Cappelle Aan Den Ussel,Netherlands
^Provimi B.V. Veerlaan 17-23,3072 AN Rotterdam, Holland
An enzyme to improve digestion of cereals, particularly wheat and barley,have become
standard inclusion in broiler rations. The current study at the Provimi Research Farm
in Holland was undertaken to test an enzyme combination, AUzyme VegPro (Alltech,
inc., Nicholas ville KY, USA) specifically formulated to increases the digestibility of
vegetable protein supplements. Three treatment levels (0,0.5 1.0 kg/tonne) of Allzyme
VegPro were added to com soya type broiler starter rations (20.8%protein, 2984 cal/
kg M.E.) Each treatment was replicated over 12 plastic wire floor pens of 22 female
Ross broiler chicks. Experimental rations were fed from the first day of age. All birds
were weighed at the start of test (6 days of age). Birds were weighed at 14 days and
at the end of test (day 21). Allzyme VegPro at both levels significantly (P<0.05)
improved body weight gain 6-21 days of age (392.0g,and 407.7g for 0,0.5, 1.0 kg/
tonne Allzyme VegPro respectively). Although not significant there was a numerical
trend toward improved feed conversion (1.575,1.556 for 0,0.5,1.0kg/tonne Allzyme
VegPro respectively) when the enzyme was included.
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PERFORMANCE OF BROILERS AS AFFECTED BY PROBIOTIC IN
RELATION TO ENERGY DURING SUMMER
Satbir Singh and V.P. Sharma
Department of Animal Nutrition, CCS Haryana Agricultural University, Hisar 125004,
Haryana, India
In order to investigate the performance of broiler chicks in summer season as affected
by the Lactobacillus sporogenes in relation to energy. A feeding trial on 480 day old
chicks was conducted. The chicks were divided into 24 lots of 20 each. Each of twelve
isonitrogeneous dietary treatments in 4 x 3 factorial experiment of completely
randomized design was assigned to two lots, the treatment comprised 0.00, 0.02, 0.03
and 0.04 per cent probiotic each at 3 levels of energy, i.e., 2600,2900 and 3200 Kcal
ME kg 1 diet. The study was conducted for eight weeks in temperature range of 26.03
to 43.4 C and relative humidity of morning 51 to 87 per cent and evening 17 to 40 per
cent. Weight gains due to 0.00,0.02,0.03 and 0.04 per cent lactobacillus were 1689,1755,
1711 and 1668 g, respectively and due to 2600, 2900 and 3200 Kcal diets were 1809,
1701 and 1607 g, respectively. The lactobacillus 0.02 per cent gave significantly (P<0.05)
higher weight gains compared to that of 0.00 and 0.04 per cent level. The weight gains
progressively and significantly improved with decreasing levels of energy. The probiotic
did not affect the feed consumption and 0.02 per cent lactobacillus improved the feed
efficiency significantly. The efficiency progressively and significantly (P<0.05)
increased with increasing levels of ME in diet. It is concluded that 0.02 per cent
lactobacillus sporogenes is optimum for better performance of broiler chicks.

EFFECT OF PROBIOTIC AND ENERGY ON BROILER PERFORMANCE
IN RAINY SEASON
Satbir Singh and V.P. Sharma
Department of Animal Nutrition, CCS Haryana Agricultural University, Hisar 125 004,
Haryana, India
In order to know the effect of probiotic {Lactobacillus sporogenes) and energy on
broiler performance, a feeding trial on 480 day-old chicks was conducted for eight
weeks in rainy season. The temperature ranged from 27.6 to 41.3°C and relative humidity
of morning 58 to 99 and evening 29 to 99 per cent, respectively. Twelve isonitrogeneous
dietary treatments in 4 x 3 factorial experiment of completely randomized design was
assigned to two lots. The chicks were fed concentrate mash having four levels of
probiotic, i.e. 0.00 0.02 0.03 and 0.04 per cent and three levels of energy, i.e. 2600,
2900, and 3200 Kcal ME kg 1 diet. The weight gains due to 0.00, 0.02, 0.03 and 0.04
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per cent lactobacillus were 1513, 1550, 1519 g and due to 2600, 2900 and 3200 Kcal
ME rations were 1748,1529 and 1312 g respectively. The weight gains of 0.02 percent
probiotic were significantly (P<0.C5) higher than 0.00 and 0.04 per cent level. The
gains significantly and progressively increased by decreasing levels of energy. The
probiotic did not influence the feed consumption but 0.02 per cent probiotic level
improved the feed efficiency significantly. The efficiency progressively and significantly
(P<0.05) increased with increasing level of ME in diet. It is concluded that 0.02 per
cent lactobacillus sporogenes is good for optimum performance of broiler chicks during
rainy season.

EFFECT OF FERMENTATION OF BARLEY, OATS AND WHEAT ON
CHEMICAL COMPOSITION AND NUTRITIONAL VALUE FOR GROWING
BROILER CHICKENS
B.SvihusS O.Herstad^ and C.W.Newman^
^Department of Animal Science,AgriculturaI University of Norway, P.O.Box 5025- N-1432
As, Norway. ^Department of Plant, Soil & Environmental Science,Montana State University,
Bozeman,Montana 59717-0312, USA
Barley, oats, and wheat harvested at yellow ripeness and at combine ripeness,were
stored anaerobically for three months after adjusting the dry matter content to three
months after adjusting the dry matter content to 60%, and changes in the chemical
composition were investigated. The feeding value and the effect on physiological
parameters were studied in two experiments with two to five weeks old broiler chickens
given diets consisting of 70% fermented or dried barley, wheat, or oats. Fermentation
decreased the soluble dietary fiber and soluble ß-glucan content in barley and oats,
and simultaneously the extract viscosity of the grain was reduced to the same level as
for wheat. Compared to dried barley, feed:grain ratio was reduced (P<.05) to the same
level as for the wheat diets when fermented barley was fed, and digestibility of dry
matter, organic matter, fat, and minerals increased (P<.05).Weight gain and cleanhness
of cages also increased (P<.05), and the relative size of the digestive tract was reduced
(P<.05).FenTientation of oats tended to reduce the size of the digestive tract and to
increase dry matter percentage of colon content, digestibility of dry matter, organic
matter, and minerals also increased when fermented oats were fed (P<.05), but the
productive value was not increased by fermentation of either oats or wheat.
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EFFICIENCY OF ENZYME SUPPLEMENTATION TO HIGH FIBRE DIETS
ON PERFORMANCE OF LAYERS
L. Prakash and M.G. Morton
Department of Poultry Science University of Agricultural Sciences Hebbal, Bangalore
560024, India
A study was conducted to assess the beneficial effects of cellulase and protease enzymes
supplemented to high fibre diets on the performance of commercial layers. Four diets
having different energy and fibre levels classified as low, medium high and very high
fibre diets were fed in 12 dietary treatments of 3 replicates each rephcate having 32
birds. Egg production, feed intake, mortality, egg weight and health status was recorded
on a daily basis and feed efficiency per egg was estimated. Significant differences (P<
0.05) in feed consumption feed efficiency and egg production were noticed between
treatments. Cellulase enzyme supplemented to high fibre diets significantly improved
egg production whereas supplementation of protease enzyme did not have any influence.
Enzyme inclusion in different dietry treatments did not have any influence on egg
weight or survivability but reduced the moisture content in droppings. In conclusion,
supplementation of cellulase enzyme appeared to be more beneficial than
supplementation of protease enzyme to diets.

EFFECT OF LIVFIT VET ON EGG PRODUCTION IN WHITE PLYMOUTH
ROCK BIRD
D.N.Verma and K.Q.Husain
Department of Animal Science, N.D.University of Agriculture & Technology, Faizabad
224229, India
Hundred pullets of about 7 months old white plymouth rock birds were randomly divided
into four groups of 25 birds in each.The birds were housed in individual laying cages
and kept under standard management and environmental conditions. The birds of group
I was fed special layer ration at the rate of 150 g/d/ bird and served as a control. The
II, III and IV groups of birds were fed livfit vet premix at the rate of 0.1, 0.2 and 0.3
per cent in special layer ration at the rate of 150 g/bird/d. The average feed consumption
in various groups of birds did not differ from each other. The average egg production
per day in group I, II, III and IV was 12.00 ± 0.85,18.00 ± 0.55,20.00 ± 0.36 and 22.00
± 0.45, respectively. The production of eggs was significantly higher (P< 0.01) in Livfitvet fed groups than control group.
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THE CORRECTION OF SYMBIOTIC MICROFLORA IN THE ECOSYSTEMS
J.Skonsmanas^ A.Adomaitis^ R.Lapinskaite^ and J.Rackus^
^Vievis Poultry Farm, 4061, Tarakai district, ^Institute of Bio- Chemistry, ^Institute of
Immunology, Mokslininqku 12, 2060 Vilnius Lithuania
The influence of eubiotics on bacterial load of poultry and their environment has been
examined in this study. The eubiotic we studied was a preparation marketed as STF
which is manufactured on the poultry farm in Lithuania. STF is a concentrated culture
of the Streptococcus faecium - 1/56 strain from chicken bowels. The effect of STF is
to reduce colonisation by enteropathogens or harmful bacteria such as Salmonella,
E.coli and others. 1,02000 embryos (in the incubator) and 21 week old hens were sprayed
a preparation of STFClxlO"^ livecells/ml) in the 24,000 m^ hatchery. The transfer of
STF into the internal organs of the lines was examined using radioisotopic method.
The effect was evaluated according to bacteriological and serological methods. The
control birds did not receive the STF preparation. The environmental bacterial load
was checked by the application of STF employed. Most of the STF accumulate in the
intestine, spleen, liver and lungs. During the first four weeks the Salmonella in the
experimental birds (30,000 hens) did not grow while the control hens had 0,2% incidence.
We performed only one experiment. The Salmonella carriers in the experiment were
0,2% of the sample size studies, while such carriers among rejected hens of the control
group were 3 times more. In fact 20% of such hens tested positive for Salmonella. The
changes in the environmental brought about by STF are being studied. The STF
preparation can be used by spraying. The STF spray on embryos and hens promoted
more intensive multiplication of symbiotic microflora and stamonella degradation.

FIELD EVALUATION OF COMBINATIONS OF SELECTED USEFUL
MICROBES AS GROWTH PROMOTERS IN BROILERS
K.S.Sharma and B.S.Katoch
Dept. of Animal Nutrition, COVAS, HPKV, Palampur-176 060 HP, India
The microbial strains from different sources identified on the basis of their promising
performance in broilers under University farm conditions were evaluated in different
combinations for their field performance at the farmer's level as potential probiotics.
The four combinations included (i) Lactobacillus bulgaricus (L4) + Streptococcus lactis
(SI) + Saccharomyces cerevisiae (Y3) : (ii) L. salivarius (cauliflower) + S.faecium
(Banana) + Pichia membranaefaciens (plum) : (iii) Lplantarum (carrot) + S.faecium
(onion) +S.cerevisiae (bread khamir) and (iv) L.acidophilus (leopard faecal matter) +
S.faecalis (leopard faecal Matter) + S.cerevisiae (Y3). The combination (i) tried at
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three farms on different strains of broilers for a period of 6 weeks showed significantly
(P<0.05) higher growth rates of 22.58 (Vencob), 38.09 (kegbro) and 70.68 (Pearlbro)
per cent over control. The combination (ii) tested in vencob strain of broilers gave 10.0
per cent higher body weight gains, The combination (iii) tried in 'Vencob broilers
produced 13.0 per cent higher growth rate. The combination (iv) tested on 'Vencob
strain of broilers, showed 12.4 percent higher broiler growth. Besides improving body
weight gains, these combinations also reduced chick mortality. The overall results
indicated that the combinations of direct fed microbials (probiotics) have a great potential
as probiotics to support higher growth rates of commercial broilers under field conditions.

ANABOLIC AGENTS, VITAMINS, AND FERMENTATION COPRODUCTS
AS GROWTH PROMOTERS IN POULTRY
D.V.Maurice
Poultry Science Department, Clemson University, Clemson, SC 29634-0379, USA
Growth promoters include a wide variety of compounds like antibiotics, probiotics,
enzymes, hormones, and vitamins. Trenbolone acetate (TA) is a synthetic androgenic
steriod. Implantation wih TA increased growth rate and feed efficiency, but the enhanced
efficiency of energy utilization was not associated with an increased yield of
metabolizable energy. The response to TA was enhanced as dietary protein density
increased. Hypochloremia induced by TA was associated with thermal stress and not
observed in cool weather. Supradietary levels of niacinamide, a niacin vitamer, produced
a significant incease in weight gain in poults of 8 weeks of age under praxis conditions
when dietary salt was 0.3%, but not at 1%. The high level of high niacinamide was
ineffective in terms of alleviating the growth depression at 8 weeks induced by a high
stocking density (HSD). However, between 8 and 16 weeks of age high dietary
niacinamide alleviated the growth depression under HSD. High dietary niacinamide
tended to increase carcass protein (+2.4%) and decreased carcass fat (-4%). A blend of
fermentation coproducts, used at 0.2% normal and protein compromised diets of young
(28 wks) and old (66 wks) caged layers, significantly enhanced feed efficiency in both
groups, but an interaction with dietary protein was not detected. The promotion of
enhanced productivity was associated with greater feed transit time and small but
consistent improvements in nutrient digestibility. It is concluded that an anabolic steroid,
high levels of niacinamide, and a blend of fermentation coproducts function as growth
promoters in different species of poultry under varied praxis conditions.
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INFLUENCE OF SODIUM BICARBONATE ON THE PERFORMANCE OF
CHICKENS REARED UNDER CONDITION OF CHRONIC HIGH
TEMPERATURE IN THE PERIOD OF 21-42 DAYS
P.C.SilvaS F.M.SousaS M.F.F. Fuentes^ A.I.V.GomesS P.S.BarbosaS and
R.N.N.Fernandes^
^Universidade Estadual do Ceara-Faculdade de Veterinaria Av. Paranjana 1700, 60740000 Fortaleza, Ceara, Brasil, ^Universidade Federal do Ceara, Brasil.
This study utilized 960 broilers of 21 days age to verify the effect of sodium bicarbonate
supplementation to the ration of chicken reared under condition of chronic heat stress
during the period of 22 to 42 days of age. The mean temperature varied from a minimum
of 24.1 °C to a maximum of 32.8 C inside the broiler house. A randomized block design
with 4 treatments in a 4 x 2 factorial model (4 bicarbonate levels x 2 sexes), with 2
replications were used. The bicarbonate levels were : 6; 12 and 18 grams per kilo of
ration. The ration, based in soybean and com, had 18 percent of protein and 3145 Kcal
of metabohzable energy (M.E.) per kilo. The chickens fed the supplemented diets showed
better gains and feed conversion, being both linear (P< 0,05). Feed intake was not
influenced by the supplementations (P < 0,05).

EFFECT OF VARIOUS ANTISTRESS AGENTS ON THE PERFORMANCE
OF WHITE LEGHORN PULLETS UNDER WARM AND HUMID
ENVIRONMENTAL CONDITIONS
G.A.Bhat,S.C.Gupta and C.K.Aggarwal
Deparment of Livestock Production and Management CCSHAU, Hisar 125004, India
Effect of various antistress agents was studied on egg production, egg weight and shell
quality of White Leghorn pullets raised on deep litter under warm and humid
environment. Birds were divided into 5 groups. Four groups were fed diets supplemented
with ascorbic acid, Vitamin E, ammounium chloride and sodium bicarbonate @ 0.8,
0.1,10 and 15g Kg' diet, respectively. Egg production was significantly increased
(P<0.05) in all treatment groups. Hen-day Qgg production was highest (53.17%) in the
group fed diet supplemented with ascorbic acid followed by vitamin E, ammonium
chloride and sodium bicarbonate supplemented groups with 49.85,45.95 and 44.29%,
respectively. In the control group, it was 34.58%. Egg weight remained significantly
(P<0.05) higher in all treatment groups as compared to control. It was 50.92 g in ascorbic
acid supplemented group followed by ammonium chloride, sodium bicarbonate,and
Vatamin E supplemented groups with 50.23, 50.21 and 50.18 g, respectively, whilst,
in control it was 47.07 g. Shell thickness was significantly (P<0.05)improved in all
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treatment groups being highest (331.87|Lim) in ascorbic acid supplemented group
followed by 321.95 |im in sodium bicarbonate, 308.76 |Lim in vatamin E and 289.27
m in ammonium chloride supplemented groups. In control, it was only 274.45m. it
may be concluded that antistress agents can be used to reduce stress under warm and
humid environmental conditions to improve the performance of laying pullets.

FOOD DIGESTIBILITY AND ENERGY BALANCE OF BROILERS UNDER
CHRONIC HEAT STRESS
P.A.GeraertS S.BonnetS H.Ain Baziz^ J.C.F.Padilha^ J.F.Gabarrou^ and S.Guillaumin^
^INRA Station de Recherches Avicoles, 37380 Nouzilly, France, ^CNPq-Universidade Federal
Santa Catarina, 88049 Floranopolis, Brasil, ^Institut Technique des Petits Elevages, Alger,
Algérie
The present study was performed in order to investigate the effect of chronic heat exposure
on food digestibility,energy balance and fat deposition in broilers. The experimental model
was based on three treatments: 22AL (22"C,ad libitum feeding),32AL (32^C,ad libitum
feeding) and 22PF (22°C pair-feeding on the 32AL birds) between 4 and 6 weeks of age
Energy balance measurements were performed using indirect calorimetry. At 6 weeks of
age, 32AL chickens had a lower weight gain than 22AL (-41%) and 22PF (-22%). Food
digestibiUty was significantly decreased: AMEn-72 kcal/kg, proteins -4.2% lipids -2%
and starch -1%. This decrease was even more pronounced when compared at the same
food intake : 32AL vs 22 PF and was associated with reduced size of the digestive tract,
change of proventriculus and duodenal pH and decrease of intestinal mucosa. While basal
metabolic rate and physical activity appeared reduced, heat increment of food intake or
diet-induced thermogenesis was significantly enhanced in 32AL compared to 22PF and
22AL. 32AL chickens had also enhanced fat deposition particularly at the sub- cutaneous
level compared to 22AL and 22PF. Lastly heat exposure enhanced the saturated to
unsaturated fatty acid ratio in the adipose tissues.

EFFECT OF FORCE-FEEDING AND PAIR-FEEDING OF BROILER CHICKS
IN HOT CLIMATES
NJ. Daghir and A.S. Hussein
Department of Animal Production, United Arab Emirates University, P.O.Box 17555, AlAin UAE
Although the detrimental effects of high temperature on brolier performance are well
known, it is still not clear what percent of this reduced performance is due to high
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temperature per se and what percent is due to reduced feed intake. Two separate experiments
were conducted involving both pair-feeding and force-feeding, in order to partition these
effects. In both experiments, four rephcate groups of eight male brolier chicks, 28 and 21
day old in the first and second experiment, respectively, were randomly assigned to each
of four experimental treatments. All chicks were fed a basal diet containing 21% CP and
3.05 Meal/Kg. The chicks were housed in two finishing Petersime battery cages for three
and two weeks for the first and second experiment, respectively. In the first experiment,
one battery was exposed to hot cycling temperature (HT) (25-32^C) and the other to a
constant temperature (CT) (22" C) for the duration of the study. In the second trial, one
battery was exposed to a HT of 26-34**C and the other to a CT of 23*^ C for two weeks.
In both trials, the experimental treatments consisted of feeding a basal diet ad libitum to
a Control- A group of chicks reared under CT condition. Chicks in the second treatment
were housed in the HT room and force-fed the amount of intake of the birds fed the
Control-A diet. Chicks in treatment 3 (Control-B) were fed the basal diet ad libitum under
HT, and birds in the fourth treatment were housed under CT and pair-fed basal diet at the
level of intake of chicks fed the Control-B basal diet. Results showed that HT birds, forcefed in equal amounts to the ad Hbitum diet fed Control-A chicks under CT, gained 18 and
20% less weight in experiments 1 and 2 respectively, while ad libitum HT birds gained
11 and 26% less weight in trials 1 and 2, respectively. Pair-fed CT birds gained 11% less
than ad libitum HT birds in both trials. Based on this study it may be concluded that
approximately 20% of the reduction in brolier weight gain is due to high temperature per
se.

EFFECT OF ASCORBIC ACID SUPPLEMENTATION DURING SUMMER
AND WINTER MONTHS ON PERFORMANCE OF BROILERS
B.S.Seokand and R.A.Singh
Department of Livestock Production and Management CCS Haryana Agriculture University,
Hisar-125004, India
Two trials were conducted, one each in summer and winter months to study the effects
of ascorbic acid (AA) supplementation at 0(T1), 50(T2), 250(T3) and 500 (T4) mg per
kg feed on performance of broilers. Each treatment had three replications of 20 chicks
each and the experiments continued till 70 days of age. The birds were inoculated at
43rd day of age with two levels of coccidial infections. A A supplementation at T3 and
T4 during summer experiment gave significantly higher body weights, feed intakes
and better feed conversion ratios than Tl and T2, but there was no significant difference
in these traits between T3 and T4. The effects of supplementation were more pronounced
during coccidial infections. During the winter experiment the effects were similar to
summer experiment but changes in body weight, feed intake and feed efficiency were
non-significant. However, during the coccidial infections, the increase in above
parameters were statistically significant (P<0.05).
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EFFECT OF FEED STRUCTURE AND FEED COMPOSITION ON
PERFORMANCE AND FEATHER PECKING IN TWO STRAINS OF WHITE
LEGHORN HENS
P. Walser, H.P. Pfirter and C. Wenk
Institute of Animal Science, Nutrition Biology Group, Federal Institute of Technology,
Universität sstrasse 2, CH-8092 Zurich, Switzerland
In a long term feeding experiment (21st -76th week of age) with two strains of White
Leghorn hens (LSL and Dekalb) and three diets, effects of strain and diet on production
parameters and the occurance of feather pecking were investigated. Hens of both strains
were reared on deep litter in the same room. The housing system for the laying period
was a plastic wire floor with perches, a group nest and a litter box upon the nest in each
of the 12 pens (64 hens per pen). Diets were different in structure (A ground; B&C
expanded+pelleted+crumbled) and composition (A&B Standard; C high fat high crude
fibre content). Diet B and C showed a higher proportion of particles larger than 2.0 mm
in diameter. LSL hens had a higher laying rate (p<0.01), egg weight (p<0.001) and a
better feed efficiency (g feed/g eggs) (p<0.05). However they also exhibited higher
mortality (p<0.05) than the Dekalb hens. Egg weight was highest from the hens on diet
C (p<0.05). Ethological observations were carried out in three periods beginning at
20th, 30th, and 64th week of age respectively. In period 2 and 3 hens fed diet A were
more often feeding (p<0.001), frequency of feather pecking (p<0.001) was higher in
Dekalb than in LSL hens. In the third period, feather pecking rate was higher in hens
fed diet B and C (p<0.01), plumage condition was better in hens fed diet A compared
with hens fed diet C (p<0.05) and better in LSL than Dekalb hens (p<0.01). The data
suggested that occurance of feather pecking behaviour is genetically controlled and
can be influenced by feed structure.

EFFECTS OF FEED WITHDRAWAL DURATION AND NIGHT FEEDING ON
THE TOLERANCE OF BROILERS TO HEAT STRESS
A.Ait-boulahsen, H.Dhassi and B.Archa
Dept.Production Animale, Ecole Nationale d'Agriculture, B.P.S/40, Meknes, Morocco
Two trials were conducted to determine the effects of feed withdrawal (FW) on tolerance
of 7 week-old broilers to acute heat stress (HS). HS exposure followed a stepwise
increase in ambient temperature from 24 to 41 C. Male and female broilers were subjected
to FW durations of 0 to 15 hr (Trial 1) or 0, 6, 9 and 12 hr (Trial 2) before the initiation
of HS (29 C). Tolerance of chickens was evaluated by heat induced changes in body
temperature (Tb) blood pH, pC02 and [Ca^^] during the day of exposure and by changes
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in body weight, feed and water intakes during a period of 3 days post HS. In trial 1,
15 hr-FW remarkably enhanced tolerance to HS. The beneficial effect of FW on Tb,
blood acid-base and [Ca^^] was more pronounced in male than female broilers. In Trial
2, a 12hr-FW was necessary to observe a significant improvement on heat tolerance.
A 12hr-FW reduced hyperthermia and mortality of male broilers during exposure to
HS and improved post-HS weight gain and feed efficiency of both male and female
broilers. A third Trial was conducted to evaluate the effects of FW during the hot
daytime period under conditions of chronic HS (3 weeks of cyclic 24-37-24^C). Night
feeding (NF) from 1800 to 0800 hr reduced hyperthennia and mortality, and improved
feed efficiency compared to day feeding from 0600 to 2000 hr (p<.05). NF had no
effect on total water intake but significantly reduced daytime water intake (-60%).
The results indicate that during summer months, shifting the feeding pattern from the
hot daytime into the cooler night period reduced metabolic activity related to feeding
and drinking during the hot portion of the day and consequently improved broiler's
tolerance to chronic HS.

USE OF VITAMINS C AND B12 TO COUNTER HEAT STRESS IN BROILER
CHICKENS
Ali M.Alisheikhov
Daghestan State Agricultural Academy, Makhachkala, 367032, Republic of Daghestan,
Russia
The growth of broiler chickens and their physiological factors under the heat stress
were studied by the use of well balanced complete rations supplemented with different
doses of vitamins C (50-60 mg/kg) and B12 (25-30 meg/kg). The chicken were grown
from 1 to 56 days of age. The feed level and living conditions of the poultry of both
the experimental and control groups were the same during the entire experimental period.

THE ROLE OF INTERNAL TEMPERATURE ON THE HEPATIC
EXPRESSION OF HEAT SHOCK PROTEIN HSP 70 IN BROILERS
J.E.Gabrier, M.I.T.Ferro^ M.Macari^ and J.A.Ferro^
^Depto., de Tecnología, ^Depto, de Morfología e Fisiología Animal, F.C.A.V.J.- UNESP, 14870000, Jaboticabal, SP, Brazil
The exposure of cells from a wide variety of species to an increase in ambient temperature
results in the enhanced synthesis of some proteins, known as heat shock proteins (Hsp),
characterizing a heat shock response. The aim of this study was to investigate, in vivo,
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the role of the raise in internal temperature of broilers in the hepatic expression of heat
shock protein Hsp 70 in response to acute heat stress. Male broilers aging 51 days and
receiving diets with different energy levels (2,900 and 3,200 kcal ME/kg) were exposed
to heat stress in a climatic chamber (37°C) until the rectal temperature of the birds
reached values higher than 1.5 °C and then, the livers of the broilers were removed,
immediately frozen and kept at -70°C for protein analysis. 0.5 g of tissue was
homogenized in 20 mM Tris HCL pH 7,5 0.9% NaCl and 2mM 2- ß-mercaptoethanol
and centrifruged at 30,000xg (30 minutes, 4°C). The protein concentration of supernatant
was determined and total proteins were separated by electrophoresis (SDS-PAGE) in
order to detect the protein Hsp70 after Western Blotting using a monoclonal antibody
(Sigma). The signals obtained on immunoblots were quatified by densitometric analysis.
The results showed that in broilers whose colonie temperature increased up to 2.5°C
did not show differences in the Hsp 70 levels between the stressed and non-stressed
animals; however, in broilers that had increased colonie temperature of more than 2.5°C
differences were detected in the expression of this protein, being observed high values
of Hsp70 levels in these animals, with no differences between birds fed with high or
low energy levels in the diet. The results suggest that internal temperature is the most
important drive in the activation of the translational mechanisms of the heat shock
protein Hsp70 in hepatic broilers tissue.

EFFECT OF "STRESROAK" ON BROILERS UNDER STRESS CONDITIONS
B.V.Rajmane, A.S.Ranade, M.B.Patil, and N.S.Sonawane
Department of Poultry Science, Bombay Veterinary College, Parel, Mumbai - 400 012,
India
The experiment was undertaken to study the efficacy of "Stresroak" a herbal preparation,
in stress conditions on broilers. Four hundred broilers were randomly divided into four
equal groups. Group A and B were subjected to heat stress with environmental
temperature of 42°C throughout the experimental period. Groups C and D were subjected
to Stressors like overcrowding and frequent shifting. Groups B and D received Stresroak
@ 5 ml upto first 21 days and thereafter @ 10 ml/100 birds/day. The trial lasted for
42 days. It was observed that birds under stress when supplemented with Stresroak
showed significant improvement of 15-19% in live weights and gain in weights. The
supplementation also significantly improved feed consumption and feed conversion
ratio of the birds under stress. The mortality due to stress of heat or overcrowding was
19 and 16%, which was reduced to 6 and 7% after supplementation respectively. The
blood pH of the birds under stress was alkaline 7.2 as against 6.8 in 'Stresroak'
supplemented birds. The Heterophil:Lymphocyte (H:L) ratio and plasma corticosteroid
levels were also higher for birds under stress. The weights of Bursa and Thymus were
significantly higher in 'Stresroak' supplemented birds. Thus it was concluded that
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'Stresroak' supplementation helps in maintaining the blood pH, suppress corticosteroid
secretion,' improves immune system and hence is helpful in obtaining better production
performance from the birds under stress conditions.

EFFECT OF SEASON ON COMMERCIAL BROILER PERFORMANCE IN
TROPICS
N.Ramamurthy, R.Kumararaja, R.Prabakaran, D.Narahari, and P.Ranga Reddy
Poultry Research Station, Nandanam, Madras 600 035, India
To assess the seasonal influence on the performance of commercial broilers,
climatological and Production data were surveyed during 1994 in different seasons
from 234 commercial broiler farms of Tamilnadu having a broiler population of
11,94,000. The data collected are summerized in the following Table.
Details

South West
Monsoon

North East
Monsoon

Winter

Maximum Temperature °C

33.9 ±0.17

30.4 ±0.19

28.5 ± 0.35

36.6 ±0.21

Minimum Temperature' c

23.6 ±0.12

22.4 ±0.14

20.2 ±0.18

23.9 ± 0.21

Relative humidity (%)

68.4 ± 0.59

70.5 ± 0.94

68.8 ± 1.14

63.4 ± 1.22

1573.8 ± 3.87^

1612.8 ± 8.88^

1807.6 ± 8.88'^

1481.7 ±9.54^

Body weight (g)**
Feed consumption* (g)

3629.3 ± 28.83^ 3661.9 ± 27.33*^

Summer

3900.1 ± 28.83^ 3575.'8± 28.83^

Feed efficiency*

2.31 ±0.12^^

2.27 ±0.12"^

2.17 ±0.012^

2.38 ± 0.012^

Livability (%)

92.4 ±0.21''^

91.75 ±0.21*

9.35±0.2P

90.3 ±0.21^

Means bearing atleast one common superscript do not differ significatly.
** Highly significant (P<0.01)
* Significant (P<0.05)

The results revealed that in tropics, winter appears to be the ideal cHmate for optimal
body weight, feed efficiency and livability in commercial broilers. On the other hand
the broilers recorded poor performance during summer. Inter mediate performance
was recorded during monsoon seasons.
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EFFECT OF FEEDING GROWTH STIMULATORS ON THE PERFORMANCE
AND GUT MICROBIAL PROFILE IN BROILERS DURING SUMMER
C.P.Verma and C.K.Agarwal
Department of Livestock Production and Management, CCS Haryana Agricultural
University, Hisar-125004, Haryana, India
The experiment was conducted on six hundred day old broilers during summer (MayJune, 1993). The chicks were randomly divided into three groups of 200 chicks each
having four replicates (50 chicks) in each group. These were provided reference diet
(Tl), supplemental hve yeast culture (LYC) at the rate of 0.1% in the diet (T2) and
biostimulator @ 0.2% in the drinking water (T3), respectively throughout eight week
experimental period. LYC supplementation resulted in higher body weight, better feed
efficiency, lower percent mortality and microbial number in the gut contents of broilers
at eight weeks of age. Biostimulator could not help the birds to show better performance
as compared to controls or LYC fed birds.
EFFECT OF ANTISTRESS TREATMENTS ON PRODUCTION
PERFORMANCE OF DWARF EGG LAYER DURING CYCLIC SUMMER
HEAT
S.S.Atkare, A.G.Khan, J.K.Bhardwaj and N.G.Paradkar
Department of Poultry Science, JNKVV, Jabalpur 482004 M.P., India
Antistress treatments viz. Electrolyte (TL), Zeestress (T2), Electrolyte + Zeestress (T3)
and Vintress (T4) along with control (T8) were offered to dwarf egg layers for 30 days
during summer. Maximum shed temperature range and humidity during pretreatment
(10 days), treatment (10 days) and post treatment (10 days), periods were 107-113 ""
F, 92-110 ° F, 90-100 ° F, with R.H. 60-65%, 65-71%, 65-71% respectively. In
pretreatment period mean egg laid/hen, egg weight and shell thickness were
nonsignificantly different from control TO. In treatment period only T4 produced
significantly more eggs than control. T2 and T3 had significantly heavier egg weight
and shell thickness with mean lowered shell cracked eggs than eggs laid by TO. In post
treatment mean values for all production parameters increased in all treatments except
shell thickness in T4. Among treatment groups T4 produced more eggs of heavier
weight (53.5 gm) but T2 had highest shell thickness (0.284 mm) as compared with
control. The data suggested that most beneficial effects of antistress treatments over
control group were seen in the temperature range of 90-100°F andR.H. 65-71 % in post
treatment period.
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STRESS RESPONSES, THERMOTOLERANCE AND STRESS PROTEINS OF
LAYING HEN UNDER HIGH ENVIRONMENTAL TEMPERATURE
M.YamadaS S.Ito^ and M.Tanaka^
'Laboratory of Environmental Physiology, Department of Physiology, National Institute of
Animal Industry, Tsukuba Norindanchi,P.O.Box 5, Ibaraki 305, Japan and ^Speciality
Chemical Division, Showa Denko K.K.Tokyo 105, Japan
In order to examine alleviating effects of ascorbic acid derivative [Asocorbic acid-2phosphate magnesium salt, APM] on stress responses of White Leghorn hen under
high environmental temperature, feeding experiments were carried out. APM at 0,50
or 200 ppm in the form of pellet feed was fed to White leghorn hen under 21°C, 35°C
and 39°C thermal environments. Consequently, APM feeding under 35° C and 39 °C
environments resulted in higher survival and egg laying rate in 200ppm group, followed
by 50ppm group and control group in that order. Marked effect of APM feeding on
activity of plasma LDH, MDH and AspAT, and on appearance extent of stress proteins
in the plasma were observed under 39°C environment, showing lower activity of these
three plasma enzymes and weak appearance of 85-90 KDa protein molecules in the
200ppm group, respectively. In addition, compared with respective significant increase
of specific and total activities of LDH, MDH and AspAT in liver of the control hens
under 35° C, lower activities of these three hepatic enzymes were obtained for 50ppm
or 200ppm groups. These results show a clear alleviating effect of APM feeding on
stress responses of White Leghorn hens in special reference to activity of three plasma
and hepatic enzymes, and also behavior of 85-90KDa stress proteins in the plasma.

EFFECT OF FEEDING PROBIOTIC ON THE PERFORMANCE AND GUT
MICROBIAL PROFILE IN BROILERS DURING SUMMER
C.K.Aggarwal and C.P.Venna
Department of Livestock Production and Management CCS Haryana Agricultural
University, Hisar-125004, Haryana, India
Four hundred, one day old broiler chicks were randomly divided into two groups and
provided control and probiotic supplemented ration till eight week age during MayJune (Summer). Probiotic supplementation resulted in higher body weight, better feed
efficiency and low per cent mortality both at six and eight weeks age. The treatment
also created a favourable microbial environment in the digestive system by reducing
Escherichia coli, Coliforms and aerobic bacteria. The number of lactabacilli was
increased.
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EFFECT OF MOLASSES SUPPLEMENTATION IN DRINKING WATER ON
BROILERS FED HIGH SALT CONTAINING MASH
J.S.Reddy, A.B.Mandal and K.R.Yadav
Department of Animal Nutrition, CCS HAU, Hissar 125004, India
The possibility of minimizing the stress caused by excess dietary salt through
supplementation of molasses in drinking water was explored involving 180 day-old
broiler chicks. Three isoproteinic and isocaloric diets containing 0.73,1.42 and 1.93%
common salt (NaCI) were offered to trireplicated groups of 10 broilers alone or with
molasses (3%v/v) in drinking water upto 6 weeks of age. Feed intake and feed conversion
efficiency were not affected by the levels of salt, while body weight gain at 4 weeks
of age was depressed significantly (P<0.01). Inclusion of molasses in drinking water
depressed(P<0.01) body weight gain and feed conversion efficiency. Water intake per
unit feed and excreta moisture content increased (P<0.01) in broilers receiving higher
levels of common salt. The yields(%of live weight) of carcass, heart and liver were not
affected due to levels of salt or molasses in drinking water. However, retention of sodium
increased while blood potassium level decreased with increased level of salt. It was
concluded that molasses supplemented in drinking water was unable to alleviate the
stress caused by excess salt.

INTERACTION OF DIETARY CALCIUM AND ZINC WITH COCCIDIOSIS
IN RELATION TO BROILER PERFORMANCE
Poonam Khanagwal, J.D.Ghosh and A.B.Mandal
Department of Animal Nutrition, CCS HAU, Hissar 125004, India
The effect of excess dietary calcium and zinc levels on growth and feed conversion
efficiency was studied in broilers artificially infected with mixed Eimeria species. Six
dietary treatments using two levels of calcium (Ca, - 1.03% and Ca^ -1.98%) and three
levels of zinc (Zn,-63,Zn2-93 and Zn3-123 ppm) were formulated. Three hundred and
six day-old broilers were randomly divided into 24 groups of 12/13 chicks in each and
four replicated groups were offered each dietary treatment. At fourth week of age,
birds of two groups in each treatment were artificially infected with 60,000 sporulated
oocysts of Eimerai spp. (E, tenella, E. necatrix and E.acervulina) per bird through crop
intubation, while the other two groups (uninfected control) received tap water. The
broiler performance was assessed by feed intake, body weight gain and feed conversion
efficiency at 6th (market age) and at 7th (convalescent stage of coccidiosis) weeks of
age. Zinc levels and the infection did not influence the feed intake ,while it was
significantly (P<0.01) reduced by high calcium diet. The infection and high calcium
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diet significantly (P<0.05) reduced the body weight gain. The calcium and zinc levels
had little effects on feed conversion efficiency but efficiency of feed utilization for unit
gain decreased in infected groups at both the stages. Maximum stimulation of postinfection compensatory gain and feed utilization efficiency resulted with the diet
containing 1.98% Ca and 123 ppm Zn followed by that in Ca^Zn^ treatment.

THE EFFECT OF RESTRICTED FEEDING ON BROILERS RAISED UNDER
MILD HEAT STRESS
E.Gonzales, J.R.Sartori, R.I. Silva, M.Macari and E.A.Garcia
Faculdade de Medicina Veterinaria e Zootecnia, UNESP, cp.560,18618-000, Botucatu, SP,
Brazil
An experiment with one thousand, seven hundred and eighty chicks of a broiler strain
(50% males, 50% females) was conducted in a fully randomized block design with
six replicates, in a 3x2 factorial arrangement (3 feeding programs: ad lib; night, from
2000 to 0800; and day, from 0800 to 2000; and 2 sexes). The feeding restrictions were
applied from day 15 to day 49. During the experimental period, the average air
temperature, relative humidity and THI were 25.3°C, 63.7% and 73.4 (day time) and
21.0°C, 74.3% and 68.2 (night time), respectively. The absolute maximum temperature
reached 31.5°C and the absolute minimum was 15°C. Regardless of the feeding program,
males showed better (P<0.05) performance than females, but higher (P<0.05) mortality
(4.55% vs 1.99%). Mean-weights proventriculus, gizzard and small intestine were higher
(P<0.05) in males. Similarly, proventriculus diameter and length and gizzard diameter
were larger (P<0.05) in males. Ad libitum fed birds showed superior (P<0.05) weight
gain. The best feed conversion was observed in the night-fed group (1.98), as compared
to the ad lib (2.07) and day-fed (2.06) groups. Mortality was higher (P<0.05) in the ad
lib group (5.63% vs 2.44% - night-fed - and 1.74% - day-fed). Day-fed birds showed
higher (P<0.05) proventriculus weight, length and diameter. Small intestine weight
was higher (P<0.05) in night-fed birds. Net return per bird sold was better when feed
was available only during nighttime (US$0.078) or daytime (US$0.038), as compared
to the ad lib group (US$0.015). Best return was obtained with night-fed males
(US$0.134). The results may be attributed to the larger gastrointestinal area observed
in feed-restricted males, with the consequent increase in retention, digestion and
absorption of feed. This indicates that night feeding of male broilers under heat stress
is technically and economically feasible.
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STUDY ON THE EXTENT OF PROTECTION BY "ZEETRESS" AGAINST
SEASONAL STRESS ON THE EGG PRODUCTION OF WLH BIRDS
S.CMishra', S.K.DhaP, P.K.MishraS M.M.MohapatraS M.S.Mishra' and P.K. DehurF
Tost Graduate Department of Poultry Science, ^Orissa University of Agricultural &
Technology, Bhubaneswar 751003, India
The layers selected for the experiment were 16 wk old and they were maintained for
nearly one year. They are administered Zeetress in doses of 1 mg/bird/day. The
management and the enviroment for both the groups of birds were identical. The
following results were obtained, Body weight was significantly higher in case of
experimental birds. The weight of thymus, bursa, adrenals and thyroid were significantly
higher in experimental birds. Egg production was significantly higher in experimental
birds. The shell weights of experimental birds was significantly higher. The haemoglobin
content of blood of experimental birds was significantly higher." The heterophil
percentage was higher and lymphocyte percentage lower in control birds. Protein content
of blood (control birds) was higher. The feed conversion ration per dozen of eggs in
case of both control and treatment groups did not differ significantly rather they were
almost equal. From the above experiment it can be concluded that the herbal agent
'Zeetress' did give some beneficial effects to the treatment group. The egg production
definitely increased and other parameters also did point towards the beneficial effects
of the drug.

STUDY ON THE EXTENT OF PROTECTION BY 'ZEETRESS' AGAINST
SEASONAL STRESS ON THE GROWTH OF BROILER BIRDS
P.K.DehuriS S.K.Dhal^ S.C.MishraS P.K.MishraS M.Mohapatra^ and M.Mishra'
'Post graduate department of Poultry Science, ^Crissa University of Agriculture &
Technology, Bhubaneswar 751 003, India
Tow hundred conomercial broiler chicks were reared under regular farm conditions
upto six week of age. The chicks were divided into experimental and control groups.
The experimental group was administred 'Zeetress' a herbal drug as an antistress agent
as per recommended dose.(3 mg/bird/upto 1 month of age & 5mg/bird above 1 month
of age). At the end of experiment, the body weight and haemoglobin content of
experimental birds were significantly higher than that of the control birds. Other
haematological parameters such as total leucocyte count, total erythrocyte count and
differential count, did not vary significantly between the experimental and control birds.
The plasma protein as well as glucose content of plasma of experimental birds were
higher than those of control group but was not statistically significant. From the above
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study, it was concluded that the herbal agent 'Zeetress' did give some beneficial effect
on the body weight of broiler chicks.

SURVEY ON THE PRESENCE OF T-2 AND OCHRATOXIN IN FEED/
INGREDIENTS IN NAMAKKAL AREA
I.D.Chandrasekaran
Animal Feed Analytical and Quality Control Laboratory, Namakkal - 637 001, TN, India
Reports on the presence of mycotoxins other than Aflatoxin are on the increase. In the
preliminary studies presence of other toxins in feed/ingredients has been found in
Namakkal. Hence a study was undertaken to screen the samples for the presence of
T-2 and Ochratoxin in feed ingredients at Namakkal. The positive samples were
categorised based on the intensity of U.V. reflectence by toxin spots, into low, medium
and high. Out of the 107 samples of Sunflower oil cake screened 22% contained low
level of T-2, 5.6% contained medium level and 1.8% contained high level of T-2,
8.4% of the samples contained low level of ochratoxin, 18% contained medium level
and 37% contained high level of ochratoxin. Co-contamination of T-2 and Ochratoxin
were found in 8% of the samples, of all 11 samples of chick mash screened, 2 contained
high levels of ochratoxin. Of the 35 samples of layer mash tested 1 contained low level
of T-2 toxin, 2 contained medium level and 12 contained high level of T-2 and 2
contained high level of ochratoxin. Of the 31 samples of maize tested only one contained
medium level of T-2 toxin. Layers fed with mash containing high level of T-2 shows
severe drop in egg production and shrivelling of comb. Necropsy examination revealed
atrophy of ovary and oviduct.

TOXICITY, TISSUE ACCUMULATION AND RESIDUE IN EGG AND
EXCRETA OF COPPER AND ARSENIC IN LAYING HEN
LP.W.S.Chiou, K.L.Chen and B.Yu
Department of Animal Science, National Chung Hsing University, Taichung, Taiwan,
Republic of China
The trial was conducted to study the effect of interaction of arsenic and copper on
performance, liver function, and their residue in liver, egg and excreta of laying hens.
The experiment was a 2 x 3 factorial design with three replicates. Ninety 38 weeks old
layer hens were selected from the commercial flock and were placed into six dietary
treatments, i.e.; two level of arsenic (0, 14 ppm) and three levels of copper (400, 600,
800 ppm) inclusion in the diet, with five layer hens each cage and feeding for four
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weeks. The interaction of copper and arsenic in the diet were significantly influenced
on the egg production, feed intake, copper content in the liver and the excreta (P<0.05).
The egg production, feed intake and copper content in the egg were significantly
decreased as the copper supplement in the diet increased. Conversely, the copper content
in the liver and excreta increased with increasing dietary level of copper. Addition of
14 ppm of arsenic significantly depressed egg production, feed intake, copper content
in the liver and increased with the higher copper content in eggs as compared with diet
without arsenic inclusion (P<0.05). The response of serum AST and CK were
inconsistant. The arsenic inclusion has significantly increased LDH activity (P<0.05).
The lesion in liver was also observed from the micrograph of the pathological slide.

COMPARISON OF COMMERCIAL MEAT MEALS FOR THEIR PROTEIN
QUALITY
G.Shyam Sunder^ V.R.Sadagopan\ A.ElangovanS V.Ramsubba Reddy^ and
M.V.L.N.Raju^
^Project Directorate on Poultry, Rajendranagar, Hyderabad - 500 030 A. P. India,^
Department of Poultry Science, A.P. Agricultural University, Rajendranagar,
Hyderabad - 500 030, A.P., India
Seven commercial meat meals, designated A, B, C, D, E, F, and G were collected from
marketing channels and examined for differences in proximate composition and protein
quality in terms of net protein utilization (NPU), available lysine (AL) and Orange G dye
binding capacity (DBC). A fish meal sample (crude protein 41.5%) was also tested along
with the meat meals for comparison. The composition of meat meals varied widely for
moisture (4.04-12.83%), protein (52.13-83.02%), fat (traces-3.27%), calcium (traces 15.61%) and phosphorus (traces - 6.2%). The NPU of meat meal D was significantly
higher than fish meal and meat meal E. Although other samples were not significantly
different, their NPU values remained much lower than D (37.4-41.64). The AL content
of meat meal D (3.1 g/16g N) was significantly higher than all the other meat meals and
fish meal (2.03-2.63 g/16g N). It appears that meat meal D with relatively low protein
content (52.18%) had better protein quahty in terms of NPU and AL than those with
higher protein content. The DBC of all the meat meals ranged between 90.9-176.7 mg/
g protein with statistical differences. DBC was significantly more in A, B followed by D,
E and G compared to others. Regression analysis using mean values of AL and NPU of
each sample indicated that (Y=18.75+8.1 Ix) estimates of AL may be useful in predicting
reliably the NPU of meat meals (r=0.976) and consequently the protein quality. Similar
regression analysis between AL and DBC (r-0.51) and NPU and DBC (r=0.63) showed
relatively poor correlation and hence has limited apphcation in estimating protein quality.
Since AL is correlated well with NPU, chemical estimation of AL can be a rehable tool
to assess the protein quality of commercial meat meals.
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HISTOLOGICAL STUDIES OF BRAIN IN LEAD INDUCED CHICK
EMBRYOS-A STUDY IN RELATION TO ENVIRONMENTAL EFFECTS
S.K.Pyne and AAditya
Department of Animal Science, Institute of Agriculture, Visva-Bharati, Sriniketan, West
Bengal, India
Lead, one of the toxic heavy metals, coming from various sources ultimately reaches
within the biological systems of animals. Here it has been tried to explore the effect
of lead in chick brain experimentally. This study was made with 250 fertile Leghorn
eggs, divided into five groups. Group I was kept as control. Group II was injected with
1 mg. lead nitrate/egg, likewise Group III with 2 mg. lead nitrate/egg, Group IV with
1 mg. lead acetate/egg and Group V with 2 mg. lead acetate/egg was given. In all the
lead treated groups, only a single dose of lead salt in 0.05 ml. distilled water was
injected into the yolk sac on the tenth day of incubation. All the incubated eggs of 5
groups opened on 19th day and sacrificed to collect the brain, for the preparation of
sections, standard histological technique was followed. The treated brain stem and
cerebrum showed areas of haemorrhages, often surrounded by oedematous tissue with
dilated and congested blood vessels Gliosis was common in group II and III, where as
vacuolisation was mostly found in groups IV and V. Oedema, dilatation of blood vessels
in the subcortical white matter and pyknotic cells were found within all groups. Treated
ventricles contained desquamated ependymal cells with heterophils and mononuclear
cells. Cerebellum of group II and III, also showed oedema, necrosis of neurones and
gliosis, where as haemorrhages in the cerebellar cortex and necrosis in the medulla
were very common in group IV and V chick brain.

STUDIES ON EXTRUDED FULL FAT SOYBEANS IN BROILER DIETS
S.G.Shinde, A.S.Ranade, B.V.Rajmane and R.D.Ptail
Department of Poultry Science, Bombay Veterinary College, Parel, Mumbai - 400 012,
India
The experiment was conducted on 500 commercial broilers to evaluate the possibility
of the use of Extruded Full Fat Soybeans (EFFS) and Toasted Non-extruded Full Fat
Soybeans (TEES) in broiler diets. The birds were divided into five equal groups. Group
A was control and received a corn-soybean meal diet. Group B and C received diets
containing 5% EFFS or TEES respectively. All the diets were isocaloric and
isonitrogenous. The experiment lasted for 42 days. It was observed that the diets
containing 10% EFFS or TEES recorded significantly higher body weights as compared
to control. The differences between groups receiving EFFS and TEES at corresponding
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levels of inclusion were non-significant. The birds receiving diets with 10% EFFS
recorded maximum weight by the end of sixth week. The birds receiving diet containing
EFFS or TFFS at both the levels consumed more feed as compared to the birds receiving
corn-soybean meal. The birds receiving 10% EFFS were found to be more efficient
converters of feed as compared to others, similarly the returns on the sale were also
maximum for this group. Thus the overall results of the study indicated beneficial
effects of inclusion of 10% Extruded Full Fat Soybeans on performance of broiler
diets.

METABOLIZABLE ENERGY CONTENTS OF BAJRA (PENNISETUM
TYPHOÏDES) FOR POULTRY
S.Tomar, S.K.Bhanja, S.V.S.Verma and H.P.Shrivastava
Central Avian Research Institute, Izatnagar - 243 122, India
With improved varieties of Bairn (Pennisetum typhoïdes) being extensively cultivated.
Poultry farmers in India take the advantage of the situation to incorporate it for part
of more expensive cereal in poultry feed formulations. In view of that commercially
available hybrid bajra grains were assayed for estimating their metaboHzable energy
(ME) value to poultry. The test material in its native form or after hammering was each
incorporated at 20 or 40 percent level w/w for the basal portion in a reference diet
composed of practical type feedstuffs in order to develop four test diets in addition to
the reference (control). One of five diets was offered as mash ad lib to seperate sets
of six 8 week old cockerels in each group, and all of which were housed and fed
individually in metabolic cages for a 10 d feeding period including the balance period
of last 4 days when record of absolute feed intake and excreta voided for each bird
were made. The calorific value of the feed and excreta samples were estimated with
the help of bomb calorimeter, and the ME values of the respective test materials derived.
The ME content of the unground bajra at 20 and 40 percent inclusion levels were found
to be 11.86 ± 0.09 and 11.95 ± 0.08 Mj/kg, respectively. It would appear that the hybrid
bajra has considerably higher ME value than the ordinary variety (around 10.25 Mj/
kg). The processing of bajra and its inclusion level in diet appeared to have no significant
effect on its ME value for the cockerels.
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EFFECT OF CORN STEEP LIQUOR (CSL) FEEDING ON CARCASS
COMPOSITION: IT'S CHARACTERISTICS IN COCKERELS
R. A. Vala and M. B. Pande
Department of Animal Nutrition and Dairy Science, College of Veterinery Science and
Animal Husbandry, Gujarat Agricultural University, Sardar Krushinagar 385506, Gujarath,
India
Three hundred day old Bo vans White Leghorn male chicks of same hatch were divided
into four groups and fed O, (T,) 4 (T^), 6 (T3) and 8% (T^) com steep liquor in concentrate
mixture. The ration was isocaloric and isonitrogenous. The eight week study revealed
that the avarage crude protein, fat and ash percentage of carcass was almost similar in
all the groups suggesting no effect due to dietary treatments. The average percentage
losses due to shrinkage and dressing were similar in all the treatments. The values
being 3.32 and 60.70% respectively. Similarly, the weights of liver, heart, gizzard,
spleen length of small intestine and caeca were not affected by the different treatments.
The feed cost per unit gain was lowest in T^ followed by T3,T2 and maximum with
T, (control) The profit per bird was highest in T^ (Rs.0.59).

DETERMINATION OF AMINO ACID DIGESTIBILITY IN PADDY RICE
BROWN RICE, WHITE RICE AND RICE BRAN USING INTACT COCKERELS
Hyoung-Ho Kim and Young-Ho Cha
National Livestock Research Institute, Rural Development Administration, Suweon, 441350, Korea
A study was conducted to determine the digestibihty of amino acids of paddy rice(PR),
brown rice(BR), white rice bran(RB). Each test feed was forced fed to 6 intact cockerels.
Birds were fasted for 30 h before forcefeeding. Then, excreta were collected from - fed
birds for 48 h. Average true amino acid digestibihty values were 87.05 91.36, 94.23
and 84.74% for PR, BR, WR, and RB respectively. The diets were markedly different
in amino acid digestibility. The true digestibility of threonine and lysine were
significantly higher in diets BR and WR than in diets PR and RB (P<0.05). Phenylalanine
and arginine digestibilities in PR were higher than that of RB (P<0.05). Differences
between BR and WB in true digestibility of amino acids were not significant. The
apparent amino acid digestibihties of diets were determined.
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AFLATOXIN, FUMONISIN AND ZEARALENONE CONTAMINATION OF
AUSTRALIAN MAIZE
G.Ravindran, RJ. Gill and W.L. Bryden
Department of Animal Science, The University of Sydney, Camden, NSW 2570, Australia
Maize is the most common feedstuff used in poultry diets worldwide. Although
numerous reports are available on the levels of aflatoxins,fumonisins and zearalenone
in maize, few have determined the natural co-occurrence of these mycotoxins. Since
the presence of these mycotoxins in feedstuffs represents a major concern to poultry
nutritionists, a survey was carried out involving 70 AustraHan maize samples. Maize
samples were first finely milled, extracted in methanol-water (3:1) and analysed for
aflatoxin, fumonisin and zearalenone by ELISA kits (Veratox, Neogen). The results
showed that 96 and 60% of the maize samples were positive for fumonisin and
zearalenone, with the average levels being 7 ppm (range, 0.3-40.6) and 21 ppb (range,
0.4-55.4), respectively. Ten of the 16 samples, which tested positive for aflatoxin, had
level ranging from 0.6-13.3 ppb, with a mean of 3 ppb. The incidence and levels of
these mycotoxins in maize are comparable to those reported elsewhere. The present
results indicate, for the first time, that Australian maize may be co-contaminated with
aflatoxin, fumonisin and zearalenone. It is noteworthy that the majority of the samples
appeared normal and had no visible mold.

EFFECT OF FEEDING WATER FLEA MEAL AS A SUBSTITUTE FOR FISH
MEAL ON THE PERFORMANCE OF LAYERS
Shang Lei and Liu Xueying
Shanxi Agricultural University. Shanxi Taigu. 030801, P.R.China
In a 59-day experiment, 50 g/kg water flea meal instead of fish meal was fed on layers
to demonstrate the feeding effect on the performance of layers. Water flea meal contains
92.0% dry matter, 44.3% crude protein, 3.9% crude fat, 21.6% ash, 7.0% Ca and 1.3%
P. The results showed that compared with fish meal group, there were no significant
differences in the rate of egg production, hen-day egg mass and shell thickness in water
flea fed group; egg size was reduced by 3.3% (P<0.05);.yolk colour increased by 0.5
Roche Units (P<0.05); feed conversion rate decreased by 2.3%. Compared with soybean
meal group, the rate of egg production and' hen-day egg mass in water flea group
increased by 7.2% (P<0.01) and 4.86 g (P<0.01) respectively; egg size and shell thickness
were not significantly changed; yolk colour improved 0.5 Roche Units (P<0.05); feed
conversion rate decreased by 2.8%. Compared with fish meal group, feed cost for per
kg of eggs in soybean meal group was lowered by 0.13 RMB Yuan (4.9%). Substituting
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water flea meal for fish meal in the diet was better than or the same as fish meal in
terms of the most important aspects of layers performance and cost. Water flea meal in
the diet resulted in obvious improvements to layers performances in comparison with
soybean cake, though soybean cake was the most commonly used substitute for fish
meal and could greatly lower feed cost.

RESPONSE OF WHITE LEGHORN HENS TO DIETARY AFLATOXIN AND
OCHRATOXIN
Jeetendra Verma, T.SJohri and A.K.Shrivastav
Central Avian Research Institute, Izatnagar 243 122, U.P., India
A study was conducted to examine the performance and energy utilisation in White
Leghorn hens fed diets contaminated with either aflatoxin (AF, 0.5, 1.0 and 2.0 ppm)
or ochratoxin A (OA, 1.0, 2.0 and 4.0 ppm) or both mycotoxins (AF 0.5+ OAl.O;
AFl.O + OA 2.0 and AF 2.0+ OA 4.0 ppm). A basal diet containing 18% CP, 12, 13
MJ ME/kg and no detectable mycotoxins served as control. Diets were given to layers
housed in individual cages for a period of 50 d from 42 weeks of age. When compared
with control (81 %), egg production was significantly lower in hens fed diets incorporated
with 1.0 and 2.0 ppm AF (60 and 57%) or OA at different levels (64, 56 and 47%).
Simultaneous inclusion of two mycotoxins exerted synergitic adverse effect on egg
production (58, 46 and 40%) All toxic diets except those having 0.5 and 1.0 ppm AF
caused significant reduction in feed consumption. Net feed efficiency was depressed
consistently with increasing levels of dietary AF, OA and their combinations. Egg
weight, body weight and livability by hens were not influenced by different dietary
levels of toxins. With the exception of 0.5 ppm AF, both toxins when given alone in
diet caused significant reduction ( 1.80-9.18%) in metaboHzabihty of energy. This effect
was more pronounced at all combination levels of AF and OA (4.40,9.90 and 13.92%).
Egg energy deposition followed the pattern of egg production while body energy
deposition was directly proportional to change in body weight. Metabolizable energy
for maintenance (MEm/kg 0.75) increased due to incremental levels of toxins. Birds
fed diets having either 2 ppm AF or 4 ppm O A had higher MEm (587 and 616 KJ/d)
than birds fed control diet (463 KJ/d). The interaction effect of AF and O A on MEm
was not synergistic though the combination of these toxins at various levels increased
MEm significantly (592, 592 and 576 KJ/d).
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THE INDIVIDUAL AND COMBINED EFFECTS OF AFLATOXIN AND
OCHRATOXIN ON PROTEIN QUALITY AND METABOLIZABILITY OF
ENERGY IN BROILERS
T.S.Johri, Jeetendra Verma and A.K.Shrivastav
Central Avian Research Institute, Izatnagar 243 122, U.P., India
Protein quality of Soybean meal (SBM) was assessed in terms of total protein efficiency
(TPE) and net protein utilization (NPU) under the influence of dietary aflatoxin (AF.
0.5, 1.0 and 2.0 ppm), ochratoxin A(OA, 1.0, 2.0 and 4.0 ppm) and their combinations
(AF, 0.5 + OA 1.0, AF 1.0 + OA 2.0 and AF 2.0 + OA 4.0 ppm). A metabolizable
energy (ME) bioassay was conducted with broilers to determine the individual and
combined effects of both mycotoxins on metabolizability of dietary energy. An
appropriate SBM diet containing no detectable mycotoxins served as control in each
bioassay. Results indicated that TPE values were significantly lower at 2 ppm AF(0.783)
or 2 and 4 ppm OA (0.375 and -0.523), when compared with control (1.597). Cotoxicity of AF and OA resulted in a synergistic adverse effect on TPE (0.905, 0.342
and -0.438). A dose related decrease in NPU value (42.6) of SBM was observed due
to inclusion of either AF (34.6, 28.4 and 21.2 or OA 37.4, 25.6 and 21.7). The adverse
effect of combination of AF and OA on NPU (28.7, 16.9 and 10.6) was much greater
than the individual effects to these mycotoxins. Metabolizability of energy was similar
among chicks fed control diet (3.00 kcal ME/g) and those fed AF at 0.5 ppm (2.99 kcal
ME/g). However, inclusion of these two mycotoxins alone or in combination at other
levels caused significant reduction in ME. Maximum decrease in metabolizability was
in chicks fed highest level of O A (15.6%) or combination of AF and O A (15.7%).

EFFECT OF CORN STEEP LIQUOR (CSL) INCORPORATION IN CAGED
BROILER RATION
K.V.Patel and M.C.Desai
Animal Nutrition Department, Gujarat Agricultural University, Anand Campus, Anand
388 110, Gujarat, India
The present experiment was conducted to study the feasibility of incorporation of
Com steep liquor in 288 Ven Cobb commercial broiler chicks from day old to six
weeks of age following completely randomized design. The four treatments were Tl
(control), T2 (4%), T3 (6%) and T4 (8%) CSL. The average total body weight gain was
1481.72, 1513.42, 1522.69 and 1515.40 g, respectively under Tl, T2, T3 and T4
(P>0.05). Total feed consumption (g/bird) was found to be 3249.69 (Tl), 3239.94 (T2),
3243.94 (T3) and 3180.19 (T4) with non significant differences. Birds under T4
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consumed significantly higher crude protein per kg gain in weight than control, however,
there was no difference under T1,T2 and T3. Feed conversion efficiency (kg feed/kg
gain) was 2.19, 2.14, 2.13 and 2.10 under Tl, T2, T3 and T4, respectively (P>0.05).
Average N, P and Ca balances were positive under all treatments. Average carcass
yield (63.91 to 66.64%) and crude protein (on DM basis) of meat (74.40 to 77.22%)
remained almost similar under all four treatments. The organ weights (heart, liver,
gizzard and spleen) were also not affected due to feeding of com steep liquor. The net
return over cost was found to be Rs. 26.63, 28.07, 28.58 and 28.96 under Tl, T2, T3
and T4 respectively. Significantly (p< 0.01) lower feed cost per kg gain (Rs. 8.76) and
maximum return over feed cost (Rs. 28.96) were observed in T4 (8 percent CSL)
among all groups. It is concluded that incorporation of CSL upto 8 percent levels in
broiler ration is economically viable in reducing the feed cost for broiler production
under Indian conditions.

FEASIBILITY OF MESQUITE (PROSOPIS JULIFLORA) PODS AS BROILER
FEED
P.M.Talpada, S.G.Vankar and K.Khanna
Animal Nutrition Department, Gujarat Agricultural University, Anand Campus, Anand
388 110, Gujarat, India
Generally mesquite (Prosopis juliflora) pods are not used in poultry feeds. Hence, an
attempt was made to study the feasibility of incorporation of mesquite pods on 240
'Vencobb' day old broiler chicks for a period of 8 weeks under deep litter system of
management. Three isonitrogenous and isocaloric treatments viz. Tl, T2 and T3 were
having 0, 5 and 10 percent levels of mesquite pods. The body weight gain at 8 weeks
was 1553.25, 1550.99 and 1498.15 g under Tl, T2 and T3, respectively (p>0.05). The
feed consumption was found to be 4551.05 (Tl), 4649.26 (T2) and 4494.75 (T3) g per
broiler (p>0.05). Overall efficiency of feed utilization (kg/kg gain) was 2.92 ± 0.02,
2.99 ± 0.04 and 3.00 ± 0.02 for Tl, T2 and T3, respectively with non significant
differences. Dressing percentages were 64.70, 65.07 and 64.63 percent in Tl, T2 and
T3, respectively. Average organ weights viz. heart, liver, spleen and gizzard were found
to be similar under different treatments (p>0.05). The cost of feeding was Rs. 20.22,
20.24 and 19.18 for Tl, T2 and T3, respectively. The net return over feed cost on an
average was found to be Rs. 15.02,14.98 and 14.45 in Tl, T2 and T3, respectively with
non significant differences. Thus, mesquite (Prosopis juliflora) pods can be incorporated
at 10 percent level in broiler ration without any deleterious effect on their performance.
The in corporation of these pods in broiler ration also helps in minimising the cost of
feeding and reducing the shortage of feeds for poultry.
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DEVELOPMENT OF PREDICTION EQUATIONS FOR PREDICTING THE
ENERGY VALUES OF POULTRY FEEDS IN TROPICS
S.S.Sikka
Department of Animal Nutrition and Forages, Punjab Agricultural University,
Ludhiana - 141 004, India
The metabolizable energy (ME) values and the regression equations developed in the
temperate parts of the world for predicting the ME values for poultry feeds are not
found suitable in tropics. Therefore, the present study was conducted to predict the ME
values of tropical poultry feed ingredients from their chemical constituents. Thirty
samples of various feed ingredients (sixteen energy rich and fourteen protein rich feeds)
were analysed for their proximate composition. The ME values of all the feed ingredients
were determined using egg type growing pullets or broilers. The significant correlation
coefficients (r) between the biologically assayed ME values and the chemical
constituents were calculated. Several simple regression equations were developed for
protein, and energy rich feed ingredients separately and for all types of feed ingredients
taken together. However, based on the high correlations and low residual standard
deviation (RSD) the following simple regression equation gave highly significant
(P<=0.01) reproducibility of ME values.
ME (kcal/kg = 2168 + 29.61 x Available carbohydrates (%)
r = + 0.848; RSD = 426; (P<=0.01)
Highly significant (P<=0.01) multiple correlation coefficients between the chemical
constituents using two, three or four at a time and the biologically assayed ME values
were also obtained. The best combination of multiple corelation (R) and the RSD values
when two variables were considered at a time were obtained. The multiple regression
equation for predicting the ME values of all types of feed ingredients was highly
reproducible.
ME (kcal/kg) = 2111 + 30.21 x Available carbohydrates (%) +
5.78 X Cellulose (%)
R = 0.836; RSD = 426; (P<=0.01)
Any of these two equations can be used for predicting the ME values of poultry feed
ingredients.
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MICROBIOLOGICAL DEGRADATION OF TRICHOTHECENES
E.M.Horvath\ J.B¡nder^ N.Ellend^ J.Heidegger^ and E.Schaffer^
^Biomin GTI, Industriestrasse 21, 3130 Herzogenburg, Austria, ^Institute for
Agrabiotechnology, Division of Environmental Biotechnology, Konrad Lorenz Str. 20,3430
l\illn, Austria, 3) Institute for Agrabiotechnology, Center of Analytical Chemistry, Konrad
Lorenz Str. 20 3430 TuUn, Austria.
Recently the biotransformation of mycotoxins by microorganisms has been a subject
of research. Aflatoxin BI was transformed by steroid-hydroxilating fungi ândAspergillus
ßavus, respectively. Ochratoxin-A could be degraded by Acinetobacter calcoaeticus.
The most promising results were achieved by treatment of fusariotoxins with ruminai
microflora. Enzymatic cleavage of the 12,13 epoxy group of trichothecenes yields
nontoxic metabolites as well as lactonases can detoxify zearalenone by ring opening
with subsequent decarboxylation. The purpose of our studies was to investigate the
ability of microorganisms, isolated from soil and rumen fluid, to transform
deoxynivalenol (DON) into nontoxic metabolite. Microbial treatment of DON was
performed within concentration ranging from 50 to 1000 ppm in various culture media
and under anaerobic conditions in the case of rumen bacteria. The course of DON
degradation as well as the formation of metabolites was observed by HPLC and GC
after a short clean-up procedure with multifunctional clean-up columns (Romer Labs.
Inc.). Identification of DON metabolites was performed by GC-MS and NMR. Toxicity
of biotransformation products of DON was tested in a toxicity assay with Saccharomy ce s
sp. In vitro degradation experiments showed a total degradation of up to 100 ppm
DON by soil bacteria within a one day incubation period. At higher concentration
levels DON was transformed to a similar pattern of metabolites. As biotechnological
processes become more and more important and advanced, the screening of
microorganisms that are able to detoxify or even degrade mycotoxins is a new approach
in countering the mycotoxin threat.

REDUCED FEED COSTS WITH CASSAVA (MANIHOT ESCULENTA) IN
POULTRY DIETS
D.Eruvbetine, E.B.Oguntona and C.A.Afolami
University of Agriculture, P.M.B. 2240, Abeokuta, Nigeria
Three experiments were conducted to determine the cost effectiveness of feeding cassava
as a replacement for maize in diets for broilers, layers and cockerels. Cassava was fed
as cassava flour to broilers at 0, 20 30 and 40% levels as a replacement for maize while
unpeeled cassava root meal was fed at 0, 10, 20 and 30% levels as a replacement for
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maize to layers and cockerels in separate experiments. Records were kept on productive
traits and feed consumption patterns. Costs of all diets were calculated. Thereafter
costs of feed consumed and cost of feed per unit product was also calculated. Results
showed that feed costs in all 3 experiments reduced as the level of inclusion of cassava
in the diets increased. This was attributed to the wide margin between price of cassava
and maize. The reduced feed price resulted in significant reduction in cost of meat
from broilers and cockerels and also reduced cost of egg production. The saving from
cassava based diets cost is of the magnitude of N14.41/kg, N8. 56/dozen egg and
N17.50/kg for broilers, layers and cockerels respectively.

UTILIZATION OF DIFFERENT FIBRE SOURCES IN BROILER CHICKEN
JJ.Gupta and B.P.S.Yadav
Animal Nutrition Division, ICAR Research Complex for N.E.H. Region, Umroi Road,
Barapani - 793 103, India
A feeding experiment was conducted on 176 VENCOB white broiler chicken (age 21
days) for a period of 42 days to evaluate the nutritional value of different fiber sources.
Five fiber resources namely ricebean, stylosanthes fodder, groundnut straw, soybean
straw and pigeon pea pods straw were used at two levels of 5% and 10% respectively
in mash. Ten test diets were made isonitrogenous having 19% CP and compared against
control. The birds gained highest body weight with better feed efficiency on control
diet, which was at par to test diets, containing ricebean fodder and groundnut straw
meals at both levels. The factorial analysis however indicated that as the level of fiber
from stylo fodder, soybean straw and a pigeon pea pods straw meals increased the
performance of chickens decreased significantly (P<0.05). The birds retained maximum
protein, calcium and phosphorus on control and similar retention was also observed on
diets based on ricebean fodder, groundnut and soybean straw fibre sources. The lipid
profiles in blood at 21 and 63 days indicated that among fiber sources soybean and
groundnut straw had more lowering effect on cholesterol and lipids in serum. The
studies indicated, ricebean fodder and groundnut straw meal can be utilized to the level
of 10% in broiler ration. The fibre levels from straw meal also helped in lowering
cholesterol content of blood serum.
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A NEW FEEDBORNE DISEASE OUTBREAK IN LAYER POULTRY DUE TO
CONSUMPTION OF FUMONISIN CONTAMINATED FEED
R.V.Bhat, P.H.Shetty, R.V.Sudershan, and J.P.K.Rao
National Institute of Nutrition, Hyderabad - 500007, India
During the last quarter of 1995 an unusual disease outbreak in poultry in Andhra Pradesh
characterized by black sticky diarrhoea, drastic reduction in feed intake, egg production
and body weight followed by lameness and death was observed. The outbreak in two
layer poultry farms in Ranga Reddy and Adilabad districts were investigated. A total
of 6750 birds of 64 weeks and 3000 birds of 36 weeks were affected. Both farms
reported a 20% drop in egg production and 10% mortality. The postmortem of the
diseased birds showed discoloured liver with peripheral congestion, mild haemmorage
in proventriculus and water accumulation in intestine. The disease was traced to a new
batch of feed and its withdrawal improved the situation. Analysis of feed indicated low
levels of aflatoxins. Both postmortem findings and low levels of aflatoxins in feed
ruled out the role of aflatoxins in the outbreak. Involvement of a new mycotoxin,
fumonisins produced by the fungus Fusarium moniliforme was suspected. Feed analysis
indicated the presence of the toxin fumonisin upto 8 ppm. The maize samples which
formed 38-45% of the poultry ingredients were contaminated with fumonisin. The
reproduction of the disease symptoms by feeding incriminated feed to day old cockrels
as well as to adult layers by feeding fumonisin (8 and 16 ppm) containing diet confirmed
the role of fumonisin in causing the disease. This is the first report of fumonisin
mycotoxicosis in poultry.

STUDIES ON REPLACEMENT OF LOCALLY AVAILABLE FISH MEAL
WITH UNDEOILED SILK WORM PUPAE MEAL IN LAYER CHICKS.
S.S. Deshpande
Veterinary Asst. Surgeon, Veterinary Dispensary, Adilabad, A.P. India
A feeding trial was conducted on layer chicks to replace locally available fish meal
with undeoiled, untreated silk worm pupae meal (SWPM). One hundred eighty, day
old layer chicks were divided in Tl, T2, and T3 groups and isoenergic and isoproteinous
feed, consisting of 6% fish meal, 3% fish meal + 3% SWPM, 6% SWPM was fed to
(3) groups respectively. All the groups were maintained under identical conditions.
After 8 weeks it was observed that average body weight was low (331.00 ± 8.8 gm.)
in T3 as compared with that of Tl (586.41 ± 5.95 gm) and T2 (581.41 ± 4.75 gm.)
Average weekly weight gain was significantly low in T3 (37.92 ± 7.01 gm.) as compared
to that of Tl (69.50 ± 10.09 gm.) and T2 (68.54 ± 8.77 gm.). Cumulative feed
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consumption was 1955.75, 1880.83 and 1430.31 gm. in Tl, T2 and T3 respectively.
Average feed efficiency v^as poor in T3 (5.07) as compared with that of Tl (3.52) and
T2 (3.32). Both Tl and T2 did not differ significantly in feed efficiency. Mortality of
1% was observed in all three groups. From the results, it was concluded that locally
available fish meal can be replaced by undeoiled, untreated SWPM by 50% only but
100% replacement had an adverse effect on growth rate and feed efficiency in layer
chicks. Though SWPM is rich in lysine and protein, some unidentified factor (s) may
counteract with availability of nutrients, from SWPM.

EFFECT OF FEEDING NEEM (Azadirachta indica) KERNEL MEAL ON THE
PERFORMANCE OF WHITE LEGHORN LAYERS
S.K. Gowda, S.V.S. Verma and A.V. Elangovan
Central Avian Research Institute, Izatnagar-243 122, India
The response of White Leghorn layers to dietary neem kernel meal (NKM) employed
at 10% level for part of soybean meal and rice bran in a standard layer mash (Dl) either
as such (D2) or pretreated with 2% aqueous NaOH (1:1:2) for 24 hrs (D3) was examined.
Each of the three diets was offered to 16 hens housed individually in laying cages at
48-wk of age for a 12-wk period. Observations on feed intake, egg production and
quality were made periodically. Mean feed intake of hens in groups Dl, D2 and D3
was 104, 105 and 108 (±0.89) g/d, respectively. Values for percent egg production were
76, 77 and 77 (±0.26) and for egg weight 56.6, 56.4 and 56.3 (±0.34) g, respectively.
Feed required to produce one kg egg mass was found to be similar at 2.4±0.03 kg in
all the groups. Corresponding mean values for egg shape index were 73, 73 and
72(±0.29); for albumen index 0.07, 0.07 and 0.06(±0.002); for yolk index 0.40, 0.39
and 0.38 (±0.002); for Haugh unit 74, 75 and 71 (±0.78), and for yolk colour index 8.8,
8.5 and 8.6(±0.06). The mean egg shell thickness was found at 0.32, 0.32 and 0.33
(±0.06) mm. This data suggest that feeding NKM to hens upto 10% dietary level had
no adverse effect on any of the above parameters. Besides, no change in taste or
appearance of eggs received from NKM-feed hens was noticed.

CLINICO-PATHOLOGICAL STUDIES ON BROILER CHICKS FED ON
CYPERMETHRIN (CYMBUSH) CONTAINED RATIONS
M.Javed, A.Ahmad, Zia-ur-Rahman and F.Razvi
Faculty of Veterinary Sciences, University of Agriculture, Faisalabad - 38040, Pakistan
One hundred, day old, broiler chicks were divided into four groups having 25 chicks
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each. Groups A, B and C were given Cypermethrin at the rate of 50 ppm, 100 ppm,
150 ppm in feed rations respectively, whereas group D served as control. The increase
in cypermethrin concentration in feed results in decrease body weight of birds. Clinically,
the insecticide treated birds were reluctant to move, dull and depressed with ruffled
feathers, salivation, nasal discharge ¡and leg paralysis. On necropsy, small haemorrhages
on liver, lungs, and kidneys, enlargement of bursa of Fabricius, heart, caseous enteritis
particularly of duodenal part was observed. Spleen showed enlargement, congestion,
and kidneys were swollen and diffusely hemorrhagic. The main histopathological lesions
were congestion, degeneration, inflammation, coagulative necrosis and
polymorphonuclear cell infiltration in liver, heart and kidneys. Sloughing off mucosa
of intestine, and fibrinous exúdate in lungs was also observed. Erythrocyte count,
packed cell volume and haemoglobin concentration decreased significantly while the
total leucocyte count and eiythrocyte sedimentation rate increased significantly in
groups A, B and C as compared to control group D. The Differential leucocyte count
showed a significant decrease in lymphocytes and eosinophil while heterophils,
monocytes and basophils increased significantly in all the three groups (A, B, C) as
compared to control group D. The study indicates that cypermethrin toxicity had a
significant effect on blood parameters as well as on body weight along with high
mortality.
BIOACCUMULATION OF CADMIUM AND LEAD FOR HIGH RATION
CONCENTRATION OF THE METALS AND ITS INFLUENCE ON THE
QUALITY OF FOWL EGGS
B.Baykov, M.Stoyanov and M.Gugova
Institute of Biology and Immunology of Reproduction-BAS. 73, Tzarigradsko Shosse, 1113
Sofia, Bulgaria
Cadmium and lead bioaccumulation in eggs from four groups of layers was studied.
The birds were fed on rations containing different quantities of cadmium and lead,
exceeding the official ration standards for three of the groups. Bioaccumulation was
studied using two criteria coefficient of biological intake (CBI) and klarck of
concentration (KK) - a dynamic value which includes both the feed and water
concentrations of the elements needed for acquiring a unit of biomass. For the high
cadmium and lead concentrations, transfer of the two elements in the egg mass was
established with low values of both CBI and KK.
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INFLUENCE OF HIGH LEAD AND CADMIUM CONCENTRATIONS IN
BROILER RATIONS UPON ECOLOGICAL EFFICIENCY
B.D. Baykov and M.P.Stoyanov
Institute of Biology and Immunology of Reproduction, 73, Tzarigradsko Shosse, Sofia 1113,
Bulgaria
The influence of high concentrations of lead and cadmium, (100 and 200 times higher
than the standard values) in the rations of broilers upon the ecological efficiency (EE)
was studied. EE was defined as the ratio between the energy of broiler biomass used
as human food and the energy of the feed used to obtain this biomass. EE was 12,34%,
10.48% and 10.10% for the control group and the groups with 100 and 200 times
higher concentrations than the standard level of both toxic elements.

PATHOMORPHOLOGICAL APPRAISAL OF GASTROINTESTINAL LESIONS
ASSOCIATED WITH SILKWORM PUPAE MEAL IN BROILER RATIONS
A.K.Jain, G,Devegowada, S.Srinivas Rao and R.N.Srinivas Gowda
Department of Poultry Science and Department of Veterinary Pathology Hebbal, Bangalore,
India
Feeding trials were conducted on broilers to assess the feasibility of supplementing
either deoiled or fullfat silkworm pupae meal at different levels ranging from 5 to 40
percent in basal diet. Experimental birds were necropsied at weekly intervals for
pathomorphological appraisal. Proventriculus showed gradations of multifocal to diffused
mucosal erosions which were either punctated or linear, being deep at pylorous.
Histopathologically, near total disintegration of koilin layer was evident and the vertical
bands of koilin became more conspicuous. Necrosis of glandular elements with influx
of inflammatory cells in the glandular spaces were the other changes. The intestinal
pathology was characterised by acute active hyperemia, haemorrhage, focal necrosis
and desquamation of mucosal epithelium, infiltration of mononuclear cells in lamina
propria and marked hyperplasia of submucosal glands. The pattern of the above lesions
essentially pointed out an ongoing acute necrotizing gastroenteritis possibly perpetrated
by gizzerosine tangibly and histamine to a lesser extent. Concomitant administration
of cimitidine an established H2 blocking agent, at a therapeutic dose of 200 mg per kg
body weight, could not completely prevent the genesis of the lesions as gizzerosine is
several hundred fold more potent than histamine.
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EFFECTS OF MULTI ENZYME SUPPLIMENTATION ON THE NUTRITIVE
VALUE OF KAPOK (CEIBA PENTANDRA) SEED MEAL FOR BROILERS
D.Narahari and K.Venukopalan
Department of Poultry Science, Madras Veterinary College, Madras - 600 007, India
Kapok (Ceiba Pentandra) seed meal (KSM) contains 32.4% crude protein, 9.7% either
extract, 28.9% crude fibre, 0.38% calcium, 1.1% total phosphorus, 13.3% available
carbohydrates and 2298 Kcal/kg ME. Inclusion of KSM in broiler starter and finisher
diets at 0, 3, 6 and 9% levels, by WAV replacement of sunflower meal, without and
with multi enzyme supplementation did not show any significant deleterious effect in
the body weight, feed consumption, feed efficiency, mortality and carcass yields at 7
weeks of age. Hence, it was concluded that KSM can be safely incorporated in broiler
starter and finisher diets upto 9% level, without any additional supplementation, by
WAV replacement of sunflower meal.

DUCKWEED (LEMNA SP.) AS A NUTRITIONAL SOURCE FOR POULTRY
DESCRIPTION AND PRELIMINARY RESULTS
A.H.Kraft Siegfrido and Raul D.Miazzo
Unidad de Cria Aviar y Granja Ecológica, Department de Producción Animal, Facultad
de Agronomía y Veterinaria, Universidad Nacional de Rio Cuarto, 5800 Rio Cuarto,
Cordoba, Argentina
Duckweeds are small floating vegetables, abundant in the most diverse climates. It is
eaten by fish, waterfowl, mammals and human communities of the Far East. Water
content is high (93-96%) and the dried meal contains, from 12 to 45% protein with a
good aminoacid balance. Lysine is six to eight times higher than in maize and energy
values are close to sunflower oil meal. Duckweeds are also important for : a) Removal
of up to 95% turbidity and BOD content from wastewater, b) Production of dark yellow
pigments for egg yolks and broiler skin, c) Production of antioxidant flavonoids against
cell ageing, d) algae control through water surface shading and e) Mosquito control
dueto the sometimes thick mat formation over the water. In a first trial eight growing
Japanese quail individually housed and controlled 22 days for weight and feed intake,
one half was fed a 10% dried duckweed of Lemna meal (L, 20% prot) replacing 10%
of yellow maize (9% prot.) in a regular chicken starter Control where the rest remained
common : the maize 28.1 % Soybean meal (SBM) 6.9% meat meal and minor elements.
The results although gave for L, a 15.4% increase over intial weight and 10.2% better
feed conversion. Next experiment involved 24 quail equally treated as before, with
eight replicats of rations : 1) Control (starter), 2) 1.5% and 3) 3% L instead of equal
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amounts of SBM. After 26 days, only a slight difference in weight was detected in
favor of 3% L, having this diet, as well as Control, a better conversion than 1.5% L.
Next assay, with 75 male broilers from 25th to 50th day involved five (x bird) replicats
and three rations : 1) Control 25.28% SBM (44% prot.), 2) 2.82% and 3) 5.64%
replacement of the SBM with dried (20% prot.) L. There was no statistical difference
in weight nor in conversion in spite of unequal protein content. Another trial with 60
broiler males (30th to 56th day), included three rations and four (x 5 bird) replicats:
l)Control, 2) 4% and 3)8% SBM replaced (as in previous assay), with equal amounts
of L. For weight increase, L4 was slightly better than Control, and both significantly
superior to L8. For conversion, L4 had a high significance in favor of the other two.
Lemna can be considered a good environmental impact species, not invading and
appropriate for future nutritional uses. More studies on larger sample size and extended
periods are incriminated.
CHEMICAL EVALUATION OF AZOLLA AS POULTRY FEED INGREDIENT
R.Kadirvel, R.Parthasarathy and V.Kathaperumal
Department of Animal Nutrition, Madras Veterinary College, Madras - 600 007 India
The water fern, Azolla species was chemically evaluated for its feeding value for broilers.
Ten random samples of four different species viz. A. microphylla, A. filiculoides and
A. carohnianae were estimated for their distribution of various proximate principles in
different species of Azolla were 24.91, to 27.22% CP. 2.52 to 3.01% EE; 13.84 to
16.40% CF; 12.84 to 16.26% TA and 38.85 to 44.06% NFE. The data suggests the
absence of major difference in the proximate composition among various sp.of Azolla.
The marginal variation in TA content could be due to extraneous contamination of
sample with soil and other minior variation could be due to differences in species. The
fiber fractions NDF, ADF cellulose and Hgnin in A. pinnata were 43.84, 27.19, 14.28
and 8.08% respectively. The major minerals were adequately present in various species
of Azolla and Ca/P ratio was 2:1. The trace minerals like iron and manganese were
present in higher concentrations viz. 1288 to 1432 |,ig/g and 292.41 to 374.34
|Llg/g respectively but low in zinc (52.63 to 60.10 |ig/g), copper (12.53 to 30.74
|Llg/g) and cobalt 4.10 to 5.60 |ig/g. The toxic mineral, lead was well below the toxic
concentrations (21.10 to 33.21 [ig/g). The essential amino acids, lysine and methionine
were low at 1.08 and 0.34% respectively.
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AZOLLA AS A PARTIAL REPLACEMENT FOR FISH MEAL IN BROILER
RATIONS
R.Parthasarathy, R.Kadirvel and V.Kathaperumal
Department of Animal Nutrition, Madras Veterinary College, Madras - 600 007 India
A study was carried out using 150 day old Cobb broiler chicks which were distributed
into 5 treatments of two replicates of 15 chicks each and placed on rations containing
0, 5, 10, 15 and 20 per cent dried Azolla replacing a mixture of wheat bran and fish
meal (52:48) for 5 weeks period. The body weight of birds fed 5 percent Azolla was
(1053.8 g) comparable to birds on control diet (1057.8 g) and significantly (p<0.01)
better than other groups containing 10, 15 and 20 per cent Azolla. Feed and protein
efficiency ratio were of the same order and decreased as the level of Azolla increased
from 10 and 20 per cent. The birds were placed on a finisher ration from 6 to 8 weeks
of age. The body weight of birds fed finisher ration containing 5 and 10 per cent Azolla
were statistically better than control and other groups with better feed efficiency.
Similarly at the end of 8 weeks period, the birds on 5 per cent Azolla gained more
(1816.3 g) comparable to birds on control group (1803.5 g). The body weight gain of
birds in 10 per cent Azolla was also (1752.1 g) more or less similar to 5 per cent and
control groups and suggested that Azolla could safely be included at 10 per cent level
by replacing 5.2 per cent wheat bran and 4.8 per cent fish meal. The birds on 5 per cent
Azolla diet retained 43.96 per cent dietary nitrogen, as estimated by slaughter technique
(p<0.01) and the dressing percentage was 69.66 per cent at eight weeks of age. However
the organ weights were significantly higher at 15 and 20 per cent Azolla groups.

STUDIES ON THE EFFECT OF AFLATOXIN B^ ON BLOOD PARAMETERS
K.Sundaresan and K.Mani
Department of Poultry Science, Madras Veterinary College, Madras - 600 007, India
A study was conducted to evaluate the effect of dietary aflatoxin 0.0, 0.1, 0.2, 0.3, 0.4
and 0.5 ppm on certain blood constituents on commercial broilers. The experimental
mash was fed to the broilers from day old to eight week period. At eight weeks of age,
aflatoxin caused a dose related significant decrease in blood PCV (32.5 to 26.94 %),
Hb (9.86 to 9.41g %), serum protein (3.82 to 3.58g %) and serum cholesterol (199 to
166 mg%) and significant increase in serum glucose (288 to 332 mg%). SGPT (42.67
to 50.00 iu/ml) and SCOT (18.5 to 22.00 iu/ml) levels. It is concluded that blood and
serum biochemical assay will also help in conformation of incidence of aflatoxicosis
in poultry.
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EFFECT OF ENRICHING POULTRY DIETS WITH SOYBEAN DISTILLATE
(A VEGETABLE OIL BY PRODUCT) ON BROILER PERFORMANCE
S.A.H.Abolghasemi, K.S.Prathap Kumar and G.Devgowda
Department of Poultry Science, University of Agricultura; Sciences, Hebbal, Bangalore 560 024, India
A 42 day trial was conducted on 250 commercial broiler chicks to evaluate and compare
the beneficial effects of soybean distillate (SBD) and sunflower oil (SFO) in broiler
diets. The experiment had five dietary treatment groups. One each with 2 and 4% maize
replaced by SBD or SFO and a control group with no additional fat. At day 42, fat
supplemented birds (except 2% SFO) were significantly (P<0.05) heavier than controls
and had significantly (P<0.05) higher feed consumption. Feed conversion efficiency
was the poorest in control and 2% SFO groups which were significantly (P<0.05) higher
than the rest. Abdominal fat pad weight increased with increasing levels of dietary fat
and was significantly (P<0.05) higher for SFO at both levels than the rest. Calculation
of economics revealed that use of SFO was not viable and that of SBD to be beneficial.

EFFECT OF GRADED LEVELS ON AFLATOXIN B^ ON THE
PERFORMANCE OF BROILERS
K. Sundaresan and K. Mani
Department of Poultry Science, Madras Veterinary College, Madras 600 007, India
An experiment was conducted to evaluate the effect of aflatoxin B, on the performance
of broilers. The aflatoxin was produced in rice substrate and mixed in the broiler mash
as 0.0,0.1,0.2,0.3, Ö.4 and 0.5 ppm levels. One hundred and eighty day old commercial
broiler chicks were divided into 12 groups of each 15 chicks. Each of the six different
rations were fed to two groups of chicks from day old to 56 days of age. At eight weeks
of age the aflatoxin free control groups recorded significantly better body weight
(1809 g) than the toxin fed groups (1634 to 1754 g). The feed intake among the treatment
groups were almost comparable (4222 to 4289 g) and thus leading to poor feed efficiency
in aflatoxin B, fed groups (2.44 to 2.58) than the control (2.37). Necropsy studies
revealed significant enlargement of Hver, regression of bursa and reduced carcass yields
in aflatoxin fed groups than the control ; whereas the heart and spleen were unaffected
due to aflatoxicosis in broilers.
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EFFECT OF INTERMITTENT FEEDING OF AFLATOXIN ON THE
PERFORMANCE OF COMMERCIAL BROILERS
KcMani and K.Sundaresan
Department of Poultry Science, Veterinary College and Research Institute, Namakkal
637002, T.N., India
A trial was conducted to find out the effect of intermittent feeding of aflatoxin B1 on
the performance of broilers for a period of 8 weeks. Aflatoxin B1 at 0.2 ppm level was
incorporated in broiler mash and intermittently fed to a part of commercial broiler
group for a period of 10 days i.e. from 17th to 26th and 33rd to 42nd days of age. For
the remaining periods all the broilers were fed with aflatoxin free basal mash. Biweekly
data on production parameters and immune status before and after aflatoxin feeding
and at the end of experimental periods were recorded. At 27 days of age aflatoxin
exposed group recorded significantly lower immune level (1.706) than control (2.057)
group. The same trend continued till the end of the experimental period. At 8 weeks
of age the control group recorded better body weight (4.12%), feed intake (2.00%) and
feed efficiency (2.56) and carcass yields (3.67%). Comparatively lower blood PCV, Hb
and serum protein and serum cholesterol levels were observed in toxin fed groups than
the control. It is concluded that revaccination is essential even when the broilers are
exposed to a minimum level of aflatoxin for a shorter period.

EFFECT OF DRIED RUMEN INGESTA AND DECOCTIONED TEA WASTE
ON THE GROWTH PERFORMANCE OF FOWL AND QUAIL
J.Das, B.N.Roy, B.Bhattacharyya and S.P.Ghosh
Department of Veterinary Physiology and Biochemistry, W.B.U.A. & F.Science 68 & 37,
Khudiram Bose Sarani, Calcutta 700 037, India
A study was taken up to ascertain the growth performance of grower white leghorn and
Japanese quail supplemented with Dried Rumen Ingesta (DRI) and decoctioned Tea
Waste (Tw)in 25% and 40% replacement of maize and ground nut cake (GNC)
respectively from the basal ration after processing and blending. From each species
sixty birds of both sexes were divided at random in control and four experimental
(Exp) groups (Gr) with six males and six females in each group. Exp.Gr.I and II were
fed with 25% and 40% DRI replacing maize while Gr.III and IV with 25% and 40%
TW replacing GNC, from 4th week to 25th week in fowl and 1st week to 12th week
in quail. A significant difference (P<0.01) in body weight were found between the
groups, weeks and group x weeks in both sexes of fowl and quail. Absolute body
weight gain varied significantly (P<0.01) between the weeks only in both sexes of fowl
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and quail. Critical difference test showed higher (P<0.05) body weight and absolute
body weight gain Exp. Gr.I both in fowl and quail, compared to other Exp.Gr. but not
in control. Better feed efficiency was also observed in Exp.Gr.I than in other Exp.Grps.
The result indicated that 25% replacement of maize by DRI could be utilised in poultry
ration without any adverse effect.

FEEDING TECHNOLOGY FOR SUSTAINABLE BROILER PRODUCTION
IN NORTH EASTERN HILLS OF INDIA
B.P.S.Yadav and J.J.Gupta
Animal Nutrition Division, ICAR Research Complex for N.E.H. Region Umroi Road,
Barapani - 793 103, India
In North Eastern Hills (NEH) of India, the poor farmers cannot feed their poultry on
the nutrients basis of requirements basis. However they feed as per the availability and
price of ingredients. The region faces acute scarcity of good quality feed ingredients
and even as a result of high rainfall substantial quantity of available ingredients are
damaged by fungus and insects due to high humidity and low temperature. A series of
experiments on broiler chickens were conducted to evolve a feeding technology on
the basis of available feed resources and condition of the region. The technology suitable
for intensive broiler production in hills has been discussed. The 30-40% damaged maize
grain (DMG) treated in hot water (95-100°C) for ten minutes could be successfully
utilized to the extent of 30% whereas damaged soybean grain (DGS) roasted in sand
bath (90 ± 5°C) for 15 minutes could be safely incorporated upto 36% on DM basis
in broiler mash. However Job's tear (Coix lachryma) a potential cereal of hills with
hard seed coat (Kernel to coat ratio 3:1) can be cheaper substitute of maize grain. The
decorticated grain contained crude protein and crude fibre of 13.9 and 1.4% respectively
and could be safely used to the level of 50% in mash ration. The limitation of protein
could be solved with available resources. The ricebean (Vigna umbellata) is an important
crop of hills with high protein content in grain. The roasted grain (90 ± 5°C) for
15-20 minutes can be an excellent protein supplement to the extent of 40% of DM in
broiler mash. Another limitation in hills is animal protein can be with over powered
stylo legume fodder with high protein (18-20% of DM) and well balanced amino acids
(Lysine 3.5% and methionine 1.7% of CP). The freshly cut green leaf completely
replaced animal protein (fish and meat meals) and proved to be suitable for efficient
and economic broiler feeding in remote areas of hills.
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TWO PROCESSING METHODS USED TO CONVERT SPENT LEGHORN
HENS INTO A FEED INGREDIENT
J.M. Vandepopuliere and J.J. Lyons
University of Missouri, S138 Animal Sciences Center, Columbia, MO 65211 USA
Spent White Leghorn hens were processed into new feedstuff, using two types of hot
air rendering units. The hens were killed by cervical dislocation and ground through
a 0.64 centimeter die. The fluidized bed process (JET-PRO, Atchison, KS 66002)
required the ground hen to be passed through a former prior to heating and dehydration.
The paddel drum process (Scott, New Prague, MN 56071) received the ground hen
directly. The resulting meals were high in protein and ether extract. Proximate and
amino acid analyses were run on the experimental ingredients. These values were used
in the Brill least cost system to formulate broiler starter diets. Each ingredient was fed
at level of 2,4 and 8% of the diet to broilers from 1 to 21 days age. Performance (final
body weight and feed conversion) was comparable to the control diet. Spent hen meal
is a satisfactory ingredient for use in broiler starter diets.
PROCESSING OF HATCHERY WASTE FOR FEEDING TO POULTRY
A.P.S.Dhaliwal, B.K.Shingari and K.L.Sapra
Department of Animal Science, Punjab Agricultural University, Ludhiana 141 004, India
Hatchery waste (HW) includes infertile eggs, dead in shells, empty and male egg type
chicks. It is, therefore, an ideal source of protein, if processed properly to eliminate
bacterial contaminants. Total incubator rejects and egg type male chicks, for a period
of 4 months, were collected from PAU Hatchery. It included 19237 infertile eggs, 18169
dead in shells, 46115 empty shells and 15555 egg type males. The total fresh weight
was 24.65 quintals. After drying at 80°C to a constant weight, 10.33 quintals dried
waste was obtained. The bacterial examination revealed the presence of Bacillus and
Streptococcus spp. and bacterial load in the waste was observed to be 450 bacteria per
g of H.W. The dried HW was mixed with solvent extracted soybean flakes in the ratio
of 40:60 and passed through an extrusion plant at 350 psi for 10 seconds. The temperature
obtained was 150°C. The extrusion plant processed the mixture @ 5.3 kg/min. The
extruded hatchery waste mixture (EHWM) revealed no bacterial contamination. The
chemical composition was compared with that of fish meal and it was observed to be
C.P 45.59 vs 40.68, E.E. 4.24 vs 4.58, Ca 8.39 vs 7.03% respectively. The chemical
composition indicated that EHWM may replace fish meal in poultry rations completely.
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EFFECT OF FURAZOLIDONE, MONENSIN SODIUM, COMMON SALT,
PURE SODIUM CHLORIDE AND CEPHALEXIN IN PRECIPTATING
ASCITES SYNDROME IN BROILER CHICKEN - A PATHOLOGICAL STUDY
J.Alexander
Centre of Excellence in Pathology, College of Veterinary & Animal Sciences, Mannuthy,
Kerala, India
Two separate experiments were conducted to ascertain the potentiahty of certain feed
additives in precipitating ascites syndrome in broiler chicken. Furazolidone at 800 and
1000 ppm in feed induced ascites with a mortality rate of 8.33% and 10% respectively.
Common salt at 25000 ppm induced 20% mortality due to ascites syndrome while pure
sodium chloride at 25,000 ppm, monensin sodium at 320 ppm and cephalexin at 800
ppm did not cause any mortality. The clincial symptoms, growth rate, certain
haematological and serum parameters, organ weights and histopathological lesions were
evaluated. The ratio of right ventricle weight to the body weight was significantly
higher for the common salt and furazolidone when compared to the control group. The
results indicate that furazolidone and common salt at higher doses are potential agents
which induce ascites syndrome.

OPTIMUM CORN : A SOURCE OF FAT IN BROILER DIETS
A.J.King*, M. Araba^ and A. Míreles^
'University of California, Davis, CA, 95616, ^Dupont Optimum Quality Grains, 10700 Justine
Drive, Des Moines, lA 50322-3713, ^4519 Collier Road, Delhi, CA 95315, India
Female and male broiler were fed hybrid com, Optimum , to determine if it would
significantly elevate lipid oxidation in stored dark meat compared to the control, a
mixture of commonly fed hybrids. Optimum, which contained about 37% more 18:2
than the control, did not alter feed consumption, weight gain, and present fat for either
sex compared to the control. The 18:2 content of meat from males fed Optimum com
was 21.7% greater than that in meat from males fed the control. Stored meat (4 days
at 4 °c) of all male birds had increased values for lipid oxidation, attributed to reduced
a-tocopherol in dark meat of males compared to that of females. Sensory panelists
could not discriminate between samples of thigh meat for treatements within sex.

291

STUDY TO EVALUATE THE INCIDENCE
CONTAMINATION IN FEED AND FEEDSTUFFS

OF

AFLATOXIN

J. Desai, M.G.Morton and B.I.R.Aravind
Department of Poultry Science, University of Agricultural Sciences, Hebbal, Bangalore
560 024, India
Contamination of feed and feedstuffs with aflatoxins is a major problem in tropical
countries due to poor harvesting and storage procedures. Feed and feedstuffs routinely
submitted to the laboratory over a period of one year were subjected to aflatoxin analysis
to study its incidence. Aflatoxin was extracted by Romer's method from a total of 812
samples. Aflatoxin BI was estimated using thin layer chromatography. 63per cent of
the samples showed contamination with aflatoxin Bl with levels ranging from 101500 ppb. The highest levels of contamination ranging from 35-1000 ppb was seen
in groundnut extraction (72%), maize (67%) and mixed feed (56%). Mid-range
contamination levels from 15-30 ppb were seen in rice bran (40%), Sunflower extraction
(32%) and soybean meal (24%). The lowest levels of contamination of < 10 ppb was
seen in rapeased extraction (12%), rice brokens (11%) and barley (4%) Control of
aflatoxicosis in chickens is a major problem due to high levels of aflatoxin in the
feedstuffs and requires more stringent control measures during harvest and storage.

USE OF COMPUTER ASSISTED MATHEMATICAL SIMULATION TO ASSES
THE NUTRUTIVE VALUE OF VEDEA PEAS BEANS USED IN POULTRY
FEEDING
D.Grossu, Monica Privu and Gh.Burlacu
Institute of Biology and Animal Nutrition, Sos.Bucuresti-Ploiesti km 18, 8113 Balotesti,
Romania
The nutritive value of the Romanian peas (Cultivar vedea) with higher protein content
was studied in an experiment of Rock cockerels (average Weight 1275.09 ± 31.26g)
allotted to two groups. The birds were housed in individual cages in thermally neutral
conditions. The two experimental groups were fed on diets based on com,soybean
meal, fish meal and Vedea peas (39.2 and 26.7%). The diets had 225 g digestible crude
protein (DCP)/kg dry matter (DM) and 18.963 MJ gross energy (GE)/kg DM (group
1) and 218 g DCP/kg DM and 18.90 MJ GE/kg DM (group 2). The feeds and excreta
were analysed chemically and calorimetrically with the standard methods. The nutritive value was determined with the mathematical model for energy and pjrotein metaboUsm simulation (Burlacu 1990), the calculation using the biological value (BV)
and the energy expenditure to deaminate the protein. The corrected metabolisable energy
292

(MEc) was calculated with the formula of Whittemore (1983) adapted for poultry
(Burlacu et al., 1990). Throughout the experiment the average daily gain was 73.32 g;
feed efficiency was 2.0 kg feed/kg gain. The chemical composition and caloricity (by
kg DM) of the peas Cultirer Vedea was: 268 g CP; 8 g either extracts (EE); 36 g crude
fiber (CF); 18.84 MJ GE. The digestibility coefficients of the digestible matter and
energy were : 74.1% digestible organic matter (DOM); 95.1% digestible crude protein
(DCP) ; 67% digestible ether extracts (DEE); 74.8% digestible energy (DE). The nutritive
value (by kg DM) was 18.84 MJ GE; 12.50 MJ Mec, 255 g DCP. The peas Cultivar
Vedea can replace up to 50% of the soybean meal in poultry diets.

REPLACEMENT OF CORN BY BAMBARRA GROUNDNUT (VOANDZEIA
SUBTERRENEA) OFFAL IN BROILER DIETS
O C Onwudike
College of Anmial Science, Federal University of Agriculture, Umudike, PME 7267,
Umuahia, Nigeria
A total of 270 Anak broiler birds were used in three experiments to establish, to what
extent, Bambarra groundnut (BGN) (Voandzeia Suberrenea) offal can replace com in
the starting and finishing diets of broiler chickens and to study the effect of such replacements on rate of gain, cost of production and carcass characteristics. The starter
birds were able to utilize up to 45% BGN offal without any significant effect on
performance. Above this level rate of gain and feed conversion value significantly
(P<0.01) declined. The finishing birds were able to utilize up to 48% BGN offal at the
expense of corn without any significant effect on performance. Beyond this level there
was a significant (P<0.01) fall in rate of gain, feed efficiency and dressing percentage.
Cost of a unit weight of feed and cost of feed per kg of gain significantly (P<0.01)
decreased as the level of BGN replaced corn. Abdominal fat significantly (P<0.05)
decreased as the level of offal fed increased while the pancreas and gizzard weights
significantly (P<0.05) increased. From the results 75% and 80% respectively of the
com fed in the control diets can be replaced by BGN offal in the starter and finisher
diets without any loss in the performance of the birds. With the cost of BGN offal and
com at 320.00 ($4.00) and 1,200.00 ($15.00) respectively per 100kg, and the ability
of broiler birds to utilize substantial quantities of BGN offal at the expense of com
without any deleterious effects on performance, it is evident that the use of BGN offal
in place of com will very much reduce the cost of production. Apart from the economic
advantage of producing cheaper meat, such use of offal in place of com will reduce
the fat component of the finisher broiler and increase weight of gizzard which is considered a delicacy in Nigeria.
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EFFECT OF GRADED LEVELS OF DIETARY AFLATOXIN ON NUTRIENT
UTILIZATION AND PERFORMANCE OF BROILERS
A.S.Mishra, S.S. Chauhan and K.S. Singh
Animal Nutrition Division, C.S.W.R.I., Avikanagar 304 501, Rajasthan, India
A four week feeding trial was conducted on two weeks old 50 synthetic chicks to
determine the effect of dietary aflatoxin (AFB1 ) on nutrient utilization and growth
performance. The chicks were divided in to five equal groups and maintained on one
of the experimental diet viz. Dl (Control), D2 (0.25 ppm),D3 (0.50 ppm), D4 (1.0
ppm) and D5 (2.0 ppm) AFBl. Increase in levels of dietary AFBl significant by
(P<0.01) reduced feed intake and daily weight gain, Feed intake was 87.86 g on Dl
followed by D2 (81.31),D3 (76.05), D4 (71.86) and D5 (66.91) g/day, the trend remained same for gain (g/d) which ranged from 40.89 g (Dl) to 23.05 g (D5). The feed
conversion ratio (FCR) was wider under increase AFBl level in diets whereas, 0.25
ppm AFBl did not have any significant effect on FCR, dry matter and crude protein
retention. The results suggested that broiler chicks were tolerant to 0.25 ppm level of
aflatoxin whereas higher levels showed progressive reduction in nutrient, growth
performance and feed conversion efficiency.

TOXICO PATHOLOGICAL AND IMMUNO BIOCHEMICAL EFFECTS OF
CASTOR SEED MEAL IN NDV VACCINATED AND UNVACCINATED COCKERELS
Lalita Kaul and G.R. Chaudhri
Veterinary College, G.A.U., Sardar Krishinagar 385 506, Gujarat, India
A comprehensive experimental study was made in cockerels to evaluate the
toxicopathological effects of castor meal supplementation in feed for eight wks at 5%
and 10% dietery level. The growth performance of cockerels was adversly affected
with significant decrease in weight gain due to altered feed conversion ratio. The birds
exhibited respiratory distress, conjunctivitis and diarrhoea. Biochemcial alternation
including hypoglycemia and hypoproteinemia coupled with elevated urea nitrogen,
uric acid and gamaglutamyl transpeptidase activity were recorded in treatment groups.
Assessment of humoral immune status by monitoring antibody response to NDV vaccine
revealed singificantly low immune response among treatment groups with antibody
titers of 1:160 as against 1:1280 in controls. Intradermal innoculation of crude castor
meal extract indicated considerably weakend local inflammatory reaction suggesting
depressed cellular immune system. Pathomorphological study envisaged the
haemorrhagic and lytic changes in lymphoid and central nervous tissues, gradations of
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proiiferaíive changes in the epithelial lining of respiratory and alimentary tract, moderate to marked necrotic alterations coupled with mononuclear cell infiltration in
myocardium hepatic and renal parenchyma. These findings indicated systemic toxic
potentials of castor meal on the physiological status of growing cockerels.

EFFECT OF FEEDING CANOLA AND FLAX FULL-FAT SEEDS AND THE
RESTORED MIXTURES OF MEAL AND OIL ON BROILER PERFORMANCE
K.H. Lee and J.S. Sim
Department of Feed Science and Technology, Kangwon National University, Chunchon
200-701, Korea
This experiment was conducted to assess the use of fuM-fat canola and flax seeds or
their restored mixtures of meals and oils in broiler diets. Raw and heated full-fat canola
and flax seeds, and mixtures of the meals with the corresponding oils or animal tallow
(ratio of 6:4, respectively) were compared at 10% level to the diet for 6 weeks. Heat
treatinent did not significantly affect performance. Dry matter and protein retention
were not influenced by dietary treatments. Diets containing 10% full-fat canola or canola
meal plus oil mixtures resulted in similar body weight, feed conversion and carcass
yield as the soybean meal control diet. The inclusion of full-fat flax seed depressed
body w^eight, feed conversion and dietary metabolizable energy(ME) while the flax
meal plus flax oil containing diets gave responses similar to the canola meal diets. The
ME and feed conversion efficiency of birds fed the full-fat seed containing diets were
less than those obtained from birds fed the meal plus oil mixture containing diet, but
only significandy so for the flax diets. The type of fat fed with the meal had no effects
on the responses of the birds.

ABILITY OF AFLATOXIN BINDERS TO BIND AFLATOXIN IN LIQUID
MEDIA AN IN VITRO STUDY
B.K. Mahesh and G. Devegowda
Department of Poultry Science, University of Agricultural Sciences, Hebbal, Bangalore
560 024, India
Three commercial Aflatoxin binders (Navasil*, UTPP** and BIOMOS***) were evaluated for their ability to bind aflatoxin present in liquid media (water). Each binder at
three levels (Navasil: 100,200 and 400 mg; UTPP: 250 500 and 1000 mg, BIOMOS, 12.5
25 amd 50 mg) was added to water containing different levels of aflatoxin (50,100 and
200 ppb aflatoxin). The unbound aflatoxin was esdmated and the bound form was
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obtained by difference and expressed in per-centage as shown in table.
Aflat'oxin
ppb

Novasil, mg
100

UTPP, ]mg

BIOMOS,mg

200

400

250

500

1000

12.5

25

50

50

78

81

82

74

79

81

76

82

84

100

80

78

85

78

82

85

78

82

85

200

88

82

88

74

81

82

79

86

87

All the binders have shown above 70% aflatoxin binding and found efficient in liquid
media.
* Marketed by M/s Anichem Pvt. Ltd. India. '" Product of Veteare, A division of Tetragon
Chemie Ltd. India. ^** Product of Alltech Inc. USA
ABILITY OF AFLATOXIN BINDERS TO BIND AFLATOXIN IN
CONTAMINATED POULTRY FEEDS AN IN VITRO STUDY
B.K.Mahesh and G. Devegowda
Department of Poultry Science, University of Agricultural Sciences, Hebbal, Bangalore

560 024, India
Three commercial Aflatoxin binders (Novasil, UTPP ' and BIOMOs' ' ) were evaluated
for their ability to bind aflatoxin present in contaminated poultry feeds. Each binder
at three levels (Novasil:0.1,0.2 and 0.4%; UTPP :0.25,0.50 and 1.0%, BIOMOS:
0.0125,0.025 and 0.05%) was added to contaminated feed (50,100 and 200 ppb
aflatoxin). The unbound aflatoxin was estimated and the bound form was obtained by
difference and expressed in percentage as shown in table.
Aflatoxin
ppb

Novasil, %

UTPP, %

BIOMOS, %

.1

.2

.4

.25

.50

1.0

50

8

26

54

44

53

100

14

47

78

57

200

25

65

78

62

.0125

.025

.05

58

33

58

83

61

61

48

58

69

64

77

51

62

79

All the binders at their highest level of inclusion showed aflatoxin binding upto 80%,
whereas at their lowest level, BIOMOS and UTPP have shown better binding than
NOVASIL * Marketed by M/s Anichem Pvt. Ltd. India. ** Product of Veteare, A division
of Tetragaon Chemie Ltd. India. *** Product of Alltach Inc. USA.
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REVERSAL OF AFLATOXIN INDUCED LIVER DAMAGE BY TURMERIC,
CURCUMIN AND CHITOSAN
S. Manu Mohan, R. Anilkumar, M. Mini, P.K. Ismail and A. Rajan
Centre of Excellence in pathology, College of Veterinary and Animal Sciences, Mannuthy
680 651, Trichur, Kerala, India
A feeding trial was conducted to determine the efficacy of turmeric, curcumin and
chitosan in reversing the aflatoxin induced liver damage. Broiler chicks of 3 day of age
were divided into five groups of ten chicks in each group and each group was fed with
feed as following for eight weeks. Group 1 (aflatoxin containing feed (239 ppb),
2) 50 mg turmeric/bird day with aflatoxin 239 ppb feed, 3 curcumin (extract of turmeric)
10 mg/bird/day with aflatoxin 239 ppb feed, 4) chitosan 10 mg/bird/day with aflatoxin
239 ppb feed and 5) aflatoxin free feed, which was maintained as control group. The
blood picture, serum enzyme and h ver histology of the dead birds and the birds sacriñced
at 8th week were studied. The liver damage induced by aflatoxin was characterised by
fatty changes, necrosis and biliary hyperplasia. These were reversed to varying degrees
by the feed additives of which the turmeric gave the best result followed by curcumin
and chitosan respectively based on liver histology, blood picture, and serum enzymes.

DISPOSITION OF LEAD FOLLOWING ORAL ADMINISTRATION OF LEAD
ACETATE IN MALE AND FEMALE ADULT BROILERS
R.S. Brar, K.S. Roy and G.S. Grewal
Department of Veterinary Pathology, Punjab Agricultural University, Ludhiana 141 004,
Punjab, India
Forty adult broilers were given oral dose of lead acetate (trihydrate) (200mg/kg body
weight/day) dissolved in water. Tissue and blood lead concentrations were determined
by atomic absorption spectrophotometer. The birds had initial mean blood lead
concentration of 15±2.1 and 14±1.8 micro g/dl in male and female birds respectively.
In lead treated birds there was significant increase on 10th (50±4.5 micro g/dl), 20th
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(220±15.8 micro g/dl), 30ih (500± 17.00 micro g/dl) and 40th (650±20.0 micro g/dl)
day of experiment in male bi^ds In female birds also there was significant increase
in whole blood lead coricenirati^ns on 10th day and onwards, however, the increase
was more as compared to male birds. The mean liver lead concentrations were 36.0±2.82
and 54±2.84 micro g/gm on 20th and 40th day of experiment respectively as compared
to 1.1 +0.06 in control birds. Infemale control birds the lead concentration was 1.2±0.07
jig/gm as compared to lead treated birds where the concentration were 38.8±1.24 (20th
day) and 58.0±1.05 micro g/gm (40th day). Similar was the trend in kidneys. Male and
female birds accumulated 42.0+0.84 and 44.0±0.62 micro g/gm on 20th day postfeeding where these values were 66.0+1.03 and 76.2 ±1.05 micro g/gm on 40th day
post feeding of lead. These data suggest that chickens can tolerate high "blood and
tissue lead levels.

WHEAT WASTE AS A REPLACER OF MAIZE IN POULTRY RATION
(TRITICÜM AESTIVUM)
S. Senthil Murugan and S. Thirumali
Department of Animal Nutrition Tamil Nadu Veterinary and Animal Sciences, University
Madras Veterinary College, Madras 600 007, India
The botanical chemical composition of wheat waste showed that wheat waste contained
9.53% whole wheat. 55.43% cracked wheat, 2.24% Samai (Panicum Miliare) 2.35%
Varagu {Paspalum scorbiculatum), 9.38% Mustard {Brassica sp.) 7.53% Kuthiraivali
(Echinocloa colans var trumentacea), 9.57% Amaranthus sp. and 4% small seeds and
dust. The mean protein (14.59%) ether extract (7.08%) crude fibre (5.40%) and total
ash (4.75%) content of wheat waste were higher than that of reported value of maize.
The total available carbohydrates mean values was (44.81%) lower than that of maize.
The predicted metaboHsable energy of wheat waste was 3075 Kcal/Kg which were
lower than that of reported value of maize. In the experiment with male B.V.300 chicks
for a period of 10 weeks (0-10 weeks) wheat waste replaced upto 40% of maize. In
experiment-2 wheat waste replaced upto 40% of maize in broiler ration (0-8 weeks of
age). The resuhs of two experiments indicate that 40% of maize could be replaced with
wheat waste without affecting carcasses quality and gives beneficial effect in feed cost.
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INCIDENCE OF AFLATOXIN B^ CONTAMINATION OF POULTRY DIET IN
ASFAHAN PROVINCE OF IRAN
M. Rasti, A. Samadi, G. Ghorbani and M. Khorvash
Isfahan Center of Natural Resources & Animal Science Research, P.O.Box 81785-114
Isfahan-Iran
In 1983,poultry industry in the United States lost an estimated 3% of poultry (in live
weight) due to Mycotoxin contamination of feeds, which amounted to loss of 232000 tons
of meat valued at 143 million Us dollars. In order to determine the level of contamination
in Isfahan Province (Iran) a total of 70 com samples from poultry breeding units were
studied to survey aflatoxin Bl contamination. Samples were submitted as composite
form. The survey was initiated in May 1994. Samples were extracted with chemical agents
and the purification, clean up and concentration procedures were done in 11 steps. The
extracts were analyzed by Isocratic High Performance Liquid Chromatography (HPLC)
with water: Acetonitrile: Methanol(60:20:20) Mobile phase and ultraviolet Detestor in
244nm and C8 column in ambient temperature and injection volume was 20 microlitre.The
result of this survey showed that the highest aflatoxin contamination was 9.9 Microgram/
Kg and mean of contamination determined was 5.1 ±1.71 Microgram/Kg.

EFFECT OF REDUCING ANTINUTRITIONAL FACTORS IN SILKWORM
PUPAE MEAL ON LAYER PERFORMANCE
R.Thangamani
Department of Biochemistry Veterinary College and Research Institute Namakkal 637002,
India
Deoiled silkworm pupae meal, on analysis, was found to contain high amounts of phenols
(2.0%) and uric acid (4.0%). For reduction of these antinutritional factors, deoiled
silkworm pupae meal was detanned in boiling water for 15 minutes. A feeding trial of
0-50 weeks duration with layers was conducted including deoiled pupae meal and
detanned silkworm pupae meal separately at 5% and 10% levels in the total ration.
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having fish meal (10%) as control. The egg yield in birds fed with deoiled and detanned
silkworm pupae meal at 5% level was comparable to that offish meal fed birds. At 10%
level though the yield was drastically reduced in birds fed on both silkworm pupae meals,
detanned silkworm pupae meal performed well over the deoiled silkworm pupae meal.
The egg quaUty traits did not vary significantly between the treatments. The results of
the organoleptic studies revealed that the overall acceptabihty of the eggs laid by birds
fed with silkworm pupae meals was better than that of fish meal fed birds.

CLAY-BASED TECHNOLOGY FOR THE CONTROL OF AFLATOXICOSIS
IN POULTRY
T.D. Phillips and P.G. Grant
Texas A&M University, College of Veterinary Medicine, College Station, Texas 77843, USA
The aflatoxins have been strongly implicated in the etiology of disease and death in
man and animals. Consequently, practical and effective strategies for the control of
food and feedbome aflatoxins are critically needed. When added to contaminated poultry
diets, a phyllosilicate clay (NovaSil) has been shown to adsorb aflatoxins in the Gl
tract, reducing their bioavailability and toxicity. Diverse ligands with functional groups
in common with aflatoxin B ,(AfB j) were reacted with NovaSil to delineate the specificity
of the adsorption process. Results indicated that an intact Beta-dicarbonyl system on
AfB| is required for tight binding to NovaSil. In additional studies, AfBj was mixed
with clay at 25°Cfor 24hr. The concentration that was adsorbed (mol/Kg) versus the
equilibrium concentrafion in the supernatant (mol/L) was compared to standard
isotherms. The binding of AfB^ to NovaSil followed the characterization of an L5
isotherm, having two plateaus and at least two types of sites. Data were fitted to multiple
isotherm equations, including Langmuir, Freundlich, a Langmuir=Freundlich
combination, Toth. And vaiiL^us transforms in order to gain an insight into the molecular
mechanism(s) and site(s) of AfB 1 adsorption. NovaSil was shown to possess a high
capacity for AfBl(i.e.483nmol/mg). The energy distribution of binding was centered
at 35 kj/mol, suggesting chemisorption of Hgand. A heterogeneity ratio of 0.46 and
distribution coefficients of 1.5x10"^, 3.5x10^ and ó.óxlO'* confirmed high affinity binding
at multiple sites. Molecular models were generated for the NovaSil-AfB 1 complex

300

and supported the conclusion that AfB 1 may react with NovaSil at edge sites, Interayers
and/or basal surfaces.The impact of this technology for aflatoxin control can be farreaching(e.g.,tainted grains that are discounted due to aflatoxin content may be
reclaimed;expensive processing of poultry feeds to avoid aflatoxin may be
eliminated;and aflatoxin residues may be significantly diminished)

NUTRITIVE VALUE OF DIFFERENTLY PROCESSED SUNFLOWER SEED
MEAL
S. Ravinder Reddy
H.No.6-106/a, Bhawani Nagar Colony, Saidabad, Hyderabad 500 659, India
The nutritive value of sunflower seed meal (SFM) vis-a-vis groundnut extraction
(GNE)was evaluated. The four types of SFM i.e., SFM-hulled expeller, hulled solvent
extracted, SFM dehulled expeller and dehulled solvent extracted contained 26.0, 29.0,
31.0 and 37.5% protein and 20.0, 23.0, 13.5 and 16.0% fibre respectively. The protein
content of GNE was higher (46.5%) and fibre content was lower (6.1%) than all the
four types of SFM, The available lysine content of SFM protein (2.96-2.97 g per 16
g n). was comparable with that of GNE (2.82 per 16g N). The gross protein value of
differently processed SFM ranged from 67-68 where as that of GNE was 66. The
protein absorbability of hulled and dehulled SFM was numerically higher (74.5-76.%)
when compared with GNE (70.5%). The metabolizable energy content of SFM-hulled
expeller, hulled solvent extracted, SFM-dehuUed expeller and de-hulled solvent
extracted was 12.04, 9.11, 12.52 and 9.59 MJ per kg respectively while that of GNE
was 10.14 MJ per kg.

301

302

MAIN TOPIC
03. POULTRY HEALTH — EPIDEMIOLOGY, IMMUNISATION AND
CONTROL MEASURES
Sub Topics
01.
Infectious diseases -1
02.
Infectious diseases - II
03.
Prevention of Poultry diseases
04.
Control of Poultry diseases
05.
Poultry health under conditions of climatic stress.
06.
Poultry bio-security and waste management.

303

304

PATHOLOGICAL AND EXPERIMENTAL TRANSMISSION STUDIES ON
INFECTIOUS STUNTING SYNDROME IN BROILERS
B.PJoshii and R.N.S.Gowda^
'College of Veterinary Science & Animal Husbandry, Anand-388001, Gujarat, India
^Veterinary College, Bangalore - 560024, India
Pathological studies on infectious stunting syndrome were made on 20 different broiler
farms around Bangalore, India. Incidence of the disease was found to be 4.06 percent
with farm wise frequency ranging from 0.97 to 20.00 percent. The condition commenced
from second week with highest rate of occurrence during fifth week. The consistent
clinical signs observed were retarded growth, poor feather development, distension of
abdomen and helicopter wing appearance. There was reduction in the size of pancreas,
bursa of fabricius and thymus and marked distension of intestine with poorly digested
ingesta. The histopathological changes were mainly confined to pancreas to the tune
of 62.10 percent. Clinicobiochemical evaluation showed significant increase in total
serum protein, gamma globulin, plasma amylase and decrease in albumin and alkaline
phosphatase. Experimental transmission studies were conducted in two successive
trials using intestinal homegenates. Excepting for some variations in degree of intensity
and extent of distribution, the clinical signs, gross and histopathological lesions in
pancreas were comparable to that of spontaneous cases of stunting syndrome.
Ultrastructural changes noticed in acinocytes and enterocytes with demonstration of
reoviral particles and their comparison with changes observed in spontaneous cases
helped to evaluate the role of reovirus in causation of the syndrome. The study has
highlighted the importance of economic wastage through near normal pattern of feed
consumption by the stunts with absence of returns.
BACTERIAL PATHOGENS FROM DEAD-IN-SHELL CHICKEN EMBRYOS
FROM HATCHERIES IN ZAMBIA
S.H. Kabilika, T. Nagabayashi and R.N. Sharma
School of Vaterinary Medicine, University of Zambia, Lusaka, Zambia
Investigation into three commercial hatcheries of Zambia showed an average dead-inshell losses between 15.2% and 31.1%. Numerous Salmonella serotypes were recorded
in poultry population in Zambia for sometime, but no information is available on bacteria
associated with dead-in-shell mortality in hatcheries. One thousand dead-in-shell
chicken embryos from each hatchery formed samples. Ten pooled yolk sac contents
or whole egg content made one sample. The samples were cultured on suitable media.
Isolation and identification of bacteria was done according to standard bacteriological
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methods. Three hundred and eighty three cultures were isolated. Majority of the isolates
were enteric bacteria. Escherichia coli recorded (71)18.53% followed by Staphylococcus
sp. (54) 14.09%, màKlebsiella sp. (35) 9.13%, Salmonella recorded (34) 8.87% together
with Citrobacter species. Other bacterial species mdudcdEnterobacter sp. (29) 7.57%,
Acineîobacîer sp. (25) 6.52% Proteus sp. (24) 6.26% Aewmonas sp. (23) 6.00%:,
Pseudomonas sp. (13) 3.39%,Enterococcus sp. (13) 3.39% Streptococcus sp. (4) 1.04%
Serratia sp (4) 1.04%,Providencia (2) 0.52%,Edwardsiella sp. (2) 0.52%,Micrococcus
sp. (1) 0.26% and unidentified (15) 3.91%. Out of 35 Escherichia coli serotyped, 2
were serotype 032/33:k, 1 was 016:k, 5 were 09:k28 and 1 was 088:k and are known
pathogens. Twenty seven isolates were untypable. Salmonella isolates WQYQ Salmonella
enteritidis. Sixteen isolates belonged to phage type 4 and the rest were phage type 1
and lb. Presence of Salmonella enteritidis especially most invasive phage type 4 in
breeding flocks may open a new chapter in the epidemiology of Salmonella in this
country and need for effective control measures. Highly pathogenic bacteria isolated
from dead-in-shell chicken embryos from these hatcheries clearly indicate their
association to production losses.

PATHOGENICITY OF NEWCASTLE DISEASE VIRUS ISOLATED FROM
GUINEA FOWL, IN CHICKEN AND GUINEA FOWL
D.D. Kindarle, K.C. Verma, J.M. Kataria and R.L Sah
Division of Avian Diseases, I.V.R.L, izatnagar 243 122, U.P., India
A field isolate of Newcastle Disease (ND) virus from an outbreak of ND in Guinea
fowl was studied for its pathogenicity and immunogenicity in chicken and guinea fowl.
The virus upon oronasal inoculation in chickens produced disease marked by white
diarrhoea, tremors of legs and wings followed by paralysis of legs and wings. The
mortality was around 60%. The Virus was isolated from different internal organs/tissues
of infected birds. The presence of virus in intestine and cloacal contents indicated
excretion of virus through faeces. Gross changes consisted of mild heamorrhages at the
tip of glands of proventriculus, in caecal tonsils and intestine with mild enteritis.
However, microscopic changes were seen in digestive, nervous and respiratory system
consisting of non-purulent encephahtis, necrosis and depletion of lymphoid tissue in
spleen, bursa of Fabricius, caecal tonsils, mild haemoiThages at the tip of the glands
of proventriculus and hyperplasia of bronchiolar epithelium and mild interlobulor
oedema in lung. The virus also produced disease in guinea fowls with moderate nervous
signs and less severe gross and histopathological changes with 30% mortality as
compared to chicken. This indicates the neurovirulence of the virus in guinea fowls.
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STUDY OF LEPTOSPIROSIS IN GOLDEN SEXLINK LAYING EGGS FOWLS
B. Brihuega, E. Menchaca, C. Verdu and R. Alterowicz
School of Veterinarian Sciences, U.B.A. Chorroarin 280 (1427) Buenos Aires, Argentina
The objective of study was to know the incidence of the leptospirosis in pouUry,
particularly in golden Sexlink laying eggs fowls; and the acting serovars. Due to the
fact that production has decreased, there was a suspicion of an infectious process and
that was the reason for this work. The hens belonged to hen-houses where serious rat
problems had been detected. Two hundred and fifty serum samples from hens were
tested by the specific serovar technique (microagglutination test). The initial dilution
of serum was 1:100. The serum samples were confirmed with 13 Leptospira interrogans
serovars : L.icterohaemorrhagiae, L.canicola, L.castellonis, L.pyrogenes, L.autumnalis,
L.woljfi, L.tarassovi, Lpomona, Laustralis, L.grippotyphosa, L.hehdomadis, Lbataviae
and Lbiflexapatoc. It is still almost unknown the incidence of leptospirosis as infectious
disease causing agent in poultry pathology. The sérologie results found show that
14.8% of hens were positive with an equal or higher titre/than 1:100. We can say, with
95% confidence, that seropositive samples were between 0.148 ± 0.064 [0.084; 0.212].
The serovars were mainly L.icterohaemorrhagiae (15%), L.grippotyphosa (5%),
L.hehdomadis (15%) and L.biflexa patoc (10%). We also tried isolation from eggs in
EMJH media but it wasn't successful. The prédominent serovar has been
L.icterohaemorrhagiae, we think there is a direct relation with the presence of rats.

PREVALENCE OF NEWCASTLE DISEASE IN SRINAGAR, KASHMIR
Naseer Ahmad, Masood S.Mir, Azmat A.Khan and A.M.Qureshi
Faculty of Veterinary Sciences & Animal Husbandry, Post Box 135, Srinagar, Kashmir,
India
A survey was conducted to study the incidence of Newcastle disease (ND) in poultry
(broilers and layers) in Srinagar district of Kashmir Valley, India. The analysis of post
mortem records conducted at Central Veterinary Laboratory, Srinagar and personal visists
to farms revealed that this disease was responsible for 8.59% deaths out of 62375 mortalities
recorded during this period. Maximum number (65.18%) deaths were observed during
the spring months (March to May). This is despite routine vaccinations conducted against
this disease and a study to estimate the antibody response post vaccination (F,) by
Haemagglutination inhibition test revealed that the HI liters were within the protective
levels (90±2) in flocks of ten poultry farms at six weeks of age. Infectious bursal disease
(IBD) infection resulted in an outbreak of ND in a broiler farm causing 70% mortahty.
Newcastle disease continues to be a major threat to poultry farming in Kashmir Valley
particularly in view of the immunosuppressive disease like I.B.D.
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PATHOGENICITY OF ESCHERICHIA COLI ISOLATED FROM
COLIBACILLOSIS IN CHICKS AND THEIR ANTIBIOTIC SENSITIVITY
SPECTRA
S.P. Singh, R.S.Gupta and M.P.Singh
College of Veterinary Sciences, G.B.Pant University of Agriculture & Technology, Pantnagar263 145, U.P., India
One hundred seventy isolates of Escherichia coli were recovered from intestine,
pericardial fluid and heart blood of suspected cases of colibacillosis in chickens. The
isolates were identified, serogrouped and their antibiogram and pathogenicity were
studied. Of these 142 isolates when serotyped belonged to 37 different '0' serogroups.
088(20); 08 and 078 (14 each), 020 and 0121 (9 each), 05,07,0119 (5 each), 018, 024,
080,0100,0142,0158, (4 each), 0103,0114,0132,0143,0171 (3 each), 012,013,054,
066, Olli (2 each), and one each of 04, 021, 032, 049, 057, 073, 091, 0135, 0137,
0147, 0162 and 0163. All isolates were found positive for Congo red binding. All the
strains were found resistant against nystatin (100%), followed by erythromycin
(97.06%), trimethoprim (92.95%), oxytetracycline (92.35%), Kenamycin (85.50%),
cotrimoxozole, neomycin, tetracycline, (85.3%' each), furazolidone (84.71%),
ampicillin (82.95%), streptomycin (80%), amoxycillin (79.42%), refampicin (68.83%),
nalidixic acid, nitro furazone and chloramphenicol (68.24 each%), ciprofloxacin
(65.3%), gentamycin (58.24%), amikacin (57.06%), and norfloxacin (17.65%). All
serogroups were found pathogenic to 2-day-old chicks on I/P inoculation (0.2ml) except
serogroups 057, 066, 0103 and 0142. Mortality rate in chicks ranged from 33.33% to
100%. The main lesions in chicks were peritonitis, pericarditis, perihepatitis, nephrosis,
enteritis, thickened and cloudy air sacs, unabsorbed yolksac. Monovalent and bivalent
vaccines prepared from E.coli serogroups. 078 and 088 afforded partial protection
(25-50%) in chicks against homologous challenge while no protection was afforded
against heterologous E.coli strain.

EFFICACY OF NATRIUM CEFTIOFUR IN TREATMENT OF SALMONELLA
ENTERITIDIS INFECTION IN DAY-OLD CHICKENS
Estella Prukner-Radovcic and H. Mazija
Department of Avian Disease, Veterinary Faculty, University of Zagerb 10000 Zagrerb,
Heinzelova 55, Croatia
The efficacy of natrium ceftiofur (Excenel-UPJOHN) administered by intra-muscular
-route or by aerosol route in control and therapy of infection caused by salmonella
enteritidis was investigated. In a trial 200 day-old male chickens were devided in seven
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groups, out of them two served as controls, the first not treated, negative and the second
positive, only infected with S. enteritidis. The remaining groups of chickens, beside
being infected with 5. ententidis (by means of contaminated faeces or in drinking water),
were treated with natrium ceftiofur given intra-muscularly or by the aerosol of water
suspension of the drug, 24 hours before or simultaneously with infection by S.
enteritidis. The dose of natrium ceftiofur used intra-muscularly was 12 mg/kg body
weight and approximately the same amount was used by aerosol application during
two or double amount during four minutes of exposure. The size of the aerosol particle
was between 2 and 5 |i. All chickens of the positive control group, infected with S.
enteritidis died within four days and all other infected chickens died in a period of
maximum six days. The best result in the control oiS. enteritidis infection was achieved
by two minutes exposure to aerosol of natrium ceftiofur injection 24 hour prior to
infection with S. enteritidis by means of contaminated faeces. Somewhat lower effect
showed the drug sprayed for four minutes in chickens simultaneously infected with S.
enteritidis in the drinking water. The worst effect of ceftiofur was shown in the group
of chickens treated intra-muscularly with the drug and simuhaneously infected with
S. enteritidis in drinking water. This preliminary work indicates the efficacy of use of
natrium ceftiofur in day-old chickens by means of aerosol, before their exposure to the
premises contaminated with 5. enteritidis. In all experimental groups of chickens there
was marked reduction of mortality caused by opportunistic bacteria.

HISTOLOGICAL ASPECTS OF RESPIRATORY AND PANCREATIC
TISSUES OF INOCULATED CHICKENS WITH TWO LENTOGENIC
STRAINS OF NEWCASTLE DISEASE VIRUS
B.M.SantosV ; N.R.S.Martins^ ; M.Resende^ and A.M.G.Gouveia^
^Federal University of Vicosa-36571-000 Vicosa-MG-Brazil
^Federal University of Minas Gerais-Belo Horizonte-MG-Brazil
Studies were conducted with two lentogenic strains of Newcastle Disease Virus
considered to present differences in organ tropism, the pneumotropic La Sota strain
and the enterotropic VG/GA strain. The histological effects on the respiratory and
pancreatic tissues were evaluated after one of these strains was given occularly, nasally,
via drinking water or nebulization. Eight experimental groups were formed, each
containing 200 chickens, all from a common hatch and commercial source. Histological
alterations on the respiratory tissue were less severe in the groups given VG/GA as
compared to La Sota. The pancreas of inoculated chickens did not show detectable
alterations.
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CHARACTERISATION OF NEWCASTLE DISEASE VIRUS ISOLATES
OBTAINED FROM AN OUTBREAK
Parimal RoyS A.T.Venugopalan^ and Ruth ManvelF
^Centre for Animal Health Studies, Madhavaram Milk Colony, Madras - 600 051, India
^Avian Virology, Central Veterinary Laboratory, Weybridge, UK
In a disease outbreak at Namakkal, Tamilnadu, India, among other infectious agents
Newcastle disease virus (NDV) was found to be a major contributing factor for high
mortality in growers. The concentration of NDV specific antigen in the intestinal
contents of the affected chickens were higher compared to other organs. Out of 341
intestinal contents screened 41.34% samples showed haemagglutination (HA) titre of
128 and above. This indicated enterotropism of the field NDV isolates. Five such
isolates were characterised based on mean death time, intracerebral pathogenicity index,
intravenous pathogenicity index, thermostabihty of haemagglutinin at 56°C, chicken
brain cell absorption of haemagglutinin, agglutination of equine erythrocytes and
haemagglutination elution pattern. All the isolates were found to be velogenic. The
isolates were grouped under B, C, and D based on binding pattern with monoclonal
antibodies. Experimentally, primary lentogenic vaccine with La Sota provided 100%
protection against these different field isolates whereas all the unvaccinated control
birds succumbed to challenge.

PREVALENCE, PATHOGENICITY AND ANTIBIOGRAM OF BACTERIA
ASSOCIATED WITH FEMALE REPRODUCTIVE DISORDERS IN CHICKEN
M.R.ReddyS R.L.Sah^ J.M.Kataria- and K.C.Verma^
'Project Directorate on Poultry, Hyderabad-500 030, A.P., India
^Indian Veterinary Research Institute, Izatnagar-243 122, U.P. India
This study was designed to determine prevalence, pathogenicity and antibiogram of
bacterial strains associated with reproductive disorders of layers (131), broiler breeders
(59) and indigenous chicken (22). Bacteriological examination of these cases with
gross lesions of oophoritis (45), salpingitis (29), egg peritonitis (93), egg bound (21)
and impaction of oviduct (24) revealed the presence of 42.5% E.coh, 4.2% Proteus.
2.8% Klebsiella and 0.9% Pseudomonas strains as a single infection. Mixed infection
of E.coh was found with 0.9% Proteus and 0.5% Klebsiella strains. Prevalence of
bacterial isolates was found higher in layers (65.7%) as compared to broiler breeders
(45.8%) and indigenous chicken (36.4%). Pathogenicity of E.coli (20), Proteus (4),
Klebsiella (3) and Pseudomonas (2) isolates was studied in 6 week old mice and 4
week old chicks by inoculating 0.1 ml broth culture intraperitoneally. Eighty-five percent
310

of E.coli, ±50% of Proteus, 67% of Klebsiella and 50% of Pseudomonas (2) isolates
were found pathogenic to mice. Whereas 85%, 25%, 33% and 50% of respective isolates
were found pathogenic to chicks. In-vitro antibiogram of E.coli (50), Proteus (7),
Klebsiella (5) and Pseudomonas (2) isolates, was determined against 15 antimicrobial
drugs. Most of the tested isolates (62-100%) were sensitive to gentamycin,
chloramphenicol, nitrofurantoin, neomycin, furazolidone, doxycyclin, ampicillin and
co-trimoxazole. On the other hand, considerable (82-96%) resistance was observed
against bacitracin, sulphamethizole, erythromycin, oxytetracycline, chlortetracycline,
penicillin and sulphadiazine. The results indicated that E.coli is the potential causative
agent of the above listed disorders and the bacterial isolates were resistant to most of
the commonly used antibiotics.

EPIDEMIOLOGY AND PATHOLOGY OF INCLUSION BODY HEPATITIS
(IBH) IN POULTRY IN NORTHERN INDIA
B.SinghS A.Singh2 and M.S.Oberoi^
Department of'Veterinary Pathology, ^Veterinary Public Health & Epidemiology,^Veterinary
Bacteriology and Virology, Punjab Agricultural University, Ludhiana-141 004, India
The epidemiological studies on IBH in relation to age of the birds, management, season,
space per bird, feeding and watering space was undertaken during 4 year period i.e.
1990 to 1994. Majority of the farms having outbreaks had poor management and less
space and overintensive rearing. The concurrent disease conditions including
aflatoxicosis were recorded in 37 out of 47 IBH outbreaks. Pathologically the diagnosis
in natural outbreaks of IBH was based on the presence of intranuclear inclusions in
hepatocytes in addition to other lesions. Since the last year of the study, a large number
of IBH outbreaks with hydropericardium in 3-12 week old broiler chicks and even in
laying pullets were recorded with 30-80% mortality. The effect of feeding aflatoxin/
ochratoxin on the course of experimentally induced IBH, individually and in
combination revealed additive effect of the mycotoxins on the pathogenesis of IBH.
In another experiment, the effect of thymectomy/bursectomy earned out at one day of
age was studied on the pathogenesis of IBH. On the basis of biochemical, histochemical
and histopathological changes, maximum alterations were noticed in thymectomised
group. An outbreak of IBH was recorded in 10 week old Japanese quails resulting in
mortality of 229 out of 400 quails. Avian adenovirus 1 was isolated from the liver of
affected quails. The disease was experimentally reproduced in quails and broiler chicks
with this isolate thereby indicating the cross infection between these species.

311

DETECTION OF NEWCASTLE DISEASE VIRUS ANTIGEN IN TRACHEA
AND BRONCHII OF VACCINATED BROILERS
B.M.SantosS N.R.S.Martins^ M.Resende^ and A.M.G.Gouveia^
^Federal University of Vicosa-36571-OOO-Vicosa-MG-Brazil
^Federal University of Minas Gerais-30161-OOO-Belo Horizonte-MG- Brazil
An experiment was conducted to detect antigen in trachea and bronchi of vaccinated
broilers with La Sota and VG/GA strains of Newcastle disease virus (NDV). (Difference
in organ tropism was compared between the pneumotropic La Sota and the enterotropic
VG/GA strain). The tissues were formalin fixed and paraffin embedded. Paraffinized
sections from trachea and bronchi were studied to verify the presence of antigens of
(NDV). The tissues were deparaffinized and processed to immunofluorescence and
immunoperoxidase (PAP) assays. NDV viral antigens were detected in the phagocytic
cells on the lamina propria and submucosa of the trachea and bronchi at a frequency
which varied with the strain and route of inoculation and with period of post-infection.
The greatest expression of NDV was observed in the cytoplasm of respiratory tract
cell of groups given La Sota strain. The group given the VG/GA strain showed less
frequently cytoplasmic virus in phagocytes of the respiratory system.

EPIDEMIOLOGY OF INFECTIOUS BURSAL DISEASE IN CHICKEN
BROILERS IN AND AROUND FAISALABAD
S.AminS K.Ali^ M.Siddique^ M.Arshad- and S.U.Rahman^
^Veterinary Research Institute, Brewery Road, Quetta, Pakistan
^Department of Veterinary Microbiology, University of Agriculture, Faisalabad-38040,
Pakistan
Case control studies were conducted on infectious bursal disease (IBD) in broilers.
Data collected from 113 poultry farms, having 3.5 million broiler chicken population
ranged from 4 to 10 weeks of age. Number of birds per flock were ranging from 1100
to 7000. The disease was recorded in 68 (60.17%) farms with mortality range of 2.7%
to 34.65% . Population and age wise mortality was described (4 to 5 weeks) with
particular reference to IBD out-breaks. Further, the interaction of various biosecurity
measures, vaccination programmes, and educational status of farmers at the farm level
showed significant contribution toward the spread of disease.
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CHARACTERIZATION OF INFECTIOUS BURSAL DISEASE VIRUS
STRAINS ISOLATED FROM INDIA
Y.Krishnamohan Reddy and A.Koteeswaran
Tamilnadu Veterinary and Animal Sciences University, Madras-7, India
The investigation was taken up to characterize the infectious bursal disease virus (IBDV)
isolated and obtained from Namakkal (Tamil Nadu) and to compare with that of the
Poona, Bangalore and Hyderabad strains of IBDV and standard serotype 1 (Weybreidge). It was also aimed to look for the involvement of variant viruses of serotype
1. Contrasting differences of IBD isolates obtained from Namakkal area, pertaining to
the age susceptibility, bursa/body weight ratio, failure to reproduce the typical clinical
signs or lesions of IBD in experimental chicken and absence of chick embryo mortality
were observed when compared to the standard virulent IBD viruses reported from
elsewhere in the world. Physico-chemical characters of all the four IBDV strains of
Indian origin were similar to that of the standard serotype 1. Involvement of variants
of serotype 1 was ruled out in the outbreaks in India as evidenced by the absence of
rapid bursal atrophy, absence of spur formation in modified AGPT and relatedness of
more than 82% in cross neutralization studies. Sera collected from the infected chicken
at acute stage were negative for IBDV antibodies and this was the further important
evidence to rule out the involvement of variant viruses of serotype 1. It is speculated
that the occurrence of IBD outbreaks in vaccinated chicken could be due to neutralization
of vaccine virus by maternal antibodies or some unknown factors under field conditions.

STUDIES ON INCLUSION BODY HEPATITIS IN BROILER CHICKS
R.L. Sah, J.M. Kataria, S.C. Arya and K.C. Verma
Indian Veterinary Research Institute, Izatnagar, U.P., India
Investigations carried out to detennine the cause of mortality in some broiler flocks
of 4-6 weeks of age in Uttar Pradesh, revealed the occurrence of inclusion body hepatitis
(IBH) associated with infectious bursal disease (IBD). The disease was characterized
by enlargement and pale discoloration of liver with pin-head sized hemorrhages on the
surface. Hydropericardium, enlargement of kidneys and atrophy of bursa of Fabricius
were other notable features. Histopathological examination of liver revealed numerous
intranuclear basophilic inclusions in the hepatocytes at early stage of the disease
followed by focal necrosis, mononuclear cell infiltration and presence of a few
intranuclear eosinophilic inclusions. Bursa had lesions characteristic of late stage of
IBD virus infection. Liver suspension of acutely infected cases when passaged in chicken
embryo liver cell culture (CEL) and in chicken embryos, produced changes characteristic
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of IBH virus infection. In CEL the virus produced cytopathic effect characterized by
clumping, rounding and degeneration of cells. At times, intranuclear inclusions were
also seen in the cell culture. Embryo mortality was maximum between 4th and 5th day
post inoculation. The embryos were stunted and showed hemorrhages on the skin with
necrosis and hemorrhages in the liver. Chicken embryo propagated virus inoculated
into immunosuppressed chicks resulted in mortality between 5 to 7 days of infection.
Dead chicks showed enlarged liver v/ith echymotic hemorrhages. Serum samples of
recovered chicks on agar gel precipitation test gave line of identity with standard adeno
virus antigen. It might be concluded that immunosuppression caused by IBD virus
resulted in the precipitation of IBH among the chicken flocks.

HISTPATHOLOGICAL LESIONS IN THE CENTRAL NERVOUS SYSTEM
OF CHICKEN DUE TO INFECTION WITH THE MESOGENIC TYPE OF
NEWCASTLE DISEASE VIRUS
M.I. BhaiyatS Y. Kobayashi^ K. Och¡ai^ C. Itakura\ M.A. Islam^ and H. Kida^
^Department of paraclinical studies, School of Veterinary Medicine, University of Zambia,
P.O. Box 32379, Lusaka, Zambia and Deparments of : ^Veterinary Clinical Sciences and
^Animal Disease Control, Graduate School of Veterinary Medicine, Hokkaido University,
Sapporo 060, Japan
Thirty-nine 4 to 5-week-old broiler chicken obtained from a flock of 9000 birds involved
in an outbreak of Newcastle disease in Japan were examined pathologically. Clinically,
the birds revealed dyspnea, torticollis, ataxia and leg or wing paralysis with 70-80%
morbidity and 10% mortality. The causative agent was identified as mesogenic strain
of Newcastle disease virus. The morphological changes that occurred in the brain in
these cases were distinctive and typified microscopically as diffuse nonsuppurative
encephalitis associated with multifocal perivascular cuffing, malacia, demyelination,
and proliferative vasculitis. Malacia occurred mainly in the hyperstriatum and
neostriatum, subleptomeningeal and periventricular regions of the cerebrum, while
demyelination occurred in the brain stem. An attempt was made to induce lesions
similar to those described above by intranasal inoculation of SPF chicken with the
virus isolated from cases of the natural outbreak, but of no avail. In a series of trials
most birds showed signs of acute respiratory disease with high mortality between 46 days post-inoculation (PI). Another mesogenic strain of NDV isolated from diseased
quails and neuroadapted by ten serial intracerebral passages through chicken inoculated
intranasally into SPF birds which were sacrificed and examined chronologically until
day 21 post-inoculation (PI). Chicken showed circling movement with the signs of
depression, dyspnea and diarrhoea between days 4 to 6 post-inoculation (PI). Death
occurred in 70% of the cases by 7 post-inoculation (PI). The amount of virus in the
brain reached a peak on day 4 post-inoculation (PI) and virus could not be recovered
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from the brain after 6 days PI. Microscopically, there was nonsuppurative encephalitis
with marked neuronal degeneration and necrosis mainly in the paracortex, hippocampus,
hyperstriatum, neostriatum, subleptomeningeal and peri ventricular regions of the
cerebrum. Spongy changes occurred in the midbrain and brain stem. Overall, the
histological lesions in the central nervous system in either the naturally infected chicken
or the experimental chicken were similar and a relationship between the lesions and
the virus needs further studies.

PATHOGENICITY AND IMMUNOLOGICAL RELATIONSHIP OF
POXVIRUS ISOLATED FROM QUAIL TO FOWL POX VIRUS.
J.M. Kataria, S.K. Pradhan , K.C. Verma , R.L. Shah and S J. Jahdao
Division of Avian Diseases, I.V.R.I., Izatnagar ; U.P., India
An avipox virus isolated from quail (Cotumix cotumix Japónica) was studied for its
pathogenicity in quail and its immunological relationship with fowl pox virus was
determined in Japanese quail and chicken. The quail pox virus (QPV) isolate propagated
on CAM of chick embryo at 6th passage level (10'' EID50/ml) was inoculated
intradermally in 4 week old quail. The virus produced typical primary cutaneous lesion
at the inoculation site from 3 day post-inoculation (PI). Secondary mild cutaneous
lesions appeared on other parts of the body viz. legs, skin and head on days 10-12 PI
in 80% of the quail. Upon intravenous inoculation generalized cutaneous lesions
appeared in all quails 9-10 days PI. There was no mortality during the experiment.
Histopathological examination of the skin revealed hyperplasia and hypertrophy of
the epithelium with intracytoplasmic eosinophilic inclusion bodies. Antigenic
relatedness of QPV isolate to fowl pox virus (FPV) vaccine strain was studied by cross
protection studies in quail and chicks. Japanese quail of 4 weeks age divided in groups
and were inoculated with QPV and FPV by using web method. Quail inoculated with
QPV, when challenged at 3 week PI with QPV at 6th passage, excellent protection was
evident, as no generalized lesions developed. However, quail vaccinated with FPV
were susceptible to QPV challenge. Similarly quail inoculated with QPV were not
protected when challenged from FPV virulant strain. In a reciprocal study, chicken
inoculted with QPV were not protected against challenge with FPV virulant strain but
resisted challenge with QPV. These studies indicated that QPV isolate and FPV vaccine
are not antigenically related. Attempts are being made to compare the DNA of QPV
isolate with fowl pox virus.
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EPIDEMIOLOGY OF GUMBORO AND INCLUSION BODY HEPATITIS IN
SOME PARTS OF HARYANA (INDIA)
N.K. Mahajan, U.K. Batra, Ashok Kumar, R.C. Kulshreshtha and D.K. Balani
Department of Veterinary Public Health & Epidemiology, CCS HAU, Hissar 125 004, India
There had been a phenomenal increase in broiler production in Jind and Hisar districts
of Haryana since 1987. Epidemiologieal data with regard to emerging viral diseases
in broilers during last 3 years was analysed. During early part of 1993, very virulent
infectious bursal disease (VVIBD/Gumboro disease), struck the birds in this part of
the country causing heavy mortality (upto 42%) and in combination with inclusion
body hepatitis (IBH) upto 80% mortality. Fourth week (age of birds) was found to be
the most vulnerable period. Both these diseases were jointly responsible for about
30% of total outbreaks each year, causing extensive economic losses to farmers. Since
April'93 till March'95, IBD was responsible for around 24% outbreaks without much
seasonal variation, but has shown a downword trend since April'95 (18.8%) to
December'95 (around 14%) mainly due to better biosecurity measures including
vaccination with intermediate/hotter vaccines. IBH and recently recorded
hydropericardium syndrome (HPS) outbreaks have shown an increasing trend (4.7%
in 1993 to 12.3% in 1995) though mortality due to HPS has been reduced (60% to
5.5%) due to use of inactivated vaccines and other biosecurity measures. There has
been an increase in feed associated problems since 1993 (14.7%) through 1995 (16.1%)
which have been suggested as contributing factors to HPS in Pakistan. We must remain
vigilant about another deadly virus 'Avian Influenza' by regular surveillance as it has
already taken its toll in neighbouring Pakistan and may sneak into northern part of the
country just like HPS.

DEVELOPMENT OF A MYCOPLASMA GALLISEPTICUM AIRSACCULITIS
DISEASE MODEL
Bryan Charleston^ Lloyd Reeve-Johnson^ and Ingrid A. Aitkin^
Tnstitute for Animal Health, Compton Laboratory, Compton, Nr. Newbury, Berkshire,
RG20 7NN, UK ^Elanco Animal Science Research, Kingsclere Road, Basingstoke, Hants,
RG21 6XA, UK
A disease model of Mycoplasma gallisepticum (MG) airsacculitis in 1-2 week old
commercial broiler chicks has been developed. During the development process a
number of challenge methods were examined: intrapulmonary injection of MG; MG
preceded with either vaccine strain or wild type infectious bronchitis virus (IBV);
intra-nasal (IN) MG or intra-tracheal (IT) MG. The challenge method that gave the
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most reliable results was IT IBV followed by IT MG two days later. Lesion scoring
was used to assess the severity of disease. A number of MG strains were screened in
1 week old birds using the prefered challenge method. All strains examined produced
airsacculitis lesions in a high percentage of birds, with 90% of birds showing lesions.
In conclusion, we have developed a reliable model for airsacculitis in 1 week old
broilers, which should allow the efficacy testing of MG control measures.

ULTRASTRUCTURAL CHANGES IN BURSA AND SPLEEN OF AFLATOXIN
FED, IBDV INFECTED CHICKS
P. Punnoose^ R.L. Sah^, M.K.Nair^ A.Sunderaraj^ A.S.Panisup^ T.SJohrF, M.R
BansaF, J.M.Kataria and K.C.Verma
'Avian Disease Diagnostic Lab. Manjady P.O.Thiruvalla:689105, India ^Avian Disease
Division IVRI, Izatnagar : 243 122, India
The present study was undertaken to elucidate the ultrastructural changes in the bursa
of Fabricius and spleen of aflatoxin fed, IBD virus infected chicks. The chicks were
fed with aflatoxin B1 at Ippm, level in feed from 2nd through 6th week and subsequently
infected with IBD virus at the age of 3 weeks, along with one group of control. The
tissues comprising bursa and spleen were collected in Kamovsky's fixative at days 1,
3 and 5 post infection, along with the control. There was extensive destruction of
lymphoid elements in the bursa. The karyoplasm was swollen and more electron dense.
The nucleolus showed extensive destruction with lysis or aggregation. The ribosomes
were irregularly scattered in the cytoplasm, there was fragmentation and degranulation
of the rough surface endoplasmic reticulum. The lymphoid cells in the spleen showed
swollen mitochondria with partial or complete loss of cristae. The lysosomes were
seen increased in number. There was aggregation of heterochromatin along the inner
nuclear membrane. In macrophages the degree of damage was not as severe as in
lymphoid cells. The ultrastructural study indicated that the combined treatment of
aflatoxin and IBD virus induced more marked changes compared to individual
treatments.
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AVIAN ADENOVIRUS INFECTIONS IN POULTRY BIRDS IN NORTHERN
INDIA
M.S. OberoiS A. Singh^ and B. Singh^
^Department of Veterinary Bacteriology and Virology ^Veterinary Public Health &
Epidemiology ^Veterinary Pathology, Punjab Agricultural University, Ludhiana-141 004,
India
The involvement of avian adenoviruses (AAV) in various disease conditions of poultry
were investigated by isolation of AAV from clinical cases of inclusion body hepatitis
(IBH), egg drop syndrome (EDS) and respiratory infections. The virus isolation were
made in chicken embryo liver cell culture and identification was done by double
antibody sandwich ELISA, counter immunoelectrophoresis and haemagglutination
inhibition test. Thirty-one isolates of AAV-1 were obtained from histopathologically
confirmed cases of IBH: EDS-76 virus was isolated from two outbreaks of EDS and
15 isolates were obtained from respiratory infection outbreaks. The immune response
studied in experimentally inoculated broiler chicks revealed humoral antibodies at 1
week post inoculation (WPI) which peaked at 3 WPL. The cell mediated immunity
(CMI) was detected from 1 to 7 WPI by radioactivity uptake of the PHA-P stimulated
T-lymphocytes. The role of T-lymphocytes in the protection was further confirmed by
more severe histopathological lesions in experimentally induced IBH in thymectomized
than in bursectomized chicks. An outbreak of IBH was recorded in adult Japanese
quails (Cotumix cotumix japónica) which yielded AAV-1 isolate. This quail isolate
produced IBH in experimentally inoculated quails and broiler chicks indicating the
possibility of cross infection in these species.

CHARACTERISTICS OF ACUTE INFECTIOUS BURSAL DISEASE OF
CHICKENS CAUSING HIGH MORTALITY
M.R.Islam^ E.H.ChowdhuryS P.M.DasS M.L. Dewan^ and M.S.R. Khan^
^Department of Pathology, ^Department of Microbiology and Hygiene, Faculty of
Veterninary Science, Bangladesh Agricultural University, Mymensingh 2202, Bangladesh
Epidemiological, clinical and pathological characteristics of acute infectious bursal
disease were studied on natural and experimental infections in chickens of Bangladesh.
Birds aged between 26 and 45 days were affected with 80 to 100% morbidity.
Depression, anorexia and white diarrhoea were the main clinical manifestations.
Mortality ranged from 20 to 30% in case of broilers, and 40 to 80% in layer chicks.
At necropsy, the carcasses were found either emaciated or in good flesh with or without
haemorrhages in the breast and thigh muscles. The bursa of fabricius was usually
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swollen and oedematous but occasionally haemorrhagic or atrophied. The virus was
isolated by chick embryo inoculation and diagnosed as infectious bursal disease virus
(IBDV) by agar gel immunodiffusion test and virus neutralization test in cell culture.
Experimental infection of five weeks old chicks with one of the selected isolates (BD6) resulted in 100% morbidity and mortality. Sixty per cent birds died on day 4 or 5
post infection (p.i.) within 24 to 48 hours of the onset of illness, while the remaining
chicks became progressively weak, emaciated and dehydrated before death with coma
between day 7 and 10 p.i. Acute deaths were invariably associated with oedematous
swelling of the bursa and thymus and haemorrhages in the proventriculus, caecal tonsils
and some parts of the intestine. These lesions were, however, absent in the birds
which died on day 7 p.i. or later, but the bursa and thymus were atrophied. Severe
lymphoid depletion, necrosis and haemorrhages in the bursa, thymus, spleen and caecal
tonsils were the major microscopic lesions.

LEECHI DISEASE (HYDROPERICARDIUM SYNDROME) IN BROILER
CHICKEN IN WEST BENGAL
M.K.Bhowmik
Department of Veterinay Pathology, Wesl Bengal University of Animal and Fishery Sciences,
Mohanpur Campus, Nadia 741252, West Bengal, India
Leechi disease (Hydropericardium syndrome) was recorded in broiler chicken aged 36 weeks first time in West Bengal based on clinico-pathological changes. The course
of the disease was rapid showing signs of greenish diarrhoea, anorexia, ruffled feathers,
depression and 100% mortality in the affected birds. Postmortem examination revealed
a typical hydropericardium with accumulation of straw-yellow colour fluid depicting
the 'Leechi' fruit appearance of heart. Culturally, the fluid was negative for bacteria.
It contained trace amounts of flocculant materials, proteins, enzymes and cells,
suggesting it as a non-inflammatory transudate. Grossly, oedema and enlargement of
liver and lungs, serous atrophy of pericardium and tumification of kidneys were
observed. Histopathological lesions consisted of massive oedema, vascular congestion
with or without thrombus formation, degenerative changes with occasional necrosis
in liver, kidneys and heart. There were also evidence of necrosis or depletion of
lymphocytes in the lymphoid organs and presence of intranuclear acidophilic inclusion
bodies in hepatocytes, suggesting the possibility of adenovirus as the etiological agent
of the syndrome.
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AN INCIDENCE OF COMBINED INFECTION OF MAKER'S AND
INFECTIOUS BURSAL DISEASE IN BROILERS
V.M.Bhuktar, S.M.Borole and S.N.Mulay
Disease Investigation Section, Aundh, Pune-411007, Maharashtra State, India
Six percent mortality was noticed in broilers of four week's age. Clinically the chicks
showed loss of appetite, dullness, ruffled feathers, drooping of wings, yellowish white
diarrhoea, lameness, loss of weight, prostration and death. Ailing chicks were sacrificed.
Necropsy findings revealed empty crop, brittle bones, splashing haemorrhages on
pectoral muscles, nodular tumor growth on liver, enlarged spleen with necrotic foci,
bursal enlargement with congestion, loss of striations and swollen sciatic nerve,
unilaterally. Possibilities of bacterial infection was ruled out. Serologically the bursa
of fabricius was found positive for Infectious Bursal Disease and serum samples were
found negative for Infectious Bursal Disease antibodies. Feather tips were found negative
for presence of marek's antigen. Histopathologically combined lesions were found
suggestive of Infectious Bursal Disease and Marek's disease.

CRYO PRESERVATION OF BORRELIA ANSERINA
A.GJoshi\ BJ.Tejankar^ and A.Panse^
^Venkateshwar Hatcheries 13/6 Mile Stone, Panshet Road, Pune 411 005, M.S., India
^Poultry Diagnostic Research Centre, Loni Kalbhor, Pune, India
Borrelia anserina produces spirochaetosis in poultry. The organism has not been
cultivated on artificial media. The only method available to propagate, is through bird
to bird passage or by inoculation in embryonated chicken eggs. The spirochaetes
being delicate cannot be kept alive for more than 7-15 days at refrigerator temperatures.
Cryopreservation of B. anserina in liquid nitrogen is described. Infected blood from
poultry bird was centrifuged at slow speed to separate the organisms with plasma. The
plasma containing B. anserina was subjected to two different cryopreservers; 6%
glycerine and 3% DMSO. The spirochaetes in plasma suspension were gradually cooled
and freezged to -60°C and -196°C and were preserved in liquid nitrogen for a period
of 8 months. Samples were taken out periodically - thawed and were tested for motility
and inoculation in susceptible chicken. Glycerine cryopreserved samples showed ++
motility and positive infection in chicken even after 8 months, however DMSO at 3%
level proved ineffective in cryopreserving the spirochaetes.
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INCLUSION BODY HEPATITIS - HYDROPERICARDIUM SYNDROME :
SEQUENTIAL HISTOPATHOLOGY
P.K.Nighot, D.B.Deshmukh, G.R.Ghalasasi and B.D.Survashe
Poultry Diagnostic and Research Centre of Venkateshwara Hatcheries Ltd., Pune, India
The Inclusion Body Hepatitis with or without hydropericardium was recorded frequently
in broilers in and around Pune, during October to December 1995. A study was
undertaken to investigate and compare the sequence of the histopathological changes
occurring in various organs in broilers and layers. A field isolate of IBH Hydropericardium syndrome was inoculated parentarily into the 7 day old, 100
commercial broiler and layer chicks each along with controls. Ten chicks from each
group were sacrificed at 12 hours interval for detail studies. At post mortem examination,
the liver and kidneys were mostly pale and swollen. The heart displayed petechial
haemorrhages on myocardium alongwith increased pericardial fluid. Classical
hydropericardium was observed four days post infection in only 20% cases, irrespective
of layer and broiler group. The histological changes in hver commenced from 36 hours
PI. and were initially degenerative and then inflammatory followed by necrotic in
nature. The intranuclear inclusion bodies within hepatocytes were detected as early as
36 hrs. PI which were initially large, basophillic and essentially eosinophiUic in later
course of infection. About 72 hrs. PI, the heart showed myocardial degeneration with
mononuclear infiltration and extravasation of erthrocytes. In kidneys, tubular
degeneration and intestitial haemorrhages were consistent. The occurrence of
intranuclear inclusions in the liver as early as 36 hrs. PI indicated early settlement of
virus particles in the liver. In view of the similar gross and microscopic findings in the
broiler and layer chicks, involvement of an unidentified factor, acting as a potentiator
for the typical field outbreaks in broilers during the age of 3-6 weeks could be postulated.

MORPHOMETRY AND HISTOMORPHOLOGY OF BURSA AND SPLEEN
IN INFECTIOUS BURSAL DISEASE
D.B.Deshmukh, P.K.Nighot, G.R.Ghalsasi and B.D.Survashe
Poultry Diagnostic and Research Centre of Venkateshwara Hatcheries Ltd., Pune, India
The immunosuppression and the subcUnical I.B.D., which pose real threat to poultry
industry can be evaluated by gross morphometry and histomorphology of bursa and
spleen. Total 300 chicks were used for this study in two groups A and B of 150 chicks
each. The bursal index, bursa/spleen wt. ratio and microscopic histomorphology was
studied for 15 days by sacrificing ten birds from each group at the interval of three
days. The group A was kept as control and the chicks from group B were challenged
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with field isolate of IBD virus on 16th day. The bursal index during first two wks.
ranged from 1.3 to 2.5 and bursa/spleen wt. ratio from 2 to 4. The average no. of bursal
follicles per microscopic field at 10 X was 58 (35-77) in normal chicks. After challenge
with field virus the bursal index reduced to 0.7927 and bursa/spleen wt. ratio to 0.4830
on 10th day post challenge. The bursal index and bursa/spleen wt. ratio below and
microscopic histomorphology suggested atrophy of bursa and spleenomegally after
challenge with field isolate of IBDV and was indicative of immune suppression.

STUDIES ON B AND T LYMPHOCYTES IN LYMPHOID ORGANS IN
INFECTIOUS BURSAL DISEASE VIRUS (IBDV) INFECTED CHICKENS
B.K.More, R.N.Sreenivas Gowda^ and S.Gopalkrishna
Department of Pathology, Mysore Veterinary College, U.A.S., Hebbal, Bangalore 560 024,
India
An experiment was conducted to study the B and T lymphocytes in IBDV infected
chickens to study the lymphocytolysis caused by the virus. One hundred chicks free
of maternally derived antibodies were divided into two groups and one group was
experimentally infected on 28th day of age. The five birds from each group were
sacrificed on 1,2,3,4,5,6,7,14,21 and 28 days post infection (DPI) and bursa of Fabricius
(bF), thymus and spleen were collected in 10% neutral buffered formalin. The deparaffinised sections were stained with fluorescein tagged antibody against B & T
lymphocytes respectively and viewed under fluorescent microscope to assess
lymphocytolysis by giving scores as mild lymphocytolysis (25% or less fluorescence
as compared to control) moderate lymphocytolysis (50% less fluorescence) and severe
lymphocytolysis (more than 75% less fluorescence). The results indicated that the Blymphocytes were the target cells in bursal follicles and they appeared to regenerate
after 6 DPI and on 28 DPI about 25% B lymphocytes were regenerated. In thymus
about 25% T-lymphocytolysis was observed and the thymus was normal 6 DPI onwards.
B-lymphocytes in periartiolar lymphoid tissue in spleen was main target of IBDV and
spleen was normal 14 DPI onwards.
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HISTOLOGICAL STUDIES ON LYMPHOID AND NON-LYMPHOID
ORGANS IN INFECTIOUS BURSAL DISEASE (IBD) IN CHICKENS
B.K.More, R.N.Sreenivas Gowda^ S.K.Vijaysarathi and S.J.Seshadri
Department of Pathology, Mysore Veterinary College, U.A.S., Hebbal, Bangalore 560 024,
India
Lymphoid organs viz., bursa of Fabricius (bF), thymus, spleen, caecal tonsils (CT) and
Harderian glands (HG), and non-lymphoid organs viz., liver, kidney and proventriculus
were collected in 10% neutral buffered formalin from 65 moribund birds naturally
affected with IBD from various regions of South India. This comprised of 55 grower
layers and 10 broilers. The frequency of lesions revealed that bF (100%), spleen (100%),
CT (100%), thymus (87.69%) and HG (56.92%) were involved in decreasing order of
histologie susceptibility. Among non-lymphoid organs, liver (92.31%), proventriculus
(50.77%) and kidney (41.54%) was the order of histologie susceptibility. Principal
lesions in lymphoid organs included hyperaemia, edema, hemorrhages and
lymphocytolysis, whereas, that in non-lymphoid organs (liver and kidney) comprised
of congestion, mononuclear infiltrations and granular cell swelling. Catarrhal changes,
congestion, hemorrhages and lymphoid cell infiltrations in lamina propria were noticed
in proventriculus.

PATHOLOGICAL AND EXPERIMENTAL TRANSMISSION STUDIES ON
INFECTIOUS STUNTING SYNDROME IN BROILERS
B.PJoshii and R.N.S.Gowda^
* College of Veterinary Science & Animal Husbandry, Anand-388001
^Veterinary College, Bangalore - 560024, India
Pathological studies on infectious stunting syndrome were made on 20 different broiler
farms around Bangalore, India. Incidence of the disease was found to be 4.06 percent
with farm wise frequency ranging from 0.97 to 20.00 percent. The condition commenced
from second week with highest rate of occurrence during fifth week. The consistent
clinical signs observed were retarded growth, poor feather development, distension of
abdomen and helicopter wing appearance. There was reduction in the size of pancreas,
bursa of fabricius and thymus and marked distension of intestine with poorly digested
ingesta. The histopathological changes were mainly confined to pancreas to the tune
of 62.10 percent. Clinicobiochemical evaluation showed significant increase in total
serum protein, gamma globulin, plasma amylase and decrease in albumin and alkaline
phosphatase. Experimental transmission studies were conducted in two successive
trials using intestinal homegenates. Excepting for some variations in degree of intensity
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and extent of distribution, the clinical signs, gross and histopathological lesions in
pancreas were comparable to that of spontaneous cases of stunting syndrome.
Ultrastructural changes noticed in acinocytes and enterocytes with demonstration of
reoviral particles and their comparison with changes observed in spontaneous cases
helped to evaluate the role of reovirus in causation of the syndrome. The study has
highlighted the importance of economic wastage through near normal pattern of feed
consumption by the stunts with absence of returns.

COMPARISON OF EXPERIMENTAL CARRIER STATE OF SALMONELLA
ENTERITIDIS IN FOUR CHICK LINES
Marion Ducher Suchaux, Florence Mompart, Florence Berthelot, Catherine Beaumont,
Patrick Lechopier and Pierre Pardon
Institut National de la Recherche Agronomique, Centre de Tours Nouzilly, Pathologie
Infectieuse et Immunologie, Station de Recherches Avicoles, Centre de Tours Nouzilly, 37380
Monnaie France
Colonization of liver, spleen, ovary and caeca by Salmonella enteritidis was studied
in four chick lines i.e. B13, L2, PA 12, and Yll. Each chick was orally administered
at eight days of age with 5x10"^ colony forming units of one S.enteritidis strain resistant
to streptomycin and nalidixic acid. S.enteritidis cfu were numbered in the livers, spleens,
ovaries and caeca of ten animals per line once a week for 6 weeks, and then every 8th
or 15th days until the 12th week postchallenge (pc). This study was done with
approximately one hundred and twenty chicks per line and was repeated once. Ovaries
were contaminated by Salmonella in only three birds. In contrast. Salmonella was
detected in livers and spleens for 5 weeks pc. Generally, colonization duration and
intensity were greater in spleen than in liver. Bacterial levels in these organs little
differed according to the chick line. The colonization of caeca by S. enteritidis lasted
for 12 weeks pc. Differences in bacterial levels, in the frequencies and durations of
caeca colonization were observed according to the four chick lines. In both experiments,
B13 and L2 chick lines carried higher levels of the challenge strain in their caeca,
more frequently and for a longer time than did PA 12, and Yll lines. Yll chickens
were always the most resistant birds to caeca contamination by S. enteritidis. The
observed differences were marked enough to begin further physiopathological studies
and genetic approach investigating the possible transmission of the characteristics of
resistance of Salmonella Enteritidis caecal colonization.
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RESEARCHES ON THE PRESENCE AND SPREAD OF CAMPYLOBACTER
JEJUNI IN BROILER FLOCKS
G. Di Modungo, R. Nasti, A. Camarda, and G. Menga
Institute of Avian Pathology, University of Bari, 70126 V.le Caduti di TYitte le Guerrel,
Bari, Italy
Human foodbome infections caused by Campylobacterjejuni are on the steady increase
nowadays. Poultry meat is widely regarded as the major vehicle of the infection in
humans. Up to now the epidemiology of Camplyobacter jejuni infection in poultry is
still unclear and, therefore, the sources of infection are poorly known. Researches
involving about 224.000 broilers of twelve different flocks reared on litter were carried
out in order to identify the introduction routes into broiler houses and the way of spread
of Campy lobacterjejuni within broiler flocks. A total of N 708 samples were collected
458 from the environment inside the broiler houses and from farm workers and 250
of caecal and cloacal droppings. Bacteriological examinations were carried out by
selective enrichment in Preston broth (OXOID) and following plating in selective
media (Modified CCDA - Preston and Karmali, OXOID) according to the method
described by Di Modugno et al. (1995). Campy lobacterjejuni was never isolated when
the broiler houses were totally emptied after the rearing period confirming the
effectiveness of proper cleaning and disinfection in poultry houses. Three flocks were
found to be Campy lobacterjejuni free during the whole production cycle. In the other
flocks Campylobacter jejuni could be detected neither in the environment inside the
house nor in the chicks until the birds were 18-20 days of age. The broilers were found
to be infected from about 30 days of age with an average isolation rate of 26.3%. This
rate increased to 43.9% at 37-46 days of age, to 57.6 % with a top of 80% at the end
of the rearing period (52 days). From 30 days of age until the time of slaughter.
Environmental samples (floor, walls, windows, ventilators) were positive with the
average rate of 14.7% the litter showed the rate of 46.6% the feed from feeding troughs
of 4.34% and water from drinking troughs of 30.4%. These observations and above
all the lack of Campylobacter jejuni detection in the newly hatched chicks confirm
that vertical transmission appears unlikely, whereas infection by horizontal pathways
is likely to occur. We want to underline the important role of poultry farm workers in
Campylobacter jejuni epidemiology. Samples collected from hands and boots were
infected with the average rate of 15.38% and 10.5% respectively. In conclusion, these
researches confirm water and feed contaminated by infected birds' droppings, as
important vectors of Campylobacter jejuni spread within the flocks; and indicate man
as one of the main vehicles of spread among broiler farms.
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APOPTOTIC CHANGES IN THE BURSAE OF CHICKS INOCULATED WITH
INFECTIOUS BURSAL DISEASE VIRUS (IBDV) - SEROTYPE - I
A.S.Panisup, Satish Kumar, G.C.Mohanty and K.C.Verma
Indian Veterinary Research Institute, Izatnagar - 243 122 India
The IBDV upon infection of susceptible chicks is known to cause mild to moderate
heterophilic cell infilteration in the bursa of Fabricius (BF). It is accompanied with
lymphocytolysis and depletion of lymphocytes from the target organ follwed by
intrafoUicular proliferation of reticuloendothelial cells and interfollicular proliferation
of fibroblasts. This leads to bursal atrophy/viral bursectomy resulting in
immunosuppression of the affected chicks. Present study was aimed at exploring the
mechanism of lymphocytolysis and depletion of lymphocytes particularly in the absence
of severe cellular inflammatory response in the BF following intrabursal inoculation
of seronegative day old chicks with IBDV The BF processed at 8, 12 and 24 hours
post infection and examined under electron microscope revealed presence of crystalline
array of the virus particles in the cytoplasm of the lynphocytes and macrophanges and
the necrobiotic changes in the affected bursal cells. Besides, the observation of
necrobiotic changes, many bursal cells revealed nuclear, cytoplasmic and plasmalemmal
changes without affecting their cell organdíes. The nuclear changes consisted of
margination, clumping, condensation and even formation of crescents of the collapsed
nuclear material. The cytoplasm also showed condensation and fragmentation with
normal appearing cell organelles. Plasmalemmal bleb formation was very common.
Apoptotic bodies comprising of membrane bound fragmented cytoplasm with or without
cell organelles and with or without nuclear material could also be observed. These
apoptotic bodies were more in IBDV infected than in the uninfected control bursae.
The results of the study indicated that IBDV induced some degree of apoptosis
which might be acting synergistically with the virus induced necrobiotic changes in
causation of lymphocytolysis and depletion of the lymphocytes from the BF of the
infected chicks.

CHARACTERISATION OF INFECTIOUS BURSAL DISEASE VIRUS
STRAINS ISOLATED IN POLAND FROM ACUTE OUTBREAKS
Z.Minta, A.Daniel and W.Kozaczynski
National Veterinary Research Institute, 24-100 Pulawy, Poland
Seven field strains isolate^ (1991-93) from acute infectious bursal disease (IBD) in
broiler and pullet flocks were studied with comparison to the F52/70 reference strain
of IBD virus. In agar gel precipitation test, the field isolates racted like reference strain
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with standard serum for serotype 1 of IBD virus. Contrary to the F52/70 strains, no
pathogenicity was observed after 3 passages of the field strains in embryonated SPF
eggs. After inoculation with the field and reference strains of 4 week old chicks
previously vaccinated with commercial vaccines neither morbidity nor mortality were
observed. However, the same challenge of susceptible chicks developed severe clinical
signs with high mortality. Mortality rate was 60% for the F52/70 strain and 40-100%
for the field strains. Inoculation of one-day-old SPF chicks resulted in death and
immunosuppression. Mortality rates ranged from 6,7-20% for the field isolates versus
6,7% for the F52/70 strain. Immnuosuppressive effect expressed by a significant
reduction in serological responses to live Newcastle disease vaccine. The field isolates
and the F52/70 strain caused severe bursal atrophy and marked histological lesions in
day old and 4 week old susceptible chicks. These data show that strains of IBD virus
recently isolated in Poland are characterised by very high virulence.

A STUDY OF THE CAUSES OF VISCERAL GOUT AND UROLITHIASIS IN
A PARENTSTOCK FARM
Farzam Akram
Official Veterinary in Poultry Veterinary Organisation of Iran, Ministry of E.Sazandegi,
Iran
In a parentstock farm two flocks with 35000 hens and 6000 roosters were introduced
at one week interval. Mortality due to rickets, visceral gout and urolithiasis were
observed in both the flocks at three weeks of age. Mortality continued upto the age
of nine months. Investigations were carried out about quality of food ingredients and
Infectious Bronchitis (IB) disease vaccination programme. Antibody against IB was
measured and was positive in both the flocks. The feed stuffs including fish meal were
negative for aflatoxins and peroxides. Calcium and magnesium in sera of pullets were
normal but phosphorus was less than normal. The results showed that the mortality
could be attributed mainly to phosphorus deficiency and infection with LB. In
subsequent experiment the phosphorus deficiency was traced to low quality of DCP,
which was initially imported for glass industry but was fed to poultry birds by mistake.
Ultimately biological availability of phosphorus to birds is related to its solubility and
it was proved in the present study that pH of DCP is deciding factor.
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STUDY OF PREDISPOSING FACTORS RESPONSIBLE TO CAUSE
OUTBREAKS OF INFECTIOUS BURSAL DISEASE (GUMBORO DISEASE)
P.K.Pawar, B.V.Rajmane, A.S.Ranade and M.B.Patil
Department of Poultry Science, Bombay Veterinary College, Parel, Mumbai - 400 012 India
A preliminary survey work was undertaken to study the status of biosecurity and various
predisposing factors leading to outbreak of I.B.D. on commercial broiler farms. For
this study, six broiler farms were selected. After studying the managemental practices
followed on the farm, relevant remedial measures were suggested and follow up was
maintained for one year. The performance data with regards to gain in weights, feed
consumption, feed conversion ratio and mortality were recorded for the previous year
and during the ensuing year for comparison. Similarly the Ranikhet disease and I.B.D.
titres were estimated before and after remedial measures applied on the farms. It was
observed that the application of remedial measures significantly (P<0.01) improved
the performance of the broilers indicating vital role played by various biosecurity
measures on commercial farms. The overall mortality also reduced significantly from
13.753 to 5.940. The antibody titres were also found rising after 3rd week giving
protection against I.B.D. and R.D. when remedial measures were taken to control the
predisposing factors. Thus, it was observed that when the simple remedial measures
were applied, not only the mortality was reduced but the overall performance of the
birds in terms of gain in weights, feed conversion ratio improved significantly. This
helped the farmers in fetching higher economical returns.

MOLECULAR ANALYSIS OF MYCOPLASMA GALLISEPTICUM FIELD
ISOLATE RELATED TO AN F - STRAIN
A.SvetlinS D.Beneina^ and P.Dove^
Tata Reja, 61230 Domzale, Slovenia, Zootechnical ept., Biotechnical Faculty, 61230 Domzale,
Slovenia
Mycoplasma gallisepticum (MG) F strain has been used as a live vaccine in the United
States since the early 1960s. Among several techniques, also an F strain specific
monoclonal antibody (Mab) 6F10 could be used to differentiate F strain from other
MG strains. In an experiment in which a very slow natural spreading of MG was
recorded, the strain ULB 931 was isolated from the trachea of the contact exposed
chicken. Several isogenic cultures of this strain were initially without epitopes
recognised by Mab 6F10 or by other Mabs to MG. After 5 to 10 in vitro passages,
the progeny clones started to express epitopes for Mab 6F10 and other Mabs.
Immunoblotting indicated an apparent size variation of proteins (from 67 to 75 kDa)
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recognised by Mab 6F10. They were also strongly stained by antisera of MG infected
chickens and seem to be associated with haemagglutination. On the other hand, Mab
A3 against an epitope at the N terminal region of MG S6 strain haemagglutinin (pMGA,
S6) clearly reacted in the same ULB 931 clones with other proteins than Mab 6F10.
Polymerase chain reaction (PCR) amplifying the 1,2 kb DNA fragment of the pMGA
gene revealed PCR product of expected size as well with F (K810) reference strain as
with ULB 931 strain. However, analysis of PCR products using restriction endonuclease
Dde I suggested a sequence polymorphism around the nucleotide residue 348
characterising strains F (KB 10) and ULB 931.

MOLECULAR CHARACTERISATION OF INFECTIOUS BURSAL DISEASE
VIRUS FIELD STRAINS IN COMPARISON WITH VACCINE STRAINS
S.N.Singh, S.Ghosh, S.Kilari, S.Sawarkar, V.B.Kulkarni and A.Pandey
BAIF Research Institute for Animal Health BAIF Development Research Foundation
Briahnagar, Off Pune-Nagar Road, Wagholi, Pune 411 007, India
In the recent past, infectious bursal disease (IBD) Gumboro disease is a well known
immuno suppressive poultry malady created havoc all over the world including India
which had a substantial negative impact on the poultry economy. The causative organism
is a RNA virus group of Bimaviridae family with double stranded (ds), disegmented
genome. Thus in the present work, molecular characterisation of the available viral
isolates with reference to the vaccine viruses was looked into to have an idea of the
present disease situation in the country. IBD outbreak samples picked up from different
topographical locations were processed for isolation and adaptation of virus in specific
pathogen free (SPF) embryonated chicken eggs (ECB), SPF chicks, primary chicken
embryo fibroblast (CEF) culture and established cell lines simultaneously. The samples
were given 3-5 blind passage in each biological system till its adaptation, which intum
was evaluated by reproducible patho biological changes. The viral isolates thus obtained
were subjected to purification and subsequent molecular characterization were put
through by SDS-PAGE analysis, western blotting, ELISA and PCR. From our studies,
it can be opined that molecular characterisation attempts of the present investigation
has high practical implications in antigenic and nueclic acid comparative analysis of
the field viruses from vaccine viruses which suggests that minor antigenic variation
amongst few isolates can be supportive in designing a candidate vaccine virus.
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STUDIES ON ORGAN WEIGHTS AND ORGAN TO BODY WEIGHT INDICES
IN BIRDS INFECTED WITH INFECTIOUS BURSAL DISEASE (IBD)
B.K.More and R.N.Sreeoivas Gowda
Department of Pathology, Mysore Veterinary College, U.A.S. Hebbal Campus, Bangalore
- 560 024, India
An experiment was conducted on 28 day old chicks infected with IBD virus to study
organ weights and organ to body weight indices for the assessment of lymphocytolysis
caused by IBD. One hundred chicks free of maternally derived antibodies were divided
into two groups and the experimental group was Inoculated with IBD virus on 28 days
of age. Five birds from each group were sacrificed and bursa of Fabricius, thymus,
spleen, and Harderian glands were collected on 1,2,3,4,5,6,7,14,21 and 28 DPI. Body
weights were recorded prior to killing of birds. The body weights of infected birds
were significantly (P<0.01) lower till 4 DPI. The analysis of organ weights and organ
to body weight indices revealed that the peak bursal enlargement (thrice the normal
size) was noticed on 2 DPI and atrophy (5 times smaller) on 28 DPI. Similarly the
thymic and splenic enlargement were recorded on 2 and 3 DPI and atrophy by 5 to 7
DPI. There was initial enlargement of Harderian gland on 2 and 3 DPI followed by
atrophy on 6 and 7 DPI. Significant (P<0.01) hyperplastic enlargement of Harderian
glands was noticed around 14 and 21 DPI.

IMMUNE RESPONSES TO T-INDEPENDENT AND T-DEPENDENT
ANTIGENS IN EXPERIMENTALLY INFECTED CHICKS WITH
INFECTIOUS BURSAL DISEASE
B.K.More, R.N.Sreenivas Gowda, and S.Gopalkrishna
Department of Pathology, Mysore Veterinary College, U.A.S. Hebbal Campus, Bangalore
- 560 024, India
Seventy chicks aged 28 days and free of maternally derived antibodies formed the
experimental system for immune responses studies. These chicks were divided into
two groups of 35 each. One group was administered IBD virus and other maintained
as uninfected lot. T-independent antigens viz. Br.abortus and sheep red blood corpuscles
(SRBC) were inoculated into each of 5 birds in infected and control groups on 14 and
21 DPI. Similarly dinitrochlorobenzene (DNCB) hypersensitivity skin test and
tuberculin sensitivity test (FCA) were conducted on 21 DPI in each of 5 birds from
control and infected groups. It was observed that humoral immune réponses to both
Br. abortus and SRBC antigens were significantly depressed even after 28 DPI in IBD
infected birds. The cell mediated immune responses to DNCB and FCA were, however
considerably elevated in infected group.
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THE INCIDENCE OF INFECTIOUS BURSAL DISEASE AND VIRAL
ISOLATIONS IN SOUTH INDIA
B.K.More, and R.N.Sreenivas Gowda
Department of Pathology, Mysore Veterinary College, U.A.S. Hebbal Campus, Bangalore
- 560 024, India
The 1993 outbreaks of infectious bursal disease (IBD) in India caused losses of millions
of birds both layer and broiler type. In this study, 154 poultry farms in south India that
faced this outbreak were visited and bursal samples collected. The specimens were
categorised into 3 categories based on regions as Bangalore rural, Bangalore urban
and Namakkal region. The virus isolates from all the three regions in South India were
typed as the standard IBDV serotype-1, the 52/70 strain which is more closely related
to the European variant isolates DV 86 or CS 88. The overall mortality in the layer
type birds was 50% and that the broiler type was 29 per cent. The birds in the age range
of 5 to 16 weeks were more commonly affected.

CLINICOPATHOLOGICAL STUDIES IN BIRDS EXPERIMENTALLY
INFECTED WITH INFECTIOUS BURSAL DISEASE VIRUS (IBDV)
B.K.More, and R.N.Sreenivas Gowda
Department of Pathology, Mysore Veterinary College, U.A.S. Hebbal Campus, Bangalore
- 560 024, India
An experiment was conducted to study the total protein profile and total immunoglobulin
levels in IBDV infected birds to assess the lowered immunity caused by the disease.
One hundred chicks free of maternally derived antibodies were divided into two groups
and one group was infected with IBDV on 28th day of age. The 5 birds each from both
the groups were sacrificed and the serum samples were collected on 1,2,3,4,5,6,7,14,21
and 28 DPI. The serum total proteins and albumins were estimated by colorimetric
Biuret and Dumas method and the serum total immunoglobulins by single radial
immunodiffusion technique. The serum total proteins and globulins in infected birds
were decreased significantly (P<0.01) upto 4 DPI and in the later period of the study
those values improved but remained low. The serum total immunoglobulins although
were substantially low in the infected group in the initial period, a significant (P<0.01)
immunodeficiency was noticed only from 14 DPI onwards. The correlation studies
revealed that the serum levels of total proteins were significantly (P<0.01) dependent
on serum globulins and total immunoglobulins.
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INCIDENCE OF ESCHERICHIA COLI 'O' SEROTYPES IN POULTRY
J.B.Suryawanshi, G.R.Ghalsasi, S.B.Kulkarni, B.D.Survashe and R.K.Phatak
Poultry Diagnostic and Research Centre of VHL, Loni Kalbhor, Pune, India
In Maharashtra since last two decades poutlry industry has made rapid progress in
layer as well as broiler production. Though good breeding, improved management
methods in chicken rearing are being practiced, still E.coli infection is posing great
threat to this industry. E.coli infection includes colibacillosis, colisepticaemia,
coligranuloma, peritonitis, salpingitis, omphalitis, panophtalmitis, air sac disease and
all other disease conditions are caused entirely or partly due to secondary invaders as
E.coli. A total of 360 E.coli isolates obtained from various disease conditions of Poultry,
during a four year study were submitted to Central Research Institute, Kasauli for
serotyping. Out of these, 73 different O serotypes were identified. As per the
comparative study in 257 isolates of broilers and 103 isolates of layers the data suggests
that 078 (14%), 01 (8.17%), 02 (4.28%), 08 (4.28%), Olli (3.50%), 015 (3.11%), 018
(2.72%) and 020 (2.72%) serotypes were found most commonly in broilers whereas
078 (13.59%), 01 (5.82%) and 08, 0109, 0143, 0152 serotypes were 4.85% in layers.
Finally to conclude, the 078 and 01 serotypes had higher incidence than 02, 08, 015,
018, 020, 0109 and Olli serotypes in broilers. Whereas the 078 and 01 had higher
incidence than 08, 0109, 0143 and 0152 in layers.

GANGRENOUS DERMATITIS - STUDY ON FIELD ISOLATES AND
SPECTRUM OF ANTIBIOTIC ACTIVITY
M.G.Morton and T.Suryanarayan
Department of Poultry Science, University of Agricultural Sciences, Hebbal, Bangalore 560 024, India
Gangrenous Dermatitis which affects growing pullets causes severe economic losses
with subsequent lowered productivity. A study was conducted to identify the causative
agent along with the spectrum of antibiotic activity. A total of 97 cases of Gangrenous
Dermatitis in layer pullets over a period of three years was subjected to a thorough
investigation. The highest incidence of the disease was recorded in the age group 614 weeks. Both, aerobic and anaerobic cultures from each case were subjected to the
antibiogram test. Mixed infections with Staphylococcus aureus, E.coli and Clostridium
species accounted for 36% of the samples in which neomycin (79%), nitrofurantoin
(56%) and bacitracin (50%) were most effective. Staphylococcus aureus alone accounted
for 28% of the samples in which neomycin (82%), cotrimoxazole (69%) and
nitrofurantoin (58%) were most effective. Staphylococcus aureus and Clostridium
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species accounted for 18% of the samples in which neomycin (100%), furazohdone
(100%) and nitrofurantoin (75%) were most effective. The remaining 18% of samples
consisted of mixed infections with Staphylococcus aureus, E.Coli, Psuedomonas,
Klebsiella and Clostridium species with a varying antibiotic sensitivity range. The
tetracyclines and ampilcillin group of antibodies were relatively ineffective.

EXPERIMENTAL RESEARCH ON THERAPEUTIC VALUE
COCCIDIOSTAT OF TOLTRAZURIL AND DICLAZURIL IN CHICKS

AS

V.Cozma^ and D.Luca^
^Faculty of Veterinary Medicine Cluj-Napoca, ^Agrointernational Ltd. Bucharest,
Romania
The experimental researches regarding the therapeutical and prophylactic efficiencies
of Toltrazuril and Diclazuril coccidiostatics in chicks have revealed the following :
The Toltrazuril administered 1 ml/liter of water dose to the group II, had a good
efficiency, the survival rate being 100%. Nevertheless, a high rate of oocysts elimination
was observed (mean value : 59.027 OPG). The chicks belonging to this group which
were sacrificed for control examinations, presented lesions of fibrinous and hyperplastic
enteritis. The average weight gain in this group was higher than in the group I, but less
than the ones of group III and IV. The coccidiostatic index in this group was 63.94,
greater than the one of group I but smaller than the index of group III. The coccidiostatic
performance rate was 220.56. The therapeutic and prophylactic efficiency value of
Diclazuril administered in food in 200 mg/kg doses during the entire experimental
period in group III was very good, the survival rate being 100% and the oocyst
eliminations averaging 920 OPG. The coccidiostatic index was 96.19, greater than the
ones of groups I and II, while the coccidiostat performance rate was 331.91 which is
much higher than the one observed in group II. From sacrifices performed in this
group, no lesions were detected.

ANTICOCCIDIAL EFFICACY OF LASALOCID (AVATEC) AGAINST
VARIOUS STAGES OF THE DEVELOPMENTAL CYCLE OF EIMERIA SP.
IN BROILER CHICKENS
^Gilbert M. Weber and ^Martine Adnet
F. Hoffmann-La Roche Ltd. CH-4002 Basel, Switzerland ^Société Chimique Roche Ltd., F68305 Saint-Louis Cedex, France
Shuttle programs are commonly used for coccidiosis control in broilers. However,
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occasionally coccidiosis outbreaks occur shortly after the change from the first to the
second product. This problem may be due to different activity patterns of the drugs.
Accordingly, the present study aimed at determining the stages of optimum action of
lasalocid (AVATEC). Ten day-old broiler chicks were given either a basal grower diet
(treatment T = B and D) or the same diet, supplemented with 125 ppm of Lasalocid
(T=A and C) for 6 days. Then, the chicks were inoculated orally with 250'000 sporulated
oocysts of a mixed coccodia strain (E. acervulina and E. tenella). At infection (day 0)
or 1 to 6 days after infection (p.i) the diet was changed from medicated to basal (T=
A and C) or from basal to medicated ( T = B and D), either for the whole remaining
trial period (T=A and B) or for only one day ( T = C and D). Infected chicks, either
medicated throughout or not medicated at all were taken as controls. On day 7 p.i., all
chicks were necropsied and scored for duodenal and caecal lesions. Other parameters
were daily weight gain, feed conversion and oocysts excretion. Relative efficacy (RE)
was calculated for weight gain and total lesion scores. RE values of 67% was considered
as threshold for significant activity of the drug. The results of treatments A and B
indicated that the main activity of lasalocid is directed against early stages of the parasitic
cycle. When the drug was withdrawn (T=A) on days 0 or 1 p.i., RE for weight gain
below threshold value, while later withdrawal did only scarcely influence performance.
According to RE for lesion scores, the drug was required until day 5 p.i. to meet the
expected activity. When lasalocid was added (T=B) on the first two days p.i. RE
exceeded the threshold value for both weight gain and lesion scores. Interruption of
lasalocid administration for one day (T=C) depressed performance beyond threshold
RE only on day 2 p.i. but continued to reduce lesion scores. Contrary to that,
supplementation with lasalocid for one day (T=D) did not significantly improve
performance or reduce lesion scores.

A STUDY ON THE PREVALANCE OF COCCIDIOSIS IN BROILERS
MAINTAINED IN OKARA (PAKISTAN)
F.H.Zaidi Zahid Hussain and S.U.Rahman
Poultry Development and Research Institute, PRI, Cooper Road, Lahore, Pakistan. Deptt.
of Vet.Microbiology, U.A.F. Paskistan
The study was carried out to record the prevalence of coccidiosis in broilers reared in
and around Okara District Pakistan. A total number of 4373 postmortem of birds were
performed, of which 553 samples showed the lesions with the presence of oocysts of
coccidia indicating 12.64% incidence in the area. The highest incidence was noted
during the months of August and September with 23.14% and 23.53% respectively,
while the incidence was lowest during the month of June when it was 5.10%. It was
estabhshed that the incidence of coccidiosis in broilers has direct correlation with high
ambient temperature and humidity level.
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A REPORT ON EIMERIA TENELLA INFECTION IN EIGHT DAY OLD
CHICKS
V.M.Bhuktar, S.M.Borole, M.B.Mishal and K.VJadhav
Disease Investigation Section, Aundh, Pune-411007, M.S., India
An unusual outbreak of coccidiosis in 8 days old flock of 1037 Rhode white and Astro
White chicks was reported. The morbidity and mortality rates were 66% and 44%
respectively. Symptoms were, poor growth and bloody diarrhoea, Necropsy lesions
with unabsorbed yolk, petichae visible on the serosal surface of caeca, bulging of
caeca, caecal mucosa haemorrhagic and covered with blood clots. The diagnosis of
caecal coccidiosis was confirmed by characteristic gross lesions, microscopic
examination of caecal contents, caecal scrappings and histopathological examination.

CLINICOPATHOLOGICAL AND CHEMOTHERAPEUTIC STUDIES
AGAINST ASCARIDIA GALLI IN POULTRY
D.P. Banerjee, N. Verma and P.K. Bhatnagar
Department of Vaterinary Parasitology, College of Vaterinary Sciences, Haryana
Agricultural University, Hisar - 125 004, Haryana, India
Clinicopathological and chemotherapeutic studies were conducted in White Leg Horn
chicks of seven week old after experimentally infecting them with Ascaridia galli
infective eggs. The infected chicks showed diarrhoea, anorexia and dullness.
Haemoglobin, PCV TEC and DLC show ed no significant changes. The TLC, eosinophil
count, monocyte count and alkaline phosphatase enzyme increased in the infected and
untreated birds but after treatment returned to near normal. Intestinal mucosa was
thickened and congested in infected birds on 15 days post-infection (dpi).
Histopathologically, desquamation of epithelial cells lining the villi, discontinuity of
serosal layer, serofibrinous fluid in mucosa and mononuclear cell infiltration were
observed on 15 dpi. Embedded larvae in the intestinal mucosa were recorded on 10
dpi. Chemotherapeutic studies revealed that levamisole hydrochloride @ 20 mg/kg
b.wt. was most efficacious (91.8% and 95.8%) followed by piperazine adipate @ 400
mg/kg b.wt. (82.2% and 89.4%) and pyrantel pamoate @ 10 mg/kg b.wt. (53.8% and
70.7%) against immature and mature A.galli, respectively. This data suggested that
levamisole hydrochloride was the best among the drugs tried.
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EFFECT OF BETAINE ON BROILER PERFORMANCE AND LESION SCORE
WHEN COMBINED WITH lONOPHORE OR CHEMICAL COCCIDIOSTATS
J. Remus*, E. Virtanen*, L. Rosi* and J. McNaughton^
'Finnsugar Bioproducts, P.O.Box 105, Helsinki, Finland, 00241; ^PARC Institute, P.O.Box
1161, Easton, Maryland, 21601, USA
This experiment was conducted to determine if betaine could improve performance
and intestinal lesion scores of three-week-old broilers given chemical (CH)- or ionophore
(I)-type coccidiostats. Chicks were given either 0 or 0.15% betaine in the presence of
no coccidia challenge, coccidia challenge (CC), CC+66 ppm salinomycin (I), CC+UO
ppm monensin (I), CC+79 ppm narasin (I), CC+199 ppm nicarbazin (CH), CC+1 ppm
diclazuril (CH), CC+33 ppm robenidine (CH), CC+125 ppm zoalene (CH) or CC+5
ppm maduramicin (I) during the 1-21 day trial. Each treatment contained 12 replicates,
with 10 male chicks in each replicate. Chicks from CC treatments were inoculated via
the drinking water with Eimeria acervulina (100,000/bird), E.maxima (50,000/bird)
and EJenella (10,000/bird) at 14 days of age. All birds were weighed at 21 days and
then five chicks/pen were scored for intestinal lesions. Broilers given
betaine+salinomycin, narasin or zoalene had better three-week weights than birds given
these coccidiostats alone (P<0.05). Mortality-corrected feed conversion and lesion
scores of CC birds was improved when betaine was combined with salinomycin,
monensin, narasin, diclazuril, zoalene or maduramicin versus that of the coccidiotats
alone (P<0.05). Use of betaine together with monensin, narasin or maduramicin in CC
broilers decreased mortality compared to the coccidiostats alone (P<0.05). Of the
coccidiostats tested, only nicarbazin and robenidine did not respond to betaine addition
with any improvements in performance or lesion score. These results indicate that
betaine can improve performance and intestinal lesion scores of broilers given ionophore
coccidiostats or chemical coccidiotats such as zoalene or diclazuril.

EXPERIMENTAL IMMUNOPROPHYLAXIS OF COCCIDIOSIS IN
CHICKENS
J.H.Hu^ , J.S.Jiangi and M.H.Qiao^
^College of Veterinary Medicine, Beijing Agricultural University, Beijing 100094, P.R.China
^Department of Food Science, Beijing Agricultural University, Beijing 100094, P.R.China
Three groups of 7-day old chicken were immunized with 3 vaccines, prepared from
low-virulence strains of Eimeria tenella, E. acervulina, E. maxima, E. necatrix oocysts
in different amount and proportion. The chicken were challenged 4 weeks later. Oocyst
output, lesion, weight gain, and food conversion were monitored. The best results
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were obtained with the vaccine, containing 500 oocysts of E. tenella, 2500 oocysts of
E. acervulina, 2000 oocysts of E. maxima, 300 oocysts of E. necatrix. This vaccine
and a vaccine containing less (1000) oocysts of E. tenella prevented clinical disease,
whereas the vaccine containing 100, 1000, 1000, and 100 oocysts of E. tenella, E.
acervulina, E. maxima, and E. necatrix respectively did not.

IN VIVO QUALITATIVE ASSESSMENT OF DRUG RESISTANCE IN FIELD
ISOLATES OF EIMERIA TENELLA
N.Rana and R.C.Kulshreshtha
Department of Veterinary Public Health & Epidemiology, CCS HAU, Hisar - 125 004,
India
Four field isolates of E.tenella from outbreaks of caecal coccidiosis in broiler farms
at Hisar and Jind districts of Haryana state were assessed for development of resistance
to anticoccidials viz. Amprolium, Clopidol, Nitrofurazone + Furazolidone and Sodium
Sulphadimethylpyrimidine. Day old hybrid chicks of either sex were raised in coccidia
free environment and each chick was infected with about 1,00,000 sporulated oocysts
per OS at 3 weeks of age. The drugs were tested for anterior prophylactic activity with
medication commencing 24 hours prior to infection. The comparative efficacy of test
anticoccidials was judged by formulating a performance index (PI) which incorporated
ratio of mean gains, survival and faecal scores of chicks as the three criteria. The
criterion of resistance of an isolate to a drug was that the average dropping per score
of the chicks, calculated 4-7 days post incoulation, in infected medicated group was
at least 50 percent of that in the infected unmedicated control group. The relative
anticoccidial index of each isolate of E.tenella against the respective anticoccidial was
also determined to signify the relative drug resistance of coccidia. Amprolium (PI=
277,273) and sodium sulphadimethylpyrimidine (PI=293,210) at Hisar and AmproUum
(PI=267,247) and Clopidol (PI=283,278) at Jind were found suitable for the prevention
and control of caecal coccidiosis. Drug resistant isolates were encountered at both the
study areas. Hisar isolates were found resistant to Clopidol and Nitrofurazone +
Furazolidone while Jind isolates were found resistant to sodium
sulphadimethylpyrimidine and Nitrofurazone + Furazolidone.
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EFFECT OF FEED STRUCTURE ON COCCIDIOSIS CONTROL IN BROILER
CHICKS
DJ.Langhout^ J.H.van der Stroom^ and J.B.Schutte^
^TNO Institute of Animal Nutrition and meat Quality (ILOB). P.O. Box 15 6700 AA
Wegeningen. The Netherlands
^Elanco division of Eli Lilly & Co. Krijtwal 17-23 3432 ZT Nieuwegein, The Netherlands
An experiment with broiler chicks was conducted to determine the effect of feed
structure on coccidiosis control. The basal diet used contained 50% wheat. The wheat
was ground on a 2.75 or 8 mm sieve, respectively. A diet containing 50% com (ground
on a 8 mm sieve) was used as a reference. Each experimental treatment was fed to four
floor pens housed broilers, each containing 115 female birds, for a period of 40 days
(age period 1-40 days). The birds were infected with coccidiosis by adding 400 g used
litter to each pen around the drinkers at day one and by adding Htter with sporulated
oocysts to the drinking water at day 8. Coarsely grinding of the wheat decreased body
weight as compared to the diet with finely ground wheat. Whereas feed conversion
efficiency was improved. However, when feed conversion efficiency was corrected
for the difference in body weight, feed conversion efficiency was similar for both
types of wheat-based diets. Body weight of birds fed the corn-based diet was hardly
different from those fed either of the two wheat-based diets. Whereas feed utilization
was significantly better. Mortality rate on the finely ground wheat-based diet was 9.1%.
Feeding birds either the coarsely ground wheat-based diet or the corn-based diet reduced
mortality rate to 2.8 and 2.0%, respectively. Birds fed the coarsely ground wheatbased diet only suffered from intestinal coccidiosis between day 15 and 21. When
birds were fed the finely ground wheat-based diet they showed two coccidiosis
infections. The first infection was similar to the infection on the coarsely ground wheatbased diet and a second infection was observed between day 30 and day 36. Grinding
of the wheat had no clear effect on lesion in the caecum. In birds fed the corn-based
diet, lesions were similar to those fed the coarsely ground wheat-based diet. Based on
the results of the present study it was concluded that feed structure influences course
of coccidiosis to some extent.
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IMMUNE RESPONSE TO VACCINATION AGAINST COCCIDIOSIS IN
BROILER BREEDER CHICKS
Umesh Devurkar, G. Devegowda and C. Renukaprasad
Department of Poultry Science, University of Agricultural Sciences, Hebbal,
Bangalore - 560 024, India
A study was undertaken in broiler breeder female chicks to evaluate the immune
response to challenge with oocysts of Eimeria tenella when immunised with CoccivacB(Sterwin Labs USA). Chicks in Group-I, consisted of five, 20 day old immunised
with Coccivac-B on day five by top dressing the feed. Five chicks were selected from
a batch of 2500 Avian-34 female chicks vaccinated with Coccivac-B. In group-II,
consisted of five, 20 day old Avian-34 chicks not vaccinated with Coccivac-D. Both
the groups were challenged with sporulated oocysts of Eimeria tenella. Weekly body
weights, feed intake, daily mortality, coccidial lesion score and faecal oocysts count
were recorded. The average body weight gains and feed intake were more in the groupI birds as compared to group-II birds. 3/5 birds in the group-II succumbed due to acute
caecal coccidiosis as compared to 0/5 in the group-I. Caecal coccidial lesion score
(-1-4) was more intense and higher faecal oocyst count was observed in group-II.

T-LYMPHOCYTES CONFER PROTECTION IN CHICKENS AGAINST
EIMERIA TENELLA BY PRODUCTION OF IL-2 AND INTERFERON
GAMMA
G.GarciaS G.Tellez^ V.Ortiz^, A.Isibasi^, L.Paasch* and M.Kongut^
^Departmento de Production Animal : Aves. Facultad de Medicina Veterinary y Zootecnia.
Universidad Nacional Autónoma de Mexico. 04510. Mexico D.F.
^Unidad de Investigation Medica en Immuno-quimica. Hospital de Especialidades Centro
Medico Nacional, Siglo XXI.
'^USDA, Agricultural Research Service, Food Animal Protection Research Laboratory, Route
5 Box 810 College Station, TX 77845
Recently,our laboratories have demonstrated that the prophylactic administration of ETILK induces protection against Eimeria tenella for a maximum of 5 days following the
ET-ILK administration, as evidenced by a reduction in both oocyst production and gross
lesion score values. In the present study, the presence of IL-2 and Interferon gamma were
determined in the soluble products from Con A-stimulated T-lymphocytes from Eimeria
tenella-infected chickens (ET-ELK). Using a lymphocyte proliferation assay, the presence
of IL-2 was evaluated by ^H-thymidine incorporation, showing significant differences
(P<0.001) when compared with the negative control C-63 / IL-2 recombinant mouse cell
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line. Alternatively, the presence of interferon gamma in the ET-ILK supemates was detected
by the increasing cell surface class I and class II molecules expression of the MHC by
flow cytometry. In the present study, we provide further evidence that T-lymphocytes
mediate immunity against avian coccidia probably through the production of these
important lymphokines. Further studies to purify and identify the effector lymphokines
as well as a study on the species speciñcity of the lymphokine-induced protection, together
with a systematic investigation into the mechanisms by which the lymphokines potentiate
their protective effects are in progress.

HELMINTHS OF CHICKEN IN SOUTHERN VIETNAM
Luong Van Huan
Department of Parasitology, Pathology and Infectious disease University of Agriculture
and Forestry, Thuduc District, Hochiminh City, Vietnam
A survey on helminths of 742 autopsied chickens in Eastern region and Mekong Delta
in Southern Vietnam shows 64 helminthic species : 14 species belonging to class
Trematoda ; 22 Cestoda and 28 Nematoda. The important species are : Raiilietina
echinobothrida 49.7%; R.tetragona 47.0%; R.penetrans 13.8%; R.williamsi 11.6%;
S.brumpti 10.1% and Oxyspirura mansoni 11.6% .

COCCIDIOSIS IN BROILERS : ASPECTS OF BUILD UP OF PROTECTIVE
IMMUNITY
E.A.M.GraatS H.W.PloegerS A.M.Henken^ and W.W.Braunius^
^Department of Animal Husbandry, Agricultural University, P.O.Box 338, 6700 AH
Wageningen, The Netherlands
^Animal Health Service, P.CBox 9, 7400 AA Deventer, The Netherlands
In a recently developed computer simulation model of Eimeria acervulina infection
and its effect on production of broilers, parameters of host immune responsiveness
have an enormous influence on simulation outcomes. To validate these simulation
results 2 experiments were done. In the first experiment effects on oocyst excretion
and production were determined after repeated infection with 2.85 x 10^ oocysts or a
placebo (2 times a week, from 11 to 40 days of age). Immune responsiveness was
varied with various dosages of dietary corticosterone (CO) (0,10,20 and 30 ppm ; 6
pens of 6 chicks per CO level). CO did not have an effect on the peak of oocyst excretion,
although it was administrated from 4 days before initial infection. The number of
oocysts excreated shortly after the peak and the length of the excretion period were
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increased in CO treated groups. Infection did not have a significant influence on
production characteristics in chicks without CO. However, with increasing CO levels
the negative effects of infection on production increased. The absence of a difference
in peak oocy st excretion was ascribed to the existence of a time-lag between first contact
with the parasite and coming into operation of protective immunity. In the simulation
model this period was assumed to depend on the amount of immunogen. In the second
experiment it was verified if CO had an immediate effect on immunity against infection
with E. acervulina by administrating CO (20 ppm) on different times during oocyst
excretion. In this experiment also the influence of the magnitude of infection on
estabhshing protective immunity was studied. Results showed that CO had an immediate
effect and suggested that protective immunity developed faster in broilers repeatedly
infected with 2.8 x 10^ oocysts compared with ten times lower infection dose, at least
when oocyst excretion was regarded. Results of both experiments agreed, at least
qualitatively, with simulation outcomes.

STATUS OF COCCIDIAL INFECTION IN A COMMERCIAL BROILER FARM
AFTER CONTINUOUS USE OF COXISTAC (SALINOMYCIN) FOR THREE
YEARS
V.S. NarsapurS A.N. MulbagaP and R.D. Kalkar^
Doleos Veterinary Clinical Laboratory, Mumbai 400 101, India
2 Pfizer Limited, Mumbai 400 021, India
A study was carried out on two flocks (10,000 chicks each) on 28th day and 35th day
of age to establish the status of coccidial infection after continuous use of Coxistac for
three years. Oocyst counts were made in droppings & litter material. Lesion scores
were recorded along with histopathological and impression smear examinations. Out
of 96 composite samples of droppings and 48 samples of intestinal contents, the presence
of Eimeria tenella revealed in 8.75% and 20.83% samples, respectively. The degree
of positivity differed in two flocks (9.39% & 7.85%). The intensity of infection also
varied on 28th day (5.82%) and 35th day (11.41%). In all the positive samples the
number of oocysts found was very low ranging from 0-2 oocysts per low Power Field
under microscope. There was no report of clinical coccidiosis on the farm for the last
three years. However, in all flocks lesions of IBD, IBH & RD and symptoms associated
with pecking were noticed during the study. It was concluded that there was no
development of resistance against Coxistac even when used continuously for three
years in commercial broilers. Mild leakage of oocysts in droppings is a known feature
of ionophores which might provide protective immunity to birds against coccidial
infection.
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COMPARATIVE EFFICACY OF COCCIDIAL
ANTICOCCIDIAL IN BROILER BREEDERS

VACCINE

AND

S.P. Ganapule, Umesh Devurkar and G. Devegowda^
The IFF Breeders Pvt. Ltd., Bangalore, India, Department Of Poultry Science U. A. S.,
Bangalore, India
A study was conducted to evaluate the comparative efficacy of Coccivac-B (Sterwin
Labs, USA ) and antococcidials viz. Amprol plus (Amprolium HCl and Ethopobate,
Glaxo ) and Coxistac (Salinomycin, Pfizer ) in Avian-34 broiler breeder female chicks.
Group Tl contained 3341 chicks vaccinated with Coccivac-B on day 5 by top dressing
the feed. Group T2 and Group T3 comprised of 3266 and 1696 chicks respectively,
which were given Amprol plus and Coxistac in the feed from 4 to 14 weeks and reared
on floor . Weekly body weights, per-cent uniformity in body weights, daily mortality,
litter coccidial oocyst count, coccidial lesion score were recorded. All the birds were
monitored for antibody profiles. No significant variation in per-cent mortality and
antibody titres were noticed in any of the groups tested against NDV, IBDV, IB V, Reo
Mycoplasma gallisepticum and Mycoplasma synoviae. Chicks in vaccinated group
(Tl) had superior per-cent uniformity in body weights as compared to the chicks in
other groups which were given anticoccidials (T2 and T3). Faecal oocyst count and
coccidial lesion score were lower in the vaccinated group.

THE EFFECTS OF FEEDING ROXARSONE TO COCCIDIOSIS VACCINATED BROILERS
G.F. Mathis
Georgia Poultry Research, Inc., 2011 Brock Road, Athens, GA 30607, USA
A broiler floorpen study was conducted to determine the effects of feeding roxarsone
in conjunction with a live coccidials vaccination program. The nonvaccinated and
vaccinated treatment groups were nonmedicated and roxarsone continuously fed or fed
for only the first 24 days. Coccivac was administered at 3 days of age. The groups were
further divided into nonchallenged and coccidiosis challenged at 25 days, with all being
replicated six times. The parameters measured were body weights, feed consumption,
lesion scores and weekly oocyst shedding. On all weigh days the nonmedicated,
nonvaccinated, nonchallenged birds performed better than all other groups. Of the
challenged groups the continuously fed roxarsone birds had significantly the best
performance and lowest lesion scores. The birds fed roxarsone for only the first 24
days performed the worst. The continuous feeding of roxarsone reduced oocyst
shedding. These results suggest that roxarsone did moderate the vaccination infection
but these birds are not fully immunized.
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CO-EXISTENCE OF COLIBACILLOSIS AND COCCIDIOSIS - A
LABORATORY STUDY
M.G. Morton and T. Suryanarayan
Department of Poultry Science, University Of Agricultural Science, Hebbal,
Bangalore 560 024, India
Economic losses in broilers due to Coccidiosis has been enhanced due to the co-existence
of E.coli infections. A laboratory study was undertaken to identify the E.coli serotypes
and its treatment. Out of 275 routine postmortems over a period of one year, 71 were
positive for caecal and intestinal coccidiosis . Intestinal swabs were cultured in
Macconkey's agar and E.coli isolates submitted for typing to a reference laboratory.
Pathogenic £.C6>// serotypes were identified in 60% of samples. The antibiogram results
showed 100% susceptibility to neomycin and nitrofurantoin, 93% were resistant to
tetracycline with varying susceptibility to co-trimoxazole and ampicillin. Simultaneous
administration of coccidiostats with the antibiotic of choice reduced mortality and
morbidity considerably. In conclusion economic losses due to Coccidiosis can be offset
by laboratory analysis for co-existent E.coli infection and its treatment.

STUDIES ON CECAL TONSIL CELLS SENSITISED AGAINST EIMERIA
TENELLA AND ITS PROTECTIVE EFFECT ON CECAL COCCIDIOSIS
M.C. Banerjee & A. Basu
Parasitology Department, WBUAFS, Mohanpur, Nadia 741252, India
Experiments were conducted to observe the protective efficacy of sensitised cecal tonsil
cells collected from Eimeria tenella infected chicks. In two experiments, a total of 216
day old broiler chicks were used and divided into 3 groups of 36 chicks each. Control
groups free from coccidia infection, were infected with 98000 E. tenella sporocysts
orally on 14th day which revealed 20-25% mortality and sickness of 60% chicks by
18th to 20th day. The third group having three subgroups of 12 chicks each, were
injected intrabursally 0.2ml of 8500 E.tenella sensitised cecal tonsil cells (SCTC)
suspension on 7th, 14th and 18th day respectively and then challenged orally with
98000 sporocysts of E.tenella on 14th day. All the chicks of third group survived the
challenge. Chicks challenged on 14th day achieved protection on sensitisation with
SCTC through intrabursal, intramuscular and subcutaneous route on 18th day after
showing drowsiness for 4 hours, 12 hours and 36 hours respectively. Ninety four broiler
breeder males 12th weeks age infected with cecal coccidiosis and injected with 0.2ml
of 8500 SCTC intrabursally were cured from coccidia infection within 24 hours and
remained free from coccidiosis till 64 weeks of age on deep litter. Electron microscopic
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studies of sensitised mononuclear cells of cecal tonsil revealed morphologic reflection
of inimuno responsiveness. These evidences suggested that passive transfer of sensitised
immuno competent cells can induce cell mediated immunity and confer resistence to
Eimeria tennella infection in fowl.

OUTBREAKS OF COCCIDIOSIS IN POULTRY DUE TO FAULTY
MANAGEMENT IN ZAMBIA-CONTROL, ITS CONSEQUENCES ON STAFF
AND ECONOMIC LOSSES
G.S.Pandey
School of Veterinary Medicine, Department of Disease Control, University of Zambia,
P.O.Box 32379, Lusaka, Zambia
An outbreak of caecal coccidiosis at Zambia National Service Poultry Farm occurred
due to green grass used as litter. Chicks aged 4-6 weeks after 7 days started showing
bloody diarrhoea and very high mortality (50%) within 10 days of the start of the
symptoms. On clinical, post-mortem and laboratory investigation, caecal coccidiosis
was confirmed. The birds were removed to another house with sawdust and wood
shavings to keep the floor dry. Amprol @ 0.24% in drinking water was given for 4
days followed by oral antibiotic and vitamin A. The mortality was controlled. Similarly
another outbreak due to leakage of excessive water from the roof in rainy season in
7 weeks old broilers occurred and mortality reached 26% in 20 days.

VACCINATION OF BREEDING FLOCKS AGAINST SALMONELLA
ENTERITIDIS
M.Meroz and E.Berman
Israel Veterinary Services, Ministry of Agriculture P.O.Box 299, Bet Shemesh, Israel
Salmonella enteritidis (S.E.) continues to be a serious public health and poultry disease
problem. In Israel, the number of isolations of Salmonella in poultry has risen by 155%
and in humans by 51% in the last 5 years. The major cause of this increase in poultry
and in humans is due to S.enteritides and specifically phage type PT 6a (B3). In the
framework of the effort to reduce the infection with this pathogen the Israeli veterinary
services began a program in June 1994 of vaccination of meat and egg type breeding
nocks against S.enteritides Prior to vaccination there was little improvement in the
situation despite increased biosecurity and a stamping out program of infected flocks.
Following the initiation of the vaccination program there was a reduction in the
occurrence of S.enteritides in the chicks that originated from the vaccinated flocks.
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The vaccination program on heavily infected sites was a live attenuated Salmonella
typhimurium vaccine (TAD) in drinking water on day one and at seven weeks, followed
by an inactivated S.E. vaccine (TAD) by subcutaneous injection at eleven weeks and
seventeen weeks. On lightly infected sites the program was similar but with only one
inactivated vaccine at seventeen weeks. In one hatchery after vaccination of all the
breeding flocks, the number of S.enteritides infected broiler flocks originating from
this hatchery was reduced from 38 to 6 in a six month period. This can be compared to
a second hatchery in which no vaccination was carried out and the number of infected
broiler flocks increased from 34 to 73 in a similar period. In a breeding farm that had
increasing infection in subsequent flocks, vaccination of a new flock reduced the number
oí S.enteritides infected broiler flocks originating from this farm from 17 to 1. Similar
results were seen in hatcheries and breeding flocks.

IMMUNE MODULATION OF CHICKENS
V.Sivanandan, K.V.Nagaraja, D.A.Halvorson and S.Noll
University of Minnesota. 1971 Commonwealth Avenue, St.Paul, MN 55108, USA
The purpose of this study was to determine if inmiunosupression in chickens can be
reversed by the administration of immunomodulators. Day-old chicks were
immunosuppressed by intramuscular administration of cyclophosphamide,
dexamethasone by subcutaneous route, or a combination of both. Birds were then
immunomodulated using different agents (L-arginine hydrochloride, vitamin E and
levamisole) orally for nine days. There was a significant loss of body weight of all
immunosuppressed birds. Vitamin E, levamisole and arginine were able to reduce this
weight loss in that order. Although cyclophosphamide significantly reduced relative
bursa to body weight ratio, none of the immunomodulating agents was able to restore
it back to control group level. However, they were able to increase the thymus to body
weight ratio. Arginine significantly enhanced the spleen to body weight ratio of birds
that were immunosuppressed by dexamethasone. Arginine, vitamin E and levamisole
were able to immunomodulate cutaneous basophil hypersentivity reaction (measure of
cell-mediated immune response) of dexamethasone immunosuppressed birds. The effect
of immune modulation of arginine only was evaluated on the phagocytic function of
systemic macrophages by whole blood chemiluminescence assay. Arginine was able
to restore the phagocytic function of birds that were immunosuppressed by
dexamethasone or combination of both cyclophosphamide and dexamethasone. From
this study, it appears that the immunomodulating agents used here have varying effects
on the immune function and have the potential to reduce immunosuppression in general.
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CHICKEN ANAEMIA (C.A.V.) INACTIVATED VACCINE CHARACTERISTICS AT EXPERIMENTAL LEVEL
A. Pages-Mante, N. Saubi, C. Artigas, and E. Espunya
HIPRA, Laboratories - 17170-AMER (Girona) Spain
In this work we assessed the performance of an inactivated chicken anaemia (CAV)
vaccine, administrated to SPF breeders at experimental level, before the egg production
period. The active and passive antibodies were tested by Elisa in the vaccinated and
in the control flocks. The antibodies induced by vaccination remained during the
whole production period in the vaccinated flock. The offsprings of the vaccinated flock
showed detectable levels of passively acquired antibodies upto 3-4 weeks of age. A
challenge performed in the offsprings of both control and vaccinated flocks at 1, 10,
20 and 30 days of age showed that at 14 days post-challenge the hematocrit level and
the weight of the thymus remained within normal level in the vaccinated birds.
Nevertheless, the progeny of control birds showed anaemia and thymus depletion. We
believe that these results could be applied in future to control CAV, as an alternative
to vaccination with the live vaccine, without the risk of spreading hve vaccine virus.

THE EFFECT OF REPEATED VENESECTION ON THE INCIDENCE OF
LEUKOSIS IN LOCAL BREED OF POULTRY
Mohamed Rashad Ghanem
Cat-Coot vet. MGMT Tanta-Egypt
Venesection was done in a local breed (Baladi) beginning at 30 days age - at the interval
of 10 days till 120 days. About 0.5 to 2 ml blood was removed at a time from each
bird. It was observed that sarcoma group big Uver disease incidence decreased from
11% to 4%. When venesection is done with Marek's disease vaccination, incidence of
Marek's disease reduced from 2% to 1%. Disease incidence was confirmed by KETS
test at the age of 30,60,90 and 120 days, and by post mortem examination at 120 days.
These birds were also supplemented with Vitamins (B^^) ^^^ Minerals (Ferric Chloride)
for production of new blood cells and lymphokines.
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EFFICACY AND FIELD TRIAL STUDIES ON A COMBINED BURSAL
DISEASE - MAREK'S DISEASE VACCINE IN CHICKENS
G.Sarma, J.Cruz-Coy and P.Sedlacek
Tri Bio Laboratories, Inc. 1400 Fox Hill Road, State College, PA 16803, USA
Efficacy of combined cell free and cell associated Marek's disease (MD) virus (HVT,
strain FC-126) and infectious bursal disease (IBD) virus (Lukert strain) vaccines were
evaluated in both maternal antibody positive and negative chicks (meat and egg type)
under laboratory and field conditions. The cell free vaccine consisted of freeze dried
HVT and IBD viruses in one preparation and stored and shipped under refrigeration.
The cell associated form of the vaccine contained the same viruses in frozen form and
stored and shipped in liquid nitrogen. Prior to use, the vaccines were diluted in sterile
diluent as per manufacturer's directions and inoculated subcutaneously into one day
old chicks. In order to evaluate efficacy, the vaccined and control birds were challenged
against virulent MD (strain RBI/B) and IBD (standard challenge strain) viruses. Field
safety trials were done in commercial broilers in different geographical areas of the
country. Both freeze dried and frozen combined HVT+IBD virus vaccines were found
to be efficacious and safe for use in chickens under both laboratory and field conditions.
Since the freeze dried HVT+IBD vaccine does not require liquid nitrogen for storage
and shipping, handling of this vaccine would be much easier than the frozen vaccine.
Besides, the freeze dried vaccine provides adequate protection against both diseases.
It is anticipated that careful application of this vaccine followed by one or two drinking
water applications of live IBD virus vaccines could be a valuable tool in controlling
Marek's disease as well as the problems caused by very virulent IBD viruses in the
field.

EFFICACY TRIAL WITH AN INACTIVATED OIL-ADJUVANT VACCINE
AGAINST HYDROPERICARDIUM SYNDROME
M.KhusiS HN.Chaudry^, and J.Vanmarcke^
^College of Veterinary Sciences, Lahore (Pakistan); ^Rhone Merieux : Lahore, Pakistan,
^Rhone Merieux : Lyon, France
Three groups of commercial broilers were vaccinated by subcutaneous route at different
ages (days 1, 10 and 20) with 0.1 ml of an inactivated oil-adjuvant vaccine against
Hydropericardium syndrome (HPS). A 4th group was left as unvaccinated control.
The vaccine was prepared from a strain (Adeno-PAK) isolated by Rhone Merieux
from livers collected in a Pakistanese broiler flock with HPS-symptoms. The virus
was grown on tissue culture. The antigen was inactivated by formaldehyde before
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being emulsified with mineral oil based adjuvant. At 30 and 42 days of age, 20 to 24
chicks of each group were introduced in separated pens and challenged with a local
HPS-strain by intramuscular injection (Avicenna HPS-strain 95). Protection rates ranged
from 45% to 100% . Highest protection was obtained with birds vaccinated at 20 days
and challenged at 30 days (86% protection) and at 42 days (100% protection). All
control birds showed clinical signs and/or mortality.

PROTECTION POTENTIAL OF VARIOUS COMMERCIALLY AVAILABLE
VACCINES FOR INFECTIOUS BURSAL DISEASE IN LAYER CHICKS.
M.H. Ahsan, A. Ahmad, Sajad-ur-Rahman and Zia-ur-Rahman
Faculty of Veterinary Sciences, University of Agriculture, Faisalabad-38040, Pakistan
A total number of 210, day-old layer chicks were divided into seven groups. Six groups
were vaccinated with Vineland (A), Gumboral CT (B), Bur-706 (C), Bioteke (D),
Bursine 2 (E) and D-78 (F) at the 14th and 25th day of age. The seventh group(G) kept
as non vaccinated and served as control. These groups were inoculated with infectious
bursal disease virus (IBDV) field strain at the 29th day of age to study the pathological,
serum biochemical changes and protection potential of different vaccines. Clinical
signs were observed in group A and G between day 3 and 7 post-inoculation (PI). The
rest of the groups did not show any signs of disease. Morbidity in group A and G
was 100 per cent while mortality was 13.3 per cent and 16.7 per cent in group G and
A respectively. Bursa of fabricius was hemorrhagic in appearance in group A and G
and was double in size than normal. Microscopically there was necrosis of some
lymphoid foUicals and hemorrhages. Decrease in total serum proteins was accompanied
by a decrease in albumin, while increase in globulin level in group A and G as compared
to other groups. Serum Glutamic -oxaloacetic Transaminase (SGOT) concentration
was highest on day 3 of post infection in group A and G. It can be concluded that all
vaccines except from Vineland are safe to use in the local conditions.

EFFICACY OF NEEM EXTRACT AS AN AEROSOL DISINFECTANT ON
BROILER PERFORMANCE
T.Prakash, K.S.Prathap Kumar and G.Devegowda
Department of Poultry Science, University of Agricultural Sciences, Hebbal, Bangalore560 024, India
Neem extract (Azadirachtin) due to its antimicrobial properties has opened new avenue
as disinfectants in poultry farming. An experiment was conducted to evaluate the efficacy
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of neem extract as a disinfectant in a poultry shed housing 1280 day-old chicks. The
treatments were control, brand-X disinfectant spray, 0.3% neem single spray and 0.3%
neem repeated spray. All the disinfectants were sprayed before arrival of chicks but
neem repeated spray was continued once in two weeks. The body weight in neem
repeated group showed a significant (P<0.05) increase at 4th week compared to all
other treatments. However, only neem repeated spray group showed improvement
(P<0.05) over control at 6th week. Feed intake was unaffected in all the treatment
groups. After repeated spraying of neem extract, the microbial population was reduced
(P<0.05) at 4th and 6th week. Neem extract was found beneficial as a disinfectant.

CHICKEN INTESTINAL ISOLATES OF LACTOBACILLI THAT INHIBIT
IN VITRO ATTACHMENT AND CECAL COLONIZATION OF
SALMONELLA TYPHIMURIUM
S.E.Craven
USDA, ARS, Russell Agricultural Research Center, P.O.Box 5677, Athens, GA, USA
The attachment of radiolabelled Salmonella typhimurium 3333/0 (ST) cells to
immobilized mucus isolated from the ceca of leghorn chickens was determined in the
presence of D-mannose. Attachment was inhibited by the chelating agents, EDTA and
citrate, and the calcium agonist, lanthanum. Attachment was promoted by calcium and
to a lesser extent barium. These results indicate a role for metal cations. The ability
of strains of lactobacilli (LB), isolated from the crop wall and cecal mucus, to inhibit
attachment was determined. Preincubation of immobilized mucus with spent supernatant
or washed cells from cultures of LB inhibited subsequent attachment of ST. The culture
supernatant of one of the isolates of LB contained an attachment-inhibiting factor that
was non-dialysable and detected in cultures incubated aerobically or anaerobically at
37°C or 42°C. The inhibitory activity was enhanced by preheating at 80°C and reduced
in the presence of p-nitrophenol (known to interfere with hydrophobic interactions).
Composite cultures of the LB isolates, when given to chicks by oral lavage, inhibited
subsequent cecal colonization by the experimental ST strain. Results indicate that LB
isolated from the chicken intestinal tract inhibit colonization by ST and express celluar
and cell-free factor(s) that inhibit attachment to intestinal mucus.
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EFFECT OF OIL ADJUVANTED, INACTIVATED VACCINES
ADMINISTERED BY DIFFERENT ROUTES ON THE CHICKEN BREAST
MUSCLE
L.Korosi, J.Povazsan, R.Glavits, F.Ratz and E.Ivanics
HeRoss Ltd Co. H-2364 Ocsa, Hungary
A vaccination trial was conducted to compare the gross and histopathologic lesions of
oil adjuvanted inactivated vaccine due to injections performed by traditional needle
and by high-air pressured automatic device (AVIJET) on the pectoral muscles of
chickens. One hundred eighty broilers aged 6 weeks were splitted into 3 groups and
were injected into the breast muscle by the same vaccine (BIGOPEST). The first group
received 0.3 ml per bird administered by needle; the second group 0.5 ml per bird
injected by needle; the third group 0.3 ml per bird administered by AVIJET. During
the 8 weeks experimental period, 10 chicken per group were weekly selected and killed
and their breasts were investigated macroscopically and histopathologically. One week
after the vaccination (pv) the vaccine as a diffuse deposit was visible mainly among
the muscular fibres of the superficial and deep pectoral muscles. The extension of the
lesions were most pronounced in the group 2. In each group fibroblast proliferation
and oleogranulomas with different measures appeared from the second wee]$: pv. and
these were occasionally accompanied by the atrophy of the pectoral muscles. Between
the 2nd and 6th week pv there was no significant difference concerning the extension
and severity of the lesions. Oleogranulomas and atrophie muscle fibres mostly
disappeared or significantly reduced until the week 8 pv in the group 1 and 3. However,
in the group 2, these lesions persisted even 8 weeks after the injection. If the injections
were performed by needles, the duration of lesions were significantly longer in case
of 0.5 ml dosage than at 0.3 ml dosage. Use of AVIJET resulted in more diffuse and
homogenous distribution of the vaccine comparing to the administration by needles.

COMPARATIVE EFFICACY OF DIFFERENT VACCINES AGAINST
INFECTIOUS BURSAL DISEASE IN BROILER CHICKS
S.KhanS M.A.Mian^ and S.U.Rahman^
^Vet.Research and Diagnostic Laboratories, Dhodial Mansehra, N.W.F.P., Pakistan
^Department of Poultry Sciences, Agriculture University Peshawar, Pakistan
^Department of Vet.Microbiology, U.A.F. Pakistan
Four different commercial brands of vaccines were selected to compare the efficacy
with respect to the indirect haemagglutination (IHA) test and protection test in broiler
chicks. Five groups of broiler chicks (A to E) having forty five number of chicks each,
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were injected with four different live strains of IBD virus vaccine while the group E
was kept as unvaccinated control. All the groups adopted the same schedule of
vaccination at day 10 and day 26 while the IHA test was conducted on the serum,
sample collected at the age of 25 and 40 days. It was found that group B and C showed
comparatively better IHA antibody titres not only after single shot (GMT, 18.4 & 24.3)
but also after booster vaccination (GMT, 26.0 & 22.6) whereas group A and B showed
consistantly lowered IHA antibody titres. Further it was found that lowest mortality
of 10% was recorded in response to challenge with field strain of IBD virus in group
B and C followed by group A and D with 20% mortality. The control group E showed
the highest mortality of 60%.

IMMUNE STATUS OF COMMERCIAL LAYER CHICKS AGAINST
INFECTIOUS BURSAL DISEASE IN NAMAKKAL
A.Ramesh^, N.Dorairajan^ N.DJ.Chandran* and K.Shoba^
^Department of Microbiology, Veterinary College and Research Institute,
Namakkal 637 002, India ^ Avian Disease Laboratory, Namakkal 637 002, India
A field study was undertaken to assess the maternally derived antibody [MDA] level
against infectious bursal disease [IBD] and also to evaluate the immune response of
commercial layer chicks to IBD vaccination. In the present study, 18 commercial poultry
farms with a history of IBD outbreak in the recent past were selected and divided into
3 groups [6 farms each] group-I, II and III. The MDA levels were assessed by
quantitative agar gel preciption test (QAGPT) from day one to 3 weeks of age. The
effect of live intermediate and inactivated IBD vaccines from three commercial sources
(vaccine A, B & C) were studied in the above groups to evaluate the induced immune
response. The MDA levels gradually declined from day one onwards and extinguished
by 21 days, with an estimated half-life of 10-11 days. The birds vaccinated with vaccine-B
showed significantly higher mean immune response (P<0.01) as compared to the other
two vaccines (A & C). In this study it was observed that the chicks are more susceptible
to IBD outbreak between 3 to 6 weeks of age group despite the routine vaccination
schedule followed at Namakkal area.
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DOSE TITRATION STUDY ON THE USE OF TILMICOSIN IN DRINKING
WATER AGAINST MYCOPLASMA GALLISEPTICUM INFECTION IN
CHICKENS
Bryan Charleston^ Lloyd Reeve-Johnson^ and Ingrid A. Aitkin^
^Institute for Animal Health, Compton Laboratory, Compton, Nr. Newbury, Berkshire,
RG20 7NN, UK. ^Elanco Animal Science Research, Kingsclere Road, Basingstoke,
Hants, RG21 6XA, UK
This study examined the efficacy of five day "in water" Tilmicosin medication for the
prevention of experimental Mycoplasma gallisepticum (MG) disease in 1-week-old
chicken. The birds were observed for 10 days post-challenge before terminal postmortem examination and assessment of lesions. A dose titration of the antibiotic over
the expected effective range was included (50, 100, 200, 300 and 400 |Ligram/ml),
using 6 groups in total, including an untreated, infected control group. Each group had
five replicates, one replicate in each of five rooms. The five control group replicates
were all housed in one room. All of the control chickens had air sac lesions at postmortem (PM), with an average airsacculitis lesion score of 2.66. The airsac lesions
were also classified as mild (scores 1 or 2) or severe (scores 3 or 4) at PM; 44% of
control birds had mild lesions and 56% had severe lesions. In the groups of birds
treated with Tilmicosin there was a reduction in the number of birds with lesions, the
mean lesion score and the percentage of birds with severe lesions. The reduction in
severity of lesions at PM correlated with increased concentration of antibiotic in the
water. Effects of treatment were as follows: 50iLigram/ml, 73.6% with lesions, 1.41
mean lesion score, 22% with severe lesions; 100|Li/ml, 71.9% with lesions, 1.28 mean
lesion score, 14% with severe lesions; 200|igram/ml, 70.5% with lesions, 1.17 mean
lesion score, 21% with severe lesions; 300)Ligram/ml, 63.6% with lesions, 0.96 mean
lesion score, 11% with severe lesions; 400jj.gram/ml, 51.1% with lesions, 0.84 mean
lesion score, 6% with severe lesions. Mortality was seen in all groups post-challenge.
The group mortality figures were: control 14.8%; 50|Ligram/ml, 6.8%; 100)Ligram/nil,
2.6%; 200|agram/ml, 2.6% ; 300jagram/ml, 5.5% ; 400|Ligram/ml, 4.0% . Bacteriological
examination of the airsacs of at least 3 birds per replicate at PM confirmed the presence
of MG in a number of the lesions. Water intake did not vary significantly between
treatment groups and was consistent with water intake measurements from infected
unmedicated birds. Tilmicosin "in water" medication was effective in reducing the
severity of airsac lesions and mortality, and increasing liveweight gain in 1 week old
chicks infected with Mycoplasma gallisepticum. Tilmicosin treated birds showed :
reduced mortality, lower mean airsac lesion scores, lower percentage of birds with
airsac lesions, lower percentage of birds with severe airsac lesions and increased growth
rate.
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EFFICACY OF SOME PLANT EXTRACTS AND DIFFERENT VACCINES IN
CONTROLLING EXPERIMENTAL NEWCASTLE DISEASE IN CHICKEN
S.K.Shukla and Mahesh Kumar
Department of Medicine, College of Vety. Sciences, G.B.RU.A. & T., Pantnagar - 263145,
Uttar Pradesh, India
Efficacy of aqueous and ethanol extracts of some plants and different vaccines was
evaluated in controlling mortality of New Castle disease affected chicken. The virus
isolated from clinically affected birds was passaged to use viral inoculum for producing
disease. Extracts oí Acacia auriculiformis, Aegle ruármelos and Cassia fistula plants,
inactivated RDF vaccine in double dose orally followed by R^B i/m and inactivated
RDF vaccine in double dose orally alone were given in different groups. H.I. titres
and immunoglobulin concentration were recorded in treated birds. Involvement of
nervous, respiratory and digestive systems and typical symptoms of the disease were
noticed. In birds getting extracts of Aegle marmelos or inactivated RDF vaccine in
double dose followed by R^B, mortality was reduced by 50%. Efficacy of other extracts
or vaccine was comparatively less. HI titre was highest (533.33 ±61.76 to 1066.66
±158.35) in birds treated with extracts of Aegle marmelos. Immunoglobulin
concentration was increased three folds in this group. These data suggest that extract
of Aegle marmelos or vaccination with RDF and R2B can bQ used in controlling initial
outbreaks of New Castle disease.

EXPERIMENTAL RESULTS OF LABORATORY TESTING AND FIELD
TRIALS OF VITAPEST : A LIVE NDV VACCINE PREPARED FROM AN
APATHOGENIC VIRUS STRAIN
E.Horvath^, M.Kelemen^, J.Meszaros^ and E.Nagy^
^State Institute for the Control of Veterinary Biologicals, Drugs and feeds : H-1475 Budapest,
P.O.B. 318, Hungary 'Phylaxia - Sanofi Biologicals Co. Ltd. H-1107 Budapest, Szallas u.
5. Hungary ^Veterinary Medical Research Institute of Hungarian Academy of Sciences H1581 Budapest, P.O.B.18, Hungary
Immunization trials against New castle disease (ND) were conducted to determine the
efficacy of the VITAPEST vaccine. Meat and breeding type chickens aged 0-21 days
were immunized by different routes. When using aerosol immunization the titre of
VITAPEST vaccine was 10^^ EID^^and lO^^^EID^^/ml Another routes of immunization
the titre of the vaccine was between 10- '^ EID^^ and 10^^^ EID^^/dose. -The challenge
was done with 10^ EID^^ of the virulent virus Herts 33. Of the 975 chickens immunized
with VITAPEST aerosol 96.6% proved to be protected against challenge at 28-65 days
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of age. The 401 chickens immunized simultaneously with VITAPEST and infectious
bronchitis vaccine showed 94.5% protection against ND. Depending on the virus titre
applied, the degree of protection was 80-100% at challenge following intraconjunctival
vaccination or immunization with a spray. Chickens immunized at 3 weeks of age
with a virus dose of 10^^ EID^^ or more administered via drinking water, will have
adequate protection up to the end of their broiler age. These results allow us to state
that the several different immunization methods available enable us to successfully
vaccinate chickens with the VITAPEST vaccine containing at least 10^° EID^^
apathogenic NDV 6/10 strain.

IMMUNOGENICITY OF NEWCASTLE DISEASE VIRUS, STRAIN
QUEENSLAND V 4, APPLIED IN BROILER CHICKENS BY DIFFERENT
ROUTES
H.Mazijar, B. Hulaj and E. Prukner-Radovcic
Veterinary faculty, University of Zagreb, Dept. of Poultry Science, 10000 Zagreb, Heinzelova
55, Croatia
In a comparative study, lentogenic enterotropic NDV, strain Queensland V4 was applied
either occulo-nasally, in drinking water or by spraying with ultrasonic nebuUize device
SONG VAC 095. Unvaccinated chickens were used as controls. Experimental chicks
( 30 per group) were vaccinated as day-old. During the trial their health was clinically
monitored and at weekly intervals their blood samples were taken for serological
investigation. At the age of 28 days all chickens in experimental as well as in control
groups, were infected occulonasally with a pathogenic Herts 33 strain of NDV. Despite
the mode, vaccination did not cause any vaccinal reaction. Likewise, challenge infection
of vaccinated chickens did not cause any clinical reaction, while ND did occur in
control unvaccinated chickens causing 63.5% mortality and clinical disease in all
infected chickens. In chickens vaccinated by use of SONOVAC 095 nebulizer, an
increase of ELISA titre of antibody was found seven days after vaccination, unlike the
other comparative groups where differently quick decrease of the titre was provoked.
After a temporary decrease, but first in those vaccinated via drinking water, than those
vaccinated occulonasally and the last in chickens vaccinated by aerosol using the
ultrasonic device SONOVAC 095.
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STIMULATING ACTIVITY OF A DIPHENYLTIN (IV) DERIVATIVE ON
HUMORAL IMMUNE RESPONSE OF CHICKS
R.P. BunaciuS C.Vior^ and D.Iordachescu^
^Institute of Biology and Animal Nutrition, Balotesti, 8113, ^National Institute of Veterinary
Medicine Pasteur, Bucharest, ^University of Bucharest, Faculty of Biology, Bucharest,
Romania
Protecting effect of bis (diphenylphosphinoditioato) diphenyltin (IV) Ph^Sn (S2PPh2)
against infectious bursal (Gumboro) disease (IBD) and against Newcastle disease (ND)
was monitored by the study of immunologie parameters in broiler chicks. Four groups
of 10 chicks at 60 days of age were established as follows : A-control 1; B-control 2
without immunomodulator; C-La Sota; D-Ph2 Sn(S2PPh2)2. Groups C and D were
inoculated with immunomodulator on days 0, 6, 43 and 45. To control
immunomodulator effect on antibody genesis a tri viral vaccine was used ( against IBD,
ND and IB (infectious bronchitis) in groups B, C, D on days 17 and 41. Antibody genesis
against NDV was assessed by haemoagglutination inhibition test and anti-IBDV
antibodies with the immunodiffusion test.
The results obtained are:
Titter
A
B
C
D
Anti-NDV
1.0
1.41
5.94
4.49
Anti-IBDV
10.4
22.60
34.90
147.00
The histological examination revealed stimulated organ of bursa and cecal tonsils in
group D, the numbers of lymphocytes and macrophages being great. Ph2Sn (S2PPh2)2
stimulated the humoral immune response assessed by the rate of antibody genesis and
by the bursal index increase.

EVALUATION OF INFECTIOUS BURSAL DISEASE VACCINES (BUR-706
AND D78) IN BROILER CHICKS
M.Mayahi and AJahanshahi
Faculty of Veterinary Medicine, Shahid Chamran University, Ahwaz, Iran
In order to evaluate two common Infectious Bursal Disease (IBD) vaccines, four hundred
day-old broiler chicks were randomly devided into 5 groups of 80 each and treated as
under; Group -1 was vaccinated with Bur-706 at 1,11 and 21 days of age. Group-2
was vaccinated with D 78 at 7 and 14 days of age. Group-3 was also vaccinated with
D 78 but at 14 and 21 days of age. Group-4 and group-5 were unvaccinated controls.
Groups-1 to 4 were maintained under uniform conditions in separate cages at common
premises where IBD cases had existed earlier. The chicks of group-5 were reared in
355

isolation away from all the other groups at previously unused premises maintained
under strict hygienic conditions, and were given sterilized feed and water by persons
who did not have access to the chicks of remaining groups. The post-vaccination
observations of clinical signs, mortality, body weight and feed conversion rates, and
the histopathology of bursa fabricius and the ratio between weight of bursa and the
body weight (B.B. ratio) revealed that the mean body weights at 42 days of age of
vaccinated groups (1, 2 & 3) were significantly higher than the control group-4, but
were lower than that in group-5. No significant difference was observed in the feed
conversion rates between groups. 1 to 4. Groups-5 had zero mortality, and in comparison
to this the remaining groups had significant mortality (P <0.05). However, differences
in mortality rates of groups 1 and 2 to each other and to group-4 were not significant
(P>0.05). No significant difference in B.B ratio was observed between the groups up
to the age of 20 days, but at 36 and 42 days of age the B.B. ratio of group-1 was
significantly lower than the other groups. Histopathological lesions of the bursa at 42
days of age were also more severe in group-1 as compared to those in groups 2 and
3. It thus seems that, in general, the protection against IBD provided by D78 was
somewhat better than that by Bur-706.

A NEW LIVE NONPATHOGENIC SALMONELLA GALLINARUM VACCINE
AND ITS COMPARISON WITH LIVE 9R VACCINE FOR PROTECTION
AGAINST FOWL TYPHOID
M. M. Hoque
Animal Health Research Division, Bangladesh Livestock Research Institute Savar, Dhaka
Salmonella gallinarum nonpathogenic strain was developed from a local strain (BIOR)
and comparative studies were conducted with a reference strain 9R of different
concentration with or without adjuvant. The vaccine was administered in different
routes, orally and subcutaneous. The antibody titre was determined by seroagglutination,
microagglutination test. The immunity level was challenged with a homologous strain
intraperitoneally and the protection level was 90 to 95 percent 28 days post vaccination
with a single dose and 50%, 90 days post vaccination both in BIOR strain and 9R
strain. The vaccine when given with adjuvant the protection level was 100% . The
9R vaccine produced more hepatic and splenic lesions and when administered orally
as a single dose, was the least protective. Both the challenge strain and 9R vaccine
strain were isolated from the ovaries of some birds. Moreover, no organisms were
isolated from liver, spleen heart, bone marrow or ovary four weeks after challenge or
post vaccination.
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COMPARISON OF APPLICABILITY OF TWO LIVE VACCINES AGAINST
INFECTIOUS BÜRSAL DISEASE IN BROILER CHICKENS WITH
MATERNAL ANTIBODIES IN FIELD CONDITIONS
O. Zorman Rojs^ S. Cajavec^ and I. Mrzel^
^Veterinary faculty Ljubljana, Gerbicava 60 Ljubljana, Slovenia
^Pliva Zagreb, Vukovarska av. 49 Zagreb, Croatia
Since 1993 very virulent infectious bursal disease virus (IBDV) has been infecting
brolier flocks in Slovenia even after vaccination. The paper presents the results of
efficacy of different vaccination programs against IBDV in commercial broilers in
field conditions using two live vaccines that are available in Slovenia; Mild attenuated
strain of IBDV (vaccine A) and intermediate strain (vaccine B). One of the farm in
which a possible infection with IBDV was expected, two groups of 7060 broiler chickens
with low level (ELISA GMT<500) of maternal antibodies (MDA) were simultaneously
vaccinated with vaccine A and B at 8 days age. When the level of specific antibodies
against IBDV was monitored at weekly intervals by immunodiffusion and ELISA test,
pratically no antibodies were found after 7 th day post vaccination. The increase of
specific antibodies was found 14 days after vaccination. No clinical signs of IBDV
were seen. In the second part of our examination different vaccination programs for
the chickens with high level of MDA (Elisa titer<7000)were tested in broiler flocks
in areas where IBDV was confirmed in the past, in all 8 broiler flocks vaccinated at
8 days with vaccine A, outbreaks of IBDV were confirmed. The mortality rate because
of IBD was between 1, 2-83%. In one of two vaccinated flocks with vaccine B at the
age of 8 days, in one flock mortality rate of 3.2 % was observed. When vaccine B
was introduced twice - at 15 and 22 days - in 6 of 8 tested flocks the mortality rate
because of IBDV was between 1,2-8, 0%.

PROTECTION OF PULLETS AGAINST NEWCASTLE DISEASE BY MONOAND COMBINED VACCINES
B Pokric^ S. CajavecS Z. Biding D. Stadic* and N. Ergotic^
iRuder Boskovic Institute. Zagreb, FOB 1016. Croatia PLIVA d.d. Research Institute.
^Zagreb, Croatia University of Zagreb. Veterinary Faculty, Zagreb. Croatia
Light layers were protected against Newcastle disease (ND) with live viral vaccines
in accordance with an obligatory field vaccination programme. At the age of 15 weeks
pullets were divided into three experimental and one control groups. A volume of 0.5
ml water-in-oil-in-water vaccines containing a constant amount of split products of
NDV was administered for revaccination of experimental groups. The first group
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received NDV alone. The second group was vaccinated with a vaccine composed of
NDV and inactivated infectious bursal disease virus (IBDV). The third experimental
group received a vaccine containing NDV, and inactivated IBD and infectious bronchitis
(IB) viruses. Regardless of whether the re vaccination was carried out with mono- or
combined vaccines, a long, lasting protective serological response against NDV as
well as against IBDV and IBV was elicited. However, higher levels of specific
antibodies were generated by combined vaccines. This confirms the fact that the
combined poultry viral vaccines are superior to monovalent vaccines with regard to
the efficacy and economical effects.

EXPERIMENTAL EVALUATION OF INACTIVATED RD VIRAL VACCINE
CONTAINING LOCAL VELOGENIC STRAIN
D.M.Muglikar, G.R.Ghalsasi, S.V.Kukade and B.D.Survashe
Poultry Diagnostic and Research Centre of VHL, Pune, India
There was an increased incidence of Ranikhet Disease (RD) in vaccinated flocks in
Pune area of Maharashtra during the summer season in the year 1993-94. In the present
study an attempt was made to isolate and characterize different RDV isolates based
on their Mean Death Time (MDT) and Intravenous Pathogenicity Index (IPVI). One
Velogenic Viscerotropic Ranikhet Disease Virus (VVRDV) was selected to prepare an
inactivated vaccine. Comparative evaluation of three RDV vaccines was carried out
by challenge test procedure. Experimental evaluation of three RDV vaccines 1) Live
Lasota Strain 2) Killed Mukteshwara Strain and 3) LocalVelogenic Killed Strain revealed
70%, 80% and 1(X)% protection against Velogenic RDV challenge. The results indicated
that the use of inactivated RD virus vaccine containing local Velogenic strain will play
major role in control of Ranikhet Disease outbreaks in densely populated area.

CLINICAL EVALUATION OF THE EFFECT OF THE TIMING OF
FLUMEQUINE ADMINISTRATIONS ON AN EXPERIMENTAL
COLIBACILLOSIS IN POULTRY
RBezille and P.M.Borne
Veterinary Doctor-Sanofî Sante Nutrition Animale, ZI La Bailastiere, BP 126, 33 501
Liboume Cedex, France
Effectiveness of anti-infective treatments depends not only on the choice of active
ingredient, but also on the concentration used and the treatment administered, at an
early stage. The aim of the reported test was to compare the results obtained with two
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treatment methods of flumequine during an experimental colibacillosis in chickens.
Four week old chickens (950 g) were divided into 2 inoculated and treated groups (A
and B with 50 chickens in each), 1 inoculated not treated group (Ti, 30 chickens) and
1 breeding control group (Te, 17 chickens). (DO) : a 0.1 ml intramuscular inoculation
of 1.5 X 10^ CFU of Escherichia coli (O^^ K^^) was given to each chicken. In test 1
the water supply was removed during 14 h before treatment as a supplementary stress,
while it was not in Test 2. Treatment (D1-D4) : flumequine, dosed 12 mg/kg BW/day,
distributed through drinking water with following timing : A: on a 1 h period of time
after removal of water (Test 1), or on 2 h (Test 2). B: on a 10 h period of time after
removal of water (Test 1), or on 24h (Test 2) Results were based on the quantities of
water drunk per day for each group, the mortality and the lesion score established
during autopsy of the surviving chickens at D4 (lesions on the liver, heart and lungs
noted from 0 to 4). Te : in both tests this group did show no disorders nor lesions. Ti
: the mortality and lesion score were much less in Test 2 (resp. 26% and 0.4%) than
those of Test 1 (40% and 1.9%), reflecting the reduced severity of the conditions of
the second test. A, B In Test 1 the mortality and lesion score were comparable between
TI and B (52% and 2.0%), in contrast with A (24% and 1.4%). An under consumption
made treatment dosage never to be reached in B (remaining <50%), although it virtually
reached for A. In Test 2 the mortality and lesion scores were few differentiated between
A (resp. 12% and 0.21%) and B (0% and 0.25%). Importance is focused on increasing
treatment concentrations, which show increased effectiveness in severe infective
pathological conditions. Hypothetical explanations include more rapidly efficient tissue
MIC, and concentration dependent bactericidal mechanism of flumequine.

EFFICACY OF TILMICOSIN FOR THE PREVENTION OF EXPERIMENTAL
MYCOPLASMA GALLISEPTICUM INFECTION IN CHICKENS
L.Reeve Johnson^ I.Kempf, F.Gesbert^ and M.Guittet^
^Elanco Animal Science Research, Basingstoke, Hants, RG 21SSY, UK, ^CNEVA Ploufragan,
BP 53, Zoopole, 22440 Ploufragan, France
The study was conducted to evaluate the efficacy of "in water Tilitiicosin" medication
for the prevention of experimental Mycoplasma gallisepticum (MG) disease in 10 day
old chickens. Birds were divided into 6 groups of 60 birds- each : one non infected
untreated group, one infected untreated group and four infected treated groups,
according to 4 different treatment doses (50, 100, 200 or 300 mg/liter tilmicosin from
8 to 13 days age). Birds were inoculated at ten days of age. Symptoms were observed
for 11 days post challenge before assessment of lesions and sampling of mycoplasma
culture and serology; body weight gains of the different groups were compared. The
results showed that Tilmicosin medication at dose levels of 50 to 300 mg/1 significantly
decreased growth losses and respiratory symptoms. Significant reduction in air sacs
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and peritonitis lesions were obtained by treatment with 100, 200 or 300 mg/1. With
300 mg/1 mortality and reduction of medicated water consumption was observed. A
reduction in the proportion of MG culturally positive birds was already obtained by
a dose level of 50 mg/1. Increasing the dose resulted in a further decrease of MG
shedding chickens. Moreover with the two highest doses of Tilmicosin, no bird was
serologically positive on day 21 compared to 46/58 positive infected untreated birds.

RANIKHET DISEASE (RD) IMMUNE STATUS IN BROILERS FED
AFLATOXIN B,
K.Mani and K.Sundaresan
Department of Poultry Science, Veterinary College and Research Institute - Namakkal 637 002, India
One hundred and eighty, day old commercial broiler chicks were divided into 12 groups
of 15 chicks each. Aflatoxin B, at levels of 0.0, 0.1, 0.2, 0.3, 0.4 and 0.5 ppm was
added in the broiler mash and each level of aflatoxin contaminated feed was fed to two
groups of chicks for eight week period. The broilers were vaccinated with RD primary
vaccine at 7th and 28th day of age. Blood samples were collected before RD primary
vaccinations and at the end of 7th and 8th weeks of age. Aflatoxin B^ in the feed had
significantly depressed the immune development irrespective of age of the broilers.
The immune level against RD in broilers was inversely proportional to the aflatoxin
level in the feed. Even a dietary aflatoxin level of 0.1 ppm had significantly depressed
the immune level after five days of age when compared with controls.

FIELD TRIALS WITH IBD INACTIVATED OIL ADJUVANT VACCINE OF
BURSAL ORIGIN
A.Koteeswaran, A.Thangavelu and A.T.Venugopalan
Centre for Animal Health Studies, Tamilnadu Veterinary and Animal Sciences University,
Madhavaram, Madras 600 051, India
An inactivated IBD oil emulsion vaccine of bursal origin was prepared using the IBD
virus isolate obtained from an outbreak of IBD in Namakkal poultry belt of Tamilnadu.
The vaccine was tested for safety and potency. Laboratory trials were conducted and
the vaccine was found to be safe and potent and protected the chicks until the IBD
susceptible age group of 10-12 weeks. Based on the laboratory trials, the vaccine was
given to chicks on the 7th day of age by subcutaneous route and the vaccine protected
the chicks upto the IBD susceptible age group of 10-12 weeks and induced sufficient
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level of antibodies as assessed by Qualitative Agar Gel Immunodiffusion test. Trials
undertaken in a broiler farm revealed that the vaccine was safe and potent. Large scale
vaccination trials were undertaken in Namakkal poultry belt of Tamilnadu in 200,000
layer chicks and there was no incidence of IBD in the vaccinated flocks. The new
vaccine developed was found to be cost-effective.

LYSOZYME - A NON ANTIBODY PROTEIN
Ertl K. and Strauss B.
Biomin GTI GesmbH. Europap 1. 5, A-3100 St. Polten Austria
Lysozyme a hydrolase which can break down ß 1,4 glycosidic linkages. This enzyme
has an unspecific antibacterial activity by attacking the bacterial peptidoglycane layer
of gram positive bacteria or in co-operation between lysozyme and antibody/
complement in the lysis of gram negative bacteria. Lysozyme is synthesised mainly
by macrophages and secreted into various body fluids. Beside those cells, producing
lysozyme systematically. Panth's cells in the intestine produce this enzyme. The
lysozyme contributes to the local defence barrier, as well as having an influence on
the colonisation of microorganisms in the gut. Several investigations demonstrate the
immunopotentiating effect of lysozyme arising during the course of its action on bacteria,
as some decomposition products behave as adjuvants. Lysozyme concentration was
determined in chicken serum by a colorimetric assay using micrococcus luteus as a
substrate. Lysozyme levels differed in new bom chickens (8.52-30.6 micro g/ml) and
adult broilers (5.17-18.18.65 micro g/ml) of Ross 208. Summarising we can see higher
lysozyme levels in new bom chickens, which is probably a consequence of support
from the egg white.
INCREASE IN RESISTANCE TO CECAL COLONIZATION AND ORGAN
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INVASION TO SALMONELLA GALLINARUM BY INNOCULATION OF
BROILER CHICKS WITH A CONTINUOUS FLOW DERIVED BACTERIAL
CULTURE
^G. Tellez, ^L. Paasch, ^D. Garcia, ^X.Hernandez,2D.Nisbet,2D.E.Corrier, ^J.R. Deloach,
and ^B.M. Hargis
^Departamento de Production Animal; Aves FMVZ, UNAM Cd. Universitaria D.F. 04510,
^USDA/ARS Food Animal Protection Research Laboratory Rt. 5, Box 810 College Station,
TX USA 77845, ^Departments of Vaterinary Pathobiology and Poultry Science Texas
Veterinary Medical Center, Texas Agricultural Experiment Station College Station, TX,
USA 77845
Experiments were conducted to examine the effect of a continous-flow (CF) derived
bacterial culture on cecal colonization and organ invasion to SO in 14-days-old broiler
chicks. The CF culture was administered to chicks by crop lavage on the day of hatch.
Only 30% (30/100) of the total chicks were challenged with 10^ SO at day 3 of age
in order to allow and evaluate horizontal infection. All chicks were killed and cultured
for SG colonization and organ invasion 14 days after inoculation according to NPIP
guidelines. The experiment was repeated in two separate trials using newly hatched
chicks. Compared with controls, the total numbers of SG organ positive chicks was
significantly decreased (P< 0.001) by 30.2 % in trial 1 and 49.7 % in trial 2 (P<0.001).
In the chicks given CF culture. Similarly, the total numbers of SG cecal culture-positive
chicks was significantly reduced (P<0.001) by 37.6% in trial 1 and 40.6% in trial 2
(P < 0.001) in the chicks given CF culture. No significant differences were observed
in either the total mortality or SG isolation from daily mortaUty (P > 0.05) in both
trials. The results indicate however, that inoculating newly hatched chicks with CF
culture containing caecal microflora originally obtained from adult chickens, is
associated with controlled SG cecal colonization and organ invasion in newly hatched
broiler chicks.

IMMUNE RESPONSES DUE TO "ZEETRESS" IN INFECTIOUS BURSAL
DISEASE (IBD) VACCINATED CHICKENS
A.T. Rao
Crissa Vaterinary College, Bhubaneshwar - 751003, India
The objective of this study was to evaluate the host's cell-mediated and humoral
immune responses in IBD vaccinated chickens due to administration of "Zeetress" an Ayurvedic herbal preparation (Indian Herbs). The product primarily contains the
extracts of Withania somnífera and Ocimum sanctum. One hundred and twenty Kalinga
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Brown male layer chicks were divided into 8 equal groups which included appropriate
controls. Zeetress was administered @ 0.3g/100 birds in drinking water once a day
from 0-14 and similarly @ 0.5g/100 birds from 15-28 days of age (groups 3,4,6,8).
Live intermediate strain IBD vaccine-200 (BAIF) @ 2drops/bird intra-conjunctivally
on day 21 of age (Groups 2,4,7,8) RDF vaccine having a titre of 10 ^^^ E ID^^/ml was
given @ 2 drops as primary vaccination on day 7 and secondary on day 14 by
occulonasal route (groups 5,6,7,8). When RD vaccine virus was used as indicator system
there was higher level of antibody titres in both IBD vaccinated and unvaccinated
birds administered with "Zeetress". There was also a marked increase in rosette forming
T-lymphocytes suggesting stimulation of cell-mediated immunity which was further
strengthened by significantly severe delayed type of hypersensitivity reaction in DNCB
skin sensitivity test. The spleenic macrophage activity was increased as shown by
increase in number of formazan positive cells in nitroblue tetrazolium test as a result
of administration of "Zeetress". "Zeetress" also was responsible for significantly higher
body weight in IBD vaccinated birds. Histological examination of bursa revealed that
majority of the folhcles which were damaged as indicated by atrophied follicles due to
destruction of lymphocytes and intra-and interfoUicular oedama as a result of hve IBD
vaccine were partially protected/spared due to administration of "Zeetress". The outcome
of this experiment strongly suggests significant improvement in immune status of IBD
vaccinated chickens administered with this herbal preparation.

DETECTION OF HUMORAL ANTIBODY RESPONSE AGAINST
NEWCASTLE DISEASE VIRUS IN CYPERMETHRIN (CRYMUSH) FED
BROILER CHICKS
K.Mehmood, M.Siddiqe and S.U.Rahman
Department of Veterinary Microbiology, University of Agriculture Faisalabad - 38040,
Pakistan
The pyrethroid group of insecticide has been extensively applied on the cotton crop
in Pakistan. A sub-toxic level of cypermethrin was offered to three groups B, C and
D with 50,100 and 150 ppm respectively while the group A was kept as control which
was offered cypermethrin free feed as determined through thin layer chromatography.
All the birds in the study were vaccinated against Newcastle disease at the age of 1st
and 3rd week of age with Lasota eye drop (Delvax) and Mukhteswar s/c (VRI.Pak.)
respectively. Haemagglutination inhibition (HI) test was performed on the serum
samples collected at weekly interval for upto 8th week of age in broiler chicks. The
HI antibody titre persistently lowered in all the treated groups as compared to the
control group A. It was further pointed out that the lowest concentration of cypermethrin
had resulted to be immunologically toxic in the ND vaccinated broiler chicks.
IMMUNE RESPONSE OF BROILER CHICKS AGAINST INFECTIOUS
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BURSAL DISEASE MAINTAINED ON CYPERMETHRIN SPIKED FEED
Sajjad-ur-Rahman, M.Siddique and K.Mehmood
Department of Veterinary Microbiology, University of Agriculture, Faisalabad-38040,
Pakistan
Four groups of chicks A,B,C and D were maintained at different levels of cypermethrin
fed continuously for upto 8th week of age. The group B,C and D were offered 50,100,
and 150 ppm of cypermethrin respectively while the group A was offered cypermethrin
free feed as detected through thin layer chromatography (TLC). AU the birds in the
study were vaccinated against infectious bursal disease (IBD) with live virus strain
D78 (Intervet, Intl.) at the age of 2 and 4 weeks of age. Indirect haemagglutination
(IHA) test was performed on the serum sample collected at weekly intervals, it was
found that the GMT antibody titre was significantly reduced in the treated groups B,C
and D as compared to the control group A. It was further revealed that the single
vaccination failed to elicit the immune response in the cypermethrin treated groups of
broiler chicks, while the booster vaccination showed persistently low antibody titres
than the control group.

COMPARATIVE HUMORAL AND CELL MEDIATED IMMUNE RESPONSE
TO NEWCASTLE DISEASE VACCINE (LASOTA STRAIN) IN BROILER
CHICKS
Muhammad Shuaib, M.Ashfaque and Sajjad-ur-Rahman
Liverstock & Dairy Development Department, Swabi, Peshawar, Pakistan, Department of
Veterinary Microbiology, Faculty of Veterinary Sciences, University of Agriculture,
Faisalabad-38040, Pakistan
The study demonstrated the MIF Production by lymphocytes in broiler chicks. Two
groups of birds (A and B) were vaccinated with Lasota strain through drinking water
at the age of 14 and 21 days respectively. The immune status was measured through
Heamagglutination inhibition (HI) test and macrophage migration inhibition Factor
(MIF). The HI response increased from (GMT 13.93) in group A to (GMT 55.69) in
group B, while the MIF mean percentage increased from 28.57% in group A to 36.07
percent in group B. Significant positive Correlation (r=0.99) was found in the CMI
response between single and booster vaccination in broiler chicks.
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CONTROL OF SALMONELLA IN BROILERS BY SPRAY-TREATMENT
WITH CHARACTERIZED CF3 COMPETITIVE EXCLUSION CULTURE
D.E. Corriera D.J. Nisbet^ E.D. DunlapS T. Tomkins^ and J.R. Deloach^
^USDA Agricultural Research Service, Food Animal Protection Research Laboratory, 2881
F&B Road, College Station, Texas 77845-9594, USA; and ^Milk Specialities, Co., Dundee,
Uinois 60118, USA
Studies were conducted to evaluate the protective effect of titrated dosage of a
characterized competitive exclusion (CE) culture administered by automated spray
treatment on Salmonella colonization in broiler chicks. One-day-old chicks were divided
into four groups of 100 each and spray-treated with distilled water (controls) or with
titrated dosages of CE culture that contained 10^, 10^ or 10^ anaerobic bacteria per
dose per chick, respectively. Fifty chicks in each group were challenged orally with
10"^ S. typhimurium on day 3 and designated as seeders. The remaining 50 chicks in
each group were designated as nonchallenged contacts to evaluate the horizontal spread
of Salmonella within each group. On day 10, the cecal contents from 20 seeder and
20 contact chicks in each group were cultured for Salmonella. Compared with controls,
treatment with dosages containing 10^, 10^ or 10^ anaerobic bacteria decreased (P<.05)
both the incidence and population of Salmonella in the cecal contents of the seeder
birds and the horizontal spread of Salmonella to contact birds. Resistance to Salmonella
in the CE treated chicks was dosage related and further enhanced at the 10^ and 10^
dosages compared with the 10^ dosage.

DEFINED COMPETITIVE EXCLUSION CULTURE FOR PREVENTION OF
SALMONELLA IN POULTRY
J.R.DeLoach, D.J.Nisbel and D.E.Corrier
USDA, Agriculture Research Service, Food Animal Protection Research Laboratory, 2881
F&B Road, College Station, Texas 778445 -9594, USA
We have developed a patented technology for selection of and maintenance of a defined
mixture of bacteria for prevention of Salmonella in chickens. The defined competitive
exclusion (CE) culture has been maintained in continuous growth for 21/2 years without
change in contents or loss of efficacy. The mother culture known as CF3 has been used
to start daughter cultures that have identical character to the mother culture. This
technology of continuous growth of a mixture of bacteria mimics the ceca of a chicken.
Thus, we never have to return to the chicken to obtain a starter culture. The use of a
chemostat as continuous growth chamber allowed for development of defined CE
cultures, that will be used as the seed culture for production of commercial-scale
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quantities of the product. We will report data on prevention of both typhoid and
paratyphoid salmonellae in poultry conducted over a 2 1/2 year period with same CE
culture. Such results have never before been presented because the seed stock for
undefined cultures must be periodically isolated again from chickens and is, therefore,
not an identical culture. A defined CE culture can be maintained in a chemostat outside
the chicken for years, solving many of the problems associated with re-isolation from
the chicken.

IMMUNIZATION PAST, PRESENT AND FUTURE
V.Sivanandan
Department of Vaterinary PathoBiology, College of Vaterinary Medicine, University of
Minnesota, St. Paul, MN 55108, USA
Current poultry vaccines consist primarily of killed adjuvanted or live attenuated
vaccines. However the use of advanced molecular biology techniques has introduced
a number of new approches to develop and deliver vaccines. The first genetically
engineered pox virus vectored vaccine for chickens has been hcensed for use. Additional
virus-vectored vaccines are being tested and should become available in the near future.
Laboratory data show that it may be possible to deliver foreign genes in bacterial
vectors. Vaccines that contain live deletion mutants, immunogenic subunits or naked
DNA are being evaluated. It has been possible to identify genes that code for epitopes
that elicit the most desired humoral or cell-mediated immune response and insert these
genes into live vectors. Identification and characterization of desirable immunogenic
epitopes may permit synthesis of relevant peptides and the use of adjuvanted synthetic
peptides as vaccines. Matching immunogenic peptides with major histocompatibihty
complex haplotype for optimum antigen presentation to immune cells may also be
possible. Another new approch to enhanced immune response to vaccines is the use
of cytokines. Vaccine dehvery systems are also undergoing rapid changes. Early posthatch vaccination is being replaced by in ovo vaccine administration, and efforts are
underway to enhance protective efficacy of vaccines by incorporating immunizing
antigens in liposomes, microcapules and immunostimulating complexes (ISCOMS).
Success of these newer poultry vaccines would depend on 1) the use of easy
administration to large population, 2) provide long lasting protection, 3) use of vaccines
against multiple pathogens, 4) protect young birds with maternal antibody, 5) and above
all would have to be more economical than current vaccines.
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THE RESPONSE OF HERBAL IMMUNOSTIMULATOR IN COMMERCIAL
LAYER PULLETS BEFORE AND AFTER I.B.D VACCINATION
Mohammed Younus
Dr. Younus Laboratory 16-7-382/18, Azampura, Hyderabad 500 024 India
A trial was conducted on 50,000 Commercial layer pullets distributed at seven
commercial farms under various management controls. Each flock was divided in 3
groups Viz. C, T, & T^.'^C" control group was kept without medication. T^ was given
Stresroak (A herbal formulation of DABUR AYURVET LIMITED, INDIA) from day
1 @ 5 ml per 100 chicks upto 14th day and then 10 ml per 100 birds per day from 15th
to 28 days. T^ was given Stresroak from the day of I.B.D. Vaccination @ 20 ml per
100 birds per day for 14 days. Antibody titres were estimated by ELISA on day 0, 7,
14, 21, 28 and 38. Group T, showed significantly higher titres to both 'C & T^. Group
T^ titres were significantly higher to control group. The livability and feed conversion
was also better in treated groups.

IMMUNOMODULATING ACTION OF STRESROAK AGAINST NEW
CASTLE DISEASE VACCINATION IN COMMERCIAL BROILER CHICKS.
M.A.Mujeeb Ather
Veterinary Biological Research Institute, Shantinagar, Hyderabad 500 028 India
A trial was conducted to determine the immunomodulating action of Stresroak. ( A
Herbal-formulation of Dabur Ayurvet Ltd., India). Commercial Broiler Chicks were
divided into two groups I & II at day one of age. Each group consists of 1000 birds.
Both the groups were vaccinated with New Castle disease (ND) live Vaccine (Fl Strain)
on 5th day (intraoccular) and Lasota Vaccine in drinking water on 28th day. Stresroak
was administered to Group I @ 5 ml per 100 birds from age day 1 to 28 then @ 10
ml. per 100 birds from age day 29 to 49. Group II were kept as untreated control. The
antibody titres were determined on day 12,26,35 and 49. The immune response was
highly significant in Stresroak treated group besides its significant improvement in
body weights, feed conversion ratio, livability, performance efficiency factor and highly
favourable cost economics in broiler production.
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EFFECT OF CYPERMETHRIN (CYMBUSH) SPIKED FEED ON THE
IMMUNE RESPONSE AGAINST FOWL CHOLERA IN BROILER CHICKS
K.Mehmood, M.Siddique and S.U.Rehman
Department of Veterinary Microbiology, University of Agriculture, Faisalabad-38040,
Pakistan
The present project established the effect of continued use of pyrethroid insecticide,
cypermethrin (Cymbush) in three groups of broiler chicks. The group A was kept as
control with untreated feed, while the group B, C and D were offered 50,100 and 150
ppm cypermethrin in feed respectively. A qualitative thin layer chromatography (TLC)
method showed the standard RF value of 0.80, with reddish brown colour, for
cypermethrin in the feed sample. Out of other combinations applied in the present
study, the best solvent for TLC was hexane-ethyle acetate with acetone as elutive
solvent in the ascending method. Symptoms of toxicity were common in all the treated
groups with the enlargement of heart, cirrhotic liver and caseous enteritis along with
congested and lobulated kidneys. Feed consumption and body weight gain showed an
inverse correlation with the increased concentration of cypermethrin offered in the
feed. The immune response of treated groups of broilers showed significant drop in
the Indirect haemaggulatination (IHA) antibody response in the serum sample collected
at weekly interval, against Pasteurella multocida in the vaccinated broiler chicks for
upto 8th week of age. The group A showed IHA antibody titre (GMT) range from 3.280.4 within 4 to 8 weeks of age. Likewise, the mortality rate throughout the study was
found highest in group D, followed by group C, B and A with 32, 24, 12 and 4 percent
respectively.

PROTECTION OF HENS AT THE ONSET OF LAY IN FIELD CONDITIONS
BY AN INACTIVATED FOUR COMPONENT WATER-IN-OIL-IN-WATER
VIRAL VACCINE
S.CajavecS Z.Bidin^ D.Sladic. N.Ergotic, and B.Pokric^
^PLIVA d.d. Research Institute, Zagreb, Croatia ^University of Zagreb, Veterinary Faculty,
Zagreb, Croatia Ruder Boskovic Institute, Zagreb, POB 1016, Croatia
A four component poultry vaccine composed of split products of the Newcastle disease
and infectious bronchitis viruses and whole inactivated infectious bursal disease and
egg drop syndrome viruses were prepared in the form of low viscous water-in-oil-inwater emulsion. Light laying and heavy breeder hens were used. Conditions at onset
of the laying period were noticed. Inspite of the fact that the vaccine contains small
amounts of viral materials, the revaccination generated a long-lasting protective
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serological response against each of the components present in the vaccine. The egg
production was not influenced by the vaccination. The levels of NDV antibodies in
yolks of heavy breeder eggs were at least twice higher than in light breeder sera. The
progeny possessed maternal antibodies persisting until the third week of life. Low
mortality was recorded in the period from vaccination up to the end of the laying
period. However neither mortality nor morbidity were caused by viruses against which
vaccination was carried out.

THE USE OF TETRAMUTIN PREMIX FOR PERFORMANCE
IMPROVEMENT IN BIRDS ARTIFICIALLY INFECTED WITH
MYCOPLASMA GALLISPTICUM
D.G.S.Burch and L.Stipkovits
Sandoz Pharmaceuticals, Frimley, Surrey, UK, Veterinary Research Inst.Hungarian
Academy of Sciences, Budapest, Hungary
The synergistic activity between tiamulin (T) and chlortetracycline (CTC) has been
demonstrated in the prevention of an experimental Mycoplasma gallisepticum (MG)
infection in chickens. In this floor pen study using 100 broilers/treatment group and
monitored over a 6 week period. Tetramutin Premix (Sandoz - Switzerland) a
combination of Tiamutin (T) + chlortetracycline (CTC) in a 1:3 ratio, was included at
T 16.5 + CTC 50 ppm continuously and compared with untreated controls both infected
and uninfected and T33 + CTC 100 ppm and T50 + CTC 150 ppm given during weeks
1,3 and 5. Body weight (BW) feed conversion efficiency (FCE) and the prevention of
an artificial MG infection induced by aerosol, was monitored. The feed contained
salinomycin at 60 ppm.
Groups
Ctri.Inf.
T16.5+CTC 50
T33+CTC100
T50+CTC150
Ctrol.Uninf

BW
(kg)

Imp
(%)

FCE

Imp
(%)

Mort
(%)

Les
Score

Imp
(%)

MGIso
(%)

1.33
1.67*
1.59*
1.54*

—
26
17
16
25

2.35
1.96
2.11
2.16
2.17

—
18
10
8
8

11
10
5
6
3*

357
99*
95*
59*
0*

—
72
73
83
100

29
8*
3*
6*
0*

1.66*

T16.5 + CTC50 ppm fed continuously gave substantial performance improvements over
infected and uninfected controls and reduced lesion scores. Disease control was best
achieved with the higher levels of T + CTC fed on alternate weeks, but performance was
not quite as good. No signs of ionophore incompatibiUty were observed at these levels.
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THERAPEUTIC AND PROPHYLACTIC TREATMENT OF CHICKENS
EXPERIMENTALLY
INFECTED
WITH
HAEMOPHILUS
PARAGALLINARUM WITH TETRAMUTIN
D.J.S.MillerS D.G.S.Burchi and L.Stipkovits^
^Sandoz Pharmaceuticals, Frimley, Surrey, UK
^Veterinary Research Inst. Hungarian Academy of Sciences, Budapest, Hungary
Infectious coryza is an economically important disease of chickens especially in
countries with a hot climate. Therefore control of the disease is essential for poultry
production. Our aim was to study the efficacy of Tetramutin (combinations of Tiamutin
(Ti) and chlortetracycline (CTC) for treatment of chickens. In therapeutic trials various
groups of chickens were infected experimentally with H.paragallinarum and were
treated from day 2 to 9 post challenge with 50, 11 and 150 mg/kg feed of Tiamutin
alone or with 150,300 or 450 mg/kg feed CTC alone or with Tetramutin (combinations
of 50 mg/kg Ti + 150 mg/kg CTC or 100 mg/kg Ti +300 mg/kg CTC or 150 mg/kg
Ti + 450 mg/kg CTC). In prophylatic trials, similarly, doses of antibiotics alone and
in combination were applied from day -2 to 5 post challenge. Therapeutic medication
of chickens with Tetramutin at 100 mg/kg Ti+300 mg/kg CTC and above or prophylactic
medication of birds with 33 mg/kg Ti + 100 mg/kg CTC and above reduced by about
80% clinical scores of nasal discharge, conjunctivitis, sinusitis and gasping. At the
same time body weights of these birds increased, their FCR improved markedly and
reisolation of Haemophilus was reduced to nil. In both trials the results of the
combinations were better than those of the single antibiotics at the same inclusion
level.

ISOLATION AND ANTIGENIC COMPARISON OF FIELD ISOLATES OF
INFECTIOUS BURSAL DISEASE VIRUS WITH VACCINE VIRUSES
S.Maherchandani, S.K.Kalra and A.Kumar
Department of Veterinary Microbiology, CCS Haryana University, Hisar-125004, Haryana,
India
Vaccination failures are being reported in infectious bursal disease (IBD). Present study
was undertaken to assess antigenic variation as the cause of vaccination failure.
Homogenates of bursa of Fabricius from clinical cases of IBD collected from six
outbreaks in poultry farms, were serially passaged in chicken embryo bursa and chicken
embryo kidney cell cultures for virus isolation. Cytopathic effects (CPE) started
appearing in bursal cell culture from third passage onwards. Cell culture harvests gave
single precipitation line against anti-IBD chicken serum in gel diffusion. Fifth serial
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passage cell culture harvests produced CPE in chicken embryo kidney cell culture at
third passage level. Of these field virus isolates, two were compared with three vaccines
viruses using varying serum constant virus reciprocal serum neutralization test.
Antigenic relatedness amongst vaccine viruses was found to range between 0.7 and
1.0, and that between vaccine viruses and field isolates ranged between 0.0004 and
0.0016. Considerably low antigenic relationship obtained between field isolates and
vaccine viruses provides indication for existence of antigenic variants and explaining
vaccination failure reported in IBD in India.

DISTRIBUTION OF THE STF PREPARATION IN THE CHICKEN
ORGANISM
R.Lapinskaite S J.Rackus^, J.Skonsmanas^ and A.Adomaitis^
^Institute of Biochemistry
^Institute of Immunology , Mokslininku 12, Vilnius, 2600
^Vievis Poultry farm, 4061, Trakai district, Lithuania
The study was carried out to determine distribution of STF preparation (active
antagonists of Salmonella) in chicken organs. Microbiological and radiosotopic methods
were used. STF preparation used was produced in Lithuania. It contained a concentrated
stabilized culture of the lactic acid bacterium Streptocossus faecium - 1/56, 100x10 ^
live cells/g of preparation. The preparation had distinct antagonistic and antimicrobial
properties, it stimulated endogenic microflora production, normalized intestine
microflora and eliminated pathological enterobacteria. The results revealed that
incorporated radioactive [^H] STF preparation was distributed unequally in chicken
organs. On the second day a large quantity of the total radioactivity incorporated into
organism of the chicken is found in intestine (17.2%), liver (15%), spleen (13.2%) and
a smaller quantity in trachea (5.6%) and feather (5%). After 5 days the largest quantity
of radioactivity was found in the lungs (41.3%), kidney (32.3%). Radioactivity markedly
decreased in oesophagus (1.87%), stomach (2.4%) and trachea (2.8%). On the tenth
day the radioactivity accumulation in kidney (55%). Decreased quantity of radioactivity
was observed in lungs (9.5%). During investigation time the more constant quantity
of radioactivity was noticed in trachea. The preparation STF intensively metabolizes
in kidney, lungs and liver but slowly in oesophagus, trachea and stomach.
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THE TREATMENT OF HYPOTROPHIC CHICKENS WITH PEPTIDE
BIOREGULATORS
Nicolay V.Sadovnikov
Head of Pathophysiology, Veterinary Medicine Faculty, 23, Turghenieva St.Yekaterinburg,
620151 Russia
1 During eariy post natal period of ontogenesis the state of proliferative processes on
general organs of immunogeneses of chickens (thymus bursa of Fabricious) were marked
with stability. The number of proliferative cells decreased in peripheral lymphoid organs
(spleen and blood).2. Hypotrophic chicks showed decrease in DNA synthesis and
intensity of lymphoid cells in immunocompetent organs. The leucocyte number in
peripheral blood of these chicks also increased. 3. The thymogan application produced
modulation effect on intensity of proliferative processes in immunocompetent organs
and normalized leucocyte number in peripheral blood.

DIETARY ß-HYDROXY - ß-METHYLBUTYRATE IMPROVES IMMUNE
FUNCTIONS IN YOUNG BROILERS
M.A.Qureshii, P.R.FerketS J.C.Fuller^
^Department of Poultry Science, N.C.State University, Raleigh, NC 27695-7608, USA
^Metabolic Tech.Inc, 2501 North Loop Drive, Iowa State University Research Park, Ames,
lA 50010, USA
Dietary ß Hydroxy-ß-Methylbutyrate (HMB), a catabolite of amino acid leucine, has
been shown to increase body weight and reduce mortality in broiler chickens. A study
was conducted to determine whether such an improvement in broiler performance is
due to the immune enhancement. Broiler chicks were started on diets containing 0,
0.01, 0.05 and 0.1% HMB. At 7 day of age, 24 chicks from each of the treatment
groups were injected with sheep red blood cells (SRBC). An SRBC boost was given
at 14 day of age. Anti SRBC antibodies (Ab) were quantified in serum samples collected
at 7 day post each injection. Chicks in 0.1% HMB group had higher IgG Ab during
primary response. During secondary response, 0.1% HMB group fed chicks had the
highest total and IgM Ab. Response to a toe web injection with pokeweed mitogen at
10 day of age resulted in higher sweUing in 0.05% HMB fed chicks. These data suggest
that inclusion of HMB in chick diets improves immunity which then may result in
better growth and reduced mortality.
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ACTIVITY OF FOOD DEPRIVED CHICKEN SERUM TO STIMULATE
PROTEIN SYNTHESIS OF CHICKEN EMBRYO FIBROBLASTS
K.Kita, M.Miyazaki and J.Okumura
School of Agriculture Sciences, Nagoya University, Nagoya 464-01 Japan
The influence of food deprivation on the activity of chicken serum to stimulate protein
synthesis of chicken embryo fibroblasts was compared to that of fetal calf serum.
Chicken serum was collected from six week old chicken food deprived or well fed for
2 days. Chicken embryo fibroblasts were derived from embryos incubated for 9 days
by trypsin EDTA digestion and cultured in Dulbecco's modified Eagle's medium
(DMEM) including 10% fetal calf serum in 5% C02/95% air at 37°C. The concentration
of serum was varied at 0,2,5,10 and 20 DMEM. After incubating for 54h, protein
synthesis was measured by incorporation of L-[2,6-3H] phenylalanine from medium
into cells for 18H. The lowest value for protein synthesis was observed in chicken
embryo fibroblasts cultured in DMEM without serum. Even if any types of serum
were added in DMEM , protein synthesis elevated by increasing serum concentrations
from 2% to 20%. When serum concentration was higher than 10% protein synthesis
of fibroblasts cultured with serum obtained from food deprived chicken.

EFFECTS OF DIFFERENT SOURCES AND DOSAGES OF VITAMIN A ON
THE IMMUNE RESPONSE AND ITS MECHANISM IN POULTRY
Huiyi Cai, Jihua Lin and Hemin Wang
Feed Research Institute, CAAS.. Beijing 100081, P.R.China
288 day old Avian broiler chicks were divided into 6 groups in a 3x2 factorial design
: 3 sources of Vitamin A: Conventional powder and two kinds of water dispersible
powder, 2 dosage levels : 2700IU/kg and 20000IU/kg . Each group had four duplicates
and the birds were raised on a com soyabean meal diet to 6 weeks of age. Results were
as follows:
1. On the high vitamin A dosage the absolute weights of thymus, spleen bursa fabricius
and plasma T lymphocyte percentage tended to increase, but did not reach statistical
significance (P>0.05).
2. Water dispersible powder was non significantly superior to conventional powder.
3. The c-AMP content in plasma was significantly higher (p<0.05) on high vitamin A
dosage, although it was much lower with the water dispersible powder as against
conventional powder (p<0.05).
4. Neither dosage nor source of vitamin A exerted any effect on body weight gain, feed
conversion and mortality (p>0.05)
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5. The increase in immune response seemed to be related to the c-AMP in plasma,
although the powder source and dosage level seemed to affect immulogical functions
differently.

ESTABLISHMENT OF MYCOPLASMA SP.CLEANING PROGRAM IN A
BREEDER FARM COMBINED WITH OFLOXACIN
J.A.Lin, C.L.Shyu and R.S.Lee
Department of Veterinary Medicine, National Chung Hsing University, 250, Kou Kuang
Rd., Taichung 402, Taiwan, R.O.C.
A field trial was conducted to establish a complicated chronic respiratory disease
(CCRD) cleaning program combined with Ofloxacin to maintain the Mycoplasma
gallisepticum (MG) clean status of breeder flocks. Two anti CCRD drugs of Ofloxacin
(10 mg per kg of body weight) and Tiamulin (15 mg per kg of body weight) were
administered via drinking water to chickens for a 3 days period at the age of 1-3, 2830, 56-58 and 84-86 days during the period of replacement. The Ofloxacin treatment
group showed pronounced performances low Mycoplasma seropositive rate (%)
excellent egg production and hatchibility comparing with the Tiamulin treatment group.
The sensitive test of E. coli and Mycoplasma isolates against Ofloxacin was also
compared with those of other 5 anti bacterial drugs (Ampicillin, Oxytetracyclin,
Doxycyclin, Ofloxacin, Erythromycin and Ciprofloxacin) in this experiment. As shown
in these results, verticle transmission could be effectively controlled by the cleaning
program of monthly administrating of Ofloxacin during the period of replacement.

CROSS-PROTECTION PROPERTIES OF INFECTIOUS BURSAL DISEASE
VIRUS
Y.M.Saif
Food Animal Health Research Program, Ohio Agricultural Research and Development
Center, The Ohio State University, Wooster, OH 44691 USA
Studies in our laboratory have emphasized the antigenic characteristics and cross
protective properties of infectious bursal disease virus (IBDV). Two serotypes of IBDV
and antigenic and immunologie variants of both serotypes are recognized. Viruses of
serotypes 1 and 2 are immunologically distinct and no cross protection is induced by
either serotype. Nonetheless, both serotypes share common nonprotective antigens
that were easily recognized by common laboratory procedures. Immunologie variants
of serotype 1 viruses were first recognized in the United States in our laboratory in
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1984. The classic and variant strains of serotype 1 viruses are distinguishable by virus
neutralization studies but other commonly used tests are not suitable for differentiating
the classic from variant strains. Both classic and variant strains share cross protective
and non cross protective antigens. Viruses in the classic or variant groups are not
antigenically homogenous leading to the identification of a variety of antigenic subtypes.
We found that cross protection between the classic and variant strains of the virus is
strain and dose dependent. The above immunogenic variations between the viruses
critically impact vaccination programs.

THE EFFECT OF ENROFLOXACIN IN THE TREATMENT AND CONTROL
OF COLIBACILLOSIS AND CHRONIC RESPIRATORY DISEASE
INFECTIONS IN BROILER CHICKENS AND ITS INFLUENCE ON GROWTH
AND FEED EFFICIENCY
M.G.Morton and G.Devegowda
Department of Poultry Science, University of Agricultural Sciences, Hebbal, Bangalore 560 024, India
Studies were conducted on flock of 1000 broiler chickens randomly divided into two
equal and comparable groups to assess the efficacy of Enrofloxacin in controlling
Colibacillosis and Chronic Respiratory Disease and its influence on growth and feed
efficiency in affected flocks. Infection was induced artificially using pathogenic field
isolates of E. Coli and Mycoplasma gallispeticum and treatment with Enrofloxacin at
10 mgs per kg body weight per day was administered to the treatment group for 5 days
after onset of infection with accompanying morbidity and mortality. Post mortem lesions
and laboratory tests confirmed the presence of the clinical infection. Weekly recordings
of water and feed consumption , mortality and body weights were made. Treatment
with Enrofloxacin controlled the mortality due to infection by the third day of treatment,
enhanced body weight gain and improved feed efficiency as compared to the control
group.

THE DEVELOPMENT OF AN "INTERMEDIATE" VACCINE AGAINST
VVIBD
Dr.A.Michael
ABIC Veterinary Products, Ltd, Nordau Industrial Zone, Netanya, Israel
In 1988 a very virulent strain of Infectious Bursal Disease Virus (vvIBDV) appeared
in Europe, Africa and Asia. It spread rapidly and caused very great losses in layer and
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meat type chicken flocks wherever it appeared. Conventional vaccines did not confer
immunity even when used repeatedly. The virus which was isolated from the outbreak
in Israel, was found to be of the "Classical" antigenic makeup , but with changes in
the genetic code which made it much more invasive and virulent. Serial SPF Qgg passage
was used to attenuate the virus. Various passage levels were tested for virulence. A
passage level of 43 was chosen as a suitable vaccine strain and was designated as MB
strain. It was found to be non immunosuppressive, very, immunogenic and proven to
be a very effective vaccine in face of vvIBD under various rearing conditions. A single
vaccination is sufficient to protect broiler chicks.

INFLUENCE OF IMMOGEN ON PERFORMANCE AND ANTIBODY TITRES
AGAINST NEWCASTLE AND INFECTIOUS BURSAL DISEASES IN
BROILER CHICKENS
B.I.R.Aravind and G.Devegowda
Department of Poultry Science, University of Agricultural Sciences, Hebbal, Bangalore 560 024 India
Immunosupression has been a major factor in causing disease outbreaks and decreased
production. An attempt has been made to assess the effect of Immogen (a thymic
extract) on antibody titres against Newcastle Disease (ND) and Infectious Bursal Disease
(IBD) and on broiler performance. One thousand commercial broilers were randomly
distributed into two treatment groups with (0.1%) and without (0.0%) Immogen
supplementation in the diet. Body weight, feed intake, mortality, antibody titres against
ND and IBD were recorded. Improvement in body weight (4.79%), feed intake (1.83%)
and reduced mortality (7.8%) were observed in Immogen supplemented group. The
ND titres in Immogen group reached protective titres early and persisted for a longer
period than in control group. However IBD titres were not protective even though
significantly higher in Immogen group as compared to control.

EVALUATION OF IMMUNE RESPONSE TO CURRENTLY AVAILABLE
INFECTIOUS BURSAL DISEASE (IBD) VACCINES IN BROILERS
P.S.Mahesh and L.Muniyappa
Department of Poultry Science, University of Agricultural Sciences, Hebbal, Bangalore 560 024 India
The study was conducted to test the immunogenicity, pathogenicity and
immunosuppressive potential of one less attenuated, three intermediate, one mild and
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combination of mild and inactivated IBD vaccines strains, and also to monitor the
maternally derived antibody (MDA) response in both experimental and field conditions.
The chicks were vaccinated against IBD according to manufacturers reconmiendations
and also against Newcastle disease (ND) on day seventh. The evaluation of immune
response and MDA was determined by employing indirect ELISA. The pathogenic
and immunosuppressive effects of IBD vaccines were evaluated by bursa. : body weight
ratio and antibody response to ND vaccination. MDA level decreased below protective
level by 14th days and their half life was 3.6 days and varied among breeds under field
conditions. The less attenuated strain and one of three intermediate strains induced
significantly lower titres followed by other two intermediate strains and significantly
lower titres for mild (Lukert) and combination of mild and inactivated strains. It was
found that, vaccination with intermediate strain during first week and a repeat vaccine
by third week is more efficient over use of less attenuated srain which produced atrophied
bursa and significantly lowered antibody response to ND vaccination as compared to
other strains.

EFFICACY OF RECOMBINANT SUBUNIT VACCINE IN PROTECTION
AGAINST INFECTIOUS BURSAL DISEASE
V.N.Vakharia^ ^ G.H.Edwads^ S.A.Mengel-Whereat^ and P.K.Savage^
^Center for Agricultural Biotechnology of University of Maryland Biotechnology Institute
and ^ VA-MD Regional College of Veterinary Medicine, College Park, Maryland, 20742
USA
A vaccination trial was conducted to determine the efficacy of recombinant "virus like
particles" of infectious bur sal disease virus (IBDV) and VP2 protein synthesized in a
baculovirus expression system. In order to produce IBDV proteins, plasmids containing
the cDNA copy of the large genomic segment A of the variant Delaware strain were
prepared. The genes encoding the entire structural proteins of IBDV (VP2, VP3, and
VP4) or VP2 were introduced in to the baculovirus vector to obtain respective
recombinant báculo viruses. Insect cells infected with these recombinant baculoviruses
produced either VP2 protein or "virus like particles" of IBDV from the assembly of
all the structural proteins. About 25% of the total cell protein was IBDV specific which
was characterized by antigen capture ELISA using a panel of monoclonal antibodies.
To assess the ability of the recombinant IBDV antigens in inducing a protective response,
groups of chickens were inoculated intramuscularly with an inoculum prepared from
these two recombinant baculovirus infected cell lysates. Complete protection was
afforded to chickens by both of recombinant IBDV antigens against challenge with
virulent IBDV In conclusion, the subunit vaccine derived from the baculovirus
expression system is highly effective in protection against IBDV infections.
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INTERACTION OF MONENSIN AND CERTAIN SULFONAMIDES IN
BROILERS, AS MEDIATED BY HEPATIC MIXED FUNCTION OXIDASES
E.Ershov, M.Bellaiche, V.Hanji, S.Soback, M.Gips, M.Brizi, Y.Weisman and
A.Shlosberg
Kimron Veterinary Institute, P.O.Box.l2, 50250 Bet Dagan, Israel
The efficacy of drugs given to treat bacterial disease in broilers will depend on several
factors, including their pharmacokinetics, largely involving phase 1 metabolism in the
liver, mediated by enzymes, collectively called mixed function oxidases (MFC). Many
drugs and feed additives can affect MFO activity. If MFC activity is stimulated,
"induction", drugs have been found to undergo greater than anticipated metabolism,
culminating in lowered blood levels, even below the minimum inhibitory concentration
necessary for efficacious treatment, and thus manifested as a failure of drug treatment.
If MFO activity is depressed, "inhibition", drugs may undergo reduced metabolism,
resulting in elevated blood levels, which may cause a subclinical toxicity, manifested
in broilers invariably as reduced feed intake and thence less weight gain. MFO mediated
interactions are undiagnosed, hidden and difficult to quantify, but are probably a serious
cause of loss to the broiler industry. The current work reviews some recent works
being carried out by this team on potential and actual MFO mediated interactions in
broilers involving sulfadimethoxine (SDM) and monensin, and sulfamethazine (SM)
and monensin. MFO activity was gauged by the activity of aniline hydroxylase,
aminopyrine demethylase, and several cytochrome P450 isozymes in liver microsome
and S10 fractions. Whereas monensin and SDM administered together orally caused
increased blood SDM levels compared with levels recorded after SDM alone, no
differences in blood levels of SM were seen in those birds receiving SM with monensin
or SM alone.

DETERMINATION OF THE SURFACE EXPOSED REGIONS OF
MYCOPLASMA GALLISEPTICUM HAEMAGGLUTININ WHICH ARE
IMMUNODOMINANT FOR CHICKEN
D.Beneina, P.Dove, M.Narat and F.Habe
Zootechnical Dept., Biotechnical Faculty, University of Ljubljana, Groblje 3,61230 Dómale,
Slovenia
Mycoplasma gallisepticum (MG) major haemagglutinin (pMGA) is a surface exposed
lipoprotein of about 67 kilodaltons (kDa), eliciting vigorous antibody response in poultry.
Analyses with 10 monoclonal antibodies (Mabs) against pMGA regions, including its
C-terminal part and polyclonal antibodies (Pabs) against the extreme N-terminal variable
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domain (VDl) determined the pMGA regions which are immunodominant for chickens.
Following inoculation of the upper respiratory tract (URT) with about 10^ CFU of MG
S6 strain or its temperature sensitive mutant, TS 102, chicken raised antibodies reacting
with the VDl and N-terminal region of pMGA within one week. Immunoglobulin A
(IgA), IgG and IgM antibodies to pMGA were detected in the URT secretions and in
sera of chickens and they persisted for more than 3 months. These antibodies seem to
be protective since they inhibited the growth of MG "in vitro" and had a significant
impact on pMGA epitope phenotypes residing in the URT. Accordingly MG cultures
reisolated from the URT 2 weeks after infection and later, lacked pMGA epitopes
recognized by Mabs, Pabs and locally appearing chicken antibodies. Our results confirm
our previous finding of variable surface epitopes on pMGA and indicate pMGA regions
which should be considered as immunodominant for MG subunit vaccines and
diagnostic reagents.

ERADICATION OF MYCOPLASMA SYNOVIAE INFECTION FROM A
BROILER BREEDER FLOCK
L.Stipkovits^ and D.G.S. Burch^
^Veterinary Medical Research Institute of Hungarian Academy of Sciences, Budapest
Hungary ^Sandoz Pharmaceuticals, Frimley, Chamherley , Surrey, UK
In a grandparent (GP) breeder flock (6500 layers) M.synoviae (MS) infection was
diagnosed at the age of 7 months following detection of slight signs of respiratory
disease and airsacculitis in culled hens. MS antibodies were determined by rapid slide
agglutination (RSA), monoclonal based blocking ELISA as well as by isolation and
subsequent identification of Mycoplasma isolates as MS. The GP flock was treated
with Tiamutin 45% water soluble granules (Biochemie, Kundl, Austria) via drinking
water at the level of 125 mg tiamutin/1 for 3 days, followed by 50 mg/1 for 4 consecutive
days. Treatment was performed every month. Hatching eggs from the GP flock were
collected during the second and third treatment periods (from day 3 of treatment until
7 days post treatment). Altogether 12 hatches were produced. Chicks of 2 hatches
(13,500 birds) were placed in one building for rearing and these replacement pullets
were transferred into 2 layer houses. The progeny (parent) flock was prophylactically
treated from the first week of life and repeated every month for 4 consecutive days
with Tiamutin at the level of 50 mg/1 drinking water during the rearing and egg
production periods. Checking for mycoplasma infection in the parent flock was
performed by serological examination of at least 60 sera from each group of replacement
pullets and layers monthly, during rearing and egg production periods respectively for
the presence of MS antibodies using RSA and ELISA, by culturing 10 layers from
each group at the peak of egg production. No serological reactors nor culturally positive
birds were found in the parent flock up to 9 months of age.
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TREATMENT OF MYCOPLASMA GALLISEPTICUM BY TETRAMUTIN
PREMIX
P.H.RipleyS D.G.S. BurchS and L.Stipkovits^
1.Veterinary Medical Research Institute of Hungarian Academy of Sciences, Budapest
Hungary 2. Sandoz Pharmaceuticals, Frimley, Surrey, UK
This study was to evaluate the efficacy of Tetramutin Premix (Sandoz, Switzerland),
a combination of Tiamutin (T) and chlortetracycline (CTC) in the treatment of an
experimental Mycoplasma gallisepticum (MG) infection in comparison with the
individual antibiotics. 110 birds aged 4 weeks were divided into 11 treatment groups
(TG). On day 0 the birds were infected with an intra airsac injection of 0.2 ml of a
broth culture of MG (7.6 x 10^ CFU/ml). On day 7 treatment was given for 6 days
according to the birds specified TG (see table) and on day 12 the birds were autopsied,
lesions scored and cultured for MG.
TG
(ppm)

Ctrl
0/0

T
50

100

150

CTC
150

300

450

T/CTC
50/15
100/30 150/45
0
0
0

ADG (g)
FCE
Les.Sc
Mg Iso.

38
4.21
41
100

45
3.52
25*
50

56
2.86
18*
30

52
3.12
11*
10

42
3.49
41
90

45
3.61
32*
80

48
3.35
24*
60

50
3.23
17*
20

57
2.76
8*
0

58
2.79
2*
0

(* P=<0.05) T on its own gave a better response than CTC at 3 times the dose and
it can be concluded that the combination of T 100/CTC 300 and above gave better
responses to treating the MG infection than any of the individual components alone,
by the parameters measured, confirming T and CTC s unique synergistic activity
against MG.

CHEMOPROPHYLAXIS OF INFECTIOUS CORYZA IN A MULTIPLE AGE
POULTRY UNIT
K.G.Aning and K.Boa-Amponsem
Animal Research Institute, (CSIR), P.O.Box 20, Achimota, Ghana
Infectious coryza has become an important disease problem in layer and breeding
units in Ghana, presumably because of the difficulties in practising an all in, all out
management system. The use of chemoprophylaxis to control the disease in a research
breeding unit was investigated. During an outbreak in a batch of 6 week old ARILAY
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birds three groups, each of 20 in contact birds which appeared clinically normal were
selected and placed on one of three water medication regimen for 7 days: (I)
erythromycin (1.5 g per litre), (ii) erythromycin (1.25g per litre) and sulphadimidine
33.3% (Sml.per litre)or (III) erythromycin (1.5 g per litre) and sulphadimine (5 ml per
litre). A fourth group of 12 birds acted as unmedicated control. Erythromycin given
alone or with sulphadimidine significantly reduced the number of birds that showed
cHnical signs 14 days after the treatment by 40.7 -56.7% (P<0.001). In a follow up
trial, two batches of birds numbering 368 and 247, respectively were treated
prophylactically with erythromycin ( 1.5g per litre) for 5 days at 3 week old. Symptoms
of coryza were not observed in both batches for five months. However symptoms
appeared in the second batch at 6 months old. It is concluded that chemprophylaxis
of coryza is viable, but its timing for complete protection needs further studies.

HEALTH SURVEILLANCE SYSTEM IN RURAL POULTRY
S.K.Raval, P.R.Patel, B.G.Patel and V.RBelsare
Dept.of Veterinary Medicine, Veterinary College, Anand 388 001, Gujarat, India
The present study was an attempt to develop health surveillance system for rural flock
by generating data from Ten poultry farms of Banaskantha district. The data collected
were disease profile, mortahties, culling pattern and its economics. A total of 60525
poultry population of White Leghorn birds were under study for a period of one year.
Prevalence of parasitic disease was 0.83 to 8.49 percent, with highest prevalence of
coccidiosis (8.49%), followed by ascariasis (6.73%) and pediculosis (1.70%). Among
bacterial diseases highest prevalence was of colibacillosis (10.40%) followed by chronic
respiratory disease (2.54%) and pneumonia (2.24%). Marek's disease prevalence
(3.02%) was highest among viral diseases. Mortality rate in chicks, growers and layers
was 10.65, 9.09 and 4.79 percent respectively. Highest mortality was observed by
coccidiosis followed by ascariasis and colibacillosis whereas the culling rate was 8.00,
14.42 and 6.56 percent in chicks, growers and layers respectively. Economic losses
due to various poultry diseases was Rs.5731/thousand bird/year. Losses in terms of
treatment was Rs. 1666.75 due to reduced egg production Rs. 1839.30 and due to culling
Rs.3207.25. Among the various diseases, coccidiosis contributes 23.07 percent,
ascariasis 14.23 and colibacillosis 10.95. The findings help to generate the priorities of
prevalence and treatment measures for poultry, taking into consideration its economics.
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PASSIVE HAEMAGGLUTINATION TEST FOR TITRATION OF ANGARA
DISEASE (HYDROPERICARDIUM) AGENT
Sajjad-ur-Rahman, M.Ashfaque, I.Hussain, M.N.Sarwar and Rehan Ahmed
Department of Veterinary Microbiology, Faculty of Veterinary Sciences, University of
Agriculture, Faisalabad-38040, Pakistan
A passive haemagglutination (PHA) Test has been successfully devised to titrate the
Angara disease agent from the Liver, Lung and Brain suspension samples of affected
broiler chicks. A concentration of 0.1 % chromium chloride was used to sensitize sheep
RBCs with hyperimmune serum at room temperature for 15 minutes. The antigen titre
was detected which was reciprocal to the highest dilution giving diffused agglutination
pattern of RBCs while compact button formation at the bottom of the well was
considered as negative. Antigen concentration was highest in Liver with log:2^ followed
by Lungs (log 2^) Brain (log 2^) tissue.

PASSIVE HAEMAGGLUTINATION TEST FOR DETECTION OF
ANTIBODIES AGAINST INFECTIOUS BURSAL DISEASE VIRUS
R.KJoshi, Sanjay Shakya and S.D.Hirpurkar
Department of Veterinary Microbiology, College of Veterinary Science and Husbandry,
Anjora, Durg (M.P.), India
A quantitative passive haemagglutination test (PHA) was standardized for titration of
Infectious Bursal Disease (IBD) antibodies. A 2.5% suspension of tannic acid treated
and IBD virus antigen coated chicken erythrocytes were able to detect the virus
antibodies in serially diluted serum samples. The test was found specific and more
sensitive than agar gel immunodiffusion test (AGID) and counter current
inmiunoelectrophoresis (CIE).

PERSISTENCE OF MATERNAL ANTIBODIES IN PROGENY CHICKS
FROM PARENT FLOCK IMMUNISED AGAINST INFECTIOUS BURSAL
DISEASE
S.D.Hirpurkar, H.N.Kher, ^K.S.Prajapati and ^J.M.Anjaria
^Department of Veterinary Microbiology, ^Department of Pathology, College of Veterinary
Science and Animal Husbandry G.A.U., Anand, Gujarat, India
Parental breeder flock was vaccinated with infectious bursal disease virus (IBDV)
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vaccines at 0 day (mild) seventh day (inactivated intermediate), twenty-eighth day
(live intermediate) and eighteenth week (inactivated intermediate) of age. Progeny
chicks were obtained from the parent flock at 28 and 38 weeks of age to assess the
maternal antibody (MA) status of progeny at hatch and subsequent decline of MA
thereafter upto 42 days post hatch. Quatitative Agar gel immunodiffusion (QAGID)
and enzyme linked immunosorbent assay (ELISA) was used to study antibody profile
in progeny chicks. At hatch, on an average 50 to 55 percent passive transfer of MA
to progeny was observed. High levels of MA sustained for one week and declined
steadily attaining significantly low levels between 21 and 28 days of age. Significantly
higher QAGID titre and ELISA SCORE sustained over a longer period in progeny
obtained from 38 week old parent flock.
COMPARATIVE EFFICACY OF QUANTITATIVE AGAR GEL
IMMUNODIFFUSION AND ENZYME LINKED IMMUNOSORBENT ASSAY
FOR DETECTION OF MATERNAL ANTIBODIES IN INFECTIOUS
BURSAL DISEASE
S.D. Hirapurkar, H.N. Kher, and J.M. Anjaria
Department of Veterinary Microbiology College of Veterinary Science and Animal
Husbandry G.A.U, Anand, Gujarat, India
The maternal antibody level was analysed in the chicks obtained from vaccinated
perental flock using quantitative agar gel immunodiffusion (QAGID) and enzyme linked
immunosorbent assay (ELISA) tests. The serum samples from 60 birds were collected
at hatch and subsequently, at weekly intervals upto 6 weeks. The ELISA test was
found more sensitive than QAGID as it could detect lower levels of antibody than
QAGID when compared to QAGID. ELISA was able to detect the antibodies upto 6
weeks of age while QAGID detected antibody only upto 4 weeks. A positive correlation
was observed among QAGID titres and ELISA score.

DEVELOPMENT OF MODIFIED ENZYME-LINKED IMMUNOSORBENT
ASSAY (DOT-ELISA) FOR DETECTION OF NEWCASTLE DISEASE
ANTIBODIES IN AVIAN SPECIES
B.M.Santos, J.H.S.Patarryo, R.W.Pereira and M.S.Liveira
Federal University of Vicosa - 36571-000-Vicosa-MG-Brazil
This work shows the development of a dot-ELISA for detection of antibody againt
Newcastle disease virus. The antigen produced in specific pathogen free embryonated
eggs was used for adsorption on nitrocellulose discs. Polyclonal antibody against
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avian IgG obtained from rabbits, was conjugated with horseradish peroxidase.
Diaminebenzidine and hydrogen peroxide were used as substrates. The dot-ELISA
was conducted using different concentrations of antigen ( 100, 200 and 400 ng/ml)
which was adsorbed on nitrocellulose discs. Four different concentrations of positive
and negative serum ( 1:50, 1:100, 1:200 and 1 :400), tested by the haemaglutinationinhibition test and ELISA were used. A conjugate of chicken-anti-lgG, labeled with
peroxidase, was used in the concentrations of 1:2000,1:4000,1:6000 and 1:8000. The
sera diluted were tested in duplicate. To determine the optimal concentration of antigen
and dilution of conjugate, different concentrations and dilutions were used. The best
dilution for test serum was also determined. In the present work, the concentrations
of the antigen were 100, 200 and 400 ng/ml. The assay is simple and does not require
special equipments. The reading was made by visual detection of the antigen-antibody
reaction. It was found that the best result was detected with 400ng/ml of antigen, 1:200
of serum and 1:8000 of conjugate.

DOUBLE ANTIBODY SANDWICH COMPETITIVE BLOCKING ELISA FOR
MEASURING ANTIBODIES AGAINST INFECTIOUS BURSAL DISEASE
VIRUS IN CHICKEN
D.P.PatnayakS S.K.KalraS Arvind Kumar^ and L.M.BelwaF
^Department of Veterinary Microbiology, CCS Haryana Agricultural University, Hisar 125004, India ^Indovax Private Ltd. Siswala, Hisar India
Infectious bursal disease (IBD) is a contagious lymphocidal viral disease of chicken,
which is being controlled by vaccination of parent stock followed by that of progeny.
The present study was designed to develop double antibody sandwich competitive
ELISA for measuring IBD antibodies in chickens. CsCl-Sucrose density gradient
was used to purify Georgia strain of IBD virus for raising antibody in rabbits and
guinea pigs. These antisera were standardized as coating and tracing sera. Cell culture
IBD virus was used as antigen and anti-guinea pig HRPo conjugate (Sigma) was used
for developing reaction. ELISA titers of sera were calculated as dilution yielding 50
percent inhibition. The test was applied on 58 sera samples and compared with serum
neutrahzation titers with 100 TCID, virus per well. Coefficient of correlation (r) between
both the tests was 0.578. It is, therefore, concluded that the ELISA developed for
measuring IBD antibodies compares fairly well with serum neutralization test.
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ASSESSMENT BY ELISA OF MATERNAL ANTIBODIES (MDA) AGAINST
INFECTIOUS BURSAL DISEASE (IBD) IN DAY OLD BROILER CHICKS AND
THEIR VACCINATION TIME
Vishal Nanda and D.K.Balani
Department of Veterinary Public Health and Epidemiology, CCS HAU, Hisar 125004, India
Passively acquired MDA have been shown to protect chicken from IBD. The titres
of MDA in circulation of chicks influences the efficacy of vaccination. It is important
to determine accurately MDA titre which is transferred to chicks via tgg yolk. It is
also important to correlate Ab titres in dams and chicks so as to estimate how much
Abs are transferred to chicks. During the present investigation chicks from broiler
parents with known IBD vaccination history were obtained from three hatcheries and
examined for MDA titre. Three groups of 44 chicks each maintained under ideal
conditions were employed and bled at day 1, day 7, day 14, day 18, and day 22 of age.
The Ab titre was determined by Biochromatic, a commercial ELISA kit. The MDA
in these unvaccinated chicks waned approximately by 22nd day in two groups. At day
old 100% of chicks tested had MDA and day 22 about 22% had very low MDA titre.
The mean ELISA titre of three groups at day 1 were 711, 699 and 624, while titres at
day 22 were 82,46 and 4 respectively. The average half life of each group was worked
out in days to be 3 D, 4 D, and 3.2 D resp. The IBD Ab titre of 32 weeks old dams
from one hatchery (vaccinated with killed vaccine at 20 weeks of age) and their progeny
was also determined. Only 34% of the antibody titre of dam was found to be transferred
to day old chicks. It was observed that MDA waned rapidly i.e. by 22nd day which
would greatly influence time of vaccination schedule. Using formula suggested by
Kouwenhoven et al (1992), vaccination should be done/preponed to first week of life
instead of 2-3 weeks of age as suggested by many manufacturers of vaccine for
administration of intermediate strain vaccine.

OBSERVATION AND EVALUATION OF EMBRYONATED EGG AS A
SUBSTRATE FOR THE INITIAL ISOLATION OF AVIAN MYCOPLASMAS
M.M.A. Amal
Central Vet.Res.Lab., Soba, P.O.Box 8067 Elamarat, Khartoum, Sudan
Cultures of the following avian mycoplasmas : M. gallisepticum (Mg), M. synoviae
(Ms), M meleagridis (Mm) and M. iowae (Mi) were inoculated into the yolk sac of
embryonated chicken eggs. Viability before and after inoculation was found to be
nearly the same. Culturing from inoculated yolk onto agar plates showed some
interference of the yolk materials, illustrated as fatty changes and crystal formation.
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This interference was reduced by diluting the yolk inoculum. These data are useful
for the initial isolation of avian mycoplasmas, specially under Sudan condition.

RAPID DIAGNOSIS OF INFECTIOUS BURSAL DISEASE (GUMBORO
DISEASE) BY POLYMERASE CHAIN REACTION FROM INFECTED TISSUE
S.N.Singh, S. Ghosh, S. Kilari, S. Sawarkar, V.B. Kulkarni and A. Pandey
Baif Research Institute for Animal Health, Baif Development Research Foundation
Briahnagar, Off Pune-Nagar Road, Wagholi, Pune 421 207, India
Diagnosis of infectious Bursal Disease (IBD) from infected bursae or other organs
within minimum possible time is highly justifiable. Since, it goes in-hand with other
mixed infections rendering it difficult in diagnosing the virus analysing its further
implications, contributory to the disease situation. In such chaotic situations, one of
the most preferred contributary diagnostic tool is Polymerase Chain Reaction (PCR)
based genome amplification technique. But in performing the test, the usual process
of RNA extraction and reverse transcription for cDNA synthesis is having its own
limitations. This hampers in adopting it for rapid identification of IBD virus by RT/
PCR since the genome of the virus being double-stranded (ds) RNA requires complicated
extraction and denaturation procedures. In the present investigation, a method of ds
RNA genome isolation and extraction clubbed with modified RT/PCR has been
standardized and used in identification of various field genome region of the virus.
Thus the amplification technique was found to be very much useful even in identification
of sub-clinical/non-overt clinical infections which aids in timely effective control
measures to be adopted.

CAUSE AND NEW TREATMENT OF GOUT SYNDROME OF CHICKENS
Jia long Sun, Bai Zhong.Lí and Yin Ming. Jin
Station of Animal Husbandry and Vet Medicine.Ru Gao City, Jian Su, China
The rate of gout syndrome of chickens appeared to be on ascending trend. More than
800 cases of this disease were diagnosed and treated in last five years. Majority of
them were visceral type and minority were mixture of viscerel and joint. Factors causing
the disease included a high content of protein (covering 62%), disproportionate ratio
of calcium and phosphorous (Covering 12.5%) in the ration adding more than 5%
wheat in ration (Covering 6.4% ; this was a new factor but its mechanism of causing
disease remains to be studied), lack of vitamins (Covering 0.6%) drug poisoning
(covering 4.8%) poor ration quality (Covering 7.5%) and other factors (e.g., lack of
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water and bad ventilation etc.). Sick chickens became better by treatment with
combination of Chinese medicine and western medicine. The method was that equal
amount of Akebi, Desmodi, Plantago, Gardenia, Atractyloaes were mixed, simmered
in water and the juice was offered for four days. Cod liver oil was added in ration.

DETECTION OF SALMONELLA FROM POULTRY USING POLYMERASE
CHAIN REACTION AND BACTERIA CULTURE: A COMPARATIVE STUDY
L.M.T\ichiliS H.Kodama^ LTakatori^ and R.N.Sharma*
^School of Veterinary Medicine University of Zambia, Lusaka, Zambia
^Laboratory of Veterinary Immunology, Department of Veterinary Science University of
Osaka prefecture Sakai, Osaka, Japan
The polymerase chain reaction (PCR) was used as a diagnostic tool for the detection
of Salmonella infection in chickens, yolk of dead-in-shell chicken embryos and
environmental samples from poultry houses. Salmonella DNA detection using PCR
was also compared with conventional bacterial isolation methods. In the first
experiment, DNA was extracted from organs of experimentally infected chicks with
either S. gallinarum or S. typhimurium. Bacteria isolation was done by inoculating the
pre-enrichment media with organ samples. Salmonella DNA in 15 out of 20 organs
from S. gallinarum infected chicks was detected 21 hours after infection, but only 5
were positive for bacterial isolation. With S. typhimurium we could detect Salmonella
DNA from 17 out of 20 samples compared to 11 positive on bacteria isolation. In the
second study Salmonella DNA amplification was done directly from the yolk of chicken
embroys template and the results showed that Salmonella DNA could be amplified
direct from the yolk of chickens without bacterial isolation and purification of DNA.
Out of 45 samples 20 (44.4%) were positive for Salmonella by direct PCR compared
to 6 (13.3%) by bacterial isolation. DNA amplification was also possible from
environmental samples comprising hatcher chick fluff, faeces, floor litter and rat liver,
where 23 out of 80 (28.75%) were amplified compared to 10 (12.5%) positive on
culture. Results confirm the sensitivity and superiority of PCR method in Salmonella
detection from poultry and its environment. Direct PCR amplification of Salmonella
DNA from the yolk of chicken eggs and embroys is probably the first report.
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MOLECULAR CLONING AND SEQUENCING OF THE tesB GENE FROM
PASTEURELLA MULTOCIDA TYPE A STRAIN
N.Sriranganathan, M.A., Woodburn, A.L.Bond, J.R.McQuiston, C.TXarsen,
S.M.Boyle and G.G.Schurig
Centre for Molecular Medicine and Infectious Diseases, Virginia-Maryland Regional College
of Veterinary Medicine, Virginia Tech, Blacksburg, VA 24061-0442, USA
Rmultocida type A strains are highly virulent bacteria that cause fowl cholera in young
turkeys and adult chickens. Current modified-live vaccines used by US poultry industry
are found to be fairly effective, but do cause mild to severe forms of fowl cholera in
some of the vaccinated flocks. It has been shown that specific antibodies passively
transferred to susceptible birds provide protection against a challenge. In order to
create an effective vaccine without the side effects, one has to identify protective antigens
involved in this humoral response. Toward this goal, a genomic library oí Rmultocida
X-73 DNA was constructed using pUC18 and expressed in E.coli DH5 a was
constructed. This genomic library containing 1 to 4 kb Sau3A fragments of Pasteurella
DNA (inserted into Bam HI site of pUC18) was constructed. This library was screened
by colony blot using chicken pooled hyper-immune sera generated against live
Rmultocida X-73. We report on one of the clones (plF41) found by Western blot
analysis to express a 20 kDa protein. The DNA sequence (1,267 nucleotides) determined
by Sanger's dideoxy-nucleotide chain termination method was analyzed using
BLASTX. The analysis showed that the sequence had a highly homology to acyl-co
A thioesterases of Haemophilus influenzae and E.coli. We tentatively conclude that
this clone carries the tesB gene encoding an acyl-coA thioesterase II enzyme.

ELISA FOR THE DETECTION OF ANTIBODY TO CHICKEN ANEMIA
VIRUS
CM. Lamichhane
Kirkegaard & Perry Laboratories, Inc. 2 Cessna Court, Gaithersburg, MD 20879-4174,
USA
Chicken Anemia Virus (CAV) is an agent that causes infectious anemia and severe
immunosuppresssion in young chicken. CAV infections in young chicken can be
effectively controlled by ensuring that the parent breeder flocks develop antibodies to
CAV before onset of lay. Antibody status of the chicken can be assessed by monitoring
the levels of antibodies to chicken anemia vims. CAV infection is usually diagnosed
by isolating the virus or indirectly by detecting serum antibody to CAV using laboratory
tests. Antibody detection methods include the indirect immunoflourescent antibody
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(IFA) test and virus-neutralization (VN) test. Although reliable, they are cumbersome
to perform and difficult to use for routine large serological surveys. An ELISA for the
detection of antibody to CAV was developed for rapid and efficient large screening of
antibody to CAV infection. A neutralizing monoclonal antibody is used to improve the
specificity of ELISA. The specificity of the ELISA was determined by testing 26 monospecific antisera raised against various avain pathogens. These sera were prepared for
examining the specificity of commercial ELISA kits by the National Vaterinary Services
Laboratory, Ames Iowa. The sensitivity of the ELISA system developed was compared
with the IFAT and VN tests using serum from experimentally infected and commercial
chicken flocks. Chickens experimentally inoculated by I/M (intra Muscular) route with
the CL-1 CAV isolate were CAV antibody positive by ELISA, 2 to 3 weeks postinoculation. Serum samples collected from conmiercial pullet flocks ages 9 to 18 weeks
old, were tested for antibody to CAV using ELISA and VN tests. Of the 100 samples
tested by ELISA and VN tests, there was an agreement between the two test methods
of 98%. Of the 235 samples tested by ELISA and IFA, there was an agreement between
the two testing methods of 93%. Results indicate that all three tests are detecting a
similar antibody. Results also suggest that the ELISA test is superior to the specificity
of IFA and is comparable in sensitivity to the VN test. Specific antibodies to CAV
were detectable by the ELISA within 2-3 weeks post-inoculation. ELISA showed high
level of agreement with the VN and IFAT test. An ELISA found to be very useful tool
for screening the antibody to CAV infection in the field.

TISSUE BLOT (SPOT BLOT) METHOD FOR DETECTION OF CHICKEN
ANAEMIA VIRUS
A.S.Rozanah^ LAini* and G.Grawford^
^Department of Veterinary Clinical Studies, Faculty of Veterinary Medicine and Animal
Science, University Pertanian Malaysia, 43400 Serdang, Selangor, Malaysia
^Rural Biomédical Research Group, School of Science and Technology, Chariest Sturt
University, P.O.Box 588, Wagga Waggs NSW 2678, Australia
A tissue blot or spot blot assay was used to detect chicken anaemia virus antigen in
tissues from suspected chickens. These chickens were positive for chicken anaemia
virus antibody when detected using CIA ELISA kit (Guilhay/Limited,U.K.)- The
chickens were broiler type, age about 31 days with a sign of anaemia and on post
mortem the lesions observed were ; haemorrhages of the subcutaneous and thigh
muscles, also petechial haemorrhages at the proventriculus and junction to gizzard.
The mortality was about 5 to 9 chickens per day from a total of 2000 chickens. Organs
such as thymus, spleen, liver and bursa were taken and kept at -70°C until further tests.
These organs were thawed prior to usage and were rinsed twice with distilled water
to remove excess blood. The organs were then homogenised individually and smeared
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onto nitro-cellulose membrane. The membrane was then washed with Tris buffered
saline with tween and then blocked in tris buffered saline with skim milk powder.
Hyperimmune serum prepared in chicken was used to soak the membrane for 45
minutes. Anti-chicken conjugate was added to the membrane for another 45 minutes.
Lastly substrate 4 chloronapthtol was added to obtain the colour changes. Positive
results for antigen were detected in the spleen, bursa and thymus, when compared to
positive smears of CAC virus strain Cux-1 and negative results were compared with
the samples from SPF chickens.

ON LIFE TABLE MODEL FOR DISEASE SURVEILLANCE FOR LAYER
CHICKS
N.Ravindranathan
College of Co-operation and Banking, Kerala Agricultural University, Mannuthy, Trichur
680651, India
A life table model using the Competitive risk probability concepts was used in this
paper to portrait the extent of diminution due to mortality occurred due to various
causes in layer chicks. For this purpose Multiple-decreament tables from the follow
up data of twenty thousand layer chicks from the day of hatch to fifty-two weeks were
prepared. The study revealed structure of age at death from four important types of
diseases acting simultaneously in the population studied. Thus expected proportion of
death from each cause in various age groups and evaluate changes in proportion could
be determined. Mortality pattern change if certain disease were eliminated and their
effect on probability of dying and improvement in the expectation at any period of life
could be known. Important appHcation of this work contributes to the formulation of
disease control projects and to develop insurance plans for layer chicks. The study is
<a pioneer one in this field in India and can be used effectively for developing better
genetic variety of chicks, free of diseases.

RELL\BILITY OF HEMAGGLUTINATION INHIBITION ANTIBODY TITRE
VALUES FOR NEWCASTLE DISEASE BASED ON ELISA CORRELATIONS
M.G.Morton and T.Suryanarayan
Department of Poultry Science, University of Agricultural Sciences, Hebbal, Bangalore
560 024, India
The use of the hemagglutination inhibition (HI) test to evaluate the antibody titres for
Newcastle disease is widely used in most laboratories throughout the country. This
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study was conducted to evaluate the reliability of HI titre values by comparison with
ELISA titre values. A total of 143 sera samples collected from various commercial
layer farms were subjected to both, ELISA and HI evaluations towards verifying the
extent of correlation and developing a standard curve. The HI titres range from 1:4 to
1:256 while the ELISA titres range from 2,509 to 16,871. High or low ELISA titres
were mirrored by corresponding high or low titres in the matching sera sample with
the correlation coefficiency of 0.9. However, the ELISA test was more sensitive than
the HI test and could detect lower levels of antibodies. The high degree of correlation
between the two tests emphasizes the reliability of the HI titres values in the evaluation
of the immune status of a bird at risk to Newcastle disease.

APPLICATION OF POLYMERASE CHAIN REACTION (PCR) FOR
DETECTION OF HIGHLY VIRULENT INFECTIOUS BURSAL DISEASE
(IBD) VIRUS
L.Muniyappa
Head of the Department, Department of Public Health, Veterinary College, Hebbal,
Bangalore 560 024, India
The classical and very virulent strains of IBDV can be distinguished from one another
by different molecular and biological techniques to concentrate on variable region of
VP^ protein. The majority of detected aminoacid changes in variant strains has been
found in the region between two hydrophilic peaks located from aa-212 to 224 and
from aa-314 to 324. To control IBD it is important to look at highly virulent IBDV
isolates done on basis of experimental infection in chickens against live and intermediate
vaccines in India. These isolates need to be characterised for their variation in
antigenicity with respect to virulence, pathogenicity and immunosuppression using
the PCR amplification and other molecular methods.

PATHOLOGY OF SPONTANEOUS LESIONS IN PANCREAS OF POULTRY
B.PJoshi^ and R.N.S.Gowda^
'College of Veterinary Science & Animal Husbandry, Anand 388001, India
^Veterinary College, Bangalore 560 024, India
Pathological changes observed in the pancreas of poultry have been characterised in
relation to several systemic diseases and different age groups of birds. The autopsy
incidence of pancreatic lesions was found to be 61.76 percent. The lesions were more
common in broilers compared to layers. The frequency of occurrence of lesions was
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more in birds of one to five weeks of age among broilers and 41 to 55 weeks of age
among layers. The analysis of lesions recognised showed that vascular, acinar and
ductular components were involved with near equal frequency while the islet component
was less frequently affected. Lesions in acinar and ductular components, coexisted in
42.85 percent of cases and indicated that they were mutually dependent and related
lesions. The involvement of different components in the context of several diseases
among various age groups indicated that pancreatic lesions are also commonly
encountered in toxic, bacterial, viral and deficiency diseases irrespective of age of the
bird. Adenocarcinoma, haemangio endothelioma, lymphoid leucosis and marek's
disease were neoplasms recorded during the study.

SURVEILLANCE OF AVIAN INFLUENZA-IN INDOPAK BORDER AREA
S.V.Kukade, G,R,Ghalsasi, B.D.Survashe and D.D.Kindarle
Poultry Diagnostic and Research Centre, Loni Kalbhor, Poona, India
Surveillance and monitoring system of avian diseases has opened a new era in
investigation and control of avian diseases. The Poultry Diagnostic and Research Centre
(PDRC) Poona along with regional network of laboratories is working to identify
emerging diseases in time and to adopt preventive and control measures. In Jan./
Feb. 1995 Avian Influenza outbreaks were reported in Rawalpindi and Islamabad area
in Pakistan. The loss of more than 3 lakh birds and Rupees 500 million was incurred.
The disease was conñrmed from International laboratories as per reports from Pakistan.
Avian Influenza in Pakistan was complicated by endemic, viscerotropic, velogenic
New Castle disease and very virulent Infectious Bursal Disease, as per reports. Though
it is a well known fact that migratory birds, waterfowls etc. can serve as virus source,
but in Pakistan epidemiological survey did not confirm source of infection. No sooner
the information reached about Avian Influenza in Pakistan, visits were conducted by
PDRC team in North India in April 1995, as well as in May 1995 and Jan 1996 and
collected several sera samples and cloacal swabs from migratory birds. Guinea fowls,
also other aquatic birds as well as incontact domestic birds. All these samples were
carefully processed at PDRC Poona and also with help of National Institute of VirologyPune. From the observations and preliminary laboratory reports there is no indication
what so ever regarding incidence of Avian Influenza in India.
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CELL MEDLVTED IMMUNITY TO MAKER'S DISEASE VIRUS IN CHICKEN
Shawkiali Khinder SI Sayed, V.K.Sharma and R.Pandey
Department of Veterinary Bacteriology and Hygiene, Haryana Agricultural University,
Hisar, India
A sequential comparative study of leukocyte migration inhibition and radical
immunodiffusion test in day-old Marek's disease virus infected chicks was carried
out. When tested at time intervals post inoculation revealed that the infection can be
detected by leucocyte migration inhibition as early as 4 day post infection whereas by
radial immunodiffusion it could be detected only 14 days post infection. The chicken
experimentally infected with Marek's disease virus showed delayed hypersensitivity
reaction when tested 140 days post inoculation with purified Marek's disease virus
antigen of feather follicle origin whereas control birds did not show any skin
sensitisation. All the birds showed skin sensitisation with feather follicle antigen were
also positive for leucocytic migration inhibition test and majority of these infected
birds revealed gross lesions on post mortem.

DETECTION OF "MYCOPLASMA GALLISEPTICUM'' THROUGH
IMMUNOFLUORESCENCE TECHNIQUE IN CHICKENS
M.Iqba!, A.Ahmed, Zia-ur-Rahman, G.Rasool and S.T.A.K.Sindhu
Faculty of Veterinary Sciences, University of Agriculture, Faisalabad 38040, Pakistan
Among infectious disease, Mycop/a^ma gallisepticum causes high morbidity, mortality.
Being an immunosuppressant, this malady predisposes to bacterial infection(s). To
curtail the economic losses, prompt, accurate and timely diagnosis is a pre-requisite.
The Mycoplasma gallisepticum was diagnosed through fluorescent antibody technique.
The causative organism was deteted in the presence of other infectious organisms on
the basis of its apple green fluorescence. The positive tissue observed after staining,
manifested the causative organism scattered throughout of the host tissues, single
bacterium as well as aggregates of coccobacilli with apple green fluorescence appeared
embedded in the pinky yellow and dark stained host tissue. Majority of the lung tissue
samples of layers and breeders were found to harbor Mycoplasma gallisepticum.
Although liver, heart and trachea samples were found positive yet not as frequent as
the lung samples. However, no colonies of the organism were detected in the spleen
tissues.
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CONTROL OF CHICKEN LYMPHOCYTES SENSITIZED TO TURKEY
HERPES VIRUS VACCINE FC-126 IN EXPERIMENTAL MD INFECTION
A.F.Chlopina, I.V.Belkina and N.D.Prydobylo
Russian Research Veterinary Institute of Poultry Science, St. Petersburg 189510, USA
Indirect EAC-rosette method was used for determining antigen sensitized lymphocytes
(ASL) to turkey herpes virus (HYT) vaccine FC-126. ASL were collected from birds
vaccinated with MD - serotype 1 vaccine at 6,15,21 and 30 days post vaccination and
also from vaccinated birds infected with pathogenic virus MD RBI/B strain at 7 and
14 days post infection. The ASL number was also studied in peripheral blood of twentytwo pullets 90-120 days old, showing confirmed MD characteristics. Twelve pullets
were kept as control without MD infection. In the results we observed best cell immunity
at 7 days post vaccination, after which there was slow fall in ASL. In the infected
group comparatively low number of ASL were observed at 7 days. However, there
was significant increase in ASL in infected groups at 14 days post infection. Similar
results were observed in infected 90-120 days old pullets. From the experiment it was
concluded that lymphocytes sensitized to HVT vaccine FC-126 plays a defensive role
against MDV and the test can be used as diagnostic indicator to measure response of
earlier vaccination.

HAEMATOLOGICAL AND BIOCHEMICAL STUDIES IN BROILERS
DURING HIGH CYCLIC TEMPERATURE OF SUMMER
DJ.Ghodasara and K.S.Prajapati
College of Veterinary Science and Animal Husbandry, Anand-388001, India
Haematological and biochemical studies in broilers were under taken to evaluate the
effect of natural cyclic temperature of summer. Samples from the commercial broilers
at 5th and 7th week of age were collected in morning (8.00 a.m.) and afternoon (3.00
p.m.). At fifth week of age the temperature of house was 30.0°C during morning and
41.5^C during afternoon, whereas at 7th week of age the morning and afternoon
temperature was 30.5^C and 43.5^C respectively. The mean value of haemoglobin,
packed cell volume, erythrocyte count and heterophil lymphocyte ratio of morning
and afternoon samples in both the age group did not reveal significant changes. The
mean value of total leukocyte count decreased significantly during afternoon in both
the age groups. The absolute count of lymphocyte and heterophil also decreased in the
afternoon blood samples in both the age groups. A significant increase in the levels
of serum total protein as well as alanine aminotransferase and a decrease in the
cholesterol levels was observed in all the birds in the afternoon samples as compared
394

to morning samples. High cyclic temperature of summer did not cause significant change
in the levels of alkaline phosphatase and blood glucose. From the above study it was
concluded that high cyclic temperature of summer caused an increase in total serum
protein and alanine aminotransferase whereas decrease in serum cholesterol, total
leukocyte count, absolute lymphocyte and heterophil count in broilers.

METHOD OF TREATING RISING OF TEMPERATURE TO PUT AN END
TO THE DISEASES IN POULTRY
Mohamed Rashad Ghanem
Cat-coot MGMT Tanta-Egypt
In some diseases temperature of birds rises more than normal. During infections with
microbes like streptococcus, staphylococcus, Infections Bursal Disease and in Nitrate
poisoning there is high rise of temperature leading to complications and general
weakness. This may be due to the involvement of nervous system, narrowness in blood
vessels and muscular contractions. In order to help the bird to overcome this condition,
besides, medical treatment for the disease using Sodium Novamin Sulphonate has
proved effective. It has calming effect on central nervous system and also help to relax
involuntary muscles, widening terminal vessels. It is used in the form of powder added
to the feed in the ratio of 300-500 gm/Ton and 3 gm/Lit, for 3 hrs daily during the
period of temperature rising or relapsing of the disease condition. During the experiment
application of Sodium Novamin Sulphonate as curative reduced the expenditure on
antibiotics for treating bacterial and viral poultry dieseases. The mortality was reduced
by 70% and feed efficiency and body weight gain improved by 4.6%.

HEAT TOLERANCE OF BROILER BREEDER HENS VIS-A-VIS
HOMOEOPATHIC DRUGS
P.K.Trehan, S.P.S.Gill and K.C.Chaudhary
Department of Animal Science, Punjab Agricultural University, Ludhiana 141 004, India
Ninety-six broiler breeder hens maintained in cages were used to test the efficacy of
homoeopathic drugs in alleviating the heat stress. The homeopathic drugs viz. Glonoine,
Belladona, Pulsatilla and Rhus Tox during hot-dry period and Natrum Sulph, Belladona,
Pulsatilla and Rhus Tox during hot-humid period were administrated (12 birds each)
@ 5ml/100 birds via drinking water twice a day. Rhus Tox significantly (P<0.05) reduced
the plasma corticosteriod levels (4.38 vs 5.21 and 4.4 vs 5.0 mg/dl) in both the periods.
Although these drugs did not have any significant effect on the physiological and
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biochemical norms they increased the productivity in terms of egg number and egg
mass. The results suggest the role of homoeopathic drugs in adaptive mechanism during
the heat stress and maintaining the optimum productivity.

POULTRY HEALTH UNDER CONDITIONS OF CLIMATIC STRESS
Yehuda Samberg
Keler St. Haifa, Israel
Over the years, practically all of the economically important poultry diseases have
been diagnosed in Israel. The peak year of incidence, followed by the percentage of
infected flocks from those examined for the common poultry diseases are as follows:
Newcastle Disease, 1969,21.8; Infectious Bronchitis, 1984,0.9; Marek's Disease 1972,
7.1; Infectious Bursal Disease, 1990, 21.3; Chicken Anemia Agent, 1988, 0.9; Avian
Encephalomyelitis 1960, 37;, Pasteurella multocida, 1973,2.4; Salmonellosis, 1984,
6.4;, Colibacillosis, 1979, 21.8; Pasteurella anatipestifer 1983, 1.5; Coccidiosis, 1963,
15.7; Ascites, 1991,12.8; Pullet Disease, 1963,3.1; Hemorrhagic Enteritis (in turkeys),
1983,2.4; Turkey Rhinotracheitis, 1979,1.3. The seasonal distribution of economically
important poultry diseases was collated for more than three decades. The average
incidence of outbreaks of each disease was calculated for each month and expressed as
the percentage of infected flocks from those examined during that particular month. It
was found that for most of the diseases, the greatest prevalence was during the winter
(December-March) with an average, maximum temperature of 18.6°C and an average
minimum temperature of 8.6°C. This was most prominent for the following diseases:
Avian Encephalomyelitis, Newcastle Disease, Infectious Bronchitis, Turkey
Rhinotracheitis, Laryngotracheitis, Gangrenous Dermatitis, Pasteurella anatipestifer,
Ascites (in broilers) and Round Heart Disease (in turkeys). The only disease encountered
whose prevalence was greatest in summer (with an average maximum temperature of
32. PC and an average minimum temperature of 20. PC) was Pullet Disease. Turkey
Meningoencephalitis appeared mostly in the late summer and autumn (average
maximum temperature 29.9''C and average minimum temperature 17.7°C). For
Infectious Bursal Disease, Coccidiosis, Pasteurella multocida, Feather mites, and
Hemorrhagic Enteritis (in turkeys), no seasonal variation was observed. For Marek's
Disease, Salmonellosis and Colibacillosis a limited prevalence during the cool period
was noted. General measures are applied to overcome heat stress and are used for the
control of economically important diseases. These measures include improved sanitary
conditions, eradication, monitoring programs, quarantines and vaccinations procedures.
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"BIOSECURITY" WITH REFERENCE TO TROPICAL COUNTRIES
Milind Limaye
Polchem hygiene Laboratories, 8, *Purva', Velankar Nagar, Parvati-Darshan Road, Pune
411 009, M.S., India
"Biosecurity" has become a key word in modern poultry all around the world.
"Biosecurity" is assuming very important dimension in the tropical countries like India.
The lack of biosecurity lead to disastrous situation in the recent past due to epidemics
of Infectious Bursal Disease (IBD). The tropical countries have four aspects having
direct bearing on practising biosecurity viz,
a. Temperature
b. Humidity
c. Dust concentration in the air
d. Drinking water quality
These four factors contribute to the higher degree of environmental challenge of
bacterial, fungal and viral pathogens. Other factors affecting poultry health are a. Multiage groups at one site.
b. Inadequately ventilated housing systems.
c. Uncontrolled & unquarantined movement of vehicles.
d. Improper and irresponsible disposal of carcasses & offals.
As a result, poultry industry incessantly subjected to different attacks of bacterial diseases
like Colisepticaemia, Salmonellosis, Mycoplasmosis, Pasteurellosis, Gangrenous
dermatitis, Coryza and viral diseases like IBD, Newcastle Disease, Fowl pox.
Infectious Bronchitis, Egg Drop Syndrome and more recently hydropericardium.
Considering the natural & man made obstacles, different ways to actually practice
biosecurity at farm level & hatchery level will go a long way to make poultry industry
flourish in a "healthy" way.
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A SUCCESSFUL EXAMPLE OF USING THE GEOTHERMAL ENERGY
RESOURCES ON THE ARTIFICIAL HATCH
Ma Ren Liu and Wang Rui Qi
Shanxi Agricultural University Taigu, Shanxi Province, P. R. China
In recent years a largest hatchery using the geothermal energy resources has been built
in Tianjin, China. The size of the hatchery is 1400 square meter for all of the 24
incubators and it's volume is 4050 thousands eggs per year. The production cost is
lower and the economic effect is higher. Only the incubation period has economized
328 thousand degree of electricity. In the past few years there were many successful
experiences. On the base of accumulative experience of development and utilisation
of terrestrial heat from the single using in the past to the plural using in the present
and a stereo-circulation of the comprehensive utilisation in the countryside was formed.
The use of local natural resources, terrestrial heat energy resource for artificial hatch
of the domestic birds in our wide countryside and town may be important for
development of the breed cause. It is of very great value.

SUITABILITY OF TREE LEAVES AS LITTER MATERIALS FOR BROILERS
D.Narhari and K.Venukopalan
Department of Poultry Science, Madras Veterinary College, Madras - 600 007, India
Paddy husk (control), casuarina claudode, neem leaves, rain tree leaves and subabul
leaves (all dried and fallen leaves) were tried as litter materials for broilers from 0 to
6 weeks of age. A total of 750 day old White Cornish chicks were randomly divided
into 15 groups of 50 each. Three replicates were allotted to each of the 5 Utter treatments.
Body weight, feed consumption, feed efficiency, livability, cost of production per bird,
giblets, eviscerated and ready to cook yields did not show any significant variations
between litter treatments. The litter total microbial count at the end of the experiment
was highest in the rain tree leaves, followed by paddy husk, casuarina claudode, neem
leaves and subabul leaves. The E.coli count was highest in the rain tree leaves,
intermediate in casuarina claudode and neem leaves, and lowest in the paddy husk and
subabul leaves as litter materials. However these variations in the bacterial count were
not associated with the mortality pattern. Hence fallen tree leaves can be used safely
as cheap substitutes for paddy husk as Utter materials for broilers.
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EFFECT OF REARING SYSTEM VENTILATION AND CHEMICALS ON THE
PERFORMANCE OF BROILERS IN HUMID TROPICS
K.Venukopalan and D.Narahari
Department of Poultry Science, Madras Veterinary College, Madras - 600 007, India
A 2x2x3 factorial experiment was carried out using 1080 White Cornish broilers. Birds
were randomly allotted to 36 replicates of 30 birds each; half of them were reared on
wire floor and the other half on deep litter, during hot and humid summer for a period
of six weeks. Half of the birds in each rearing system were forced drought ventilation;
while the others half were reared under natural ventilation. In each of these rearing and
ventilation systems, one third of the birds were given electrolytes and vitamin 'C in
drinking water. Another one third of broilers were fed with 300 mg of sodium sahcylate
per kg diet. The remaining one third birds were reared as control. Broilers reared on
wire floor were significantly heavier than deep litter reared birds. Forced drought
ventilation significantly improved the body weight gain, compared to natural ventilation.
Electrolyte and vitamin 'C supplementation was effective; in alleviating summer stress
in naturally ventilated and deep litter reared birds. Sodium salicylate supplementation
was not effective in alleviating summer stress. Birds under forced drought ventilation
consumed more feed and gained higher weight, resulting in better feed efficiency.
Summer mortality in broilers was lowered by forced drought ventilation. Higher
mortality was noticed in wire floor system than in deep litter.

ALTERNATIVE CAGE SYSTEMS FOR LAYING HENS
Th.G.C.M. van Niekerk and B.FJ. Reuvekamp
Spelderholt Centre for Applied Poultry Research, P.O. Box 31, 7360 A A Beekbergen, The
Netherlands
Several modifications of commercial cage system were taken into research. As a control
treatment some rows with cages without any changes were available. The smallest
modification was a perforated egg-baffle, to keep the nails of the hens short. The abrasive
effect of the material was not sufficient. Another modification was the introduction of
perch in the cage. This was done in two different positions: parallel or angled to the
feeding trough. The parallel perch had no effect on percentage of dirty eggs, but the
amount of cracked eggs was slightly higher compared to the control cages. The angled
perch didn't have a significant effect on egg quality. The introduction of a nestbox in
the battery cages was done by modifying one cage into two laying nests for the adjacent
cages. Only 50% of the eggs were laid in the nestboxes, probably due to the low
acceptance of the bare bottom of the nest. Perhaps because of this, no significant
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difference in egg quality could be found compared to the non-modified cages. However,
there seemed to be a tendency for more haircracks in the cages with nestboxes. As an
ultimate change of the commercial cage, a new type of cage was investigated. The
cages gave room to ± 45 hens and were furnished with a nestbox and perches. Part of
the cages had a litter area. The research on these Large Enridged Cages showed that
good production results are possible in this system. However, the amount of second
grade eggs is still too high, despite the use of an egg-saver.

INFLUENCE OF REARING SYSTEM, FORM OF FEED AND OIL
SUPPLEMENTATION ON THE RELATIVE ECONOMY OF BROILER
PRODUCTION
R.Asha Rajini, D.Narahari and R.Kumararaj
Dept. of Poultry Science, Madras Veterinary College, Madras 600 007, India
A 2x2x2 factorial experiment involving two systems of rearing, viz Cage versus deep
litter ; two forms of feed - mash vs pellet and without vs with oil supplementation was
conducted, to study the relative performance and economy of broiler production. At
six weeks of age, the Brai (Broiler Farm Economy Index) showed a significant (P<0.05)
difference, with a better BFEI for pellet fed broiler against mash fed broiler, while
cage reared birds showed improved BFEI than those on deep litter. At eight weeks of
age, birds reared in cages and fed oil supplemented feed showed a significant
improvement in BFEI. Birds fed on pellets, also exhibited a significant (P<0.05)
improvement in BFEI as compared to those fed with mash. Higher income over feed
cost was recorded in cage reared and pellet fed birds. Inspite of higher body weight,
better feed efficiency and higher gross returns in the oil supplemented group, the income
over feed cost/per bird was lower than that of the oil supplemented group. The feed
cost/kg. live weight (Rs) worked out to be high in floor reared birds Rs. 16.07 and
Rs. 18.74 and Oil supplemented groups Rs. 15.59 and Rs. 17.28 for the sixth and eighth
week of age respectively.

CORRELATION OF LAYER FARM MANAGEMENT INDICES WITH EGG
PRODUCTION IN HYBRID LAYERS
B .Muruganandan
University Training and Research Centre, 78-79 Bank Subbaraja Street, Rajapalayam
626117, Tamil Nadu, India
One hundred and twenty nine layer farms, Floor-47 ; Cage-75 and Elevated cage-7,
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involving 5, 29, 223 layers ( Floor-79, 080 Cage 2,11,363 elevated Cage 2,48,779)
were surveyed in Tamil Nadu. Layer farm Management Index (LFMI) for each farm
based on different parameters (location, housing, farm hygiene, management and health
cover) each having different criteria were formulated. Each criterion was allotted the
score of 5. The mean LFMI for floor system was 64.26 ; Cage-77.67 and Elevated
cage-86.72. The hen housed egg production (HHP) upto 72 weeks of age were 257.47;
270.45 and 290.64 in floor, cage and elevated cage system respectively and 0-72 weeks
livability were 88.68%, 90.60% and 90.26%. The score index rates were; >91 ; Excellent,
71-90, Good ; 61-70 poor and < 60 very poor. It is concluded that elevated cage system
scored highest management index and the layers in elevated cages laid significantly
more number of eggs (P < 0.01) than cage and also floor. Livability was significantly
high in elevated cage followed by cage and floor.

EFFECT OF MICROCLIMATIC CONDITIONS ON THE PERFORMANCE
OF BROILER CHICKENS IN ALGERIA AND POLAND
Nadir AUouiS Tadeusz Kolbuszewski^ and Eligiusz Rokicki^
^Institute of Veterinary. University of Batna, Algeria, ^Department of Animal Hygiene,
Agricultural University, Warsaw, Poland
The aim of this study was to create optimal microclimatic conditions in the poultry
house during summer in central Poland and eastern Algeria, through defining main
climatic factors-air circulation and humidity. Those improved conditions should be
both economical and preventing chickens from overheating during hot summer. The
experiment was conducted on chickens (ISA Vedette) in Algeria and (Astra B), in
Poland. Construction and technology of poultry sheds used in this experiment were
similar in both countries. The microclimatic parameters of air were measured according
to method of Janowski (1979) and Rokicki (1980). Our data indicate that before
experiment, the microclimatic conditions in poultry houses varied and did not always
meet the required norms. The use of air circulation as well as the increased air humidity,
led to the improvement of hygienic conditions. Optimum microclimatic conditions
significantly improved broiler performance as measured 11% gain in body weight,
feed utilisation 1.98kg/kg b.w. and 7% with feed utilisation 2.4 kg/kg b.w., in Algeria
and Poland respectively. A significant decline in mortality (10.9% to 4.8%) in Algeria
(and from 3.5% to 2.4%) in Poland, was also observed.
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THE EFFECT OF CHANGE IN HOUSING ENVIRONMENT ON EGG SHELL
QUALITY
A.M.Leary, J.R.Roberts and W.Ball
Department of Physiology, University of New England, Armidale, Australia

The aim of the present study was to investigate the effect of transportation and change
in housing environment on the egg shell quality of five different strains of laying hen
: Isa Brown ; Hy- Line Brown ; Lohmann Brown ; Tegel Super Brown and SIRO-CB
Black. Where possible 24 birds from each strain were used, however for two strains
fewer birds were available. The hens were housed in separate floor pens and eggs were
collected for shell quality measurements for a period of seven days. Shell quality
measurements included : shell length and width, egg weight, specific gravity, shell
colour and reflectivity, breaking strength and deformation, Haugh units, yolk colour,
shell weight and shell thickness. On day eight, the hens were placed in crates and
moved approximately 4 kilometres. Half of the birds were randomly selected from
each strain and placed in single bird cages, the other half were placed in novel floor
pens. The floorpens to which the birds were moved differed from the original pens in
that they were isolated from one another, had no direct sun light and were smaller.
Eggs were collected for shell quality measurements from day nine to day 23. Birds
placed in cages produced the largest reaction and results presented here are only from
birds moved from floor pens to cages. Results indicated a dramatic reduction in percent
egg production on day 9, however, on day ten percentage egg production increased to
over 100%. This high egg production on day 10 is related to the high incidence of
white banded and slab-sided eggs produced on days 10-13. A higher incidence of
calcium coated eggs occurred from the time the birds were placed in cages until the
end of the experimental period. The increase in calcium coated and white banded eggs
produced by the relocation led to lighter coloured shells. Measurements of shell quality
such as egg weight and breaking strength, were reduced as the result of the relocation.

BIOMITTENT LIGHTING IN LAYERS WITH DIFFERENT CONTENTS OF
AMINO ACID AND METABOLIZABLE ENERGY IN FEED MIXTURES
M. SkrivanS E. l\imova^ and F. Sladek^
• Czech University of Agriculture, 165 21 Prague 6 - Suchdol, Czech Republic
^ Xaverov, Joint-Stock Company, 110 00 Prague 1, Kozi 4, Czech Republic
Three experiments were performed in which a system of biomittent lighting was appUed
to brown egg laying hens from 36 weeks of age. Altogether 208,000 hens of Hisex
Brown were allotted to these trials. The parameters of biomittent lighting 15/0.25
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L: 0.75 D/: 0.25 L: 0.50 D: 0.25 L and: 8 D were utilized. Feed mixtures differed in
crude protein, methionine, cystine, lysine and metabolizable energy content. The lower
protein, amino acids and higher ME content in feed mixture in experiments 2 and 3
nonsignificantly influenced rate of lay and weight of eggs. Feed consumption and
mortality of hens in experimental groups were remarkably decreased in all trials. The
biomittent lighting is an effective and economical way to save the electric energy and
improve performance of hens, supposing that feed mixtures contain 582 mg of sulphur
amino acids and 766 mg of lysine per 1 MJ ME.

APPLICATION OF A LIGHTING PROGRAMME FOR A GRADUAL
TRANSITION OF THE LIGHT INTENSITY AND ITS EFFECT ON THE
PRODUCTIVITY OF LAYERS
Michail Stoyanov, Vassil Chichibaba and Bayko Baykov
Institute of Biology and Immunology, 73, Tzarigradsko shosse, Sofia 1113, Bulgaria
A thyristor device for a gradual transition of the light intensity was constructed. It was
designed for use in windowless premises for poultry rearing. The lighting programme,
for the treatment group included a 30 min. period of dawn and dusk. The lighting
programme tested increased egg-production by 4.7% and reduced the number of broken
eggs from 2.3% (for the control group) to 1.1% . The test hens produced egg mass
which was by 6.7% higher than that of the controls. Thus, the feed expenditure per 1
kg of egg mass dropped by 6.9% .

EFFECTS OF DAY LENGTH AND ENERGY DENSITY ON DIURNAL
RHYTHMS OF FEED INTAKE AND OVIPOSITION IN LAYING HENS
J.Petersen and L.Mennicken
Institute of Animal Science, University of Bonn, Endenicher Allee 15,53115 Bonn, Germany
Light is the prime factor establishing diurnal rhythms of many activities in the chicken
e.g. feed intake, egg production and oviposition. The influence of two photoperiods
(short 12L:12D vs "long" 16L:8D) and three energy density levels (9.8, 10.8 vs 11.8
MJ ME/kg) at a constant energy protein ratio in a layer diet fed from 41 to 72 weeks
of age on diurnal rhythms of feed intake and oviposition was studied with light and
medium weight strains of hybrid layers (N=480). A short photoperiod resulted in a
distinct double peak in feed intake rhythm i.e. higher feed intake per hour in the
"morning" and "evening" and earlier oviposition after the onset of light comp. to a
long photoperiod. The lower the energy density in the diet the higher the feed intake
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per hour in the morning, especially for hens kept under 12L:12D (about 18, 13, 11 g/
hr comp. to 8, 7, 6 g/hr at 16L:8D for energy levels 9.8, 10.8, 11.8, MJ ME/kg resp.)
the interaction being significant. Although energy density had no significant effect on
oviposition pattern, a significant photoperiod x energy density interaction indicated
earlier oviposition for hens fed low energy diets and kept at 12L: 12D, but no difference
when fed a high energy diet. Hens of the medium heavy strain demonstrated a higher
feed intake in the "morning" than in the "evening" when kept under 12L:12D while
the reverse was found for hens of the light strain. The differences were less expressed
under long photoperiod conditions. These results may be useful in adapting feed
restriction programmes for layers.

PLASMA MELATONIN RHYTHMS AND OVIPOSITION PATTERNS OF THE
DOMESTIC HEN FOLLOWING MANIPULATIONS OF THE LIGHT:DARK
CYCLE
F.Noddegaard
Danish Institute of Animal Science, Foulum, Box 39, Dk-8830 Tjele, Denmark
In two experiment with SCWL hens the effect of different light:dark cycles (LCD)
upon oviposition patterns and plasma melatonin rhythms were studied. In experiment
1 a 28-hour ahemeral LDC (12L:16D) was used. In experiment 2 a normal 24-hour
LDC (16L:8D) was applied and the effects of abrupt 8-hour phase-shifts of the LDC
were studied. Oviposition as well as plasma melatonin rhythms were fully synchronized
with both LDC (cycle length 24 or 28 hours). The two rhythms were gradually
resynchronized within 5 days after phase shifts and the melatonin response was phaseleading the oviposition response. In the unchanged 24-hour LDC ovipositions occurred
almost exclusively during the lighted hours (98.9%) and mean oviposition time was
5.2 hours ± 0.3 SEM after start of light. In the 28-hour LDC ovipositions occurred
primarily (85%) during the last 9 hours of the dark period; mean time was 11.1 hours
±0.8 after dark onset. In the unchanged 24-hour cycle plasma melatonin was always
low during light and elevated during the entire dark period. In both LDC s and after
changes of the LDC, light always suppressed plasma melatonin levels. But night levels
were only elevated if darkness had also been experienced 24 hours earlier. This indicates
that light has a direct inhibiting effect upon pineal melatonin release, while actual
melatonin release during darkness is controlled by an endogenous clock. This finding
agrees with results from in vitro pineal studies reported by others. The present work
is the first to report levels of plasma melatonin in hens subjected to an ahemeral LDcycle.
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EFFECT OF CHANGING TIME OF FEEDING AND LIGHTING ON
MINIMIZING DIRTY EGGS
H.Sadeghi and M.Zaghary
State Poultry Breeding Co. Tehran, Iran
An experiment was conducted to determine the effect of different time of feed
distribution (0,2,4, hours after start of lighting) on dirty eggs percentage. In a complete
randomized design with three treatments, five replicate were used and collected data
were analysed by anova. In treatments 1,2, and 3 feed were delivered 0,2 and 4 hours
after start of lighting respectively. In each treatment 120 breeder hens were involved,
eggs were collected seven times a day and percentage of dirty eggs were determined.
Result suggested that the best way of feed distribution, during laying phase, was 2
hours after start of lighting, since the percentage of dirty eggs in this way significantly
was lower (3%) than other treatments (p<0.01).

COMPARATIVE EFFICIENCY OF "CFL" AND FLUORESCENT (TUBE)
LIGHTING IN A STANDARD CAGELAYER HOUSE
M.M.Pathak, A.L.Bhagwat and P.V.Rao
Institute of Poultry Management of India, Urlikanchan 412 202, Pune, India
The comparative efficiency and economics of 'CFL' lighting and fluorescent (tube)
lighting were examined in a study with B V300 SCWL pullets housed in 3 tier Califomian
type cages, three per cage, in a 4000 capacity cage layer house. All other managemental
conditions being constant, the hen housed production was 279.97 eggs with CFL lighting
while it was 276.33 with fluorescent (tube) lighting. The corresponding hen-day
production was 86.95% and 85.82% respectively. There was no significant differences
in feed intake, feed efficiency, or percent livability in the two systems of lighting. The
consumption of electrical energy (measured as units over the experimental period)
was significantly lower with CFL Ughting (282.20 units) than with fluorescent (tube)
lighting (597.80 units). Inspite of the higher initial investment, the CFL system is
advantageous over the fluorescent (tube) lighting in view of the very low energy
consumption.
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DIFFERENT LIGHTING PROGRAMS OF BROILERS
A.VojterS F.Ludrovszky^ E.Takacs^ and L.Korosi^
'University of Veterinary Science, Department of Animal Husbandry, Budapest 1400,
P.CBox 2, Hungary
^He-Ross Ltd., Ocsa 2364, Hungary
The goal of the experiment was to increase the performance of broiler, using new
lighting programs of increased darkness period and to determine the influence of this
technical factor on body- weight, feed conversion ratio (FCR) and mortality rate. In
the experiments we used ROSS-208 broilers. The population density was higher than
optimal (20.4-21.8 chicks/m^). The 6 hour periodical lighting programs was used in
the experimental groups A : from 4th to 35th day of age i.e. : 5 hours of light (L) and
1 hour of dark (D)'. The "stairs" program was used in the experimental group B, where
the period of D was increased from 1 hour to 10 hours from the 4th day to 14th day
of age and then it was decreased step by step to 1 hour, until 29th day of age'. In the
groups C, the period of D was 14 hours from 4th to 21st day of age and was decreased,
step by step, to 1 hour, until 36th day of age'. The control groups (classical lighting
program) : 23 hours of light and 1 hour of dark. The lighting intensity was decreased
step by step, from 20 to 6 lux, from the 1 st upto the 14th day of age. The 6 lux remained
upto the end of the rearing. The table indicates the difference between the control and
the experimental groups' results.
A

Groups
Age (day)
Body weight (g)
Standard deviation (g)
Carcass weight (g)
Mortality (%)
Feed conversion
ratio (FCR, g)

49
+72*
-18
+79
+3.1
-300

B
44
+55*
+2.09
+0.99
-20

44
+128*
+12
+0.07
-70

C
49
+74*
+1
+65
-3.7
+20

44
+41
+33
-1.12
-

44
-7
+4
-3.04
-

*P<1
From the results of experiments we have concluded that instead of the classical methods,
the new light programs show positive effects. The body weight has increased from 0.5 + 8.3% in contrast with FCR which has decreased from +0.6 to -10.2%. In groups
A, the mortality rate has increased from +0.07 to +3.1% and in groups B and C it has
decreased from -1.2 to -3.7%. ' and 23 hours L 1 hour D upto the end of the rearing.
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ECONOMICS OF SHORT PRODUCTION PAUSES FOR SIX COMMERCIAL
STRAINS OF LAYING HEN
D. Robinson, K.M. Barram and P.C. Trappett
Queensland Poultry Research and Development Centre, P.O.Box 327, Cleveland, 4163
Australia
In many countries, moulting methods involving feed w^ithdrawal and severe shedding
of body weight are no longer ethically acceptable. An alternative technique was
examined in which short production pauses were induced by replacing the normal diet
with uncrushed barley for 7-16 days. Two similar experiments were conducted, each
comprising 192 groups of eight birds initially housed at 18 weeks age either in late
winter (experiment A) or early summer (experiment B). Each experiment included the
same six commercial strains which were unpaused (Tr 0) or paused once (Tr,l), twice
(Tr,2) or three times (Tr,3) during a 96-week laying period. A constant price structure
was applied to the cumulative performance data over variable time periods, for which
annual margins (AM) were computed for each strain and pausing treatment. (AM =
egg and carcass revenue minus feed and pullet cost per bird housed, converted to an
annual basis). The optimum age for flock replacement was taken to be the age at which
the AM was maximised, and these maxima were used to evaluate the treatments. In
both experiments, all three pausing treatments achieved higher mean maximum AMs,
and at a later age, than Tr 0. There were differences in economic response of strains
to pausing due mainly to differences in mortality rate and shape of production curve.
In experiment A, AMs were maximised for three of the strains at 86-90 weeks of age
using Tr 3; one strain achieved a maximum AM at 94 weeks with Tr 1, while for two
strains the AM was maximised with Tr 0 at either 70 or 86 weeks. In experiment B,
maximum AMs were attained for all strains at 102-106 weeks age, in four strains by
Tr 2, in one by Tr 1 and in one by Tr 3. The optimum pausing treatments yielded AMs
ranging from $A0.45 lower to $A1.76 higher than for Tr 0. When a price structure
favouring large eggs (high price per kg for heavier eggs) was applied, the economic
advantage of pausing was increased.

STUDY ON DEBEAKING TECHNOLOGY FOR LAYING PULLETS
Gh. Dobrescu, P. Falcescu and V. Boboc
Institute of Research and Technology for Poultry and Small Animals, Balotesti, 8113,
Romania
The major purpose of our study was to establish the influence of age and debeaking
on the performance of layers. The experiment included 864 pullets housed in four-tier
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pyramidal cages for 105 days. The experimental flock was divided into nine groups,
each of them with eight replicates, 12 pullets/repHcate. The distribution into experimental
groups took into account age and debeaking severity, at 28, 42 and 63 days of age and
an average severe debeaking, respectively. The experiment also included a group of
controls. Debeaking was carried out with a DA-OI Automatic-type device provided
with a special blade assigned to debeak and cauterizing. The following productive
parameters were monitored: feed intake, body weight, viability, feed loss, osseous tissue
regeneration rate. When debeaking was severe, the feed intake was reduced due to the
beak having new shapes and limited picking ability, thus, decreasing body weight and
mortality. Moderate debeaking at 42-63 days of age induced the best feed conversion.
Controls showed negative effects of debeaking absence but not always triggered
cannibalism. By debeaking, cannibalism is prevented recording reduced feed losses
and mortality. The optimal debeaking age ranges from 42 to 63 days.

AIR ELECTRIC PROPERTIES EFFECT ON INCUBATION EGGS
Baykov B, M.Stoyanov and M.Gugova
Department of Ecology, Institute of Biology and Immunology, Sofia 1113, Bulgaria
An apparatus has been designed for changing the electric properties of air-by enrichment
with light, negative ions and application of an electric field. The installation is to be
used in the existing chambers for disinfection of incubation eggs. Eggs are being
disinfected at an oxygen ions concentration of 200,000 per Icm^ of air and the
application of an electric field of 15 KW from a 200 cm distance. A 350 min period
of treatment yields better results compared to those of the fumigation that has been
used so far.

INFLUENCE OF DIFFERENT BODY SIZES ON BODY WEIGHT, EGG
WEIGHT AND EGG PRODUCTION AFTER POST-INDUCED REST
PERIODS IN CAGED BROILER DWARF DAMS
R.P. Nema, R.L. Chakraborti, J.K. Bhardwaj, S.S. Atkare and N.G. Paradker
Department of Poultry Science, J.K.V.V. Jabalpur 482 004 M.R India
Dwarf broiler breeder hens (126) aged 90 weeks were subjected to production rest by
deprivation of water for 2 days followed by no feed for 11 days, and ad-libitum feeding
from 14 days onwards. According to body weight hens were classified in 7 groups
of 0.1 kg interval as per initial body weight. Body weight (BW) among groups and egg
weight (EW) were statistically significant initially and also at the completion of 11
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days stress period. The body weight reduction ranged between 18.6 to 21.0 percent
which was not significant among 7 groups. The post rest egg production for 1st 28 days
was 14.2 to 16.3 eggs among various body weight groups and egg weight from 55.3
to 61.3 gm. These differences were statistically significant. The correlations (r) between
BW with % reduction in BW and EP were negative and high -0.69 and -0.57 respectively,
whereas with EW it was positive (0.83) percent reduction in BW was negatively
correlated with egg weight (-0.57) and positively with EP (+0.58). EW and EP was
negatively correlated (-0.38). The results showed that induced rest in broiler dwarf
dam by stress method may reduce BW more or less similarly but the differences in
body size were reflected in difference in EW significantly. The correlation among
these traits were moderate to high but inconsistent in directions.

ORGANIC SELENIUM AND LITTER INFLUENCES ON FEATHERING OF
MALE BROILERS
F.W.Edens', T.A.Carter' and A.E.Sefton^
'Department of Poultry Science, North Carolina State University, Raleigh, NC 27695-7608
USA and ^Alltech Biotechnology Center, Nicholasville, KY 40356 USA
In two experiments, sodium selenite (NS 0.1 and 0.3 ppm) and organic selenium (SELPEX
50, or 0.1 and 0.3 ppm) effects on body feathering of slow feathering male broilers on 4
different litters. (1) ACR paper (containing 4.5% boric acid) (2) pine shavings, (3) crosscut
newsprint and (4) 50% mix of ACR paper and shavings, in a 32 pen broiler house with
curtain side walls were compared. Mean body feathering scores (ranging from 1 to 5 with
5 being the best feather score) were determined for seven major feather tracts on the neck,
wing, back, thigh, leg, breast and abdomen at 3, 5, and 6 weeks of age. Feathering scores
at 6 weeks in Experiment 1 were 3.70 and 4.00 (NS 0.1 and 0.3 ppm) and 3.85 and 4.55
(OR 0.1 and 0.3 ppm). The pooled OR mean was significantly larger than the NS mean.
Litter effects on feather scores at 6 weeks were: (1) 3.69, (2) 3.91 (3) 3.72 and (4) 3.78
and litters 1, 3, and 4 had feather scores significantly smaller than htter 2. In experiment
2, the feather scores were 3.12 and 3.34 (NS 0.1 and 0.3 ppm) and 3.85 and 8.86 (OR 0.1
and 0.3 ppm), and the pooled OR mean was significantly larger than the NS mean. Litter
effects on feather scores at 6 week in experiment 2 were : (1) 3.47, (2) 3.52, (3) 3.66 and
(4) 3.58. ACR paper reduced feathering rates in both experiments, but OR at 0.3 ppm
partially corrected the problem. The OR improved feathering rate and scores for male
broilers at all ages on all utters tested may be related more efficient use of selenomethionine
and selenocysteine as sources for the limiting sulfur amino acids needed for feather keratin
production.
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PREVENTION OF INCUBATION BEHAVIOUR : AN UPDATE ON NEW
PHARMACOLOGICAL APPROACHES
D.GuemeneS Crisostomo-Pinto Sonia^'^, Morvan Corinne^, Garreau-Mills Maryse^
U.Kuhnlein^ and D.Zadworny^
^Station de Recherches Avicoles, I.N.R.A.-Centre de Tours, 37380 Nouzilly, France
^Faculdade Veterinaria, UECE Dpto.de Medicina Veterinaria, 60715 Fortaleza-Ce-Brazil
^Department of Animal Science, McGill University, Montreal, Quebec, Canada
Expression of incubation behaviour is still common in breeding flocks especially those
of turkey hens. Although, the use of specific management programs do partially prevent
its occurrence under commercial conditions, the cost in labour are very high.
Furthermore, secondary effects of these treatments upon production performance are
not to be excluded (Guemene and Etches, 1990). Therefore, pharmacological approaches
in order to solve the problems are of interest and have long been worked at. Until
recently none was appropriate for industrial usage, but new approaches using passive
or active immunisation strategies have been reported to be satisfactory at the
experimental level. Indeed, passive immunisations against VIP in bantam hens (Sharp
et al., 1989) and against prolactin in turkeys hens (Guemene et al., 1994 a,b ; Guemene
et al., 1995) have been shown to be effective to disrupt or prevent its expression,
respectively. Likewise, active immunisations against prolactin in bantam hens (Marsh
et al., 1994) and in turkeys hens (Guemene et al., 1994 a,b ; Guemene et al., 1995),
delay or prevent its expression, respectively. Active immunisation against VIP's
approaches have also been tested, however, contradictory results were reported
depending upon the researches. Indeed, in bantam hens, its usage did prevent the onset
of egg production (Sharp et al., 1993) while it was highly effective (El Halawani et
al., 1993-1995) or ineffective (Morvan, 1995) to prevent incubation expression in turkey
hens, respectively.

A COMPARATIVE STUDY FOR THE EFFECTS OF DIFFERENT FORCE
MOLTING METHODS ON POSTMOLT PERFORMANCE OF BROILER
BREEDER HENS
A.A.Soliman, A.EL-Deek, S.Hamdi and M.Aser
Poultry Department, Faculty of Agriculture, Alexandria University, Alexandria-Egypt,
P.O.Box 15, Sidi Gaber-Alexandria-Egypt
Four force molting methods were employed to study the effects of force molting on
postmolt performance of broiler breeder hens as also the performance of the progeny
of these breeders. Four hundred and eighty Hubbard broiler breeder hens 57 weeks old
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at a production rate of 46% were assigned randomly to four force molting treatments
(treatment). (1) Feed and water restriction (2), (3) 20.000 and 30.000 ppm Zn addition
as ZnO to a 16% protein layer ration respectively and (4) Fasting. The experimental
period was divided into 4 periods, (I) day 1-14, (II) day 15-32, (III) day 33-58 and (IV)
day 59-129 (end of experiment). The force molting methods were carried on during
period (I) while periods (II) and (III) were recovery periods and (IV) was production
period. Mortality rate was very low during the entire experimental period (0-2.5%) for
all treatments. Body weight decreased markedly during periods (I), (II), (21-25.8%)
while it increased during (III) & (IV) (1.5 - 5.4%). No significant differences were
observed between treatments in ovary and oviduct weight and length, abdominal fat,
gizzard and liver weight length of the intestine and 2 cacae. Egg production, days to
50% production, peak production and feed efficiency all favoured treatments. (2) and
(4). FertiHty % was highest for treatments. (3) and lowest for treatments. (2) Hatchability
% was highest for treatments. (3) (83.5%) and lowest for treatments. (2) (74.2%) while
treatments. (4) was intermediate (78.9%). Growth trial of progeny from treatments. (4)
was superior to other treatments. Economic analysis showed greatest income over
pullet and feed costs for treatments. (4) These data suggests that force molting is a
successful method to prolong the production period and get good postmolt performance
for broiler breeders.

THE EFFECTS OF AGE AND FOOD ALLOCATION ON OVARIAN
FUNCTION IN BROILER BREEDER FEMALES
P.M.Hocking
Roslin Institute (Edinburgh), Roslin, Midlothian, Scotland, EH25 9PS, UK
The effects of age and food allocation on the potential for multiple ovulation in restricted
broiler breeder females was studied. The birds were restricted or fed ad libitum from
photostimulation, the onset of lay or postmolt and the ovaries were examined at autopsy
respectively at first egg, 6 weeks after first egg and at first egg postmolt. Body weight
in ad libitum-ítá birds was 1.0-1.5 kg greater than in restricted birds. Yellow follicle
numbers declined with age and were greater by 2.4-3.6 follicles mad libitum compared
with restricted birds. The proportion of multiple yellow follicles was 0.61-0.21 in ad
libitum and 0.19-0.02 in restricted birds. The results showed that the number of yellow
follicles and the proportion of multiple follicles decreased with age. Food restriction
effectively controlled multiple ovulation at all ages.
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SUPPRESSION OF HYPOTHALAMO-PITUITARY-OVARIAN AXIS BY THE
PRESENCE OF CHICKS DURING BROODINESS IN JAPANESE NATIVE
CHICKENS, GIFU-JIDORI
T.KuwayamaS K.ShimadaS N.Saito' and K.Tanaka*
^Department of Zootechnical Science, Tokyo University of Agriculture, Setagaya-Ku, Tokyo
156, Department of Animal Physiology, Nagoya University, Chikusa, Nagoya 464-01 and
^Department of General Education, Tokyo Medical and Dental University, Ichikawa, Chiba
272, Japan
To investigate the cause for the ovarian quiescency during broodiness of hens, the
following experiments were carried out on Gifu-Jidori (Japanese native chicken) hens
: (1) The plasma concentration of luteinizing harmone (LH) and estradiol-17ß was
measured by radioimmunoassay on hens during the incubating and brooding period
and then gradually increased slightly after hatch. When the reared chicks were removed
from mother hens on 7th day after hatch, the plasma concentration of LH of the hens
increased immediately after the removal. The estradiol-17ß concentration was found
to be also low throughout the incubating and brooding period, but increased immediately
after the removal of the reared chicks. (2) Luteinizing hormone-releasing hormone
(LHRH) was injected intravenously into the brooding hens and the plasma concentration
of LH was measured at various times after the injection. The LH concentration was
found to be increased within 15 minutes after the injection. The results suggest that
presence of reared chicks may suppress the activity of the hypothalamo-pituitary-ovarian
axis of the mother hens.

ACHIEVEMENTS AND PROSPECTIVES OF THE APPLICATION OF SOME
NUCLEAR TECHNIQUES IN POULTRY BREEDING
I.Vacaru-Opris', Al.Bogdan^, P.Placinta^ and Maria Vacaru-Opris*
'Agronomical University lasi-Romania, ^Agronomical University Bucuresti-Romania,
"^Agrícola International, Bacau-Romania
This paper presents a synopsis of the main achievements of our team of scientists on
the application of some nuclear techniques in poultry breeding which are in the following
areas. Pasteurisation by irradiation of the complete rations for poultry feeding. Microbial
decontamination of the poultry sheds during 'all in all out' systems of housing.
Radiobiostimulation of the embryos of hen belonging to some commercial hybrids for
achieving better hatchability and subsequent better performance of chicken. The research
done during more than 5 years showed us that the use of some irradiation doses for
the complete feeds for poultry ranging from 750x10^ cGy to 1000x10^ cGy, resulted
not only in their pasteurisation but also their sterilisation. Presently sterilisation of the
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quality of irradiated poultry diets are underway. Simultaneously samples of waste
materials from some poultry sheds were collected to examine microbiologically, before
and after an irradiation with different doses of gamma radiations (^^CO) ranging from
50 X 10^ cGy to 500 x 10^ cGy. Three studies are in progress. As regard to the effect
of the irradiation of incubating eggs from parents of a commercial hybrid broiler hen
(Robro-70) it was noticed that the irradiation dose of 7:5 cGy led to the improvement
of the main parameters of incubation and of the quality of hatched chickens. This work
is also being continued.

POST NATURAL MOULT PERFORMANCE OF TWO LINES OF DWARF
BROILER BREEDER DAMS
Anjay Agrawal, A.G.Khan, J.K.Bharadwaj and N.G.Paradkar
Department of Poultry Science, JNKVV, Jabalpur 482 004, M.P., India
The present experiment was aimed to examine the comparative production performance
for naturally moulted dwarf broiler breeder dams of growth (DBG) and egg weight
(DBE) lines carrying sexlinked recessive dwarfling gene from 61 to 74 weeks of age.
The layer ration contained 17.5% CP and 2750 Kcal ME/kg feed. DBG line showed
significantly higher body weight gain (180.3 gm) than DBE (136.9 gm) but the total
number of eggs laid during 14 wks post moult period were higher in DBE (53.31 eggs)
than DBG (52.9 eggs) hens. Egg weight showed nonsignificant difference among the
(60.2 DBE v/s 59.9 gm DBG) lines. DBE hens were found more efficient (9.77 kcal
ME and 0.62 gm protein) than DBG ( 10.11 kcal ME and 0.64 gm protein) for producing
one gram egg output. Similarly DBE birds were also more efficient in term of feed
required to produce an egg or a gram egg mass. The albumin index, yolk index and
Haugh unit were 0.09, 0.41 and 89.73 for DBE and 0.08, 0.40 and 88.4 for DBG hens
respectively. The eggs of DBG line showed a higher shape index value than that of
DBE eggs.

PRODUCTION PERFORMANCE AND ECONOMIC VIABILITY OF FORCED
MOULTED DWARF LAYER FLOCK
B.KXad and A.G.Khan
Department of Poultry Science, JNKVV, Jabalpur 482004 M.P. India
Response of dwarf layers to variable feeding programme to induce moult were (IMEP)
studied. Seven days fasting followed by 2,4 and 6 weeks of 20 g feed/bird/day constituted
Tl, T2 and T3 treatments. Data for 68 to 102 weeks of age was analysed along with
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that of the control. IMFP initiated shedding of primary feathers but the secondaries
remained intact. T3 hens remained smallest in body size post IMEP but Tl and T2
remained similar in size as that of the control. Control group hens laid more number
of eggs than all treatment groups during IRFP periods. Post IMFP to a fixed 28-weeks
Tl, T2 and T3 hens laid more eggs than the control, but the superiority was lost when
post IMFP to 102 weeks production was analysed. T3 group hens consumed less feed
accounting 17.56% saving for production of 1 egg. In terms of economics, feed savings
during IMFP equally contributed as the egg laid in the net financial gain which ranged
from Rs.4.65 to + Rs.40.46 per bird for different treatments.

MANAGING POULTRY MANURES FOR THE ENVIRONMENT
J.O. Donald^ and J.P. Blake^
^Department of Agriculture Engineering and ^Department of Poultry Science, Auburn
University, AL 36849, USA
Improperly managed poultry manures can cause environmental havoc. However, when
manures are managed properly, valuable nutrients can be effectively recycled as soil
amendments. Availability of adequate storage facilities is a critical factor in managing
poultry waste to minimize environmental risks and to maximize agronomic use of the
material at key times in crop and forage production. A field experiment was conducted
to determine the amount of manure generated in a commercial broiler farm. A 2.0 kg
broiler was reared in 12.2 x 152.4 m houses. Pine shavings served as the bedding
material at a depth of 6.4 cm. A total of 227.975 kg litter was removed following eight
consecutive nocks of broilers grown on the bedding material during the course of
slightly over a year. Average moisture content of litter was 19.2%. On a dry matter
basis, average values for N, P^O^ and K^O in litter were 4.2,4.2, and 2.9%, respectively.
A total of 221, 160 broilers were reared to yield 441,317 kg of liveweight for eight
flocks. An average of 0.52 kg of litter was produced per kg of liveweight. Density of
litter was calculated as 496.0 kg per cubic meter. Information obtained from this
experiment proves useful in sizing storage facilities or in preparation of a nutrient
management plan. Data also provide a basis for computing economic value of litter
for alternative uses. The need for increased storage facilities will undoubtedly mean
capital investment to place into operation necessary requirements mandated by best
management practices for field application. Storage, handling and repeated high-rate
application problems must receive high priority in the utilization of broiler litter in a
total nutrient management plan.
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DATA FILE PREPARATION IN POULTRY BREEDING PACKAGES
N.G.Paradkar, M.M.Khetan, Anand and R.P.Nema
Department of Poultry Science, JNKVV, Jabalpur 482004 M.P. India
MICROSYSTEM 1011K8 FF is a very small size, portable and easy to operate personal
computer used in many countries by different names. Preparation of data file for poultry
pack is a must, because the same set of data is to be utilised again and again for carrying
out various types of analysis like full sib osbome selection Indices and various other
multivariate analysis. Line number is a must in a BASIC interpreter based program,
because they determine the order of execution of instructions given in lines to be
executed in sequential order. Sire number (100) + Dam number (10) + progeny number
can be adopted as line number if dams are not exceeding per sire 10. Each entry in
to the file can be composed of 2 progenies, if characters are up to 5 only else one
progeny per line will have to be entered. Hatch number is a must for this package, if
no hatch information is available, still give hatch number 1, to all progenies. Hence
sire number, dam number, progeny number with DATA instruction followed by their
wing band numbers, hatch number and then one by one characters giving coma (,)
between each characters to differentiate them. At the end of dam and sire indicate by,
0 and ,0,0,0 respectively.

AMELIORATION OF HEAT STRESS IN LAYERS DURING HOT AND DRY
SEASON WITH FOGGER SYSTEM
M.L.Kansal, Parminder Singh and J.S.Bhatti
Department of Animal Science, Punjab Agricultural University, Ludhiana 141 004, India
Babcock (BV-300) layers of 25 (9887, 9540 & 4450), 40 (9640,9580 & 7245) and 55
(7250, 9330 & 10080) weeks of age were reared in cages to study the efficacy of
foggers for three consecutive years (April to June, 1993-95). Controls (without fogger)
were having 5400, 8120 and 7300 layers in respective age groups. The maximum
(44.9°-28.2°C) and minimum (32.8°-15.4°C) environmental temperature did not vary
significantly during the period of experiment. Whereas the maximum temperature inside
the sheds was low by 1.23 to 5.18°C and minimum temperature remained high by
1.10° to 3.49°C than the respective ambient temperature. Hen/day/ egg production,
efficiency of feed utilization and mortality within the age groups did not differ
significantly. Mean hen/day/ Qgg production at 25, 40 & 55 weeks of age was 87.5
(86.0-88.0), 87.5 (87.1-87.7) & 80.3 (80.0-81.5) percent respectively and it was
significantly higher by 11.48, 8.18 & 6.74% than their respective control groups.
Efficacy of feed utilization to produce one egg was 140.6,137.5 & 149.9 g with foggers
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as compared to 148.3, 143.0 & 159.1 g of the control groups respectively. Mortality
in fogger groups was 1.59, 1.52 & 1.50% while in control groups was 6.09, 5.88 &
5.79% respectively. These results indicated that heat stress was more in young layers
than the old layers. Fogger system ameliorated heat stress in all the age groups which
led to better production thereby rendering an additional income of Rs.7.00 per bird in
hot and dry period of nine weeks after deducting operational cost and depreciation
@30% on equipment.

RESEARCH ON PURIFYING ROLE OF EARTH WORM CAPITAL (EISENIA
FOETIDA) WITHIN THE BIODEGRADATION AND REDUCTION OF
MANURE POLLUTING LEVEL
V.Boboc
Institute of Research and Technology for Poultry and Small Animals, Balotesti, 8113,
Romania
Natural biodégradation methods constitute a solution to lower the polluting level of
manure. Earthworm is used to stimulate these natural biodégradation methods, avoiding
costly investments to protect environment. The major purpose is to recycle the aviary
residue by the use of earthworm purification and by recycling energy within the
écologie circuit. Biodegradation process relies on the metabolic activity of worms as
well as on some organisms decomposing and resynthesizing naturally without any
involvement of man. Experiment used a number of experiences using earthworms
during their adjustment to a growth environment composed of aviary manure together
with other animal manure (horse, cow and rabbit). To test results, physico-chemical,
bacteriological and toxicological condition monitered the evolution of the
biodégradation and of the influencing factors. Multiplication of worms was also
surveyed studying the effect of natural factors in the stimulation. Three months were
needed for each series of experiences, also monitoring the increasing levels of the
aviary residue. The optimal stabilization time of the manure was determined by the
evolution of biodégradation. Three cycles were considered together with the toxicologie
and bactériologie parameters :0-42,43-66, 67-108 days, using C/N ratio, pH and NPK
elements. By composition analysis, correlation between C/N, pH, Ca/Mg, enzymatic
content and influence on environment was established.
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GROWTH AND MORTALITY IN BROILER CHICKS RAISED UNDER TWO
DIFFERENT SYSTEMS IN THE HILLS
C.B.Singh and RJ.Sharma
G.B.Pant University of Agriculture and Technology, Hill Campus, Ranichauri, Tehri
Garhwal-249 199, U.P., India
An experiment was conducted to study the growth and mortality performance in battery
and deep litter brooded Van-Cob broiler chicks at an altitude of about 2000 metre from
mean sea level in the Himalayan hills of U.P., India, during May to June 1992. It was
observed that chicks attained more body weight in battery brooder upto 4 weeks of
age. However the difference was more pronounced at the age of 3rd & 4th weeks
(P<0.05). During post brood rearing in deep litter, the battery brooded chicks showed
marked difference in body weight gain which was statistically significant at 5,6 and
7 weeks of age (P<0.05). No significant difference in mortality percentage (week wise
and total) could be observed in both groups.

INFLUENCE OF LITTER MATERIAL ON BROILER PERFORMANCE
S.Mallikarjunappa
University of Agricultural Sciences, Dharwad Agricultural Research Station, Arabhavi591318 Karnataka, India
Two experiments each of six week duration were carried out to study the influence of
litter material on the performance of broilers. Four hundred broiler birds were divided
into four groups of 100 each. These birds were maintained on peanut shell [group A]
paddy husk [group B], wheat straw [group C], and saw dust [group D]. Daily feed and
water intake weekly live weight of all the birds has been recorded. The mean feed
intake values of the two experiments during six week period observed to be 3750.40,
3732.73, 3937.19 and 3831.64 gm per bird and that of water intake is 10.15, 10.22,
10.29 and 10.08 litre per bird respectively by the groups A, B, C, and D. Further the
mean live weight gain of each bird during six week period observed to be 1814.00,
1729.80, 1805.29 and 1816.71 gm with the FCR value as 1:2.07, 1:2.16, 1:2.18 and
1:2.11 respectively among groups A, B, C and D. Statistical analysis of data did not
confirm any significant difference among the different groups. Based on the results it
can be concluded that the broilers perform equally well on peanut shell, Paddy straw
and saw dust as litter material.
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'ZERO' WATT BULBS FOR COMMERCIAL BROILERS
M.Babu
University Training & Research Centre, Pudukkottai 622 003, Tamil Nadu, India
Seven thousand eight hundred commercial broiler chicks in 6 batches were employed
to study the effect of providing '0' Watt bulbs after brooding till marketing at 6 weeks
of age. During brooding light was given at the rate of 1 watt per chick for 8 days. A
batch of 1,300 chicks were reared in two pens from 0 day. After brooding in one pen,
40 watt bulbs and in another, '0' watt bulbs were provided at 7 feet from the ground
level. The pen was partitioned and the broiler performance was recorded for 6
consequent batches. Results observed were in favour of 'O'watt bulbs. The overall
average body weight was 1.55kg./1.56kg; feed efficiency, 2.08/2.07 and the livability
was 96.6/95.9 percent in 40 and '0' watt bulbs groups respectively. A hybrid strain and
a commercial broiler mash was fed and the broilers were reared in deep litter by
providing 1.1 sq.ft. per bird. The overall bimonthly electricity bills for these periods
showed a reduction of 26 percent. Only '0' watt bulbs usage for all the broiler sheds
after brooding till marketing has saved 50 percent of power consumption charges as
it was ascertained afterwards in the same farm.
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PRESERVATION OF EGGS AT ROOM TEMPERATURE IN NEEM
{Azadirachta indica) LEAF EXTRACT
S.C.Sinha, Bimal Kumar and N.N.Pandita
Bañaras Hindu University, Varanasi 221 005, U.P., India
10% aqua solution of Azadirachta Indica (Neem) tree leaf was tried as an egg
preservative at room temperature (25 °C). The experiment was carried out over a period
of 8 weeks. Eight plastic containers each containing 5 eggs were used for the experiment.
Identical Control was run simultaneously. Analysis revealed that shelf life of egg can
be enhanced and their physical/chemical deterioration checked in Neem leaf extract.
Haugh unit of the eggs in the experiment indicated the values as 75,67,76,68,64,65,68
and 66. Parallel values in the control were 66, 60, 51, 45, 43, 41, 38 and 35. The
albumenAfolk indices in experimental eggs revealed the values as 0.08/0.448, 0.067/
0.442,0.0882/0.409,0.071/0.428,0.065/0.421,0.078/0.430,0.069/0.367,0.068/0.375
for ascending weeks respectively.

EFFECT OF VARIOUS INTRINSIC TOCOPHEROL CONTENT ON THE
STABILITY OF N-3 FATTY ACID ENRICHED SHELL EGGS AND DRIED
EGG YOLK POWDERS DURING STORAGE
G.H.QÍ1 and J.S.Sim^
^Feed Research Institute, Chinese Academy of Agri.Science, Beijing 100081, China,
^Agri.Food and Nutr.Sci.,University of Alberta, Edmonton, AB T6G2P5, Canada
A storage trial was conducted to determine the effect of intrinsic tocopherol levels on
the stability of n-3 fatty acid enriched eggs and their yolk powders. The shell eggs,
spray and freeze dried egg yolk powders were derived from laying hens fed a n-3 fatty
acid enriched diet supplemented with 0, 200,400 or 800 mg of natural tocopherol per
kg, and stored at cool room and room temperature without or with light protection for
four and eight weeks, respectively. Dietary tocopherol supplementation had significant
effects on the total n-3 fatty acid content of yolk or powder lipids and lipoperoxide
level (P<0.05). In spite of no effects on the fatty acid composition of shell egg yolks,
storage condition had significant effects on the fatty acid composition of the powder
lipids. Of three tocopherol isomers, only alpha tocopherol content in two powders
was affected by the storage conditions (P<0.05). The powder lipoperoxide level was
significantly influenced by the storage conditions although they had no effect on that
of shell egg yolks. In the powders, the total n-fatty acid, alpha, gamma, and deltatocopherol content decreased, and the lipoperoxide level increased with the time
(P<.05). No significant changes in the lipoperoxide level of shell egg yolks with the
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time though decreasing in n-3 fatty acid content, alpha-tocopherol content, Haugh
units, and yolk index. These data suggest that eggs are still stable although their n-3
fatty acids of the lipids were as high as 10%. However, increasing intrinsic tocopherol
concentration in dried egg yolk powders appears to be necessary to prevent their lipid
oxidation.

STUDIES ON THE MECHANISM OF COLOR CHANGE OF ALKALIZED
GEL EGG PRODUCT DURING PROCESSING
LH.P. SU
Preserve International National Taiwan University Animal Science, Taipei, Taiwan
The consumption of duck egg and duck egg products is more popular in the Orient
than in other areas of the world. Pidan (one-thousand-year-egg) is a kind of traditional
Chinese-style duck egg product, also is a kind of alkalized gel product. The problem of
heavy metal (lead and copper) content in Pidan has always troubled manufacturers and
consumers. Although there are lead-free pidan on the market currently, the quality of
these products is unstable, and they cannot be stored for long periods. This research is
to study on the mechanism of color change of alkalized gel product during processing,
we expected to produce lead-free pidan of consistent quality. Fresh duck eggs were
pickled in solution of 42g NaOH+50G NaCl liter' (25±2 ^C) for 14 days, removed, put
in an incubator at 50° for two days, the appearance of pidan was dark, brown and
opaque. The color of pidan in vacuum packaging and modified atmosphere packaging
(75% N2+25% CO2) stored at 25±2°C FOR 3 months was investigated. The result
showed the modified atmosphere packaging treatment was more stable than the vacuum
packaging treatment for the color change of pidan.

EFFECT OF ENZYME BASED FLAVOURED TENDERIZING MARINADE
ON THE FUNCTIONAL PROPERTIES OF CHICKEN MEAT FOR
DEVELOPMENT OF MEAT PATTIES
^N.Khanna and ^P.C.Panda
^C.C.S. Haryana Agricultural University, Hisar 125004, India
An investigation was conducted to improve the functional properties and enhance the
suitability of culled hen meat for utilization of further processed products with a papain
based enzymatic marinade. An enzymatic marinade with 0.025% papain was developed
and culled hen meat was treated with infusion plus forking technique and equilibrated
426

at 4±1°C for 12 hours, Leg and breast cuts of culled hen so treated were used for
preparation of meat patties as per the formula standardized at the laboratory. Treatment
of the meat cuts with the enzymatic marinade improved the functional properties of
meat such as emulsifying capacity, emulsion stability, extraction of total protein, salt
soluble protein, water holding capacity and tenderness significantly (P_0.05) when
compared to the control samples. Further, meat patties prepared with the above meat
were also observed to be superior in flavour, juiciness, tenderness and overall
acceptability in comparison to the control ones.

UTILITY OF PAPAIN FOR IMPROVING
ACCEPTABILITY OF GIZZARD PICKLE

TENDERNESS

AND

^Ashok Kumar Malik, ^S.S-Ahlawat and ^P.C.Panda
^Department of Animal Products Technology, CCS Haryana Agricultural University, Hisar
125 004, India
An investigation was conducted to assess the effect of marination of gizzard tissue
with papain to improve its tendemess and acceptabihty following pickling. Fresh chicken
gizzard following collection were divided into two batches, control and experimental.
The experimental batch was marinated with papain at 0.025% level after forking.
Gizzard pickle were prepared after cooking by two different methods and finished
products were evaluated at periodic intervals upto 100 days following storage, using a
9-point hedonic scale ranging from highly acceptable (1) to not acceptable (9). Proximate
analysis and shear force value were made on raw, cooked and pickled gizzard along
with pH of pickling solutions used in the process at different time intervals. Papain
treated spicy pickled gizzard were observed to be more acceptable than sweet and sour
gizzard pickles. The raw chicken gizzard which had a high shear force value initially,
decreased significantly (P_0.05) following pickling and storage at 4±1°C. The pH
value of pickle solutions slowly declined during first 30 days and remained constant
thereafter. The protein content of finished papain treated pickles were significantly
more (P_0.05) in the range of 24.10% to 32.16% indicating that the papain treated
pickled chicken gizzard are better acceptable with good nutritive value.
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INFLUENCE OF FREEZING AND THAWING ON RELEASE OF
LYSOSOMAL ENZYMES OF CHICKEN MUSCLES
N.Sharma and A.R.Sen
Division of Livestock Products Technology Division, Indian Veterinary Research Institute,
Izatnagar - 243 122, U.P., India
The process of freezing and thawing of animal tissues leads to the disruption of cellular
organdíes like mitochondria, lysosomes etc. releasing the enzymes into the cell sap.
Chicken leg muscles (post rigor) were frozen at -18°C for three months at different
intervals. Muscle press juice increased significantly (P<0.05) with increased frozen
storage of tissues. The specific activities of the lysosomal enzymes (Acid phosphatase
and Alkaline phosphatase) were determined in the press juice from fresh and frozenthawed. Specific activity of Acid phosphatase increased about 1.5 times in comparison
to fresh 4.20 |l moles paranitrophenyl produced/min/mg protein X 10^ and three months
frozen storage (6.18 units). Alkaline phosphatase activity increased almost 10 times
(3.07 to 29.19 units) on 30th day of frozen storage. Specific activity of Acid phosphatase
and Alkaline phosphatase in slow thawed (4°C) tissue is higher than the fast (25°C)
thawed one, indicating more disintegration of lysosomal membrane in slow thawing
process. The results described show that the determination of the release of these
lysosomal enzymes can be used as a method to distinguish fresh animal tissues from
those which have been frozen and thawed.

STUDIES OF SELECTED MITOCHONDRIAL ENZYMES FOR
DIFFERENTIATING FRESH AND FROZEN-THAWED CHICKEN MUSCLES
A.R.Sen and N.Sharma
Division of Livestock Products Technology, Indian Veterinary Research Institute, Izatnagar
- 243 122, U.P., India
Samples of chicken muscle (legs) were frozen at -18°C for 7, 15, 30, 60, 90 days and
thawed at refrigerated temperature (4 ± 1°C) and room temperature (25°C). The
activities of the mitochondrial enzymes Glutamic oxaloacetic transaminase (GOT),
Glutamic phosphoacyl transferase (GPT), Lipoamide dehydrogenase (LPDH), Lactic
dehydrogenase (LDH) and Succinic dehydrogenase (SDH) were determined in the
muscle press juice of the intact tissue (activity in the sarcoplasm). Except LDH, the
thawing method did not show a significant influence on the specific enzyme activities.
Except GPT, the activity of these enzymes increased significantly (P<0.05) with the
advancement of storage period. But on 90th day there was no LDH activity in the
muscle press juice. LPDH activity showed about 7 times increase on 30th day (4.46
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units to 29.94). SDH activity of fresh chicken was 3.96 units but on 60th day it increased
almost 2 times (6.68 units) due to repeated freez-thaw cycling. From the increase in
the activities of these enzymes in muscle press juice, it can be concluded that in addition
to the effect of freezing and thawing frozen storage results in further damage to the
inner membrane of muscle mitochondria. These results suggest that the measurement
of these enzyme specific activities can be used to develop a rapid and simple method
for differentiation between unfrozen and frozen-thawed chicken tissues.

MEAT COMPOSITION OF LAYER AT DIFFERENT STAGES OF MOULTS
AND PRODUCTION
M.Akram, Zia-ur-Rahman, and N.Ahmed
Faculty of Animal Husbandry, University of Agriculture, Faisalabad, Faculty of Veterinary
Sciences, University of Agriculture, Faisalabad - 38040, Pakistan
The present study was conducted to estimate the meat composition of layer at various
stages of moults and production after completion of their first production cycle. Two
hundred and eighty eight (288) commercial egg laying hens (Bobcock) were available
at the age of 77 weeks for moulting. These birds were reared under different lighting
and feeding regimes during their growing period. There was a significant effect on
meat crude protein percentage of breast and thigh, indicating maximum (63.91 and
63.05) at post moult and minimum (60.97 and 60.05) at the end of production. There
was a significant effect on mean dry matter percentage of breast and thigh meat. Breast
and thigh crude protein percent was significantly high at post - moult and minimum
at the end of the production. Ash contents of breast and thigh were significantly high
at the end of the production and low at post-moult period. Fat percentage of breast
and thigh was significantly high at the end of the production and minimum at postmoult stage.

CORRELATION OF SOME PARAMETERS OF CHICKEN PATTIES HELD
AT LOW TEMPERATURE
R.L.Nath, C.M.Mahapatra and K.G.Mandal
Central Avian Research Institute, Izatnagar 243 122, U.P., India
Chicken patties were prepared with addition of 12% chicken fat along with other
ingredients cooked in hot air oven and subjected to refrigeration 4±1°C as well as
frozen (-18°C) storage for 15 days and 60 days respectively. pH 2-thiobarbituric acid
(TBA) value, storage loss and total plate count (TPC) were evaluated in both storage
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conditions and the correlation coefficients (r) between them were calculated with the
increase in storage period. During both the storages there was positive correlation
between pH and TPC. TBA value and storage loss, whereas, negative correlation was
found between others. The correlation coefficient (r=-0.98) between pH and TBA value
was significant (P<0.05) during refrigerated storage. During frozen storage there was
significant correlation between all the parameters except between pH and storage loss.
Negative and significant (P<0.05) correlations were found between pH and TBA value
(r=-0.89). TBA value and TPC (r=-0.93) and TPC and storage loss (r=-0.94) whereas
positive and significant (P<0.01) correlation was observed between pH and TPC
(r=+0.96) and TBA value and storage loss (r=+0.99) during frozen storage. From the
above study it may be inferred that by controlling the microbial load in the product the
pH will be controlled and simultaneously attention should be given for minimizing the
TBA values by which the storage loss may be reduced during storage period.

PROGRESS IN THE IMPROVEMENT OF TECHNOLOGICAL VALUE OF
MRPM (MECHANICALLY RECOVERED POULTRY MEAT)
T. Trziszka T. and W. Kopec
Dept.of Animal Origin Food Technology, Agricultural University, Wroclaw, Poland
Five year research and cooperation with Westfalia Separator Co., resulted in a new
technology of MRPM (mechanically recovered poultry meat) fractionation. The main
phases of the technological process were (1) Washing MRPM with salt solutions ; (2)
First sedimentation and skimming off "hard" fat ; (3) Centrifugation, using horizontal
centrifuge ; (4) Second sedimentation ; (5) Centrifugation using vertical centrifuge
and separation of myofibrillar protein fractions. The data showed that using 1 ton of
MRPM and 3 tons of water, the following products can be achieved myofibrillar isolates
850 kg-ISOPROM, 150 kg of highly functional collagen fraction/CF/(containing over
16% protein) and 50 kg of valuable fat. The water can be recycled, thus reducing the
supply of water by 2-fold. Possibilities of the usage of ISOPROM in poultry processing
are enormous, considering fat content decrease by 90-95% and 10-fold collagen
reduction, compared to that in MRM, as well as the decrease in cholesterol level and
phospholipids, which content can be comparable with turkey breast meat and it can
replace 10-20% of the white meat in the delicateness products without any qualitative
changes. Economic analyses show that the fractionation technology of MRPM is highly
profitable.
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FUNCTIONAL AND BIOCHEMICAL CHARACTERISTICS
ACTOMYOSIN FROM CHICKEN MUSCLES

OF

W Kopec, T. Smolinska and M. Oziemblowski
Dept. of Animal Origin Food Technology, Agricultural University Wroclaw, Poland
The relationship between biochemical (ATPase activity, myosin to actin ratio) and
functional characteristics (solubility, mechanical properties and texture of heat formed
gels, water holding capacity) of actomyosin from chicken breast and leg muscles was
studied. The actomyosin in the form of a precipitate, resulting from ionic strength
reduction in extraction from chicken muscles and precipitation process varied in wide
range ionic strength in extraction from 0,6 to 0,9 extraction time 2-10 hrs, final ionic
strength in precipitation 0,05-0,15 precipitation time 2-10 hrs. The extraction was
performed in the solutions of NaCl and Hasselbach-Schneider (KCI, phosphate buffer
pH=6,4 containing MgCl^ and pyrophosphate - affecting actin-myosin interaction).
Mechanical properties of actomyosin gels were examined by two 'bite' compression
and data were calculated to obtain texture characteristics. The actomyosin gels extracted
in NaCl solutions of ionic strength ranging from 0,65 to 0,8 had lower hardness than
gels of proteins extracted in solutions of lower than 0,65 and higher than 0,8. The
characteristics of gels are strongly affected by the value of final ionic strength in the
precipitation process. The strongest gels are obtained after reduction to the value of
about 0,1. The actomyosin isolated in H-S solutions formed gel of harder texture than
the proteins, extracted in NaCl solutions, which was most probably due to a higher
content of myosin in actomyosin complex confirmed also by a higher sensivity of Ca
activated ATPase of proteins in H-S solution compared to NaCl actomyosin.

STEROLOGICAL ANALYSIS SHARE OF SKIN AND CONNECTIVE TISSUE
IN BREADING PRODUCTS OF POULTRY MEAT
A.Hraste, Srebrenka Nejedli, AJelic, Karmen Botka Petrak and Vera Jukie Brestovee
Department of Anatomy, Histology and Embryology, Faculty of Veterinary Medicine,
Zagreb, Croatia
As a raw material bases, poultry meat with or without adding meat from cattle, chicken
skin, spices, dressing and additives were used. The poultry meat was a dominant
component in the products of chopped and formed meat. The organoleptic
characteristics, hygienic condition and presevation of poultry meat in the final product
depended on:
a) the health condition of the poultry brought in for slaughter;
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b) continuous and hygienic technological treatment during slaughtering, evisceration,
chopping and cooling and
c) the cooUng level and hygienic and temperature conditions in the production area. For
the production of chopped and formed poultry meat, chicken and hen necks, legs, chests
and chicken skin were used. In the research subject, primarily the standardization of the
product type like chicken nuggets, chicken burger and breast fillet were emphasised. By
histological, histochemical and stereological methods, the structure and participation
percentage of skin, fat, connective tissue and muscles in the standard, chopped and formed
products of poultry meat as well as the effects of breading adhesion during all technological
processes (chopping, breading, baking and freezing) were assessed. The results showed
that by apphcation of the methods mentioned real quahty index and the structure of the
products can be obtained. Good breading with the chicken substratum by addition of
chicken skin was found to be an additional source of which acted as a protein adhesive
and emulsion factor.

EFFECT OF MODIFIED ATMOSPHERE PACKAGING ON THE
REFRIGERATED STORAGE QUALITY OF CHICKEN PATTIES
R.P.Singh, S.KAnand and S.S.Verma
Central Avian Research Institute, Izatnagar 243 122, U.P., India
A storage trial was conducted to assess the influence of modified atmosphere packaging
on extending the keeping quality of pre-cooked (Ikg/cm^ ; lOmin) chicken patties
prepared from spent hen meat containing 15% edible by-products (skin, gizzard and
heart in natural proportion), 10% each textured soy and chicken fat, spices and
condiments.The finished product was packaged in laminated pouches (12iLim polyeter90 |xm aluminium foil - 38 jim low density polyethylene) under air (control) or modified
atmospheres (vacuum; nitrogen gas) and then stored for 3-week under refrigeration
(5±lc; 80-85% Rh) for keeping quality evaluation. Results indicated that irrespective
of packaging treatments pH of the product gradually increased from initial value of
6.5 to 6.7-6.8 by two weeks of storage. However lipid oxidation, as revealed by TBA
values was drastically inhibited in samples packed under modified atmospheres. Similar
inhibitory effect was also observed on the rate of multiplication of aerobic bacteria,
yeast and moulds in vacuum or gas flushed samples. No coliforms and Staphylococcus
aureus were detected in any treatment throughout the storage. Although sensory quality
particularly flavour scpres tended to decline with storage time, product packed under
vacuum or nitrogen gas remained organoleptically acceptable for upto 2 weeks as
against 8 days acceptable shelf-life aerobically-packed control group.
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MOISTURE SORPTION PROPERTIES OF SMOKED CHICKEN SAUSAGES
FROM SPENT HEN MEAT
R.R.B.SinghS K.H.RaoS A.S.R.Anjaneyului and G.R.PatiF
'Livestock Products Technology Division, Indian Veterinary Research Institute, Izatnagar
243 122, Bareilly, India
^Department of Animal Husbandry & Dairying Marathwada Agricultural University,
Parbhani 431 402, India
Moisture sorption characteristics of smoked chicken sausages from spent hen were
investigated at 5°C, 25^C and 50^C over water activity (a^) range of 0.11-0.87. The
equilibrium moisture contents were determined by gravimetric method using desiccators
containing salt slurries of known water activities. Sigmoidal (Type II) isotherms were
observed for these samples. The sorption data were analysed using mathematical
equations of Caurie, Halsey, GAB and Oswin. The Halsey equation gave best fit over
the entire temperature range. Oswin and GAB models also described the isotherms
fairly well. The GAB, BET and Caurie nionolayer moisture values were not significantly
different (P>0.01) and decreased with increasing temperature. Number of adsorbed
monolayers and density of sorbed water were also determined. The information
generated are valuable for understanding the processing and storage principles and
extension of shelf-life of the product.

THE MEDICINAL VALUE OF THE BLACKBONED CHICKENS
Ma Ren Liu and Wang Rui Qi
Shanxi Agricultural University, Taigu, Shanxi Province 030801, P.R. China
The " black-boned Baifeng " or "Wugu" chicken used to be a rare breed but has gained
popularity for its meat and bones as food and basic material for the pharmaceutical
industry. It is in Taihe, one of the counties in southeast China, people make liquor and
medicine from chickens. However this does not involve a regular chicken. "Baifeng",
a rare variety of chicken found only in China, is a paradox. Called "Baifeng" or "White
Phoenix" because of its fluffy white feathers and exotic appearance, the chicken was
listed among the world's rarest domestic birds at the 1915 Panama International
Exposition. Yet underneath its snowy exterior, everything about the Baifeng chicken
is black: skin, meat, beak, eyes and even bones.Its nutritious meat is used in Chinese
Traditional medicines and its bones are boiled to make a popular tonic.The rapid growth
of the poultry industry in Taihe has led to expansion in the traditional medicine and
food industries. The county has built a Wuji liquor distillery with a yearly capacity of
1,000 tons, a pharmaceutical plant to produce one million boxes of "Wuji Baifeng"
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medicine a year and many food processing enterprises related to Wugu chickens. Such
as Chinese Black-boned Chicken Essence ( Oral Liquid ), The Essence of Far-reaching
Black Cock (Oral Liquid), etc.

PROTEIN PROFILE OF EDIBLE MUSCLES IN KADAKNATH AND
BROILER BIRDS
A.K.SachdevS Satish Kumar^ S.S.Verma^ Ram Gopal* and A.Rajendran^
' Central Avian Research Institute, Izatnagar - 243122, U.P. India,
^ Indian Veterinary Research Institute, Izatnagar-243 122, U.P. India
Multifold increase in poultry meat production is associated with huge yields of gizzard
and other less valued chicken organs. In order to explore the possibility of using gizzard
proteins in and as fast foods, their qualitative characters in fibromelanotic Kadaknath
as well as broiler birds were determined through poly-acrylamide gel electrophoresis.
Protein matrix in raw (3h postmortem) and deep fat fried (130 ± 10°C, 4 ± 1 min)
breast muscles (Pectoralis superficialis) of these birds were also studied under scanning
electron microscope to identify the untrastructural changes caused by thermal treatment
during the process of cooking. The electrophoretic profile of total proteins from gizzard
of Kadaknath evinced the presence of three additional proteins in the molecular weight
range of 55.4 and 99.7 kilodaltons which illustrated the protein enriched character of
Kadaknath gizzards. Electron micrographs of Pectoralis superficialis from Kadaknath
revealed meagre quantities of interfibrillar connective tissues and melanin pigment
grains of 30 |Lim diameter whereas, the samples of broiler showed dense network of
such tissues. Deep fat frying caused loss of structural details in both kinds of muscles.
However, the eruptions on fibrillar surfaces in broilers were more pronounced. This
indicated the better tender quality of Kadaknath muscles as confirmed in the shear
press measurements. Inspite of the poor sensory scores, the protein profile of Kadaknath
birds suggested its potential for commercial utilization in processing convenient poultry
products.
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EVALUATION OF CASEINATES AND REFINED WHEAT FLOUR AS
EMULSION STABILIZERS IN CHICKEN NUGGETS
K.H.Rao, R.R.B.Singh, A.S.R.Anjaneyulu, K.V.S.S.Rao and RL.Yadav
Livestock Products Technology Division, Indian Veterinary Research Institute, Izatnagar
243 122, U.P., India
Incorporation of Sodium caseinate (SC), Calcium caseinate (CC) and Refined wheat
flour (RWF) in chicken nugget formulations were evaluated for physico chemical
attributes, texture profile and sensory characteristics. SC and CC signiñcantly increased
the pH of the batter (P/0.01). Emulsion stability of batters with SC+RWF (1:1) and
CC+RWF (1:1) was signiñcantly higher (P/0.01) than those with caseinates and RWF
alone. Similarly, the product yields were significantly higher (P/0.01) from formulations
with caseinate and RWF mixture followed by the formulations with only SC or CC.
Frying loss was significantly less (P/0.01) in nuggets with SC+RWF. Moisture and
protein contents were highest in sample with SC+RWF and lowest with RWF. However,
significant differences were not observed for fat content. Higher firmness and springness
was noticed in nuggets with SC+RWF and higher cohesiveness and gunmiiness in
sample with CC+RWF (P/0.01). Chewiness was maximum in nuggets with only RWF.
Sensory scores for colour & appearance and mouth coating were not significantly
different among the samples. But, nuggets containing SC+RWF was rated better (P/
0.05) than all other samples for flavour, juiciness, texture and overall palatability.
Therefore, addition of SC+RWF was recommended for preparation of chicken nuggets
of improved quality from spent hens.

STUDIES ON EXTRACTION AND HYGIENIC CHARACTERISTICS OF
MELANINS IN BLACK-BONED CHICKENS
M.H.QiaoS Q.X.Nani and J.H.Hu^
^ Department of food science,
^ College of Veterinary Medicine, Beijing Agricultural University, Beijing 100094, P.R.China
Melanins in black-boned chickens in Taihe country of Jiangxi province and Beijing
was extracted by a series of treatments such as protein-denaturation, homogenization,
enzymatic degradation, defatation, and deproteination. The extraction was determined
to be eumelanins because of its EPR (Electron Paramagnetic Resonance) feature. It
formed instable colliod-like in water, soluble a little in alkaline solution, and insoluble
in organic solution. Melanins were proved to be free radicals trap for its decreasing
the reaction products of NBT (nitroblue tetrazolium) reduced by O2 from lighted
riboflavin. Study on prolonging senescence of drosophilas showed that the longest
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life span of drosophilas of black-boned chicken groups was nine days longer than
white-chicken groups, the difference of average life span of drosophilas between two
groups was significant, and no difference between white chicken groups and controls.
Sex-activity of black-boned chicken groups iticreased 33.3 percent. The results indicated
that melanin was an important factor on prolonging senescence of drosophilas cultured
under the same nutrient conditions.

INFLUENCE OF PROCESSING ON OXYTETRACYCLINE RESIDUE IN
CHICKEN BONES AND MUSCLE TISSUES
S.Y.HSU
Graduate Institute of Food Science and Technology, National Taiwan University, P.O.Box
23-14, Taipei 10772, Taiwan, Republic of China
The purpose of this study is to investigate the effect of cooking and processing on
oxytetracycline (OTC) residue in chicken bones and muscle tissues. Raw muscle tissues
and wetmilled bones incurred with 9.3-10.9 ppm and 12.1-41.7 ppm, respectively, of
OTC, were used for manufacturing meat-patties, cans and hamburgers and cooked by
four methods. Results showed that chicken bones accumulated large amount of OTC.
OTC residues in chicken bones and muscle tissues can be completely degraded by
autoclaving at 121^C for 60 minutes, but only partially degraded by the other heating
methods. OTC remained intact in the non-heating processes. Broiling and stir-frying
did not significantly degrade OTC in hamburgers and chicken muscle tissues except
for high-dosed muscles. Microwaving and deep-frying degraded 30-55% of OTC in
muscle tissues and 16-36% in hamburgers. The results indicated that OTC residues in
muscle tissues were more liable to heat degradation than in bones, which could be due
to its formation of stable chelate complexes with calcium or other bivalent ions in
bones. Most commonly used cooking methods should not depend on for degrading all
OTC residue in chicken meat and bones.
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BACTERIOLOGICAL TESTING OF POULTRY MEAT BY A SYSTEM BASED
ON PARALLEL FLOW WATER CHILLING
T.PetrakS T.RisticS Z.Kalodera^ SJaksic^ and AJelic^
^Faculty of Food Technology and Biotechnology, Pierottijeva 6, lOOOO Zagreb, Croatia
^Faculty of Pharmacy and Biochemistry, Maruli-ev trg 10000 Zagreb, Croatia 3) Veterinary
Faculty, Heinzalova 55,10000 Zagreb, Crotia
The parallel flow water chilling (PFWC) poultry carcasses "Hybro" line was
investigated. A total of 176 samples were taken, at 7 a.m. and at 2 p.m., in March and
April. Bacteriological analysis were based on ; the total count of aerobic mesophilic
bacteria (TCAMB). Sarcina, Str.faecalis-D, S.virchow, S.typhimurium, S.hadar,
S.newport, S.infantis, A.faecalis, Acinetobacter, E.coli, Escherichia 026:B6, Bacillus
spp., Clostridium spp., P.vulgaris, P.mirabilis, Rmorganiii, Rrettgeri, Staph.pyog.var.
aureus, S.epidermidis, C.jejuni, Y.enterocolitica, Citrobacter, E.agglomerans, E.cloacae,
Klebsiella, Serrana marcescens, Ps. aeruginosa, Ps.fluoréscens, Ps.putida, Ps.gragi
and Ps. putrefaciens. During the evisceration (E) and pre washing (PW), the average
value of TCAMB at 7 a.m. was log 4.0596/cm^ at 2 p.m. was log 4.2386/cm2; during
PFWC at 7a.m. was log 6.1284/cm^ at 2 p.m. was 6.4888/cm^ and during the final
washing (FW) at 7 a.m. the average value was log 4.79048/cm^ at 2 p.m. was log
4.9571/cm^ surface of carcass. In the E and PW, C.jejuni was isolated in 8.33%,
Str.faecalis-D, S.wirchow Ps.aeruginosa in 6.25% . The most common species in the
process of PFWC were : E.coli 12.5%, C.jejuni 8.33% and Pvulgaris 7.29% . In the
FW, S.hadar, S.newport, Pvulgaris and C.jejuni were isolated in 3.13% of samples.
A.faecalis was isolated in 31.25%, and E.coli in 25% of samples. From iced water
PFWC, Ps.aeruginosa was isolated in 12.5%, and A.faecalis, Escherichia 026:B6 and
Clostridium spp. in 6.25%, until the other examined species were not isolated. At 7
a.m., S.virchow and E.coli were isolated on 6.82% . At 2 p.m., C.jejuni in 11.36%,
E.coli in 6.82% . In the technological process of PFWC, the TCAMB were increased.

EFFECT OF DIFFERENT METHODS OF COOKING ON SURVIVAL OF
S^ENTERITIDIS IN SHELL EGGS
P.C.Panda and D.P.Sharma
Department of Animal Products Technology, CCS Haryana Agric.University Hisar -125001
India
An investigation was conducted to assess the survival of S.enteritidis in fresh and
cooked egg contents. Test organism was inoculated into yolk, egg melange and egg
white at concentrations of 10^ cfu/ml and incubated at 37°C. The number of organisms
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reached 10^ cfu/ml in egg yolk after 8 hours and 42 hours in egg melange. In egg white
the number was 10^ cfu/ml even after 42 hours. Pasteurization at 60°C for 3.5 minutes
produced a reduction of 6 D side by side, S.enteritidis was inoculated into the yolk at
levels of 10^ cfu/ml and were subjected to different methods of cooking to find out the
survival of the organism in the finished product. The study repealed S. enteritidis
survived boiling up to 5 minutes but destroyed at 8 minutes. Scrambling for 1 minute
at 75 °C completely destroyed the organisms though while poaching it took 6 minutes
to achieve the same. Frying at 75°C also completely killed the organisms after 7 minutes.

THE EFFECTS OF OXYTETRACYCLINE RESIDUES ON GROWTH OF
RATS AND METABOLISM OF RELATED MINERALS
Hsu, Guoo-Shyng Wang* and Su, Hei-Ju
Graduate Institute of Nutrition and Food Sciences, Fu-Jen University, Taipei, Taiwan 242,
Republic Of China
Thirty male weanling Wisterd rats were randomly assigned to control group (C),
humberger control group (HC) and hamburger with drug residue group (HD). Laboratory
chow and deionized water were provided ad lib. In addition, each rat of HD or HC
group was fed 10 grams of chicken hamburger with 200 or 4 gug of oxytetracycline
(OTC) per day. After three-month of feeding period, rats were sacrificed and parameters of growth and minerals status were measured. Results showed that the feed
efficiency of HD group were significantly lower than that of C and HC group. UIBC
(unsaturated iron binding capacity) of HD group was lower than the other groups. Mg
concentration of muscle in C group was lower than the others, however, this lower Mg
content in muscle was not shown in the other organs. Ca, Zn and Fe contents in organs
and tissues were not different among groups. Therefore, the OTC residue in chicken
hamburger would actually cause a decrease of feed efficiency, and the metabolism of
Mg would also be affected.

BACTERIOLOGICAL TESTING OF POULTRY MEAT BY THE COUNTER
FLOW METHOD OF CHILLING
T.Petrak^, T.RisticS V.Hegedusici, K.Botka-Petrak^ and A.Hraste^
'Faculty of Food Technology and Biotechnology, Pierottijeva 6, 10000 Zagreb, Croatia
^Veterinary Faculty, Heinzelova 55,10000 Zagreb, Croatia
The counter flow method of chilling (CFWC) of poultry carcasses "Hybro" line was
investigated. Samples were taken in the sector subsequent to evisceration (E) and pre
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washing (PW) (48 samples), in the sector of CFWC (96 samples), and in the sector of
final washing (FW) carried out by showering (32 samples), at 7 a.m. and at 2 p.m.,
throughout March and April. Bacteriological analysis were based on : the total count
of aerobic mesophillic bacteria (TCAMB), Sarcina, Str.faecalis-D, S.virchow,
S.typhimurium, S. hadar, S.newport, S.infantis, A.faecalis, Acinetobacter, E.coli,
Escherichia 026:B6, Bacillus spp., Clostridium spp., Rvulgaris, P.mirabilis, P.morganii,
P.rettgeri, Staph.pyog.var.aureus, Staph.epidermidis, C.jejuni, Y. entero eolítica,
Citrobacter, E.agglomerans, E.cloacae, klebsiella, Serratia marcescens, Ps.aeruginosa,
Ps.fluoréscens, Ps.putida, Ps.fragi and Ps. putrefaciens. During the E and PW, the
average value of TCAMB at 7 a.m. was log 3.717/cm^, at 2 p.m. was log 4.021/cm^ ;
during CFWC at 7 a.m. was log 4.121/cm^, at 2 p.m. was 5.263/cm^, and during the
FW at 7 a.m. the average value was log 3.358/cm^, at 2 p.m. was log 3.203/cm^ surface
of carcass. In the E and PW, E.coli was isolated in 18.75%, C.jejuni was isolated in
12.5%, S.wirchow in 6.25%, in the process of CFWC, C.jejuni was isolated in 10.42%,
Str.faecalis-D in 6.25%, Pvulgaris in 4.17% of carcasses. In the process of FW, E.coli
was isolated in 6.25%, andSarcina, Acinetobacter and Pvulgaris in 3.13% of samples.
In the morning hours, C.jejuni was isolated in 6.82%, E.coli in 5.68%. In the afternoon,
C.jejuni was isolated in 11.36%, E.coli in 10.23%, Str.faecalis-D and P. vulgaris in
5.68%. In the technological process of CFWC, the TCAMB were increased which can
be explained as due to cross contamination.

EFFECT OF CALCIUM CHLORIDE INJECTION ON TENDERIZATION OF
SPENT HEN MEAT
S.K.Mendiratta, V.Lakshmanan and V.Kesava Rao
Livestock Products Technology Division, Indian Veterinary Research Institute, Izatnagar
243 122, U.P.India
A study was conducted to improve tenderness of meat from spent hen (above 72
weeks age) by injection of calcium chloride (CaCl^) solution. In phase I, leg cuts were
injected with 100, 200, 250 and 300 mM and breast cuts with 50, 100, 150 and 200
mM CaCl, solution @ 10% (w/w) within half hr of slaughter and kept at 4 ± 1°C.
Optimum concentration for leg cut (250 mM) and breast cut (lOOmM) and treatment
time (4 hr) were determined on the basis of tenderness score and shear force value.
However, there was a significant (P<0.05) reduction in juiciness score in all treated
samples. In phase II, organoleptic, physio-chemical and microbial quality were studied
after injection of optimum level of CaCl2 alone and in combination with 0.4% sodium
tripolyphosphate (STPP) to improve juiciness. Injection of CaCl^ caused significant
(P<0.05) increase in tenderness score, cooking loss, cooked out juice and ash content,
while shear force value, pH, water holding capacity and moisture content of cooked
meat were significantly (P<0.05) less in treated samples. Injection of CaCl^+STPP did
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not bring out any beneficial effect on juiciness, rather caused a significant (P<0.05)
decrease in the tenderizing effect of CaCl^. The study indicated that CaCl2 can prove
to be a very effective for improving tenderness of spent hen with a hmitation on cooking
loss and juiciness which need further research.

A NEW APPROACH TOWARDS EGG STRENGTH
P.Coucke, E.Decuypere and J.De Baerdemaeker
Katholieke Universiteit Leuven, Kard.Mercierlaan 92, 3001 Heverlee, Belgium
The ability of eggs to withstand externally applied forces is a function of the mechanical
properties of the egg. Dynamic impacts are the most important type of damage. They
occur when an egg hits another egg, the cage frame, the mechanical parts of the sorting
and packing machine. During transport the packed eggs can be excited due to road
roughness. Until now however, only static properties (shell stiffness, specific graviry
of the egg, eggshell thickness, shell weight per unit area, etc.) are used for studying
egg strength. In this study, a dynamic analysis of a whole egg is performed. An egg is
subjected to a non-destructive impact excitation. The response is a vibration with
decaying amplitude. Based on this behaviour the natural frequencies or resonance
frequencies, the spatial deformation patterns (mode shapes) and the damping properties
of the egg are determined. These dynamic characteristics are as result of the mass, the
stiffness and damping properties of the whole egg. Using these dynamic properties in
selection programs can offer new insights in the relation between egg strength and
mechanical properties of the egg.

PHYSICAL AND CHEMICAL PROPERTIES OF BROILER CHICKEN FRESH
KILLED MEAT
B.Kulishev, I.Stefanova, V.Krishtanovitch and I.Zhebeleva
All Russian Science and Research Institute for Poultry Processing, Rzavky, Solnechnogorsk
DC, Moscow Area, Russia, 141552 Moscow Co-operation Institute, Moscow, Russia
Comparative studies have been carried out for physical-and-chemical properties of
broiler chicken meat during the autolysis process. This study results have demonstrated
that dark muscles of freshly killed and chilled broiler carcasses contain more of firmly
linked moisture than white muscles. That is why dark meat pH factor is higher by 0.70.8 than the white meat pH factor. Higher content of firmly linked moisture has been
revealed in fresh-killed carcasses, - compared to control carcasses. Carcasses before
evisceration have had some higher water binding properties in comparison to eviscerated
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carcasses, though the muscle pH factor was not significantly different for both control
and trial carcasses. Weight losses during the heat treatment correlate rather well with
water binding properties of the broiler's dark and white meat muscles. Weight losses
are at most for the chilled carcasses white meat, and at least for the trial carcasses
before the evisceration.

EFFECT OF ELECTRICAL STIMULATION
CHARACTERISTICS OF SPENT HEN CARCASSES

ON

QUALITY

M.Sreenivas Reddy, Ch.Suguna and G.Ramakrishna Reddy
Department of Meat Science and Technology, College of Veterinary Science, Rajendranagar,
Hyderabad 500 030, India
Experiment was conducted to assess tenderness, physico-chemical properties and
organoleptic characteristics of spent hen meat by varying impulses of electrical
stimulation. A total of 80 spent hens were used in this experiment, five trials were
conducted and in each trial 16 birds were used. Eviscerated carcasses of White Leghorn
spent hens were subjected to electrical stimulation of 220 volts with different impulses
within 30 minutes of bleeding. The duration of each impulse was one second on and
one second off. The impulses were 0,10,30 and 50. Immediately after stimulation the
carcasses were stored at 3+2°C for subsequent studies upto 72 hours. The minimum
pH obtained in controls at 6 hours was achieved at 5,4 and 3 hours in carcasses stimulated
with 10,30 and 50 impulses respectively. Lowest mean Wamer-Bratzler shear force
value was obtained with 10 impulse stimulation. Stimulated carcasses had higher water
holding capacity and lower muscle fibre diameter than the controls. Significant decrease
in the psychophile counts in electrical stimulated carcasses was observed. Tenderness
and overall acceptability scores were significantly influenced by electrical stimulation.
As electrical stimulation improves tenderness and other quality characteristics of spent
hen meat, it can be used to tenderize spent hen meat.

COATING PROCESSED ON POULTRY MEAT'S PRODUCTS
A.Jelic\ Srebrenka NojedliS Karmen Botka Petrak^ B.Pancer^ and T.Surmiak^
^Department of Anatomy, Histology and Embriology, Faculty of Veterinary Medicine,
Zagreb, Croatia
^AC Stein Sundasky, Ohio, USA (3) Aga Frigoscandia, Helsingborg, Sweden
Food products which are coated and have now become a part of culinary tradition
include meat, poultry, vegetable, fruit, cheese and fish products coated with breadcrumbs
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or batter before cooking. Coatings give poultry products more attractive and crispy
textures, while adding taste and improve appearance. Coatings also add to flavour and
moisture, and the crispy texture of coated products makes otherwise dull and ordinary
food products more tempting. Fast food has similarly introduced coated foods to a
receptive world market. These products have enjoyed such success that whole
generations have become familier with them and have introduced their own children
to coated foods at an early age. Many children prefer to eat the coating itself and
mothers often buy coated products to encourage children to eat the protein beneath.
From the range of ingredients and processes available, coatings lend variations of taste,
texture and appearance from a single raw material while at the same time adding value.
No-fry, bakeable coating systems will allow a fully -cook process elimination the
classical flash-frying. These coatings contain a small percentage of added oil that allows
cooling in humidity and hot air technology, and reconstruction in an oven or microwave.
Process and formulae optimization will contribute to maximize the caloric reduction.
For example, the use of pressure friers will allow flashfrying at higher temperatures,
thus reducing the oil surge into the breading. A possible negative to increased oil
temperatures is in the reduction of the "life-cycle" of the oil because of the formation
of free fatty acids. There is a strong tendency to fully cook the products in plant. For
these products moisture retention is of extreme importance, especially since the
reconstitution quite often takes place at suboptimum conditions. To maximize the yield
and moisture retention, the latest technology combines cooking methods utilizing
humidity and hot air.
APPLICATION OF ELECTRICAL IMPEDANCE ANALYSIS IN PREDICTION
OF COMPOSITION OF POULTRY MUSCLES
T.Petrak^, S.Tonkovic^, H.Kovacic^ A.Karakas^ and I.Bauman^
^Faculty of Food Technology and Biotechnology, Pierottijeva 6, 10000 Zagreb, Croatia
^Faculty of Electrical Engineering and Computing, Unska 3,10000 Zagreb, Croatia
^Ministry of Agriculture and Forestry, Vukovarska 78,10000 Zagreb, Croatia
The electrical impedance measurements were investigated in the prediction of the muscle
composition. Preliminary electrical measurements were done on 80 broilers "Lohman"
line. The fattening was going on for 45 days and the average slaughter mass of carcasses
was 1415 g (CCWt). The study was carried out on the breast muscles (m.pectotalis
major) and leg muscles back side of the thigh-bone (m.gluteus médius) at HT +37°C
and CT +4°C, 24 hours post mortem. The HPRLC-Meter-4284A device was used to
measure the impedance module by puncturing four-terminal electrodes on the middle
part of breast and leg muscles along and across the muscle fibres, the electrodes were
attached to non-conductive plate. Distance among the electrodes and puncturing depth
were constant. The electronic device worked on frequency of 15, 20, 100, 200, 500
kHz and 1 MHz and test current of 0.1 mAcf. The pH values impedance module (Z)
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and phase angle were recorded. Total water content, total fat proteins and ash were
determined by chemical analysis. The results of the impedance module measurements
were most favourable on frequency of 15 kHz and phase angle on frequency of 15 kHz
and 1 mHz. The linear regression analysis showed highly significant correlation between
impedance module and chemical results of total water and fat. The results in this study
illustrate that impedance analysis can be reliably used for prediction of total water and
total fat in breast and leg muscles of broiler carcasses.

FEASIBILITY OF USING SPIRULINA FOR EGG YOLK PIGMENTATION
M.M.Pathak, A.L.Bhagwat and P.V.Rao
Institute of Poultry Management of India, Urlikanchan 412 202, Pune, India
An experiment was conducted with B V 300 commercial cage layers aged about 40
weeks and at 87% egg production, to examine the effect of spirulina on egg yolk
pigmentation. The birds were housed in cages and 10 cells, each containing 3 birds
each constituted a replicate, three such replicates being alloted to a treatment. The
experiment had 5 treatments (Tl through T5). It was a maize-based layer diet ; T2, a
wheat-based diet ; T3,T4 and T5 were the test diets similar to T2 but supplemented
with 100, 200 and 300 spirulina / ton of feed, respectively. The diets were offered
@ 125 gm/day/bird. The feeding regime under the different treatments was as follows:
Tl (+ve Control) Maize-based ration from start for 6 wk
T2 (-ve Control) Wheat-based ration from start for 6 wk
T3 (lOOgm Spirulina/t) : T2 for 1st 4 wk : T3 for 5 and 6 wk
T4 (200gm Spirulina/t) : T2 for 1st 4 wk : T4 for 5 and 6 wk
T5 (300gm Spirulina/t) : T2 for 1st 4 wk : T5 for 5 and 6 wk
All the rations were isocaloric and isonitrogenous. The results showed that while the
egg production and egg weight were unaffected by the dietary treatments, the yolk
colouration, as measured by the Yolk Colour Index Fan remained high at 7.3 to 7.5 in
maize diets but declined rapidly during the 4 week depletion period to an average
value of 1.0 in the wheat-based diet. The index was not restored with spirulina diets
but remained very low at about 1.8. Further increase in dietary levels of spirulina to
300, 500 or 700 gm/t showed no measurable improvement in egg yolk colouration. As
further increase in spirulina levels would be uneconomical, it was concluded that
spirulina is unsatisfactory for promoting egg yolk coloration with non-maize rations
under practical conditions.
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CHICKEN MEAT FREEZE-DRYING
V.Agafonychev
All Russian Science & Research Institute for Poultry Processing, VNIIPP Russia, Moscow
Area, Solnechnogorsk DC, Rzavky, 141552, Russia
Research has been carried out on chicken meat freeze drying. The following samples
of raw and cooked meat were tested: breast meat (white meat), minced meat made of
various parts of carcass and meat portions with bones. As a result of the study, some
data had been obtained, which is useful for the industrial scale chicken meat freezedrying. The quality characteristics could change, subject to the given technology
parameters, storage terms and duration, market demand for the dry food and energy
costs to produce. The obtained results give a possibility to reveal freeze-dried poultry
meat and poultry meat being canned, with the alternative methods (e.g. freezing, heat
drying etc.) a competitive opportunity.

TECHNOLOGY DEVELOPMENT TRIALS FOR VALUE ADDED EGG
PRODUCTS
Ick-Jong Yoo
Korea Food Research Institute, Songnam, 463-420, Republic of Korea
Value added egg processing technologies depend on guarantee of steady egg production
by the layer farmers.Several trails have been done to develop the value added egg
products such as fermented egg beverage, egg lecithin and seasoned shell eggs. Main
barriers against successful manufacturing process of the fermented egg beverage with
lactic acid bacteria were the heat coagulation and the antimicrobial action of egg
proteins. These barriers could be solved with dulling heat sensitivity and inactivation
of egg protein. Heat sensitivity of liquid egg was dulled by dilution with water and
addition of sugars while egg proteins were inactivated by heating above 75 °C. The
optimum amount of lactic acid bacteria inoculumn and fermentation time for the efficient
lactic acid fermentation of diluted liquid whole egg was also determined. Egg lecithin
was prepared by fractionation with alcohol and cold crystallization to improve
production yield and phosphatidyl choline enrichment. Effects of extraction time and
temperature, solvent volume and concentration and cold crystallization conditions were
determined. Phosphatidyl choline enriched egg lecithin by cold crystallization had
acceptable quality in terms of microbiological and chemical stability. Seasoned shell
eggs were produced within 16 hours under pressure. Concentration of NaCl solution
and salting time and pressure were employed to identify the permeability of NaCl into
shell eggs at ambient temperature. Aside from the above products, vending machine
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for cooked eggs, further processed egg, products and non-food uses of egg components
will give a great opportunity to extend the demand of eggs and meet the desire of
farmers and consumers.

UTILITY OF PARTIALLY COOKED AND UNCOOKED CHICKEN MEAT
IN THE PREPARATION OF SAUSAGES
K.Prabhakar Reddy and K.Vijayalakshmi
Department of Poultry Science, College of Veterinary Science, Tirupati - 517 502, A.P.,
India
An experiment was conducted to study the incorporation of partially cooked chicken
meat, skin, gizzard, heart and yolk (SGH+yolk) in the preparation of sausages by making
four types of combinations and their quahty was evaluated during the refrigerated (5±1 °C)
storage. Sausages made with the partially cooked meat yielded significantly (P<0.01)
lower percent cooking losses, moisture content and higher pH, 2-thiobarbaturic acid (TB A)
values. Inclusion of SGH + Yolk in sausages significantly (P<0.01) reduced the fat
separation values, percent ether extract, crude protein and the acceptabihty scores. Sausages
of whole raw meat recorded significantly (P<0.01) higher percent cooking losses, ether
extract and crude protein contents. Refrigerated storage (5±1°C) of sausages for 6 days
caused a significant (P<0.01) decrease in the percent moisture, gradual decrease in the
acceptability scores and increase in the percent ether extract, crude protein, aerobic
mesophiles, TBA and pH values. The observations revealed that the sausages of raw
whole meat were superior in quality than the rest of the formulations.

RESEARCH ON VITAMINS ADDITION EFFECT ON MINCED MEAT
NUTRITIONAL VALUE AND TECHNOLOGICAL PROPERTIES IN
PELMENY
I.Stefanova
All Russian Science & Research Institute for Poultry Processing, VNIIPP Russia, Moscow
Area, Solnechnogorsk DC, Rzavky, 141552, Russia
Meat and meat products are basic sources of PP, Bl and B2 vitamins in human nutrition.
Study has been carried out on differentiated effects of Bl, B2 and PP vitamins on the
minced meat quaUty characteristics of pehneny. Vitamin PP addition improved the product's
juiciness, B2 vitamin enhanced meat and spicy flavour, Bl vitamin had no any significant
effects on sensorial evaluation. Vitamins addition to minced meat raised the water absorbing
ability and firmly locked the moisture content. B2 and B1 vitamins supply at 0.5 the daily
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requirement for teenagers rate assures the firm linked moisture content to increase by 6
and 5 per cent respectively, which also means less moisture and loss while cooking the
pelmeny (Russian dish like "ravioly"). Pelmeny minced meat vitamins safety after cooking
is 66.1% for Bl, 66.2% for PP, and 74.24% for B2, and this rate is not influenced by the
additional level of vitamins. Biological tests have confirmed good metabolical effects
commencing when the minced meat is treated with vitamins as additives.

TRIAL MANUFACTURE AND EVALUATION OF EGG PATTIES MADE
WITH TEXTURIZED SOY PROTEIN, REFINED WHEAT FLOUR OR
LENTIL FLOUR
N.K.Pandey, A.S.Yadav and S.S.Verma
Central Avian Research Institute, Izatnagar- 243122, Uttar Pradesh, India
Six blends of egg patties were formulated to contain 70% liquid whole egg, 10 or 20%
shredded potato and 20 or 10% of either texturized soy protein (TSF), refined wheat
flour (RWF) or lentile flour (LF). All blends were evaluated for physico-chemical,
microbiological and sensory properties. In general, patties containing 20% of either
of above binders had higher % cook yield and protein content and lower moisture
content than those containing 10% levels, whereas fat content data did not show any
definite trend between levels and ranged from 11.06% in 10% LF group to 13.78% in
20% TSF added group. TSF added patties gave the lowest shrinkage and highest protein
and fat content after cooking. Aerobic counts of uncooked patty mix ranged from log
3.79 to 4.23% g, which reduced by more than one log factor after cooking (log 2.59
to 3.42). Conforms and yeast and moulds were occasionally seen, while staphylococci
were completely absent in all groups. Sensory evaluation revealed that patties containing
10% TSF had the best flavour, juiciness and texture and were most acceptable.

EFFECT OF PACKAGING AND STORAGE ON QUALITY
CHARACTERISTICS OF RESTRUCTURED CHICKEN STEAKS
A.M.Bhoyar, N.K.Pandey, S.KAnand and S.S.Verma
Central Avian Research Institute, Izatnagar Uttar Pradesh - 243122, India
Studies were carried out to determine the changes in chemical, microbiological and
sensory attributes of air and vacuum packaged restructured chicken steaks during
refrigerated storage (5 ± 1°C). Steaks were manufactured from spent hen meat
incorporating the most acceptable level of texturized soy protein and milk co-precipitates
mixture (20 and 10% respectively) as extender, packaged either aerobically in LDFE
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or under vacuum in laminated (polyester/aluminium foil/polypropylene) pouches^
refrigerated, stored and sampled at suitable intervals for analyses. The thiobarbituric
acid values, free fatty acids, pH and counts of total aerobes and psychrotrophs showed
significant increase in both packaging groups during storage, however, the rate of
increase was more rapid in air packaged than in vacuum packaged steaks. The moisture,
protein and fat contents were not affected by either packaging methods or storage
periods. Sensory evaluation revealed significant reduction in colour, flavour, juiciness,
texture and overall desirability scores with slight off-flavour on days 7 in air packaged
and on days 10 in vacuum packaged steaks, indicating a refrigerated shelf-life of 6 and
9 days in air and vacuum packaging respectively.

THE HIGHER PHASE OF CHICKEN MEAT TREATMENT WITH A SPECIAL
ATTENTION TO THE COATED AND FORMED PRODUCTS
Srebrenka Nojedli, AJelic, A.Hraste, Karmen Botka Petrak and Vera Jukie Brestovee
Department of Anatomy, Histology and Embryology, Faculty of Veterinary Medicine,
Zagreb, Croatia
Recently more attention is being paid to the advancement of chicken meat technology
for fast food program. In this connection we have examined the influence of heat
processing on the product characteristic and economy of production on selected battered
and shaped chicken meat products. The study was carried out under industrial conditions.
Depending on the quality the products were included white chicken meat, mixture of
white and dark meat, mechanically separated meat and the usual addition of chicken
skin. The homogeneous mass gained by chopping and mixing additives, mechanically
formed, and the products were battered, heat treated and frozen. The heat treatment is
performed in two ways: breading and combination of breading and frying with warm
air and saturated with steam. The results show that the products treated with the
combined thermical treatment are of better sensory characteristics, especially taste,
than the fried products. Surely the method of treatment affected the production economy.
The examined products which are of a higher level of chicken meat processing as
Cordon bleu battered chicken fillets, chicken croquettes, medallions etc. belong to the
best quality gourmand products suitable for sale in supermarkets, and especially for
tourism industry.
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BROILER MARKETING IN 2000 AD
Keith J. Rosario
The IPF Breeders Pvt. Ltd., Bangalore, India
Broiler farming in India is growing at an annual compounded rate of over 20% and
is expected to reach 250% of present levels by 2000 A.D. The pattern of growth will
result in a highly competitive market that will compel broiler producers to become
more efficient in production and marketing. The business will be marked by higher
volumes and lower margins. Attitude towards sanitation, biosecurity, quality product
presentation will undergo a profound change. Integration in broiler farming will form
the bulk of the expansion of production facilities and automated equipment will become
common place. Some of the innovative marketing strategies that will be employed are
: high visibility advertising of branded chicken and chicken products; price reduction
and discounts; incentive for purchase; high-tech marketing base; split price strategy;
direct marketing; expansion of product range; creation of special niche markets;
expanding rural and regional markets; collaboration of with multinationals; creation
of new applications of chicken; fast food; exports and; formation of co-operatives. By
2000 A.D. the broiler industry in India will have come of age with all the hallmarks
of a dynamic, vibrant enterprise - quality, efficiency and professionalism.

YUGOSLAV PROGRAM FOR THE PRODUCTION AND MARKETING OF
EGGS OF SPECIAL QUALITY
Zlatica PavlovskiS B.Masic^ R.Cmiljanic^ and Svetlana Vracar^
^ Research Institute for Animal Husbandry, 16 Autoput, 11080 Zemun, Yugoslavia,
^ Research Institute for Application of Science in Agriculture 68b 29, Novembra, 11000
Beograd, Yugoslavia
In numerous investigations of the quality of table eggs in Belgrade market, it was
established that on an average eggs of very poor and unreliable quality are sold. Latest
controls of the quality of eggs in Belgrade market have shown that eggs of different
quality, according to production sectors, were sold : (expressed in No. of Haugh Units)
individual production - 70,11 Huipublic production - 60,18 Hujimported eggs - 40,15
Hu. The fact that the majority of consumers in Yugoslavia mostly desire the freshness
of eggs (this was established by conducting a poll), indicates the necessity for the
supply of guaranteed fresh and quality eggs in Belgrade market. Therefore, the Program
for the Production and Marketing of Eggs of special quality was developed. Eggs of
special quality (Trade mark, name: Ko-Ko eggs) have certain characteristics and
conditions as follows :448

1. Time limit from the day of collecting to the day of sale - 3 days maximum;
2. Initial internal quality (on the day of collecting) at least 80 Hu (average for random
sample of 30 eggs)
3. Egg yolk colour min. 9 Roche (average for random sample of 30 eggs),
4. Transport from the place of production to the place of sale to be not longer than 1(X)
km. Ko-Ko eggs of special quahty are on sale in Belgrade market and their price is higher
compared to eggs from other producers. The basis of this Program consists of contractors
who meet certain conditions, and experts of the Institute conduct the quahty control of
the egg on contractor's farms and also at the place of sale - Belgrade market.

TRENDS AND SEASONAL VARIATIONS IN EGG PRICES IN NAMAKKAL
ZONE
P.Saminathan*, P.Sadasivam^, and Maqbool Ahmed^
^ Department of Poultry Science, Veterinary College and Research Institute, Namakkal
637002, T.N. India
^ Veterinary College and Research Institute, Namakkal 637002, T.N. India
^ Livestock Research Station Kattupakkam, T.N. India
Tamil Nadu is one of the leading states in egg production, because of the availability
of technical and infrastructural facilities and also of ideal agroclimatic conditions. In
Namakkal, there are about 18 million hybrid layer population producing nearly 8 to
9 million eggs per day. The integrated system of marketing is commonly followed
here and the poultry farmers do not have the control over the system of marketing.
Obviously it results in the wide fluctuations in price of eggs and poses much of risk
and uncertainty to the income of the farmers. Having borne the above problem of
importance in mind, the study was undertaken to analyse the variation in egg prices
from 1986 to 1994, and to study the problems associated with egg price variation for
suggesting appropriate policy measures to fix up remunerative price for eggs and
formulating policies. Namakkal egg market was selected to examine the trend in egg
prices.

GROWTH AND ITS DETERMINANTS OF POULTRY INDUSTRY IN INDIA
A.Mohamed Safíullah and S.Selvam
Dept. of Animal Husbandry Economics, Veterinary College & Research Institute
Namakkal- 637 002, Tamil Nadu, India
The secondary data on India's poultry (broiler) meat and egg production and consumption
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pertaining to the period from 1961 to 1995 from various sources were collected and analysed
for this study. Different computer models and growth rates were tried to study the
influencing factors on them. There witnessed a spectacular growth of egg consumption
as well as broiler meat consumption during the last three decades with the ever increasing
size of human population. The growth of broiler meat and egg production have proved
itself that it is imperative for the further expansion in meeting the future anticipated
demands. Computer modehng results show that production could be further improved by
increasing the budget outlay and formulating suitable price policies to encourage farmers
to expand.

FORECASTING OF EGG PRODUCTION AND WHOLESALE EGG PRICE
IN MADURAI DISTRICT OF TAMIL NADU
V.ManiS S.R.Subramanian^ and S.Shanmugasundaram^
'Veterinary College and Research Institute, Namakkal 637 002, India
^Tamil Nadu Veterinary and Animal Sciences University, Madras 600 007, India
^Tamil Nadu Agricultural University, Coimbatore 641 003, India
To envisage proper planning for the growth of poultry industry, the present paper
confined itself to the time-series analysis to forecast egg production and wholesale egg
price in Madurai District of Tamil Nadu. Necessary data for egg production and
wholesale egg price for the period 1977-78 to 1988-89 and January 1959 to March
1990 respectively were collected from primary sources. Of the various time-series
models viz. Simple Extrapolation Models (linear trend model, exponential growth curve
and auto regressive trend model) ; Smoothing Methods (single exponential smoothing
with 0.2,0.4, 0.6 and 0.8 as alpha value and adaptive-response-rate single exponential
smoothing) ; Decomposition Method (ratio-to-moving average decomposition method)
and Stochastic Time-Series Models (autoregressive integrated moving average) applied
to egg production and monthly average wholesale egg price. Ratio-to-moving average
decomposition method was found to be the appropriate method since it possessed
minimum mean squared error. Also time-series models viz. linear trend model, single
exponential smoothing with a values as 0.2,0.4,0.6 and 0.8 and linear moving average
applied to monthwise rearranged wholesale egg price, revealed higher mean squared
error as compared eariier to recent month arrangement.
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STATISTICAL MODELLING OF GROWTH OF BROILERS ON
COMMERCIAL POULTRY FARMS
K.P.S.Nirman and S.N.Arya
Indian Agricultural Statistics Research Institute, New Delhi 110 012, India
In spite of the increased importance of broiler meat in India in recent past, no work
seems to have been done on modelling of poultry growth. This paper is concerned with
the formulation of a statistical model characterising the production and culling patterns
for broilers under commercial management conditions. The model would enable one
to predict the availability of broilers and culled birds at different points of time. Treating
immigration/replacement of chicks as births and premature culling of birds as deaths,
a modified version of Leshe (1945) model is developed. It is a deterministic model
wherein both time and age variables are discrete. The age specific rates of mortality,
culling, replacement etc., required in the model were estimated by a survey of 24
randomly selected poultry farms in the erstwhile Union Territory of Delhi. The life
span of the broilers was divided into three distinct age groups of equal duration, viz.
0-3 weeks (starters), 3-6 weeks (growers) and 6-9 weeks (finishers) ; time being
measured in units of 3 weeks. According to the management practices prevaling at the
farms, day old-chicks were purchased from hatcheries in a lot on the same day. Also,
the broilers in a lot were normally disposed of on the same day, a lot in the final age
group being culled before attaining the age of 7 weeks. The population generation
matrix which would determine the future course of broiler population is
10 0 r I
I P^ 0 01
I o" P, 01
Where P^ (x=0,l,2) is the probability of survival from age group X to Z0,1, and r is a
constant multiplier which determines the lot size of chicks to be purchased at the
farm. The value of r is fixed by the poultry farmer in advance in view of market demand
and his resources. The growth and composition of broiler stock were worked out
separately for different farm categories, viz. small, medium and large. The model was
found to be an adequate fit to the data as the mean discrepancy was less than 5 percent.
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EVALUATION OF MEAT COLOR AND A BIOCHEMICAL INDICATOR OF
ENDPOINT COOKING TEMPERATURES OF CHICKEN MEAT PATTIES
L.L.Young and S.D.Senter
Richard B.Russell Agricultural Research Center, USDA-ARS, P.O.Box 5677, Athens, GA
30604-5677 USA.
Chicken patties were cooked on an electrically heated grill for 6 to 34 min in order
to affect variation in endpoint temperature (EPl'). Color values were observed with a
color meter and glutamic oxalacetic transaminase (GOT) activities were analyzed
colorimetrically in the cooked meat. The relative accuracy internal color and GOT
activity for estimating EFT of the patties was assessed. Endpoint temperatures ranged
from 52.9° to 88.8° and the CIE a* color value was significantly correlated with EFT.
However, since the correlation coefficient between a* and EFT was only -.74, color
can only be used to describe a general trend, i.e., as EFT increased, redness (a*) tended
to decrease. The a* value cannot be used to assess adequate cooking of individual
patties. Glutamic oxalacetic transaminase activity varied from 0 to almost 65 K SFU/
mL. It was also significantly correlated with EFT but the correlation coefficient was
greater (.88). Thus, it would make a better estimator of EFT than color. However, even
though GOT activity is highly correlated with EFT than color, it cannot be used alone
to ensure adequacy of cooking because standard error of the estimate calculations
indicate that a significant number of EFT estimates based on GOT activity would be
above actual EFT.

NEW METHODS OF IMPROVEMENT OF GIALURONIC ACID
PRODUCTION
L.V.Antipova, S.V.Polyanskih and V.K.Kurchaeva
Voronezh State Technology Academy, 394017, Russia, Voronezh, pr.Revolutsii, 19, Russia
Now in Russia at the poultry processing plants considerable reserves of birds heads
are made including cock combs. On the other hand the range of the gialuronic acid
application in the production of pharmaceutical preparations and cosmetics increases.
Its production is the important scientific and technical task. The investigation results
of the chemical composition of birds combs testify for high mass share of the protein
(19.8% to the mass of raw material), proteidic fraction being prevailing (14.4 to the
mass of raw material). Specific histomorphological colouring of the tissue revealed
the tightly packed system of collagen fibres and bundles. Large share of the collagen
fibres in the tissue structure with low mass share of fats as well as the known data
about the structure and properties of the acid give premises for obtaining the biopolymer.
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The data of the scientific literature about the properties of the gialuronic acid and its
tissue level of localization allowed to suggest some ways of isolation based on the
methods of the aqueous extraction and organic precipitation. With the aim of the rational
use of the raw materials and the creation of complex technology it is suggested to use
the residue of the animal tissue, containing to 14.6% of the protein to the mass of the
raw material for fodder. At the development of the production technologies of the
gialuronic acid we took into consideration the possibilities of avoiding irreversible
changes in the raw materials at the prolonged storage and transportation to
pharmaceutical enterprises. The suggested methods of the gialuronic acid production
are not toxic, ecologically safe and allow to place the production at any poultry
processing enterprise.

MEAT PRODUCTS FOR MEDICAL AND PREVENTIVE NUTRITION
V.Chuprasov and L.Shakhnazarova
All-Russian Science & Research Institute for Poultry Processing VNIIPP Russia, Moscow
Area, Solnechnogorsk DC, Rzavky, 141552, Russia
Some poultry meat products were developed with high calcium content, readily
assimilated iron, ß-carotene and digestible fibre by means of inclusion of bio-active
products into the recipe set up, e.g. mineral enrichment, made of ogg shells, liver and
vegetable components. Such product's effects onto the animal body characteristics of
medical and biological value have been studied. Trial samples have proved better
efficiency in protein over the controls. Calcium assimilation was 2.09 to 2.5 times
higher than the indices for traditional products. Trial samples have shown the ability
to reduce active Cesium - 137 content by 3 to 8 per cent, thus lowering the level of
this isotope in trophic tissues. The collected data suggest that the above food products
could be of high value for the consumption by people, living in the conditions of harmful
environment and under the circumstances of industrial pollution.

MARKETING SYSTEMS OF CHICKEN EGGS AND MEAT IN INDIA
K. Nageshwara Rao
Central Poultry Training Institute, HessarGutta, Bangalore 580 088, India
Marketing of eggs and chicken meat is one of the sensitive yet important areas of
poultry industry, which allows the producer /farmer either to continue or get away from
the activity. Thus, marketing needs utmost attention having decided international
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Standards of production of eggs about 29,000 million and 4,454,000 tonnes of poultry
meat annually (1995, and this country is fifth in egg production and 22nd in poultry
meat production in the world). In the present system of marketing the middlemen's
share is a major part of the consumer's rupee and both producer and the consumer
continue to benefit the indispensible middleman. The strategy to develop rural market
network has to be established with required number of hawkers in big villages and a
cluster of small villages, procuring the eggs and chicken meat from semi-whole salers
at block/Taluk level. The major marketing systems/channels followed in urban and
semi-urban areas are producer-wholesaler- retailer, consumer / producer-retailerconsumer and producer-Co-operative societies- consumer. The three major export
markets are Middle East, SAARC countries and African countries. In order to change
the present pattern of marketing systems for poultry products, the co-operative sector
for marketing for poultry products should be set up with four tier structure as, primary
poultry co-operatives societies (Block level). Central poultry Marketing Union or
Federation (District Level); State Poultry Marketing Societies or Federation (State
level) and National Development Organization like National Poultry Development
Board.

454

MAIN TOPIC
06. POULTRY DEVELOPMENT POLICIES AND PLANNING FOR
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Sub Topics
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Policies and stategies of poultry development for developing
countries.
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Constraints in development and solutions (infrastructure,
feed, health cover, marketing, finance etc.).
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Problems of transfer of technology.
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Role of women in poultry production.
05.
Extension/education needs, development of human resources.
06.
National and international cooperation for funding poultry
development projects.
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POULTRY PRODUCTION AND POULTRY CONSUMPTION IN ASIA - A
STUDY OF SELECTED NINE COUNTRIES
Arunasiri Iddamalgoda, and Michio Sugiyama
Faculty of Agriculture, Gifu University, Gifu, Japan
This paper reports the results of survey on Meat production and marketing in selected
Asian countries representing developing, rapid developing, and developed nations in
the region. The survey data obtained from 1970 to 1993 concerning poultry industry
was used. The primary objective is to describe poultry consumption and production
patterns. The outlook for the poultry industry is promising. In the past 20 years
consumption of poultry meat has increased dramatically in these nations. Consumption
of poultry meat will continue to increase as estimated income elasticities for poultry
meat indicate a latent demand for this meat comparative to other types. There is a
positive correlation between increasing per capita consumption and per capita income.
However, the quantities of meat consumed by each nation is affected by consumer
taste and preferences, the level of national income, its production condition, quantities
traded besides the most important factor especially concerning Asia such as culture
and religious beliefs. The study analyses the demand and supply situation and the
future forecast in consumption and production.

POULTRY IMPROVEMENT IN SECTORS OF MADHYA PRADESH DURING
PAST TWO DECADES
N.G.Paradkar, J.K.Bhardwaj, R.P.Nema and S.S.Atkare
Department of Poultry Science, JNKVV, Jabalpur 482004 M.P. India
Growth rate of layer bird population in Madhya Pradesh was higher, during period I
(i.e. from 1975-76 to 1984-85) as compared to period II (i.e. from 1985-86 to 199495). Whereas, increase in broiler population was higher during period II than that of
period I. Commercial poultry production around big cities and industrially developed
areas gained good momentum during period II over period I, when compared with
tribal and rural areas of Madhya Pradesh. Overall increase in egg production in the
state was over 3 percent during both period I and II. Seventy-five percent poultry
population of the state are nondescrtipt deshi fowls which are poor layers and are
reared on scavenger system. Fifty six percent of the total poultry population in the state
covered by ten districts are having higher production average than the state average.
These districts are mostly tribal areas and form a poultry belt in south to east of the
state, which seems to be the most suitable area (climatically) for poultry production.
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However need for re-placement of nondescript birds with suitable improved variety
be envisaged.

ROLE OF LARGE AND SMALL SCALE POULTRY SECTORS IN INDIA AND
OTHER DEVELOPING COUNTRIES
U. K. Bandyopadhyay
Central Avian Research Institute, Izatnagar U.P. 243122, India
Poultry farming practised as backyard system since long was subsequently transformed
into small scale commercial sector and large scale intensive sector. The large scale
farming has influenced production rapidly and to some extent consumption and trade.
In growth of egg production, India has achieved a break through. The developing
countries have progressed more rapidly than the developed countries during the last
decade. The growth is more spectacular in poultry meat production. The egg
consumption is either stagnated or declining in many developed countries whereas
poultry meat consumption is increasing in all regions. The intensive farms centred
around the periurban areas of the developing countries have satisfied the growing need
of urbanities chiefly, but they are found to be unsuitable to small farmers due to costly
inputs, sharpened unbalanced growth, increased dependence on foreign support for
parent stock, reduce employment opportunities due to automation and causing pollution.
A great potential exists for small scale commercial sector which can improve the socioeconomic conditions of rural poor. The strategies for small scale commercial sector
involve proper identification and selection of areas and farmers, establishment of local
village unit close to nearby town, efficient delivery of essential inputs including
marketing through cooperative system in a cluster approach, motivation of rural women,
evolving low cost indigenous technology and facilities for credit, extension and training
programmes under the patronage of government. The emerging challenges demand
co-existence and improvement of both the sectors so as to provide food and job to rural
and urban populations in the developing world.

SOCIO-ECONOMIC IMPACT OF SMALLHOLDER
DEVELOPMENT PROJECT IN BANGLADESH

POULTRY

J.Alam
Bangladesh Livestock Research Institute, Savar, Dhaka, Bangladesh
The study conducted in 4 districts of Bangladesh has evaluated the impact of
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interventions made by SLDP on socio-economic conditions of rural poor women. One
thousand sample households from different types of beneficiary groups were
interviewed. Results showed that the SLDP has made substantial positive impact on
poultry population, adoption of HYVs, disease control and mortality, employment,
income and poverty in rural areas. The target group for the project are poor men and
women. The membership consisted only of poor and disadvantaged women as defined
in their eligibility criterion. The programme has pioneered a number of innovations
related to poultry production and provided credit to group members for their adoption
and income generation. This has ensured employment of poor women and generated
income for them. The number of poultry reared per farm was 16.31 which is much
higher than the national average. The distribution of these birds shows that 65.61 percent
were female. About 47 percent of all adult chicken are improved type. In the case of
chicks, the proportion of HYVs was 100 percent. The mortality rate was less than 3
percent for adult chicken and 9 percent for chicks, which is much lower than the national
average. The average size of loan received per beneficiary was Taka 1,002.66 which
varied from Taka 1,000 to Taka 10,000 depending on the type of beneficiary farm. The
loan was repaid by weekly instalment. No defaulter was found during the study period.
The loans were properly used in productive activities and were profitable. Nobody
reported to have faced any problem in repayment of loans. The total net income per
household was Taka 1845.67 and the average net income per household from SLDP
activities was Taka 426.77 per month. The SLDP income was 23.12 percent of total
income of beneficiary households in the study areas. With the increase in income, the
beneficiary households made substantial progress in savings originating mainly from
SLDP activities. The total cumulative savings per beneficiary after membership was
Taka 1181.58, which was made by Taka 413.16 from group savings and Taka 768.42
from own savings. At the same time, the consumption of all food items and investment
in productive assets increased after membership of SLDP. Moreover, the proportion
of households living below the poverty line declined to 52 percent from 80 percent,
which can further be reduced with higher level of investment in poultry and
intensification of SLDP in future. SLDP has ensured empowerment of women in the
study areas and increased their participation in decision making. The generation of
income and employment from SLDP activities has enhanced the status of women in
the family. Their relationship with their husbands has improved after they became
member of SLDP. Almost all beneficiaries reported that their economic condition has
improved after their participation in SLDP and 100 percent of them wanted to continue
as members of SLDP in future. The contribution of SLDP to generate income and to
reduce poverty of the rural poor is significant. Further extension of the programme in
other areas of the country is desirable. It is also desirable to intensify the programme
integrating goat and cattle enterprises with poultry. This will increase the level of income
of beneficiaries and alleviate poverty.
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DEVELOPMENT OF POULTRY THROUGH CO-OPERATIVES
Y.V.Sankarnarayana
NABARD, 94, Wellesly Road, Shivajinagar, Pune - 411 005, India
Sustainable small poultry units in rural areas will contribute for the targeted growth
of poultry in developing countries. However, these small units, without proper forward
and backward linkages, may not be viable. Hence, the concept of central and grower
units with satellite layer units under co-operatives has emerged in the State of
Maharashtra, India, where small farmers formed poultry co-operatives and maintain
central grower units where chicks are reared from day old to 16 to 18 weeks age and
then supply to smaller satellite layer units in which they will rear from 17 to 72 weeks.
Besides supply of fee, veterinary aid, technical guidance and collection of eggs and
cuUbird for marketing is undertaken by the society. By adopting the system, the capital
investment will be less in both the central and satellite units. As per 1994 rates, the
capital investment for central unit of 50,000 birds, works out to Rs. 36,00,000 and for
50 satellite units Rs. 65,00,000. Otherwise, composite unit cost will be 84.5 lakhs. The
entire loan can be repaid in 4 years in equal instalments at 17% rate of interest with
a net profit of Rs. 18.70 per bird p. a. in central unit and Rs. 12.80 per bird p.a. in
satellite units. The recycling of funds take place in 6 months in central unit and once
in a year in satellite unit. From a number of such units in Ahemednagar and Solapur
Districts of Maharashtra, a case study of one such society has been undertaken. The
brief details are as follows:
Name
Area of Operation
Total members as on 31.3.95
Share Capital
Govt. of Mah. share capital
At present central grower unit capacity
Satellite units
Capacity ranging from

Yaswant Sakahari Kukutpalan Sansthan
Entire Kopargaon Taluka
305
Rs. 10,53,300
Rs. 70,05,000
1,50,000 cullbirds
50
1000 to 1500 birds

Note: The views of the Author no where reflects the views of National Bank.
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THE SITUATION OF POULTRY PRODUCTION IN TURKEY
A.Testik
Dept. of Animal Science, Faculty of Agriculture, University of Cukurova, 01330 AdanaT^irkey
Poultry industry in Turkey is new and quickly being developed in comparison to other
branches of animal production industries. The first step in developing and establishing
modem poultry industry was achieved by founding "Central Poultry Research Institute"
in 1930, but no significant development was achieved until 1950. Poultry industry
started to develop by importing exotic pure breeds by the Government in 1950-1952
and continued to develop quickly with importing layer and broiler hybrids from 1963,
and today it is the most successful agricultural industry, in which science and technology
are applied in high level. Although high capacity integrated poultry farms have been
established in recent years, generally relatively small poultry farms dominate in Turkey.
According to the latest information, 87% broiler production facilities have the capacity
of less than 5,000, the percentage of broiler production family with the capacity 25,000
is only 0.6. For egg production 65% of egg production facilities have capacity less
than 2,500 layers. The percentage of egg production facility with the capacity of over
2,500 is only 2.2. The regions of Turkey, in which poultry industry is well developed,
are West Anatolia, Central Anatolia and South Anatolia. In 1993, poultry meat and egg
productions of Turkey were 390.000 tonnes and 485.000 tonnes respectively. Almost
all of the poultry meat and egg produced in Turkey are mostly consumed in Turkey,
but sometimes small amount products are exported. Poultry meat consumption per
year per capita in Turkey is 6 kg, and egg consumption per year per capita is 5.5 kg.
In general, it is possible to say that Turkish Poultry Production is increasing in the last
20 years rapidly.

STUDIES ON THE TECHNOLOGICAL PROGRESS AND THE LABOR
PRODUCTIVITY OF HEN EGG PRODUCTION IN JAPAN
T.Murata, J.Nishitani and T.Ozawa
Nippon Veterinary and Animal Science University, Tokyo 180, Japan
The development of layer enterprise depends on the increase of inputs of various factors
and the improvement of labour productivity. In individual layer farm management, the
factors of inputs can be expressed by the function of an amount of egg yield and the
changes in the productivity of labour in terms of egg yield per man hour can be used
as the indicator of technological progress. Therefore, the development of layer enterprise
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can be achieved by increasing the amount of factors of inputs and raising the productivity
of labour or technological progress. In this report, the productivity of labour is estimated
for the hen egg production cost surveyed by Ministry of Agriculture Forestry and Fishery.
The authors estimated that in the 1980 to 1993 period, the annual improvement of
labour productivity in layer enterprise was 6.63 percent. Of this amount, approximately
3.5 percent was from an increase of the egg production per laying hen and 96.3 percent
from a decrease of labor intake per layer.

POULTRY FARMING IN SUB-TEMPERATE MID-HILLS OF HIMACHAL
PRADESH: AN ASSESMENT OF CONSTRAINTS
Y. P. Thakur
College of Veterinary & Animal Sciences, H.P.K.V., Palampur 176062 India
Poultry husbandry in Himachal Pradesh had shown relatively slower growth during
eighties than the fast national trends. The poultry population and egg production had
increased at 3.1% and 5.7% annual rate to reach 7.531 lakhs and 697.2 lakhs (1992)
making per capita annual availability of 12 eggs. The broiler production is static around
0.5 million per annum. Information on socio economic status of poultry farmers, their
perceptions and views on constraints and prospects; elicited through a participatory
discussion with poultry farmers in mid-hills of Kangra District which contribute 1/3
of States total poultry population revealed that 61% of the poultry farmers are
agriculturists having undertaken poultry as subsidiary (29%) or component of mixed
farming (45%) activity for supplementary income. One-fourth of respondents practice
poultry as specialised farming with 27.6% of the total respondents having units larger
than 5,000 birds /annum. Broiler keeping was the predominant (81%) actvity. Majority
(74%) have rural background and 91.5% avail technical assistance from some source.
Production constraints were mainly linked to qualitative and quantitative inputslimitations by 29.5% respondents followed by disease problems (17.9%); lack of
technical expertise (15.4%), agïoclimatic unsuitability (11.5%), non-availability of
finance (10.3%) and marketing problems (10.2%). Farmer's expectations from
governmental agencies varied from imparting optimum technical know-how (41.4%);
input-provisions (25.7%) continued consultancy (15.51%) to arranging finances
(10.4%).
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ECONOMIC IMPACT OF AFLATOXINS ON POULTRY INDUSTRY : A CASE
STUDY
R.V.Sudershan, R.B.Sashidhar and R.V.Bhat
National Institute of Nutrition, Hyderabad 500 007, A.P., India
The potential risk to animal and human health due to aflatoxin contamination in feeds
and foods is well recognised. However, there are no systematic studies regarding
quantitative estimate of economic loss due to natural outbreak of aflatoxicosis in poultry.
An outbreak of aflatoxicosis in a poultry farm having 11465 layers of 28-32 week age
and 5000 pullets of 27-31 week age was investigated to assess the economic loss due
to aflatoxin contamination in feed. The groundnut cake used in feed was contaminated
with 600 ppb of aflatoxin Bl and 116ppb of aflatoxin B2. An eighteen days exposure
of poultry to the contaminated feed has resulted in staggering loss of Rs. 1,16,000.
Fractional analysis of losses due to aflatoxin indicated that major loss was due to drop
in egg production followed by motrality in birds and additional expenditure on protein
source. The balance was accounted for medical and other miscellaneous expenditure.
The present investigation shows that under field conditions as low as 127 ppb of aflatoxin
in feed can cause drop in egg production resulting in considerable economic losses.

INTERNAL LAYERS MAY RESULT IN REDUCED PROFITABILITY
M.L.Sunde
Poultry Science Department, University of Wisconsin, 1675 Observatory Dr. Madison WI
53706-1284, USA
It was observed in nutritional experiments that individually caged hens appeared to
be in egg production, but laid no eggs. Birds were autopsied to determine possible
problems. It was discovered that many had unabsorbed yolks, or even broken complete
eggs in the body cavity. Like ordinary layers, the beak, eyelid and vent were bleached.
Ovaries were generally active and the pubic bones were spread. The shank lost pigment,
but the back of the hock generally had some yellow. There were oviduct or uterine
tears. The internal layers maintained on the floor did go into the nests to ovulate. The
percentage of internal layers for 4 different years varied from 1.3% to 15%. During
the highest problem year, 16/16 that were autopsied were internal layers. Thirty were
force molted to determine if they would return to normal egg production. Three laid
normally for 4 months. The other 27 hens laid a total of 7 eggs during that period. This
suggests that a small percentage will return to normal, but that most will not recover.
It is not known why the incidence varies so much between years. Hens that turned into
463

internal layers laid 175 eggs on the average before stopping. The problem usually
started at about 9-11 months of age. On the average, the problem occurred between
11 and 13 months of age. All the birds were vaccinated for Bronchitis and Newcastle
Disease at the same age. Results such as these show that possible "subnormal egg
production" in what looks like normal hens could be caused by a high incidence of an
internal layer problem. It is not known if aflatoxins or other dietary components influence
the percentage.

ECONOMIC CONSTRAINTS IN BROILER PRODUCTION
F.M.NadeemS B.S.V.Reddy^ and C.P.Gracy^
^Department of Meat Science, ^Department of Animal Nutrition, ^Department of Agricultural
Economics, University of Agricultural Sciences, Hebbal, Bangalore 560 024, India
For a study to identify the constraints in broiler production a random sample of 100
farmers were selected in Bangalore district. The respondents were asked to rank the
factors that affected their production. Garett's ranking technique was used to analyse
the data. The results indicated that the constraints mainly related to marketing and
input supplies. The salient scores obtained for each of the constraints are indicated
below.
Sr.No.

Problems

Mean Score

1.
2.
3.
4.
5.
6.

Unremunerative broiler price
Delayed payments
Non-availability of disease investigation facilities
Rigid procedures for bank finance
High cost of medication
High price of feed

93.46
84.35
74.78
70.26
68.41
65.84

From the study it emerged that the broiler industry faced more problems in marketing
than in production. The need for a good input supply system linked with output
marketing was felt imperative.
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CONSTRAINTS IN DEVELOPMENT OF POULTRY AMONG SMALL,
MARGINAL FARMERS AND AGRICULTURAL LABOURERS
N.R. Gangadharappa, H.T. Mohan Kumar and G. Devegowda
University of Agricultural Sciences, Bangalore, India
Amongst off-farm economic activities which can provide reasonable and stable income
to poor households of agricultural labourers, small and marginal farmers, poultry keeping
should rank quite high. While substantial improvement took place in the poultry industry
in India over the last four decades, a little seems to have happened by way of small
poultry for poor people. India is dominated by small and marginal farmers and
agriculltural labourers. Most of the development programmes for these people, overtime
emphasised poultry as a method of ameliorating the conditions of poverty for the large
majority. Such programmes in relation to poultry do not seem to have fared well in
most states. Therefore a ex-facto study was conducted in Kamataka to understand the
constraints and needs of small poultry farmers in acclamatizing poultry as a viable
subsidiary enterprise. The data was generated from among 100 randomly selected
poultry farmers. The study revealed the following constraints faced by the small poultry
farmers. The identified constraints grouped as Technological, Communication,
Infrastructural, Economical, Managemental Marketing and price problems. The first
ranked constraints in each group are : Technologies to avoid foul smell of poultry
houses. Technical know-how is not freely available, infrastructure Uke transport, market
and preservation houses are not developed, small poultry farm is not cost-effective,
insufficient veterinary care, and existance of sentimental value of selling the broilers
and or eggs by a poultry farmer himself respectively.

ECONOMIC VIABILITY OF CROSSBRED MEDIOCRE BROILERS
S.P.Mukhopadhyay, D.Chaudhary, R.P.Sharma, B.P.Singh and M.C.Kataria
Central Avian Research Institute, Izatnagar 243 122, U.P., India
An experiment was conducted to develop an acceptable crossbred medium sized broiler
with low cost of production utilizing RIR females artifically inseminated with males
of broiler male lines (SML 1, SML 3, IC 3 and Tegel). Body weight (BW) Feed
conversion ratio (FCR), mortality and economic viability of medium size broilers
(produced by crossing SML IxRIR (G2), SML 3XRIR (G3), IC 3 X RIR (G4) and
Tegel X RIR (G5) were compared to commercial broiler [ (SML 1 X SFL 3 (Gl) ] and
pure RIR (G6) upto 8 weeks of age. The medium sized broilers had significantly lower
BW and FCR compared to Gl but significantly higher than G6. Among the medium
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sized broilers G2 was found to be superior to all other groups, body weight of Gl were
1277g, 1583g and 1873g at 6, 7 and 8 weeks of age respectively. The corresponding
values of G2 were 938.9g, 1141g and 1319.7g. The FCR of Gl during 0-6, 0-7 and
0-8 weeks of age were found to be 2.31, 2.47 and 2.61 respectively while for G2 the
corresponding FCR were 2.49, 2.69 and 2.88. However, mortality upto 8 weeks of age
was higher in Gl (5.05%) compared to G2 (1.0%). The cost of production per kg BW
was, however found to be lower in Medicore broiler (G2) compared to commercial
broiler (Gl) and margin of profit of medicore broiler in terms of per kg live weight
gain was Rs. 1.34 more than conventional commercial broiler suggesting that medium
sized crossbred broilers could be an alternative replacement of commercially available
broilers for rural farmers who had preference for colour broiler.

CONSTRAINTS IN HATCHING EGGS TRANSPORTATION IN INDIA AND
SUGGESTED REMEDIAL MEASURE
N.G.Paradkar, M.V.Poulose and R.L.Chakrabarty
Department of Poultry Science, JNKVV, Jabalpur 482 004 M.P. India
It is experienced that hatching eggs despatched through railway/ air are not reaching
to their proper destinations in time. The delay and mishandling during transit some
time make the eggs completely unsuitable for hatching and it creates problem in hatching
programme particularly in case of random sample test (RST), where entries with fixed
number of eggs are to be done simultaneously. Due to breakage of eggs during transit
the stipulated number of eggs are not received by RST center and they are forced to
reject the entry. This causes wastage of time, money and damage of the highly valuable
hatching eggs. The eggs are exposed to different ambient temperatures which are having
adverse effect on the hatchability of fertile eggs. The effect has been aggrevated while
the transit time is more increased. This delay in time is beyond the control of the
person who is sending/receiving eggs. Therefore the effective remedial method for the
eggs to reach in time with minimum damage is to depute a person who can book eggs
alongwith his train ticket and reach the destination in calculated time and even in less
expenses than the air charges.
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POULTRY DEVELOPMENT IN INDL\-CONSTRAINTS AND SUGGESTIONS
D.RavindraS K.R.Rao^ and B.S.Sathe^
^Technical Services Department, National Bank for Agriculture and Rural Development,
Mumbai 400 018, India ^World's Poultry Science Association, Pune 411 004, India
The Poultry Development in India, in terms of value of production has registered faster
annual growth rate (10.68%) in comparison to Livestock Sector (6.22%), Crop
Husbandry (4.22%), and Gross Domestic Product (7.14%) during 1980-1991. India
ranks 5th in egg production and 19th in poultry meat production. The GATT agreement
coupled with the lower cost of production of poultry products offers a vast export
potential. Increase in domestic consumption levels and demand from export markets
will be major contributing factors for the future development of poultry with an
accelerated growth rate. The major constraints limiting the growth of poultry sector
as observed from various studies of NABARD and other Institutions in India, are i)
Regional imbalances due to lack of entrepreneurship ii) High concentration of poultry
production in certain pockets with inadequate biosecurity measures iii) Inadequate
infrastructural facilities, such as disease diagnostic laboratories, specialised training
centres, trained technical man power and quality control mesures for rural poultry
development iv) Lack of reliable data on poultry population, production and market
intelligence for proper planning v) High investment cost with decreasing profit margins
vi) High cost of insurance and inordinate delay in settlings the claims vii) unorganized
marketing network and lack of efforts to develop rural markets viii) Lack of incentives
and processing facilities for developing export markets ix) Lack of corporate
participation in developing the Integrated Poultry Production and processing units x)
Limited R&D efforts for cost effective poultry production. The following suggestions
are given to overcome these problems, i) Planned reduction in regional imbalances by
developing entrepreneurship and preventing climatic stress ii) Developing regional
centres to provide disease diagnostic and feed testing facilities, manpower training,
promotion of consumption of poultry products and quality consciousness iii) Enhanced
support for research and development on cost effective housing and poultry feeds iv)
Developing effective biosecurity measures v) Building up of the sound data base on
population, production and market intelligence vi) Encouragement for establishing the
integrated poultry complexes having facilities for rearing, feed production, health and
marketing vii) Developing adequate processing, storage and marketing facilities viii)
Development of industry friendly insurance policies/mortality fund ix) Incentives to
increase poultry exports x) Price support mechanism to provide the minimum support
price to the farmers xi) Improving the monitoring and supervision system in financial
institutions.
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ZONAL POULTRY PRODUCTION IN WEST BENGAL
K.C.Saha and D.N.Maitra
Department of Animal Production & Management, WBUAFSC, Mahonpur 741 52, W.B.,
India
West Bengal is situated between the latitude 27° 13' 15" and 21° 25' 2" North and
longitude 85° 49' 20" and 89° 53' 4" Each which is divided into six agroclimatic zones.
They are Hill (I), Terai (II), Old alluvial (III), New alluvial (IV), Red-laterite (V) and
Coastal saline (VI). A survey was conducted in the state to study the overall impact
of poultry production and regional imbalances in production parameters. The study
was based on the data collected from the census reports, relavant reports, interviews
of poultry growers and common farmers. These figures however, are only the crude
total compiled in the study and as such are bound to have there own limitations. The
period of study was between 1986-1991. A comparison in terms of poultry population
(P), egg production (E) in millions and average production of egg/fowl/day (F) places
VI at the top and least for II in 1990-91. The production in P,E and F for the State were
12.035 (P), 1897.406 (E) and 0.432 (F) in 90-91 as against 11.899 (P), 1846.348
(E) and 0.425 (F) in 1986-87. There were much variations between the zones and
between the periods indicating lack of uniformity in the developmental features.

A STUDY ON MARKETING OF EGGS-A MICRO LEVEL ANALYSIS
A.Annadurai
Research Scholer, GRI, Gandhinagar, Tamilnadu, India
A micro-level study was carried out with a view to probe whether the price of eggs
fixed in the present marketing system could atleast cover the variable cost of production
of eggs by the small poultry farftiers in one of the poulry pockets of Tamilnadu. Fifty
progressive poultry farmers were purposively selected and information on cost and
returns, were gathered by an interview schedule. General characteristics of the poultry
farms in Namakkal Taluka, details on cost of production of farming, returns and margins
to the poultry farmers were analysed and discussed in brief. The results show that the
poultry farmers are not getting reasonable price for their eggs. The price, they receive
for their eggs does not cover even the variable cost of production of egg in the case
of majority of the poultry farmers of this region.
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PRICE, VARIABLE COST OF PRODUCTION AND MARGIN
Sr.
No.

PriceA^ariable
cost/margin

August
94

July
95

Variation between
Aug 94-July 95

1.

Price per egg

0.89

1.13

0.24
(26.97)

2.

Variable cost of
production per egg

0.78

1.11

0.33
(42.31)

3.

Margin per egg

0.11

0.02

-0.09
(-81.82)

BROILER ECONOMICS AMONG DIFFERENT BATCH INTERVALS
B.L.ChidanandaS C.P.Gracy' and C.KJalajakshF
'Department of Poultry Science,-Department of Agricultural Economics, Hebbal, Bangalore
560 024, India
A study was conducted in Bangalore North and South talukas to assess the profitability
of different batch intervals of rearing with the help of popular investment evaluation
techniques. The results revealed that a majority of the farmers had 1000 bird batch
size. The share of fixed and variable costs was around 65 and 35 percent in fortnightly
and monthly batches while it was 57 and 43 percent respectively in all in all out system.
The average net return per bird marketed was the highest in fortnightly batch (Rs.
6.12) followed by monthly batch (Rs. 3.67) and and-in all-out (Rs. 3.24). The feed cost
was the major item of expenditure followed by chick-cost. The scale economics with
the increase in batch interval is noticed in the study. The preferred age at marketing
was 6-7 weeks and self marketing with prior contract with restaurants and hotels was
a popular method of marketing preceded by marketing through whole-salers. It can be
concluded that though all-in, all-out system requires lower initial investment, rearing
in fortnightly batch is highly profitable.
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SPATIAL PRICING EFFICIENCY OF BROILER MARKETING
F.M.NadeemS C.P.Gracy^ and C.KJalajakshi^
'Department of Meat Science, ^Department of Agricultural Economics, Hebbal, Bangalore
560 024, India
Market integration of broiler prices for two important and leading markets of South
India viz., Bangalore and Madras were worked out. Thirty months data on whole sale
purchase price from January 1993 to June 1995 was analysed using Granger's test of
causality. The results on cross correlation coefficients are given below :
Cross correlation of broiler prices
Days

1

2

3

4

Lead
Lag

0.077
0.077

0.175
0.266

0.181
0.104

0.125
0.076

The results revealed the existence of a strong market integration between the two markets
under study. Madras prices lead Bangalore prices by a day as evidenced by the Lag
correlation value of 0.266. This means that today's prices in Madras will have a bearing
on tomorrow's prices in Bangalore. Similarly, the Bangalore prices lead Madras prices
by periods 1,2 and 3 days as evidenced by the correlation values of 0.175, 0.181 and
0.125. Thus the two markets were interdependent as indicated by significant value of
BOX-Pierce Q Statistic (Q=86.554).

MARKET MARGIN ANALYSIS IN BROILER TRADE
F.M.NadeemS P.G.Chengappa^ and l.Achoth^
^Department of Meat Science, ^Department of Agricultural Marketing,-^University of Agricultural
Economics, Hebbal, Bangalore 560 024, India
The effect of temporary changes in broiler prices on market margins were analysed
at the retail level. The daily prices for a period of one year were collected at Bangalore
market both at farm (PF) and retail levels (PR). The market margins were worked out
separately for low price and high price situations. Assuming a linear relationship between
prices at different levels, the retail prices were coefficients on farm prices using the
equation PR=a+b+e. The regression coefficient obtained are indicated below.
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The results of the price transmission equations revealed existence of inverse relationship
between market margins and farm prices in broiler trade. Further, it was observed that
the traders wield lot of market power by virtue of high margins retained in an adverse
situation.

EXTENSION APPROACH FOR MOBILIZING RURAL WOMEN IN
BACKYARD POULTRY PRODUCTION
K.C. Veeranna, Hema Tripathi and M.K. Mandape
Indian Vaterinary Research Institute, Izatnagar 243 122, U.P., India
The role of women in poultry production is well known. They are involved in a variety
of important skilled poultry production related activities viz., handling and sexing of
day old chicks, feeding, management and marketing of poultry and its products.
Illiteracy, multiple child bearing and rearing, immobility and lack of opportunities,
communication as well as organizational support led rural women to take employment
in the periphery of their houses such as in backyard poultry production. It requires
encouragement which in turn overcomes the twin problem of employment and health.
With a view to elicit effective participation, rural women should have an equal access
to technical information and training by getting due recognition by planners and policy
makers. Extension supports need to be enlarged and strengthened. To mobilize, they
are to be trained, educated and guided with necessary skills through various development
programmes so as to do the activities in a precise and systematic manner. Introduction
of women specific for labour saving technologies need to be disseminated through
various interpersonal channels for quick and continuous adoption of poultry practices.
Rural women should be communicated personally by women to encourage more
involvement in backyard poultry especially during home visits, group discussions, and
demonstration etc., in order to make them feel free for smooth exchange of ideas/
information.
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DEVELOPMENT OF HUMAN RESOURCE, ROLE OF WOMAN
A.T.Boryar
Economics Dept. P.O. Box 57, University of Ghana, Accra-Ghana West Africa
In Africa and elsewhere; increasing attention has been focused on women's education
and training. The principle reasons why this has been the case firstly is a shortfall;
created by declining numbers of young people available to join the labour market. In
the early years, the number of females majoring in animal science was about 20-25%
of the total majors. Currently nearly one half of the animal science majors are women.
The principle concern of the paper will not be based on women education per se but
the relationship between women's educational qualifications and the labour market.
In order to deal systematically with complexities of the relationship between education
and employment of women, the paper will frame the discussions around three concerns:
namely, access, process, and outcome, bearing in mind the considerable overlap and
interplay between each. Since women problems are less in education and are much
more significantly in the labour market, in translating qualifications and credentials
into quality employment with good career prospects. In many of the studies it is clear
that community based participation and involvement of women in management and
project decision making is critical, on the other hand appropriate education of women
is one of the keys in future as an alternative approach to agricultural potential in the
multidisciplinary or integrated approach.

SUSTAINABLE POULTRY PRODUCTION IN INDIA THROUGH WOMENFOLK
N.G.Paradkar and A.G.Khan
Department of Poultry Science, JNKVV, Jabalpour 482004 M.P., India
The present day thinking revolves around infusing new technologies in existing system
to improve profitability of poultry production specially to mral and tribal poultry farmers
in a simple way suiting to their environment. The scope is wide open to operate. There
is lesser risk in adoption of poultry farming as a side business alongwith agriculture
farming with reasonable investment and with greater participation of women folks.
Birds which lay substantially more eggs than the desi fowl should be reared. Losses
due to disease should be controlled at the initial stage. Eggs and meat losses due to
collection, preservation, transportation, packing etc. can be minimised with use of
better techniques. Thus, sustainable (1) existing systems and (2) improving management
systems are advocated for better poultry production in the rural and tribal areas of the
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country. Sustainable poultry production is a dream for future, generating employment
potential with traditional wisdom to improve economic status through mixed farming.

A SIGNIFICANT ROLE OF INDIAN WOMEN IN RURAL POULTRY
DEVELOPMENT
K.Praveen Kumar and Mrs.Vijaya Praveen
Veterinary Poly Clinic, Warangal, 506 007 Andhra Pradesh, India
In India the rural poultry production systems will create new socio-economic
infrastructure in villages by active involvement of rural and urban women. The female
population accounts to about 4065 lakhs, among which 3015 lakhs are in rural areas
and 1018 lakhs in urban areas. Already 11.9 lakhs of rural female population and 1.3
lakhs of urban females are deriving their livelihood through livestock and poultry. An
attempt is made to share and focus the wide scope ahead to the Indian women in
poultry production. Efficient rural poultry development can be achieved by promotion
of small poultry units in villages to cater the rural needs by active involvement of
women through a gamut of functions like dissemination of information technology,
making available various inputs and training. A key factor in the failure of rural poultry
units is the inability of Government extension agencies to mobilize the women's
potential. Policy suggestions were made regarding various strategies to be adopted to
achieve sustained poultry growth with stability by active participation of Indian women.
ROLE OF WOMEN IN TRADITIONAL POULTRY PRODUCTION SYSTEM
IN INDIA
S.D.Rangnekar
Women Organisation for Rural Development, 4, Shobhana Apartment, Vastrapur,
Ahmedabad 380 015, India
Free ranging-backyard poultry is traditional in most parts of the country's rural; and
many periurban areas. Studies are initiated to understand the system, its socio economics
perception and role of women. About 600 families in 6 clusters of villages in Gujarat,
Maharashtra and Rajasthan states, including tribal families and those in periurban areas
are involved. The traditional poultry production system is mainly managed by women.
From women's perspective poultry has multipurpose role and about 60% women
indicated that egg production is not the main objective. It has economic, cultural,
entertainment value and is cheap source of nutrition. Women prefer traditional system
of poultry keeping with country fowl for specific reasons. It is easily manageable by
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women and hence majority of them do not wish to increase the number which ranges
between 8 to 25. It is low external input system, but a convenient source of small cash.
Egg production was reported to be 120 to 160 eggs per bird/year. Country fowl can
protect itself better from predators, it has cultural and entertainment and better market
value (for egg and bird). Majority of women, except in Maharashtra, have not given
much thought to increasing income from poultry production. Most women (80%) give
high priority to preventing losses of chicks, due to diseases (probably Ranikhet).
Malnutrition or under-nutrition could also cause losses. Low cost - appropriate feed
supplement and housing would further prevent losses and improve productivity. Support
of extension and training needs to be developed.

THE ROLE OF AGRICULTURE EXTENSION IN RURAL POULTRY
PRODUCTION IN HOIMA DISTRICT, UGANDA
S. Bwali
Ministry of Agriculture, Animal Industry and Fisheries, P.O.Box 69, Hoima, Uganda
Given scarce of resources, it was found necessary by Government of Uganda to adopt
a unified agricultural extension service pohcy operating under a training and visit system
in 1992. Since then, poultry production in Hoima District has increased by 54%,
improving rural household income tremendously. The number of eggs produced from
commercial poultry units has increased from 45000 to 112500 eggs per month and the
number of local birds kept on free range has also increased from 354000 to 586000.
Increased poultry production in the district is attributed to Government pohcy of unified
extension to families with deliberate involvement of women. This has been coupled
with motivation and facilitation of extension workers, training, seasonal bottom-up
planning, monitoring and evaluation and Governments committement to maintain peace
and political stability.

ATTITUDE TOWARDS CONSUMPTION OF EGGS AND CHICKEN MEAT
AMONGST RURAL DWELLERS
Hema Tripathi and M.K. Mandape
Indian Veterinary Research Institute, Izatnagar 243 122 U.P., India
A total of 100 rural families from five villages of Bareilly district, Uttar Pradesh were
personally interviewed to understand their attitude towards consumption of eggs and
chicken meat. The study revealed that 55% rural families had high level of favourable
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attitude towards consumption of eggs and 40% families had strong favourable attitude
towards consumption of chicken meat. About 22% Hindu families were not consuming
chicken meat and hence had unfavourable attitude. Only 2% of Hindu families showed
unfavourable attitude towards egg consumption and rest of them had moderate level
of favourable attitude towards egg and meat consumption. Dead food as a result of
death of a creature, foul smell, involvement of gruesomeness and cruelty were reasons
percieved for its nonconsumption. Reasons for egg consumption as revealed by
consumers were being protein rich with better nutritive value (96.25%) more tasty
(66.25%), ease in cooking (50%) and their habit/liking (46.25%). More tasty, habit/
liking and protein rich with better nutritive value were major factors for consuming
chicken meat as percieved by 77.50%, 71.25% and 47.50% of families, respectively.
Thus, the study implies that rural families not only have favourable attitude towards
egg and chicken meat consumption but also are well aware about its importance and
nutritive value in their diets. Now, there is a need to encourage and motivate rural
masses to establish own poultry production units so as to essentially meet out their
nutritive requirement of animal protein and also to ensure the per capita availability
of egg and chicken meat which is at present quite low as compared to the national
recommendation.

A METHODOLOGY FOR NEED BASED RESEARCH AND EXTENSION
PROGRAMMES IN POULTRY FARMING
V.E. Sabarathnam and V. Venkatasubramanian
National Academy of Agricultural Research Management, Hyderabad 500 030, India
The basic purpose of research in poultry science is to develop technologies based on
the needs and problems faced by the farmers. Non-availability of a clear cut tested
methodology for identification of the farmers problems may be one of the reasons for
not developing farmers technological need based research and/or extension programmes.
A step-by-step problem identification methodology was developed and standardised
to fulfill this gap. The methodology includes sample survey, selection of respondents,
problem ranking by key informants and farmers, calculation of Rank Based Quotient
(RBQ) values for the problems identified, estimation of percentage damage or loss due
to problem, and assessment of village, district, state and national level magnitude values
of the identified problems. Using this methodology a Participatory Rural Appraisal
(PRA) study was conducted in Tamilnadu state and the following technological needs
and problems of the commercial poultry farmers were identified. The Infectious bursal
disease outbreaks in the poultry farms due to the presence of field strains, vaccination
failures, lack of Public incineration facilities for disposal of dead birds, high costs of
poultry feed, medicines, vaccines, and day old chicks, declining financial support from
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government institutions, price fluctuation and lack of remunerative price for eggs were
some of the identified problems needing immediate solutions.

SURVEY OF EXTENT OF ADOPTION OF COCKEREL EXCHANGE
TECHNOLOGY BY RURAL COMMUNITIES IN NORTHERN NIGERIA
E.I.Ikani, A.I.Annatte, M.Umaru, O.CJedege, S.A.Shittu, E.K.Wilson and R.Giwa
NAERLS/ABU, P.M.B. 1067, Zaria, Nigeria
This study examined the adoption response of poultry fanners and identified important
factors which influenced their decisions of cockerel exchange technology adoption in
rural communities of Kano and Adamawa States of Northern Nigeria. Data were
collected from 120 households randomly selected from 4 Local Government Areas of
the two states, with the aid of structured questionnaires. The data obtained were analysed
using descriptive statistics such as means, frequency distribution and percentages.
Analysis of data revealed that sixty three of respondents (57.4%) consisted of the
middle-aged people, of which all but one (0.83%) were married. Majority (38.3%) had
Koranic education, followed by 13.0% secondary school certificate holders. Seventy
four (61.3%) were members of Co-operative Society and 75.5% kept both modem and
local breeds of chickens in their flocks. It is estimated from this study, that 79.1% of
respondents adopted the technology, while 20.9% did not. Level of education and
membership of Co-operative Society were identified as important factors that influenced
poultry farmers decision toward adoption of cockerel exchange technology in rural
communities of the two states.

EXTENT OF KNOWLEDGE GAIN REGARDING HEALTH PRACTICES
AMONG POULTRY TRAINEES
R.P.Sharma, N.Khandekar, S.P.Sinha and S.S.Dana
Central Avian Research Institute Izatnagar, 243 122 U.P., India
Poultry birds, as we all know are highly suceptible to diseases and require immense
care to avoid outbreak of disease. Knowledge about scientific poultry keeping is essential
for any commercial poultry farmer, but knowledge regarding health practices is a must.
Thus, the study was taken up with 156 trainees of CARI, Izatnagar to find out their
level of knowledge before the training and the extent of knowledge gained by them
after the training. Data were collected on a structured schedule prepared for the purpose
and analysed statistically. The results indicated that majority of the respondents
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possessed low level of knowledge before training and none of them had high level of
knowledge. However, after training majority (57.69%) of the respondents were found
to have a medium level of knowledge followed by 34.62% possessing a high level of
knowledge regarding poultry health practices. The gain in knowledge was between
34-58 per cent for 66.67 per cent respondents, whereas, 15.38% had a gain of above
58% and 18 per cent respondents approxomately had a gain of less than 34 per cent,
as the intial level of knowledge possessed was compartively more. Thus, the findings
clearly indicate that the training was highly beneficial to increase the knowledge level
of the respondents.

MAN POWER REQUIREMENT FOR POULTRY PRODUCTION IN INDIA
N.G.Paradkar and A.G.Khan
Department of Poultry Science, JNKVV, Jabalpur M.P., India
Estimated 7.5 lakh persons are engaged at present in the organised sector for discharging
various functions of the Indian Poultry Industry. Under the present system of production
management the increase in one egg per capita consumption would be able to generate
25,000 new jobs whereas, 100 gm increase in meat availability would sustain 40,000
man job opportunities. The additional job opportunities by 2000 AD from broiler sector
are estimated as 160,000 and that from egg per capita meat availability will increase
from 0.5 to 0.9 kg and egg from 30 to 48. The jobs are classified mainly as wages to
self employment. Rural based production will also emerge as a strong component of
poultry production to generate manpower jobs and enhance income to make life more
better for the common man provided public sector takes positive organised approach
to the issue in question.

FACTORS ASSOCIATED WITH ADOPTION OF POULTRY PRODUCTION
TECHNOLOGIES
S.S.Dana, S.P.Sinha, N.Khandekar and R.D.Sharma
Central Avian Research Institute, Izatnagar 243 122, India
A study was conducted among randomly selected 120 farmers of 10 villages of Bareilly
district of Uttar Pradesh of India. Data were collected through a structured interview
schedule. The results revealed that family educational status, mass media exposure,
extension agency contact, economic motivation, risk orientation, flock size and
experience in poultry farming were significantly positively correlated with adoption
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of poultry production technologies (P<0.01). Age, family type, caste and religion were
not significantly associated with adoption of technologies. Regression analysis revealed
that only mass media exposure, extension agency contact and risk orientation have
contributed significantly to explain 52% variation in adoption of technologies. It is,
therefore suggested that radio forum and T. V. clubs should be organised in the villages
and they should be provided with community radio and T.V. sets. Extension personnel
contacts with the poultry farmers right at their doorsteps.

TRAINING NEEDS OF BROILER FARMERS
R.Prabhakaran and I.Alfred Jayaprasad
Directorate of Transfer of Technology Plan on Poultry Broilers, Poultry Research Station,
Madras 600 035, India
Sixty broiler farmers and 20 extension workers around Madras city were interviewed
through personal contact for the study. A total ol 18 different technological practices
identified by a panel of experts as important in broiler production were sought to be
ranked by the respondents on a three point semantic differential rating scale. Disinfection
procedures, feed formulation, vaccination techniques and fast food technology were
considered to be of higher importance in thai order by the farmers while extension
workers recommended training in disinfection, record keeping, dead bird disposal and
litter management to the farmers. Age. education and contact with extension agencies
were found to be the factors inlluencing awareness of broiler production techniques
while education, status, type of training undergone and sex were found to be influencing
adoption score for these techniques.

TRAINING OF VACCINATIORS FOR IMPROVING POULTRY HEALTH
COVER
P.A. DeoreS A.G.Joshi', and S.B.Kulkarni'Western Hatcheries 13/6 Mile stone, Pune-Panshet Road, Pune 411 025, India
^Poultry Diagnostic and Research Centre Loni 412 201, Pune India
Preventive vaccination from a day old chick to adult bird is a routine feature in
commercial poultry farming of broilers and layers. Vaccinations are carried out either
by the farm staff or by hiring professional private vaccinators. Vaccinators initially
work on the farm as Labour/Supervisor and subsequently become vaccinators. They
do not get any special training. They cover mostly small farmers, and are paid on the
basis of total number of birds vaccinated. They get instructions for vaccinations from
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the owner, who follows advice given by the veterinarian/consultant. In the series of
meetings of these vaccinators held in Andhra, Tamil Nadu, Kamataka, M.R, West
Bengal, it was decided to organise a training program for vaccinators both private and
hatchery personnel with practical demonstration. The training covered 1) Types of
vaccines (Live/Killed) 2) Storage and transport of vaccine 3) Reconstitution of vaccine
4) Hygiene and sterilisation of equipment 5) Use of proper dose and site of inoculation,
and 6) Record keeping. A follow up information was collected 3 to 6 months later.
In all 387 vaccinators were trained. It was observed that although vaccinators were
working for over 1 year to 12 years, they carried false notions, misconcepts, and were
unaware of simple procedures and techniques. On subsequent visits it was observed
that storage and transport of vaccine procedure improved in 70% cases, reconstitution
process in 85% cases, sterilisation and hygiene in 90% while record keeping improved
in 40% of vaccinators. Losses and wastages of vaccine doses were cut down substantially
(Over 90%) and coverage of birds improved to 95% in given time. It was concluded
that imparting technical training to vaccinators improved poultry health coverage.

TRAINING NEEDS PERCEIVED BY COMMERCIAL POULTRY FARMERS
OF TAMILNADU
V.Venkatasubramanian
Division of Extension Education, Indian Veterinary Research Institute, Izatnagar 243 122,
U.P., India

Poultry innovations have given much hope to our farmers for taking us poultry farming
as an enterprise in most part of our country. The success of any enterprise not only
depends upon the technology adopted but also on how best the manpower involved
possess the knowledge and skill required for the right and optimal use of the technology.
The present study was conducted with a sample size of 144 commercial poultry farms
located at Erode and Salem districts of Tamilnadu state. The data pertaining to the
training needs of the farmers were collected through a schedule and subjected to
statistical analysis. The results of the study showed that training on disease diagnostic
methods, dead bird disposal techniques, handling of day old chicks, sanitation and
disinfection methods, farm record maintenance, feed formulation and feeding
management, poultry housing and stress management in birds were perceived as
important and necessary by more than 50 percent of the respondents.
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PRODUCTION PERFORMANCE OF WHITE LEGHORN BIRDS IN RURAL
POULTRY
S.K.Raval, P.R.Patel, B.G.Pate! and V.P.Belsare
Dept. of Veterinary Medicine, Veterinary College, Anand, 388 001 India
Much is known about the production performance of poultry under organised farm
conditions but the performance of poultry under village conditions is yet to be ascertained.
The present study was as attempt to study the production perfonnance of rural poultry
in comparison with the organised farms of the area. The production performance data
from ten poultry farms of Banaskantha Dist. were collected by visiting the rural poultry
farms at a regular interval of fortnight for a period of one year. Egg production performance
in rural poultry farms were observed in term of age at first egg with mean value of
136.58±2.86 days, age at 10 percent egg production 159.91 ±1.61 days and age at 50
percent egg production 164.16±1.73 days. Hen-day egg production and hen housed egg
production (upto 72 weeks) were 64.35±1.31 percent and 196.51±10.42 eggs respectively.
The overall performance of rural poultry farm was observed lower in comparison with
the government and university farms located in the same area. The reduced production
might be due to inadequate feeding, poor management and unhygenic conditions which
resulted in increased mortality and higher incidence of disease.

RURAL POULTRY PRODUCTION - AN AFRICAN PERSPECTIVE
CA.Chacko
National Milling Company Limited, P.O. Box 31980, Lusaka, Zambia
The poultry production in Africa remains largely in the hands of small subsistence
household producers in rural areas. This traditional poultry segment, however, has been
deprived of technological improvements in its production systems and beset with low
level of productivity. The paper attempts to bring forth the challenges lying ahead of rural
household food security through improved rural poultry production. Introduction of
scientific improvements in breeding, nutrition and health of rural poultry hold, therefore,
the key as this paper explains, to achieve this goal. Marketing of poultry products, extension
and credit are other areas that require encouragement and assistance. The paper tries to
bring forth a system approach to genetic, nutritional and health improvement in rural
poultry production in Africa by drawing valuable experiences in rural poultry production
in Countries such as Nigeria, Ghana, Sudan, Mali, Togo, Tanzania, Zimbabwe, Malawi
and Zambia. The paper summarises the development efforts currently in place and the
future prospects for this very important segment of rural agricultural economy.
480

MAIN TOPIC
07. OTHER AVAIN SPEICES
Sub Topics
01.
Influence of genotype, nutrition and production systems on the
efficiency of duck production.
02.
Influence of genotype, nutrition and production systems on the
efficiency of turkey/guinea fowl production.
03.
Influence of genotype, nutrition and production systems on the
efficiency of quail production.
04.
Influence of genotype, nutrition and production systems on the
efficiency of production of geese and other avian species.
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COMPARISON BETWEEN BANK
TECHNOLOGIES OF TABLE DUCK

AND

PLATFORM

REARING

I.KissS and M.Vetesi^
'Szarvas Duckfarm Research, Development, Breeding Ltd. H-5540 Szarvas, L.k.k. 10.
Hungary, ^University of Agricultural Sciences, P.O.Box: 303, H-2103 GodoUo, Hungary
The combination of duck and fish farming is considered as a means of reducing cost
of feed for ducks and a convenient and inexpensive way of fertilising fishponds. In this
integrated system, fishponds provide living, resting and feeding area for ducks. There
are number of arguments for the beneficial location of these feeding and resting platform.
There is, however, no reliable comparative study on the advantages and disadvantages
of the different platform locations. In a pilot trial, we have compared the technological
and managemental parameters of platform and bank fish-cum-duck integration: duck
behaviour, swimming, feeding and resting activities, live weight gain at 49 days, food
conversion ratio, carcass quality and bank damage.

AN INCIDENCE OF SPIROCHETOSIS IN DUCKS, ITS TREATMENT AND
CONTROL
S.N.Mulay, S.M.Borole, and V.M.Bhuktar
Disease Investigation Section, Aundh, Pune-411 007 M.S., India
Ducks, Guinea fowls and layers were reared Semi-Intensively. Main intention of keeping
the ducks was to use them as night watchman, as they make large noise if they get
excited by any cause or at the sight of a unknown person. Mortality was noticed only
in ducks. Necropsy findings revealed the enlargement of liver with pin point
haemorrhages, enlarged spleen, slight greenish mucoid enteritis. Necessary tissues/
impressions and blood smears were collected for laboratory examination, to rule out
the possibility of viral infection. It was found to be negative for the same. Blood smears
examined were found positive for spirochetes. Material was also screened for Aflatoxin
but found negative. The diagnosis was confirmed by biological test in clean chicks of
4 to 5 weeks age and histopathological examination. Ailing ducks showed high
temperature, paralysis of legs and greenish diarrhoea. The treatment and control
measures were adopted immediately after tentative diagnosis and no mortality was
noticed, there after.
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EFFECT OF BITTER LUPINS ON DUCKLING PERFORMANCE
M.D.Olver and Alida Jonker
Animal Nutrition and Animal Products Institute, Private Bag X2, Irene 1675, Republic of
South Africa
An experiment was conducted to determine the feeding value of bitter lupins {Lupinus
anqustifolius) on ducklings performance to six weeks of age. Two hundred and forty
day-old male ducklings of the Cherry Valley Super M2 strain were used. Each pen
consisted of five male ducklings. There were three replicates of each treatment. Two
isocaloric and isonitrogenous diets were formulated with one containing 0% lupins
and the other containing 40% bitter lupins. The two diets were then blended in such
a manner to produce 6 experimental diets containing 0, 5, 10, 20, 30 and 40% bitter
lupins respectively. The experiment ended when the ducklings were six weeks old.
Three duckhngs from each treatment were randomly selected and killed for carcass
analysis. The moisture, fat, protein, and ash were determined on the fully feathered
and uneviscerated carcass. Data from the trial was subjected to regression analysis. A
highly significant (P<0.01) linear trend was obtained with the bitter lupins with regard
to body mass, feed intake and feed conversion ratio. It appears that a maximum of
lOOg/kg bitter lupins can be included in duckling diets. The ducklings fed 200, 300,
and 400g/kg levels of bitter lupins in the diet had average body mass when compared
to that of the control of 84, 49 and 39 percent respectively. The duckling carcasses
showed a highly significant linear trend with regard to moisture and fat whereas protein
and ash showed no significant trends. The high alkaloid content of bitter lupins limited
the maximum amount of these lupins that could be used in duckling diets to lOOg/kg.

CARRIER STATUS OF DUCK PLAGUE VIRUS IN DUCKS
D.D.Kulkarni^ P.CJames^ and S.Sulochana'
'Department of Microbiology, College of Veterinary & Animal Sciences, Udgir 413 517,
Dist, Latur M.S. India
^College of Veterinary and Animal Sciences, Mannuthy 680 651, Trichur, Kerala India
An experiment was conducted to know the carrier status of ducks for duck plague (DP)
virus. A total of 63 ducklings were divided into 3 groups. Group A and B comprising
24 ducklings each were vaccinated with DP vaccine once and twice respectively. Group
C (15 ducklings) was control. Six birds from each group were challenged with virulent
DP virus at 4 and 8 weeks (A group) and 4 weeks (B group) post-vaccination. From
all the challenged birds and randomly selected vaccinated birds, rectal swabs were
collected at regular intervals for DP virus isolation.
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None of the rectal swabs collected from vaccinated ducks yielded vaccine virus.
Similarly, virus was not isolated from challenged ducks. All the controls succumbed
to the challenge, the one survived on the 7th day showed virus excretion which later
died on 9th day. The results indicated that the vaccinated ducks did not excrete the
virus and the vaccination prevented its spread even after challenge infection.

EFFECT OF SORGHUM ON METABOLIC PROFILE OF DUCKS
M.Bagliacca', G.Paci', M.MarzoniS G.Biagi- and C.F.Avanzi'
'Dept. of Animal Production 'Inst. of Veterinary Clinic. University of Pisa - V.le Piagge, 2
56100 Pisa - Italy
Metabolic profiles were monitored in 24 muscovy duck males and 24 common duck
females at 35 days and at the characteristic slaughtering age for each species (57 days
and 78 days for common duck and muscovy duck, respectively). Both species of ducks
were differently fed (diet C: a commercial diet, maize-soya based; diet A: maize replaced
by low tannin sorghum; diet B; maize replaced by a mixture of low and high tannin
sorghum, 50% + 50%). The plasma levels measured before slaughter are reported in
the table (Mean ± SD).
Blood Parameters

Comme)n duck females
diet C
diet A diet B

Muscovy duck males
diet A
diet B
dietC

Glucose mmol/1
Cholesterol mmol/1
Triglicerides mmol/1
NEFA aEq/1
Uric Acid |imol/l
Total proteins g/1
Albumin |.imol/l

9Tb
5.1
1.8b
843b
312
48.5a
178b

11.5a
4.1a
i.7
515a
184
36.8
192

9.5a
4.9
2.6a
994a
338
46.6ab
192a

9.9a
4.9
2.0b
647c
309
44.1b
182ab

11.3ab
3.4b
1.9
465b
198
37.2
189

11.0b
4.0a
1.6
496ab
192
36.5
196

(Means bearing different letters differ : P<.05)
Results show that glucose, triglycérides, and albumin are higher while total proteins
are lower in common ducks fed the diets containing sorghum. Glucose level, cholesterol,
and free fatty acids are higher in muscovy ducks fed the diets containing sorghum. The
different trends observed confirm the big differences between the digestive ability of
muscovy and common ducks.
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ESTONIAN WHITE MALLARDS
V. Tikk andH. Tikk
Department of Small Animals and Poultry Breeding. Estonian Agricultural University.
Tartu EE2400. Estonia
In recent years in Scandinavia and in Western Europe, the meat of wildfowl and wild
beasts has become increasingly valued. Since 1986 common farm mallards have been
raised on the Duck Farm of Kaarepere Forestry Experiment Station in Estonia,
principally for the hunting industry. In 1987, besides common mallard ducklings some
mutants with totally white plumage unexpectedly hatched out and were separated from
the general flock and multiplied, and by the mating period in 1989 there were already
200 white mallards on the farm. The carcass of the young white farm mallard is of
excellent appearance and therefore there is greater demand for it among consumers
compared with the common mallard. The new population of white mallards have entirely
white plumage. Neither speckled specimens nor pigmented spots on feathering occur.
The bill and feet of the white mallard are bright, eyes are orange-yellow with greyishblue irises. As for behaviour and flying ability, these do not differ from the common
mallard. Testcrossing and comparative raising experiments with common mallards
were carried out. One average female white mallard lays 42.8 eggs yearly. Average
egg weight was 623 g. The body weight of the adult females was 1350g, males 1450g,
slaughter yield at 84 days was 64.1 and 63.3% resp.

EFFECT OF SORGHUM ON CARCASS AND MEAT QUALITY OF DUCKS
M.Bagliacca, G.Paci, M.Marzoni, S.Piloni and C.F.Avanzi
Dept. of Animal Productions - V.le. Piagge, 2 56124 Pisa - Italy
Two experiments were carried out during one year to evaluate the carcass and meat
quality parameters in Italian strains of Muscovy and Common ducks fed ad libitum
with diets containing sorghum. In the 1st trial, three experimental diets were formulated
using com, com with high tannin sorghum and high tannin sorghum, as cereal base.
In the 2nd trial, three experimental diets were formulated using com, low tannin
sorghum, and low tannin sorghum with high tannin sorghum as cereal base; the diets
containing sorghum were supplemented with synthetic amino acids during starter and
finisher periods. In the 1st trial no statistical difference was observed in the leg yields,
and in the meat and bones weights of the leg. The highest value of muscles to bones
ratio was observed in ducks fed high tannin sorghum. In the 2nd trial, Muscovy ducks
fed low tannin sorghum with high tannin sorghum resulted in lower weights of the leg
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bones (not significant), and higher weights of the leg muscles (P<.05) with consequent
better muscles to bones ratio (P<.05) than Muscovy ducks fed the other diets. In the
1 St and in the 2nd trial Muscovy ducks fed sorghum based diets showed the highest
thawing losses of the leg, (P<.05) and P<.01, respectively. The breast muscles thawing
losses showed contrary but not significant trends. Only in the 1st trial the water holding
capacity of the breast muscles was lower in sorghum based diets (P<.05). In the 2nd
trial no change was observed in muscles to bones ratio of Common ducks. In the 2nd
trial Common ducks fed sorghum based diets showed the highest leg thawing losses
(P<.05). The results showed that sorghum based diets may not affect the fresh meat
quality characteristic but seem to modify the quality parameters of meat submitted to
physical treatments (deep freezed then thawed).

INFECTIOUS VIRAL DISEASES OF DUCKS WITH SPECIAL REFERENCE
TO DUCK VIRAL HEPATITIS.
I.I.Panikar
Department of Virology, Sumy Agricultural Institute, 244030, Petropavlovskaya 57, Sumy,
Ukraina
Investigation of Duck Virus Hepatitis (DVH) have been carried out in various areas
in the Ukraina. The diagnosis was done on the basis of epizootological, clinical and
post-mortem examination and was confirmed by virological, bacterial and fungus tests.
Following associations were demonstrated: DVH and Salmonellosis, together with
Influenza and Colisepticaemia (36,5% of all inspected poultry farms); Salmonellosis,
Aspergillosis and Colisepticaemia (27,3%); DVH, Colisepticaemia, sometimes
Aspergillosis (18,7%); Rotavirus and Coronavirus infection, sometimes together with
Salmonellosis(9%); DVH and Influenza(9%). The DVH was noted to play main role
among the other diseases. The DVH strains, isolated in Ukraina proved to be
serologically related.

INFLUENCE OF SOME TECHNOLOGICAL METHODS ON SUPPRESSION
OF BROODING INSTINCT IN MUSCOVY DUCKS
J.Ponomaryova and P.Karkach
Technology Department, Poultry Research Institute, Borky, Kharkiv Region 313410,
Ukraine
The influence of some technological methods on the suppression of brooding instinct
was studied in the White Muscovy ducks. The following variants were used : (1) the
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influence of bright light conditions (480-500 Ix) on the broody ducks and placing the
birds into ventilated cages with concrete floor, (2) keeping the birds in cages with long
bright light conditions and limited watering ; (3) in the cool housing (the temperature
inside was 10 degrees lower than outdoors) on the wire-netting floor with everyday
irrigation of the birds ; (4) in single-tier cages with bright light conditions (500 Ix) and
forced feeding with a high-calorie mixture (1650-1700 kJ/100 g) twice a day. The
broody ducks came out of state of brooding in different periods. The most potent
influence was exerted by keeping ducks according to the 4th variant. In this group on
the 9th day 22% of the birds were moved to the general flock, on the 12th day 33%,
and the rest of the birds on the 15th day, whereas in other groups, the ducks came out
of state of brooding only on the 19th, 21 st and 27th days, in general ducks of the best
group began to lay eggs 7-10 days and during 11 weeks they laid 44 eggs vs 31-36
eggs in other groups. Thus, the effective influence on the suppression on broodiness
of Muscovy ducks is exerted by keeping broody ducks in single-tier cages with long
bright light conditions and plentiful forced feeding.

EFFECT OF AMMONUJM ACETATE ADDTITON TO DIETS WITH
DIFFERENT METABOLIC ENERGY LEVELS ON DIGESTIBILITY AND
N-BALANCE IN DUCKS
Yutaka Isshiki, Zeng-Tao Sun., Mineo Hashiguchi and Hiroshi Kamisoyama
Faculty of Agriculture, Kagawa University, Miki-cho, Kagawa 76107, Japan
Feeding ammonium acetate to chickens is useful for low protein diet whereas in high
protein diet, addition of ammonium acetate caused lowering tlie utilization of nutrients
(Cave, 1982). On the other hand, feed efficiency was improved when ducks were fed
with CP 17 or 20%. To determine the effects of ammonium acetate for duckling growth,
digestibility of feed and nitrogen balance were siudied. Seventy days old ducks were
surgically modified to foim an artificial anus. Ai 160 day old these were forced fed
with 60 g of experimental diets (CP I 7 and 20%, MH 2750, 2900, 3200 and 3400 kcal/
kg) at morning and evening., respectively. Feces were collected before each force
feeding and urine was collected when ttie urine bag was full. Collected feces and urine
vvcre analysed as usual Feed passage time of the diet with CP 17% was shorter than
that of the diet with CP 20% and feed passage time \\ as increased with increase oi"ME
level. With addidoii of amm.onium acetate, feed passage time was delayed slightly.
Digestibility of diets was improved by addition of ammonium acetate except for the
crude fat of the diet with CP 17% and ME 3400 cal/kg. Nitrogen excertion in urine
was increased by addition of ammonium acetate but accumuladon of nitrogen was
increased with addition of ammonium acetate. Water balance tended to decrease with
addition of ammonium acetate.
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EEFECT OF AMMONIUM ACETATE ADDITION IN DIETS WITH
DIFFERENT METABOLIZABLE ENERGY LEVELS ON FEED
UTILIZATION BY DUCKLINGS.
Hiroshi Kamisoyama, Zeng-Tao Sun, Yutaka Isshiki and Mineo Hashiguchi
Faculty of Agriculture, Kagawa University, Miki-cho, Kagawa 761-07 Japan
Addition !-■ • ici r,]i\ feeding of ammonium acetate is usefui, but giving it direcdy into
crop is liai ii-ill! ('"ive, 1978). Formation rate and amount of ammonium salt were
greatest in a^ictic acid when diets with volatile fatty acids were kept in poultry house.
The diets with different ME supplemented with ammonium acetate were fed to
ducklings and the utihzadon of diets was studied. PYom 11 - to 32-day-old, the ducklings
were fed diets with 20% crude protein (CP) and different ME levels, whereas from 32to 53-day-old they were fed diets with CP 17% and difí^rent ME levels. All experimental
diets were supplemented with 5% ammonium acetate and fed ad libitum with water.
All duckling fed diet with added ammonium acetate have delayed growth during the
first 3 weeks. But during the second 3 weeks, growth of all duckling was accelerated,
especially that of ducklings fed diet with 2900kcal/kg ME. Amounts of feed intake
during the second 3 weeks were decreased by addition of ammonium acetate compared
with that during first 3 weeks. Feed efficiency was improved in all diets with added
ammonium acetate, and improvement was highest with 2900kcal/kg. Since usually
ducks are fed in pens and water intake is higher than that of chicken; these caused high
humidity at floor level and more ammonia is formed. These results suggest that splaying
volatile fatty acid, especially acetic acid, is effective for air clarification, pasteurization
and improvement of feed utilization.

EFFECT OF FEEDING BARLEY ON PERFORMANCE AND LIPID
METABOLISM OF TABLEDUCKS
N.Vetesi', M.Mezes', L.Kiss- and Gy.Baskay'
'Godollo University of Agricultural Sei. Dep.of Nutrition, P.O.Box 303, H-2103, Godollo,
Hungary -Szarvas Duck Farm, P.O.Box 47, H-5541, Szarva, Hungary
A feeding trial was carried out to investigate the effect of feeding 25% (group2) and
45% (group3) barley in tableducks diet. It was found that the 25% barley in the isocaloric
and isonitrogenous diet did not cause significant difference in the live weight from day
old to 35 days of age, but the feed conversion rate (FCR) increased within this period.
The live weight decreased significantly and FCR increased in group fed 45% barley
compared to group fed control diet (group! ). The weight gain and FCR increased in
barley fed birds in the last 2 weeks of feeding, so that the difference in live weight of
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49 days old birds was not significant and the cumulative FCR was better with 2% in
group2 and higher with 2% in group3 (3.44, 3.37, 3.52). There was no significant
difference in carcass yield and in chemical composition of mixed breast and leg muscle
samples. The abdominal fat weight was not significantly higher in barley fed groups,
the plasma triglycéride level significantly decreased. The feeding of 45% barley
increased the level of plasma total lipid and cholesterol. These data suggest, that feeding
of 45% barley with tableducks cause lower performances and changes in the lipid
metabolism.

SELECTIVE PREFERENCE OF THE CROSS COMBINATION OF WHITE
MUSCOVY DUCKS
Wang Chang Kang, Li Ang, Wang Guang Ying and Zhou Qionq
No.301, B.31, Fujian Agricultural University, Fuzhou, 350002, P.R.China
The trial based on the selection for the pure lines of White Muscovy ducks was conducted
to analyse the combining ability among 4 cross combinations in meat performance and
reproductive rate by means of incomplete diallel crossing. The results showed that ;
there were significant differences in special combining ability of body weight at 10
weeks of age among these combinations, and the optimal one, Line R^^ x F., was selected
out, based on the body weight of male and female (3760g and 230Ig, respectively),
feed conversion ratio (2.91 to 3.01, respectively), feather growth rate (feathers grow
completely in 60-65 days), carcass quality, liveability (97.33%). Reproductive rate
had reached the advanced production level of Muscovy ducks both at home and abroad,
the production performance was stable and the economic benefit was remarkable in
popularization and application. So R,^ and F lines were selected as the optimal parental
lines.

FEEDING IMPLICATIONS ON SOME PHYSIOLOGIC PARAMETERS OF
THE LIVER IN DUCKLING BROILERS
V.Miclea and I.Ladosi
University of Agricultural Sciences, 3400 Cluj-Napoca, Romania
The aim of the study was to assess the effects of substitution of 0-2% of protein in
duckling broiler diets (group Ml) with 0,7% urea (group Eu) or urea + 3% volcano
zeohte (group Etu). After 8 weeks the chemical composition of the Hver tissue and the
alanine - amino - transferase and asparat - amino - transferase activity were assessed.
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With decreasing protein content in diets increased liver activity occurs in order to keep
the amino acids at physiological levels. Furthermore, the glycogen stocks are increased.
Supplementing diets with low protein content with urea and/or urea+vulcano zeolite
has a beneficial role, inducing normal metabolic activity. Hence, we can conclude that
ducklings are able to use the urea nitrogen but with a decreased efficiency when
compared to protein.

RESISTANCE RECEIVED BY DUCKLINGS FROM DUCK VACCINATED
AGAINST HEPATITIS VIRUS
I.I.Panikar
Department of Virology, Sumy Agricultural Institute, 244030, Petropavlovskaya 57, Sumy,
Ukraine
The method of laying duck vaccination is widely used in order to get disease-resistant
offspring. Apart from indices of resistance we determined blood bactericidal power
and lysozyme activity of blood serum. The generally accepted methods were used,
applying twenty-four hours cultures of Staphylococcus (Albus) Micrococcus, with the
blood and serum respectively. It was established that 80-100% of embryos obtained
from eggs of vaccinated ducks were resistant to inoculation with pathogenic hepatitis
virus. In the control group 100% of duck embryos obtained from nonvaccinated ducks
died. In all cases, ducklings were resistant to infection whereas the death of control
ducklings was from 33 to 66%. The blood bactericidal power of ducklings obtained
from vaccinated ducks was higher than that of ducklings from the control group. There
was no essential difference in lysozyme activity indices of blood serum in experimental
and control groups. Thus, ducklings obtained from vaccinated ducks were resistant to
infection with pathogenic hepatitis virus. The method of duck vaccination is highly
effective to control disease. We used the vaccine from attenuated strain 3M duck hepatitis
virus during the experiment.

DUCK HEPATITIS VIRUS IN UKRAINE AND RUSSIA DURING 30 YEARS
PERIOD
I.I.Panikar and Ig.Ig.Panikar
Department of Virology, Sumy Agricultural Institute, 244030, Petropavlovskaya 57, Sumy,
Ukraine
Investigations have been carried out for 30 years during outbreaks of Duck Virus
Hepatitis (DVH) in various areas of the country. We examined epidemiological disease
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pattern biological properties of virus strains, diagnostic methods used and control
measures adapted to treat DVH. In 1962-1976 the disease was encountered in acute
form. During postmortem examination of ducklings liver haemorrages were found. In
recent years (1982-1994) we examined DVH accompanied by Salmonellosis,
Colisepticaemia, Aspergillosis and other diseases. The DVH strains, isolated in Ukraine
and Russia have differences in pathogenicity but proved to be serologically related
The mortality of infected ducklings varied from 15 to 68% and it often reached 90%.
The hve vaccine was prepared from attenuated strain 3M and it was found to be suitable
for the prevention of DVH.

THE EXPLANATION TEST OF VALUE CHANGES OF THE COEFFICIENT
OF PHENOTYPE CORRELATION BETWEEN SOME BODY TRAITS IN
PEKIN DUCKS DURING RAISING
J.Gorski
14. F: usa Street, Department of Poultry Breeding, Teachers and Agricultural University,
08-110 Siedlce. Poland
Three experiments vvere carried out : the first one on Pekin ducks of the P-11, P-22.
P-44 and P-55 strains (240 birds), the second one on Pekin ducks of the P-55 strain
\120 birds), the third one on Pekin ducks of mentioned strains and their crossbreeds
'590 birds). The coefficient of phenotype correlation between some body traits
connections of the growth rate, high and very high coefficient of phenotype correhition
between body weight and chest circumference and weight of skin with subcutaneous
fat were found. Besides, small chest depth and low value of correlation coefficient
between the traits were al'^^o proved.

EFFECT OF UTPP IN Dl( K? INGS FED DIETS CONTAMINATED WITH
AFLATOXIN
K. Sharmila and G. Devegowda
Department of Poultry Science, University of Agricultural Science, Hebbal, Banglore
560 024, India
The presence of aflatoxins in poultry feed is a perennial problem in India affecting
immunity and overall performance. UTPP an aflatoxin binder was evaluated for its
efficacy in ameliorating the adverse effects of aflatoxin in ducklings. A 3 x 3 factorial
experiment consisting of 0 , 100 and 200 ppb aflatoxin B1 with 0, 0.5 and 1.0 % UTPP
in feed was conducted in 270 day-old ducklings. The body weight gain, feed efficiency,
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morality, organ weights, serum protein and liver enzyme levels were recorded at fourth
week age. Aflatoxin Bl at 100 and 200 ppb levels showed significant (p < 0.05)
decrease in body weights with increased morality. This effect was nullified upon
inclusion of UTPP at 0.5 % level with no further improvement at 1.0% level inclusion.
The decreased serum protein level and increased liver enzyme level caused by aflatoxin
in the diet was completely reversed comparable to the control on addition of UTPP.
The study clearly indicates that the inclusion of UTPP at 0.5% level was sufficient to
counteract the adverse effects of aflatoxin Bl upto levels of 200 ppb in feed.

EFFECTS OF FORCE-FEEDING ON PHYSIOLOGICAL INDICATORS OF
STRESS IN MALE MULLARD DUCKS
J.M. Faure', J. Noirault', G. Guy- and D. Guemene^
'Station de Recherches Avicoles, I.N.R.A. -Centre de Tours, 37380 Nouzilly, France
-INRA, Station Experimentale des Pahnipedes a Foie Gras, Artigueres, 40280 Benquet,
France
In view of the actual public concern about stress and welfare of domestic birds we
conducted two trials in order to look at the potential effects of repeated force feeding
under various experimental conditions upon physiological indicators of stress in mullaid
ducks. The physiological indicators chosen were the changes in corticosterone level
after force feeding through the force feeding period (1st, 2nd, 3rd, 14 and 24th meal)
as an indicator of acute stress and, by the end of the force-feeding period, the response
in corticosterone after a challenge with different doses { 0.625 & 5|Llg/kg B.W. ) of
ACTH (Immediate synacthen, CIBA-Geigy) and the measurement of the heterocytes/
lymphocytes (H/L) ratio as indicators of chronic stress. In a first trial, the effects of
different components of force-feeding on these specific indicators were investigated
by comparing the results obtained in the absence of treatment, after intubation, mild
force-feeding or full force-feeding which include increase in body weight and fat liver
production in ducks raised in individual cages. These treatments did not induce any
change in corticosterone level with the exception of full force-feeding on the 14th
meal. We had no indication, either of an increase in the adrenal's sensitivity, or a
change in its responsiveness capacity. Alternately, although the differences were not
significant, the H/L ratio was higher for the full force-fed ducks and the lowest for the
control ones. In the second trial, we compared the effects of full force-fed ducks placed
under three different raising environments (individual cages, collective cages and floor
pens ), upon the same physiological indicators. An increase in corticosterone level was
observed after the first force-fed meal for both group of ducks raised collectively.
Moreover, the cortico-adrenal responses, following the injection of the lowest or the
highest dose of ACTH were significantly ( P < 0.05) higher and lower respectively,
for the ducks raised in collective pens compared to those of the ones raised in individual
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cages. Alternately, the H/L ratio was significantly ( P < 0.05) lower for these collctively
raised ducks. In conclusion, there is no strong evidence from the present results to
support the ideas that repeated force-feeding is perceived as acute and/or chronic
Stressors by mullard ducks especially when they are placed in individual cage.

INCIDENCE AND ETIOLOGY OF DUCK MYCOPLASMOSIS IN ORISSA
B.C. Kar, K.C. Mohanty, P.K. Roy and P.R. Mishra
Orissa Veterinary College, Bhubaneswar 751 003, India
A disease syndrome of ducks comprising clinical symptoms of respiratory distress,
depression, moderate rise of body temperature, poor body conditions, reduced egg
production and laying of thin shelled or misshaped eggs was investigated to find out
the bacterial etiology of the above said problem with special reference to mycoplasma
infection in four (4) duck farms of Orissa. During survey the total number of clinical
cases detected in these farms were 785 over population at risk 6,000 khaki campbell
ducks, the morbidity rate being 13.1 %. In this study a total of 385 samples consisting
of trachéal swabs (85), cloacal swabs (60), pipped eggs (75), dead-in-shell embryos
(65), trachéal tissues(50) and lungs tissue(50) were collected and processed for the
isolation of bacterial and mycoplasmal agents using standard bacteriological procedures.
Amongst the bacterial isolates E.coli was the predominantone (38.7%) followed by P.
multocida (16.3%), Staph,pyogenes (8.1%), Raeruginosa (7.1%) and Streptococcus
spp. (5.1%). Besides these 42.6% (164/385) sample were found to be positive for
mycoplasmal/acholeplasmal agents which revealed 98 samples(25.4%) to be
mycoplasmal agents and the rest 66 (17.1%) was acholeplasmal agents. The
mycoplasmal isolates were characterised on the basis of colonial morphology,
biochemical characteristics and growth inhibition tests and identified to be M. anatis
andM. gallisepticum constituting 16.1 % and 9.3% respectively of the total mycoplasmal
isolates. The pathogenicity of these two mycoplasmal isolates was proved by
experimental inoculation studies using 0.25ml of 10^ CFU/ml broth culture in ducklings.
An in vitro drug sensitivity test conducted against the above mycoplasmal and bacterial
isolates indicated ciprofloxacin and chloramphenicol to be the drugs of choice for
treatment of the above disease syndrome.
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CHANGES OF BLOOD PARAMETERS AND EGGSHELL STRENGTH IN
BROWN TSAIYA DUCKS DURING GROWTH AND LAYING PERIODS
S.R. Lee, T.R Shen and Y.N. Jiang
Department of Animal Science, National Taiwan University, Taipei 106, Taiwan
Three hundred ducks from 4 lines were used in this study for investigating the changes
of blood pH, pC02, p02, 02 saturation, (HC03), base excess and plasma calcium and
inorganic phosphorus during growth and laying periods. The changes of eggshell
strength and egg weight were also measured during laying period. The result indicated
that age significantly affected the plasma calcium and inorganic phosphorus and blood
parameters except base excess. Blood parameters of ducks were more variant between
11 and 14 weeks of age, but plasma calcium and inorganic phosphorus levels were
significantly increased to higher levels after 14 weeks of age. With the increase in
ages, eggshell strength was decreased, but egg weight was increased gradually, and the
eggshell strength was kept in constant range after 65 weeks of age. Significant positive
correlation coefficient was found between plasma calcium and inorganic phosphorus
at same age, and there was significant correlation between blood (HC03) and eggshell
strength.

ENVIROMENTAL NOISE- ITS INFLUENCE ON THE CARDIOVASCULAR
SYSTEM OF MUSCOVY DUCK EMBRYOS
J. Hoche', M. Nichelmann^ R. and Pirow^
'Humboldt-Universitat zu Berlin, institute for Biologie, AG Périnatale Anpassung,
Invalidenstraße 43, D 10115 Berlin, Germany
^Westfälische Wilhelms-Universitat, Institut for Zoophysiologe, Hindeburgplatz 55, D 48143
Münster, Germany
Environmental factors as temperature, light and noise influence the cardiovascular
system of avian embryos and therefore have a crucial effect on embryonic development
and hatching rate. The high level of machinery noise in industrial incubators raises the
questions, when cardiovascular reactions to acoustic stimulation occur. From the 24th
day of incubation (D24) until hatching (D35) the heart rate (HR) of eight muscovy
duck embryos {Cairina moschata) per experiment was continuously recorded. Different
sounds (68 to 92dB) were played back over 5 to 30 minutes several times each day.
From D26 onwards immediate HR changes over 1-2 minutes were observed when a
signal was given. Sudden HR rise or drop of up to 50% from baseline indicate a heavy
impact on the cardiovascular system. In eleven trials an overall increase of reactivity
from 21.2% of responding embryos per group (D26) to 85,7% (D35) was seen. The
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results give evidence that the pathway auditory receptors - afferent nerves - central
nervous system - efferent autonomie nerves and finally autonomie receptors in the
heart is functional at D26. Henceforth environment noise strains the embryonic
cardiovascular system and has to be considered as a cause of a decreased hatching
rate.

BIOENERGETIC ESTIMATION OF TECHNOLOGICAL PROCESSES IN
TURKEY BREEDING
EcA.Diiyunov, V.V.Akimov and L.A.Belyaeva
F(mllry Research Institute, Borky, Zmiiv District, Kharkiv Region 313410, Ukraine
A methodology of bioenergetic estimation of technological process was approved and
mode of biotechnical system of turkey meat production was worked out. For the first
time, the complex economic and bioenergetic estimation of technologies and methods
of turkey poults rearing and turkey meat processing were earned out. Commercial
turkey breeding is based on division of labour by six production stages, which must
be proportional between each other and subordinated to output vohmie of final
production. In current conditions using bioenergetic estimation of technological
processes is most advisable. Bioenergetic coefficients of efficiency of base and combined
production with regard to energy losses for poultry processing were 3.3% and 15.4%
respectively, in combined energy losses for turkey rearing and fattening, the share
corresponded to energy materialized in feeds (59.0% and 48.8%). The efficiency of
energy conversion from feed to turkey meat was 14.7 - 16.7% and from feed protein
to animal piotein 27.5 - 28.4%. At cage-rearing the amount and combined energy
value of produce was 32.1% greater than that at floor-rearing. The bioenergetic
coefficients of weight gain production efficiency were 7.8 and 6.4, and the share of
base produce 38.8% and 22.3% respectively. It was also established that after 16-17
weeks of age, the growth rate ot males increased mainly owing to muscles weight. In
this period the edible pa] ts gain of males was two times and the white meat outlet 2.8
times greater in comparison with females.

ENERGY AND PROTEIN REQUIREMENTS OF GUINEA KEETS AS MEAT
BIRD DURING HOT-Hl TVOD CLIMATE
A.B.Mandai, N.N.Pathak and Harpreet Singh
Division of Animal Nutrition, Î.VRL, Izatnagar-243 122, U.P., India
Energy and protein requirements oí giimea keets in hot-humid climate were determined
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involving 420 day-old keets of three varieties viz., Pearl, Lavender and White. Nine
dietary treatments combining three levels of metabolizable energy (ME) and crude
protein (CP) were offered during each growth phase (0-4, 5-8 and 9-12 week of age).
CP levels were P,, 22, 20 and 18; P,, 20, 18 and 16; P3,18, 16 and 14% (dry weight
basis) for respective phases, while ME levels were E^, 2900 and 3000; E^, 2800 and
2900 and E.^, 2700 and 2800 kcal/kg dry matter for 0-4 and 5-12 week of age,
respectively. Each treatment was offered to two batches of each variety (six replicate).
The Hve weights at 12 weeks of age due to energy levels (E|, 771; E^, 795 and E^,
774g) were similar, but those from protein levels (P,, 867; P,, 824 and P^, 624g) were
different (P<0.01 ). Keets fed either 18 or 16% CP during 9-12 week of age had similar
gains. Feed conversion ratios (FCR) during 0-12 week for EjP|(3.50),E,P|(3.47) and
E,P.(3.47) were similar. At 4 weeks of age, FCR in different energy levels were similar,
but during overall period E^ (3.67) and E, (3.65) gave similar values. Thus, the
requirements of ME was 2700 and 2900 kcal for 0-4 and 5-12 week of age with protein
22, 20 and 16% for 0-4, 5-8 and 9-12 week of age, respectively.

INHERITANCE OF WING FEATHER DEVELOPMENT IN GUINEA FOWL.
S.K. Pal and Harpreet Singh
Central Avian Research institute Izatnagar-243122 IJ.P., India
Inheritance pattern of wing feather development variation was studied in 259 keets of
24 sires and 34 dams of indigenous "Guncari" guinea fowl stock, currently under
selection for growth traits. Results revealed genetic control of rapid feathering and
slow feathering phenotypes through single pair of sex linked genes; the alíele for slow
feathering (K) phenotype was dominant over that for rapid feathering (K^) phenotype.
Wing feather sexing of 2099 keets at hatch indicated about 94% precision for autosexing.
Varietal differences in the distribution pattern of feathering genes were not significant
statistically but unselected population revealed significantly higher incidence of the
rapid feathering alíele.

IMPROVEMENT IN GROWTH OF TÜRKEYS AND BROILER CHICKENS
IN THE LAST 20 YEARS
P.Horn', Z.Suto', J.Ujvarine' and L.Kovacs'Pannon Agricultural University Faculty of Animal Science, 7401 Kaposvar, Hungary
-National institute for Agricultural Quality Control, 1024 Keleti K.24, Budapest, Hungary
Between 1973 and 1995, 50 commercial and experimental broiler chicken, and 17
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turkey strains were tested in 62 broiler and 8 turkey trials, applying basically the same
managemental procedures and using the same housing facilities. Stocks were provided
by leading international breeding companies. The 49 day body weight of broiler chicken
increased by 32% in males and 39% in females based on the best group means between
1975 and 1995. The live weight of the fastest growing individual birds increased by
30% in males, and by 41% in females. The live weight of large type turkey strains
increased by 53% for toms and by 58% for hens at 20 weeks of age between 1973 and
1993. The growth rate of male broiler chickens increased by 1.6%, that of females by
2% per annum. In turkeys annual improvement was more rapid being 2.6% for males,
and 2.9% for females.

BIOLOGICAL QUALITY OF SEMEN AND EGGS FROM TURKEYS OF
HEAVY AND HEAVY MEDIUM TYPES IN THE LAST PART OF
REPRODUCTION PERIOD
A.Faruga, K.Kozlowski, K.Pudyszak, J.GIogowski and H.Puchajda
Olsztyn University of Agriculture and Technology, 10-718 Olsztyn, Poland
The aim of this research was to evaluate quality of semen and eggs from heavy and
heavy medium turkeys in the last part of reproduction period. The work was carried
out on the turkeys of heavy and heavy medium Broad-Breasted White strains, in the
52 week of age. In 39 samples of semen the gross, macro and microscope evaluation,
the biochemical activity of Ac?, AspAT and total protein in semen were made. At the
same time 10 eggs from each group were taken and estimated with respect to the
morphology, chemical composition, content of fatty acids in lipids of yolk, and results
of hatching. The quality of semen evaluated in toms showed little differentiation, but
no statistical differences. The heavy medium toms were distinguishable by the higher
spermatozoa concentration (3.90 billion/cm''), but the lower ejaculate volume (0.283
cm') and motility (76.0%) than by heavy toms (3.49 billion/cm3, 0.298 cm\ 80.0%
respectively.) Ejaculates from heavy medium toms were characterized by the higher
values of all biochemical parameters. The eggs from heavy hens weighed significantly
higher (about 4.89%) than those from heavy medium hens. That was the result of
significantly higher contents of white of an egg (about 4.89%) than those from heavy
medium hens. That was the result of significantly higher contents of white egg (about
4.86%). There were significant differences in content of dry matter in white of an egg
and fatty acids : C 17: C 20:4 in lipids of yolks of eggs from evaluated turkey's groups.
In this period egg fertility and hatchability in both groups were low, but higher in
heavy medium hens.
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BODY MASS AND CARCASS CHARACTERISTICS OF GUINEA FOWL
(Numidia meleagris) SLAUGHTERED AT DIFFERENT AGES.
K.A. Kozaczynski
Animal Improvement Institute, P.Box X2, Irene 1675, Republic of South Africa
Carcass quality is an important part of the processor's profit and very significant to
the consumer. The purpose of this study was to estimate body mass and carcass
characteristics in guinea fowl with the view to future production. Body mass, and
carcass yields were determined for 12 weeks, 16 weeks, 20 weeks and 24 weeks old
guinea fowl (separately for sexes). All traits were analysed by a least squares analyses
of variance (model 1, Harvey, 1987) assuming the same fixed model for all traits and
ages. The highest growth rate and growth of carcasses components was noticed between
12 and 16 weeks of age. After 20 weeks of age little or no increase in all measurements
were observed. A statistical analysis indicated significant differences between sexes
with regard to head mass (16, 20 and 24 weeks of age), shanks mass (24 weeks of age),
head and feet percentages (16 and 20 weeks of age) and shanks percent (24 weeks of
age). According to the results obtained from carcass yields it would appear that the
best age for slaughtering guinea fowls would be 16 weeks.

RESPIRATORY DISEASES IN TURKEY : SEROLOGICAL
SURVEILLANCE FOR ANTIBODIES AGAINST ORNITHOBACTERIUM
RHINOTRACHEALE (ORT) AND TURKEY RHINOTRACHETIS (TRT)
H.M.Hafez
State Veterinary Laboratory Stuttgart, Germany
Respiratory conditions are one of the most serious groups of diseases affecting turkeys.
Different viral and bacterial agents were isolated and incriminated as a causative agent
of respiratory diseases in turkey. Recently gram negative pleomorphic bacteria were
isolated from birds suffering from respiratory distress and designated as
Ornithobacterium rhinotracheale (CRT). CRT is recognised as the possible additional
causative agent in respiratory disease complex in poultry in many countries. The aim
of this work is to try to clarify the interaction between ORT-infection and TRT-infection
caused by avian pneumovirus. In 5 meat turkey flocks with about 40,000 one day old
poults, 20 birds in each flock were bled at different intervals (2 to 4 weeks) starting
at the 1st day of age through the 21st week and examined serologically using self made
ELISA-test. Serological data in all turkey flocks surveyed indicated significant increase
in TRT antibody levels after natural exposure which was usually accompanied or
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followed with an increase of ORT antibody levels. Since TRT virus was confirmed to
have a immunosuppressive effect in turkeys, it is possible that TRT infection may
enhance or provócate the ORT infection.

AN AVIDIN-BIOTIN-ENHANCED ENZYME IMMUNO ASSAY TO DETECT
AND QUANTIFY HEMORRHAGIC ENTERITIS VIRUS IN TURKEY
TISSUES
I. Hussein and K.V. Nagaraja
Department of Veterinary Fathobioîogy, University of Minnesota, Saint Paul, VIN-55108,
USA
Present Address: Department of Veterinary Microbiology, UiHversity of Agriculture,
Faisalabad, Pakistan
An Avidin-biotin-enhanced enzyme-linked immunosorbent assay (AB-ELISA) was
developed to detect and quantify hemorrhagic enteritis virus (HEY) in various tissues
of turkey. A positive ELISA absorbance value was obtained with a suspension of
infected spleen tissue that contained about 170 ±20 mean turkey infective doses (TID50)
per gram of the spleen. A positive correlation was observed between the absorbance
values and titers of the infectious virus in the infected spieen rissoes. The AB-ELISA
detected HEY in infected spleen until 1:25, 600 dilution, which gave an absorbance
equivalent to or more than mean plus 3 standard deviation of the control SPF turkey
spleen 0.26 ±0.043). Similar absorbance showing positive reaction with doubleantibody enzyme-hnked immunosorbent assay (DA-ELfSA) was detectable at 1:3,
200 dilution, making the AB-ELiSA to be 8-fold more sensitive than DA-ELISA. The
study reports an improvement over the previously described HEY antigen-detecting
ELISA.

VACCINATION TRIALS AGAINST HAEMORRHAGIC ENTERITIS IN MEAT
TURKEY FLOCKS USING LIVE VACCINE
H.M.IIafez, S. Jodas and A. Stadler
State Vaterinary Laboratory, Stnttgart, Germany
Haemorrhagic enteritis (HE) is an acute viral infection caused by avian adenovirus
group II and affects 4 weeks old or older turkeys. The infection is accompanied with
serious economic losses and has been reported in all countries with intensive turkey
production worldwide. The present investigation describes the efficacy of a live vaccine.
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which is not licensed till now in Germany, under field conditions. In 5 turkeys flocks
with 56200 birds, vaccination trials were carried out using live vaccine "Dindoral"
manufactured by Rhone Merieux, France, on the base of Domermuth strain. The birds
were vaccinated once at 4th week of age via drinking water and then were clinically
observed and serologically surveillanced using AGP test till slaughter. No post vaccinal
reactions were observed in any of vaccinated flocks. Two weeks post vaccination
antibodies were detected in two flocks. Between 8th and 9th week of age all flocks
were serologically positive. At 16th weeks of age the number of positive sera decreased
drastically in most of the flocks and at 18th week of age all flocks were serologically
negative. Although natural infection was found to occur in three of vaccinated flocks,
up to 18th weeks of age, clinical signs could not be detected. The application of vaccine
appears to be a very effective method to reduce the mortality and to decrease the
medication costs that usually is undertaken to combat the secondary bacterial infections.

PRELIMINARY RESULTS OF TURKEY SELECTED FOR HIGH AND LOW
LYSOZYME ACTIVITY IN BLOOD SERUM
JJankowski\ J.Prusinowska^ and C.S.Pareek^
'Department of Poultry Science ^Department of Genetics and Animal Improvement,
University of Agriculture and Technology, 10-718, Olsztyn-5, Poland
Studies were performed to determine the possibilités of using lysozyme activity in
blood serum as a marker of non-specific immunity. The material consisted of 748
Turkeys from a dam female strain (J-44) selected for an increase of egg laying capacity.
Lysozyme activity in blood serum of these birds was determined in the 14th week of
life. The obtained data were used to determine the heritability coefficient (h^) and to
divide the birds into the groups of high (H) and low (L) activity of the enzyme. Thirty
females in each group were left for the reproductive period; these were paired with the
males from the same groups. Lysozyme heritability determined from the variability
caused by the dam (h^s^O.BS) was decisively higher than the one caused by the sire.
Lysozyme activity of the off-spring (Fl) in group H (x=23.6% lysis) was statistically
higher (=0.01) than in group L (x = 19.1% lysis). In addition to this, a decisively lower
variability of the activity was observed in both groups of the off-spring compared with
the parental generation. As regards to production characters: body weight, number of
eggs, number of laying days, fertilization of eggs and hatching of normal poults from
set and fertilised eggs, there were no significant differences between the groups Fill
and FII. Results obtained in the first generation suggested that it is possible to use
lysozyme activity as a selection index and that experiments should continue in this
direction.
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AGE
RELATED
CHANGES
IN
CIRCULATING
PLASMA
TRIIODOTHYRONINE (T3) AND TESTOSTERONE LEVELS IN TURKEY
TOMS SUBJECTED TO RESTRICTED FEEDING
Kuldeep Khanna^ B.P.Sengupta^C.K.AggarwaF, M.L.Kakkar^ and I.S.Lohan^
^Poultry Complex, Gujarat Agricultural University, Anand-388110, Gujarat, India
^College of Animal Science, H.A.U., Hissar, India
The effect of restricted feeding in turkey toms of Heavy Body Weight (HBW) and low
Body Weight (LBW) lines on circulating Triiodothyronine (T^) and Testosterone were
studied. Skip-a-day feeding from 13-20 week of age practised and all the turkey toms
were restored to ad libited from 21-40 week of age. The levels of circulating T^ (ng,/
ml I ) in the four treatment groups viz., HBW ad lib. feeding, HBW skip-a-day feeding,
LBW ad lib. feeding and LBW skip-a-day feeding varied widely between 0.60±0.019to
2.40±0.12, .068±0.03 to2.15±0.70;0.54±0.03 to 1.94±0.37 and0.83±0.07to 1.91±0.24
respectively in the varying age groups ( 13-40 week). Neither the body weight line nor
the two feeding systems had any significant effect on the circulating T3 levels of turkey
toms. However, there was significant effect of age groups on the T3 levels of turkey
toms. The mean circulating testosterone {ng/ml|) levels in the four treatment groups
in the same order as above varied between 0.165+0.04 to 0.950+0.33; 0.80+0.01 to
0.63+0.18; 0.080+0.01 to 0.853+0.55 and 0.07+0.001 to 0.933+0.27 respectively over
varying age groups ( 13-40 week ). The effect of line on testosterone levels was significant
at 17,39 and 40 week of age. Whereas, that of feeding treatment was significant at 25,
39 and 40 week only. The testosterone levels differed signficantly over the various age
groups.
THE REPRODUCTIVE QUALITY OF TURKEY MALES WITH AMPUTATED
WINGS
F.F.Alexeyev, A.V.Nupreychik and A.L.Karabachinsky
All Russian Research and technological Poultry Institute 141300, Sergiev Posad, Moscow
Region, Russia
The experiment was made with Hybrid broad breasted white turkey males when they
were kept individually in seperate cages from the age of 17 weeks till the end of breeding
period. The wings of turkeys of the experimental group were amputed at the age of
one day to metacarpus with the help of ultrasonic equipment, that provides amputation
of wings, cutting of combs, beaks, toes of cocks with nails with minimal stress. The
wings of the control group of turkey males were not amputed. The results of the
experiment showed that turkey males, whose wings were cut at the age of one day,
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kept in individual cages, were 5.7% heavier in body weight than control turkeys, they
had 7.7% more semen and used less feed per each bird- 4.5 % less without considerable
differences in any other properties.

ASSOCIATION OF MORTALITY WITH IMMUNOLOGICAL TRAITS IN
GUINEA FOWL
V.K. Saxena, P.K. Singh, H. Singh and S.C. Saxena
Avian Genetics and Breeding Div., CART, Izatnagar 243 122, India
Levels of various immunological traits viz. haemolytic and bactericidal complements,
immunoglobulin-G, lysozyme levels in serum, response to sheep erythrocytes,
phagocytic index and wing index (cellular response to mitogen ) were determined in
100 guinea fowl sires maintained at CARI, Izatnagar. The association between these
immunological traits in sires and mortality percentages in progenies of these sires was
studied. Mortality in each sire family was determined as a ratio of keets died due to
specific disease conditions as revealed by gross pathological findings during post
mortem to, the total keets born, under each sire. Overall mortality ranged between 0
and 23% and most of the deaths occured in very young age (0-1 months ). The levels
of immunological traits were arbitrarily classified into high medium and low classes
and sires were grouped accordingly. Average mortality percentage of progenies under
each trait was lower in high and medium classes as compared to low class. Overall
mortality of progenies in high, medium and low class was 2.6,5.4 and 8.6 % respectively.
The correlation coefficients between average mortality of sire progenies and levels of
individual immunological trait ranged from -0.74 to -i-O.Ol indicating that higher levels
of the immunological traits within physiological Umits in sires leads to lower mortality
in progenies.

BREEDING FOR AUTOSEXING GUINEA FOWL
Ya Roiter and V. Zabiyakin
All Russian Science & Research Institute for Poultry Technologies, VNITIP Moscow Area,
Sergiev Posad DC, Sergive Posad 141300, 10, Ptitsegradskaya str, Russia
In the process of studies carried out on plumage color of cream-colored guinea fowl,
selected at the VNITIP and " Volzhsky " breed, selected at Mary L State University,
It was found that plumage color varied from off-white to creamy. There were samples
with hght, medium and strong plumage pigmentation. Males practically had no plumage
pigmentation, while in females it was distinctively marked. However at the initial
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stage, a variety of deviations of plumage color made the sexing accuracy low, -TOTS %. During the first year of assessment, number of species with intermediate color
plumage was: 14.6 - 16.4 % after Fl : 12.1 - 13.0% at the end of F5 3.2-4.1%. Sexing
accuracy also improved in F5 close to 95.2 - 96.4 %. Production rate of birds from the
autosexing groups was not lower than that of other breeds.

FULLNESS OF THE INTESTINE DETERMINES FEEDING BEHAVIOR
AND CROP FILLING IN TURKEYS
G.E. Duke* and S. Jackson^
•Univ. of Minnesota, St. Paul, MN 55108, USA
-Univ. of Cape Town, Private Bag, Rondebosch 7700, South Africa
Crop filling and emptying relative to intestinal fullness were studied by image
intensification radiology. Filling of the distal duodénums of 6-12 week old Nicholas
turkey hens with food slurry, via a surgically implanted cannula reduced food intake
over all hour period which was more than compensated for the introduced food.
Artificial filling of the duodenum significantly increased the proportion of swallowed
boli entering the crop during a meal and decreased the proportion going into the gizzard.
Rapid duodenal filling (within 25 minutes of the start of a normally ingested meal)
suggests a modification of the function of the duodenum of turkeys to serve as a "mixing
chamber", possibly enhancing digestive efficiency. The regular occurrance of small
intestinal refluxes (about 3 times per hour) supports this theory. The ways in which
this modification affects digestion and absorption in the duodenum are being
investigated.

OVARIAN FOLLICULAR GROWTH, OVULATION AND OVIPOSITION IN
THE GUINEA FOWL
H. OgawaS T. Murayama^, T. Kuwayama' and K. Tanaka^
'Fuji Zootechnical Station, Tokyo University of Agriculture, Shizuoka 418-01, Japan
^Department of Zootechnical Science, Tokyo University of Agriculture, Tokyo 156, Japan
Length of rapid growth period of ovarian follicles, timing of ovulation after oviposition
and the time spent by the ovum in the oviduct and the interval between successive
ovipositons were examined in the guinea fowl (Galor strain) kept in individual cages
under 14 hours light per day. The number of days for the rapid growth, estimated by
counting the number of colored rings of the yolk of eggs laid by guinea hens receiving
daily feeding with the fat soluble days, Sudan Black B and Sudan Red 7B, which were
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given alternately at a constant time of each successive day, was 7-11 but in most hens
8-9. The timing of ovulation after oviposition and the time spent in each portion of the
oviduct were determined by the presence of ovulated ovum in each portion of the
oviduct of autopsied hens at various times after oviposition. Ovulation was found to
occur within 15 minutes after preceding oviposition. The ovulated ovum spend 15-30
minutes in the infundibulum, 2 hours and 15-45 minutes in the magnum, 1 hour in the
isthmus and 19 hours, 52 minutes to 20 hours 52 minutes in the uterus. The mean
oviposition interval of 42 hens estimated by an automatic oviposition recorder was
24 hours and 22 minutes.

EXPRESSION OF PROLACTIN AND ITS RECEPTOR IN TURKEY HENS
DURING VARIOUS REPRODUCTIVE STATES
D. Zadworny\ J. F. Zhou', D. Guemene^ C.N. Karatzas' and U. Kuhnlein
•McGill U., Montreal, Que., H9X 3V9, Canada
^Station de Recherches Avicoles, I.N.R.A. - Centre de Tours, 37380 Nouzilly, France
The adenohypophyseal hormone , prolactin (PRL) has long been considered as a
candidate for causing "broodiness" in turkeys. However , the physiological role (s)
of PRL in broodiness or the mechanisms which lead to the associated hyperprolactinemia
are not understood. Furthermore, the target tissues for PRL have not been well
characterized. To that end, we cloned a cDNA (2723 nucleotides) coding for the PRL
receptor (tPRLR) and used it to assess target tissues for PRL. The receptor was
ubiquitous (26 tissues assessed) but its distribution was consistent with the pleiotropic
roles of PRL in avain physiology. High levels of receptor were found in the hypothalamohypophyseal-ovarian axis suggesting an important role in avain reproduction. We
therefore further investigated this axis by comparing tissues from hens obtained at
various reproductive states (non photostimulated, laying out of lay, incubating and
brooding). In the ovary, the amount of PRLR transcript did not vary significantly,
whereas, in the pituitary gland and hypothalamus the receptors appeared to be up and
down regulated respectively by plasma levels of PRL. The highest levels of PRL, PRL
mRNA and PRLR mRNA were detected in the pituitary glands of incubating hens.
Conversely, levels of PRLR mRNA in the hypothalamus were negatively correlated
with blood levels (log Y = -0.40 (log X) + 1.40, r^= .83) of PRL. These findings suggest
that PRL may participate in the neuroendocrine control of broodiness through actions
on both the hypothalamus via a short-loop feedback mechanism and the pituitary gland
via autocrine and/or paracrine effects.
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EFFECT OF THE FEEDING REGIMES ON CERTAIN SEMEN
CHARACTERISTICS IN TURKEY TOMS
Kuldeep Khanna^ and B.P.Sengupta^
'Poultry Complex, Gujarat Agricultural University, Anand 388110, India
^College of Animal Science, H.A.U., Hissar, India
In a 2 X 2 factorial design experiment 32 turkey toms of heavy body weight (HBW)
and low body weight (LBW) lines of Broad Breasted Large White x Heltsville small
white were subjected to ad libitum and restricted feeding ( skip-a-day feeding ) from
13 to 26 weeks of age. The effect of feed restriction on seminal attributes was studied.
The mean semen volume of four treatment groups viz. HBW ad lib. feeding, HBW
skip-a-day feeding, LWB ad lib. feeding and LWB skip-a-day feeding varied over
different age groups (31-40 week) between 0.165 ±0.024 to 0.233 ±0.13; 0.180±.028
to 0.285±.008;0.163±.017 to 0.263±.015 and 0.210±.014 to 0.255±.003 respectively.
Neither the body weight line nor the two feeding regimes had any significant effect
on the semen volume. The mean sprem concentration (xlO 7ml of 4 treatment groups
in the above order varied over different age groups between 3.453±.715 to 7.306±2.057;
3.150±.779to7.837±1.519;3.394±.427to6.113±.948and3.310±.148to8.125±1.646
respectively. Neither the body weight line nor the feeding systems had any significant
effect of the sperm concentration of turkey toms. The mean percentage of live
spermatozoa in the four treatment groups varied over different ages between 92.10±0.34
to 93.75 ±0.54; 92.38±0.54 to 96.43±0.19; 91.46±0.55 to 95.00±0.94 and 94.00±0.35
to 95.85±0.11 respectively.

THE INTERACTION OF A FEED PHYTASE, PROTEIN SOURCE AND RICE
BRAN ON THE SECRETION OF AMYLASE AND TRYPSIN IN DUCKLINGS
DJ. FarrellS E. Martin* and Z. Nitsan^
University of New England, Armidale, Australia ^The Volcani Centre, Bet Dagan, Israel
Rice bran (RB) is a widely used cereal byproduct but it contains anti-nutritional factors
and is high in phytate. The Table below shows the effects of diets containing 0 or 600
g of rice bran/kg with soybean meal (VP) or VF plus 50 g fish meal/kg (VP+AP) with
(+) or without (-) a feed phytase on trypsin and amylase activity (|j/100g body weight,
BW) and weight (g/lOOg BW ) of pancreas in 23-d-old ducklings.
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Pancreas

RB
(g/kg)
0

600

Small intestine
Protein Phytase Weight Trypsin Amylase Trypsin Amylase
VP
VP
VP+AP
VP+AP
VP
VP
VP+AP
VP+AP

LSD(P=0.05)
Main effects of RB
0
600

+
+
+
+

0.49
0.52
0.47
0.43
0.67
0.54
0.60
0.56
0.110

102
103
92
89
130
113
120
116
20.7

***

***

*

**

0.48
0.59

96
120

9033
7375

145
190

7885
9489
9701
9058
7878
6959
7382
7283
2848.2

164
151
153
112
176
202
195
187
48.6

870
599
535
424
741
627
881
631
299.6
NS
606
720

Rice bran inclusion had a significant effect on most parameters (Table). Phytase reduced
amylase production in the small intestine. Protein source (VP or VP+AP) had no effect
on these parameters. The increase in pancreas weight and trypsin secretion confirm a
known inhibitor, while the small amount of starch in rice bran would reduce the need
for amylase.

DIETARY ENERGY AND PROTEIN UTILISATION BY BROILER TURKEY,
VERSUS PREDICTION BY COMPUTER ASSISTED METABOLISM
SIMULATION
Gh. Burlacu, Pirvu Monica and R. Burlacu
Institute of Biology and Animal Nutrition 8113 Balotesti, Romania
A study on energy and protein balance was carried on broiler turkey from hatching to
112 days, fed on 9 diets formulated at three each of energy and protein levels and fed
: ad libitum, 90% of ad libitum 80% of ad libitum. The following parameters were
recorded during the entire experimental period : daily feed intake as metabohzable
energy, net weight gain, body chemical composition and the energy content of the net
weight gain. The results (E) are in good agreement with the ones simulated (S) with
the model as follows : S = 1.028 E (S.E. ± 0.015; R=0.062) for metabolisable energy
intake, KJ/g; S = 1.013 E (S.E.± 0.022;R= 0.893) for retained energy, KJ/day, S=
1.058 E (S.E. ± 0.054; R=0.901) for retained protein, g/day; S= 1.003 E (S.E.± 0.040;
R= 0.780 ) for retained lipids, g/day ; S = 0.963 E (S.E. ± 0.046; R=0.822) for net
daily gain and S= 0.940 E (S.E., 0.055; R=0.769) for gross daily gain, g/day.
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DNA POLYMORPHISMS AND QUANTITATIVE TRAITS IN TURKEYS
M. Douaire', M. Sourdioux' - and Y. DelabrosseGenetique Animale INRA-ENSA 35042 Rennes Cedex France^ Betina Selection Tredion
56250, Elven France
Four Restriction Fragment Length Polymorphisms (RFLP) are described on acetyl
CoA Carboxyiase (ACC). fatty acid synthase (FAS), malic enzyme (ME), stearoyl
CoA desaturase ( 9 ) genes, involved in the hepatic fatty acid metabolism. Profiles
obtained on 32 randomly sampled female turkeys can be explained by the segregation
of three haplotypes for ME and FAS RFLP and by two haplotypes for ACC and 9
RFLP The codominant inheritance of these haplotypes was further observed in 15
pedigrees. Statistical associations between RFLP profiles, fatness and live body and
carcass weights were assessed on the 32 female turkeys. An additive model of analysis
of variance including the effect of each RFLP was used, significant association is
reported with live body weight recorded at 12 weeks and ME RFLP (p=0.04). Multiple
comparison of means leads to the identification of one profile with heavier live body
weight (5.12 kg compared to weights in the range 4.74-4.14 for the other profiles)
(p=0,01 to 0,31). However this ME RFLP effect is decreased at 16 weeks (live body
weight ) and 18 weeks (carcass weight). Fat yield was estimated after dissection of the
right leg and calculation of the ratio of skin plus subcutaneous fat weight to the whole
leg weight. Associations between fatness and ME and FAS RFLP are near the significant
threshold usually admitted (p=0.08 and 0.15 respectively). In each case multiple
comparison of means identifies two profiles significantly leaner of about one phenotypic
standard deviation.

EFFECT OF A GUT MICROFLORA (AVIGUARD) AGAINST CONTROLLED
SALMONELLA TYPHIMURIUM CONTAMINATION IN TURKEYS
J.F. Guillote A. Salmon^ C. Mouline^ and M. Magnin^
'Universitéet of INRA de Tours, 37380 Nouzilly, France
^Unicopa- Nutrition Animale, 56440 Languidic, France
An experimental trial was conducted to determine the efficacy of a commercial gut
microflora ( Aviguard ) in preventing colonization of turkeys, reared in fields conditions
ngdiinsi Salmonella Typhimurium. Four hundred fifty turkeys were divided into 9 groups
at 1 day of age : one control group (50 turkeys ) contaminated with S. Typhimurium
but not treated with the microflora reared in one building and 8 groups of 50 turkeys
reared in a second building. The 400 turkeys treated were spreaded with Aviguard at
1 day. From day 2 to day 8, five SPF seeder chicks were inoculated at 1 day with 50000
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5". Typhimurium and excreting for 75% of the birds between 100 and 10000 salmonella/
g of feces were introduced in each group. Bacteriological analysis of caecal contents
of 135 turkeys at days 10, 21 and 43 revealed a low colonization of turkeys in the
treated groups : 10% of positive birds ( day 10), 5.2% (day 21) and 5, 8% (day 43),
as compared to the control group : 100% (day 10), 93% (day 21 ) and 13% (day 43).
These data show the good efficacy of this avian microflora agaist the contamination
of turkeys by Salmonella in breeding conditions.

PHARMACOKINETICS AND BIOAVAILABILITY OF DOXYCYCLINE IN
TURKEYS
M.D.F. Santos^ H. Ve^mee^sch^ J.F. Remon', M. Schelkens^ and P. De Backer^
^Lab. of pharmaceutical Technology ; Faculty of Pharmacy ; Harelbekestraat 72; B 9000
Gent, Belgium; ^ Oropharma N.V., Dijkstraat 30, 9140 Temse, Belgium
The pharmacokinetic parameters of doxycycline (DOX) were determined in 3 day, 3,
6 and 12-week-old fasted turkeys, after a single intravenous (IV) dose of 25mg
doxycycline. HCl/kg body weight. Doxycycline disposition fitted an open two
compartment model. The mean (± S.D.) elimination half-life was 10.6±0.7, 10.8±1.5,
7.9±1.4 and 10.0±0.9 h in 3 day, 3, 6 and 12 week-old turkeys respectively. The mean
(± SD) total body clearance was 0.19 (± 0.01), 0.27 (± 0.03), 0.11 (± 0.03) and 0.06
(±0.01) h' kg ' in 3 day, 3, 6 and 12 week old turkeys respectively. The steady-state
volume of distribution was 1.77 (±0.2), 2.1 (±0.2), 0.7 (±0.4) and 0.5 (±0.2) 1/kg in
turkeys of the above mentioned ages respectively. The AUC value significantly
increased with the age of the turkeys. An oral doxycycline solution at a single dose
of 25mg/kg of body weight was administered to 3 day, 3, 6 and 12 week-old turkeys.
The maximal plasma concentrations in fasted turkeys were 3.8, 5.6. 7.4 and 5.7 \xgl
ml at a t^^^ value of 4.7, 1.5, 2.8 and 5.4 h for the different ages respectively. In fed
turkeys the C^^^ values were 2.5, 6.1, 4.8 and 3.0 ug/ml for tmax values of 4.2, 5.3,
4.5 and 7.5 h respectively. The absolute bioavailability in fasted turkeys varied between
25.0 ± 9.0% (for 12 week-old birds) and 63.5±7.1 % (for 3 week-old birds). The relative
bioavailability fasted/fed varied between 40.0±13.0 % ( for 12 week-old turkeys) and
83.7±14.3% (for 3 week-old birds). The dose od DOX should be adapted as a function
of the age of the animals in order to achieve better results.
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EFFECT OF SEVERAL PROCESSING VARIABLES ON PINKNESS IN OVENROASTED TURKEY BREAST DELIS
A.J. Maurer, M. Liu and B. Kilic
Poultry Science Department, University of Wisconsin, Madison Wl 53706, USA
Oven-roasted turkey deli breasts were prepared to examine the occurrence of an undesirable
pink meat color. Treatments consisted of (1) control (2) reductant (sodium erythorbate)
and (3) undercooking (60C), overcooking (76C) and raw meat temperature abuse (ca. 22
C for 24 hr prior to fabrication). Brines of water, salt and phosphate were injected/tumbled
into pieces of breast meat (ca. 300g each) at a level of 10% based on meat weight. Three
breast pieces (1000 g total) for each treatment were placed into high oxygen barrier cookin bags, vacuumed, heat sealed and cooked in an Alkar oven. Cooked cooled turkey deli
breasts were examined for pH and meat color after 0 and 8 days of refrigerated storage
(4 °C). Meat pH was measured with a spear tip electrode. A Minolta Chroma Meter was
used to measure redness on newly-cut exposed meat surfaces. Meat pH values increased
sHghtly after brine incorporation but remained about the same after heat processing and
refrigerated storage. Initially meat redness was greatest in the undercooked deli breasts.
After 8 days of storage redness values increased in all products except for the control deli
breasts. The deh breasts containing temperature abused meat exhibited the highest redness
values after refrigerated storage. Turkey breast meat must be properly refrigerated prior
to fabrication into products, heat processing must be carefully monitored and reductants
(added or inherent) must be avoided to minimize the undersirable pinkness in uncured
cooked turkey breast products.

GENETIC STUDIES ON IMMUNOCOMPETENCE IN GUINEAFOWL
Harpreet Singh, P.S. Bedi, J. Kumari and R.D. Sharma
Central Avian Research Institute, Izatnagar 243122 U.P., India
The genetic and non-genetic factors affecting innate immunity traits were studied in
"Guncari" guineafowl stock being raised at this Institute. Phagocytic activity and Tcell mediated response was measured by carbon clearance and phytohemagglutinin
injections. Mean values for phagocytic index (PI) and wingweb index (WI) were 0.11
± 0.01 and 0.04 ± 0.00 respectively. Assay of haemolytic complement activity in serum
as indicator of humoral immune function revealed a mean value of 1.68 ± 01[LOG,Q
(n+1)]: Differences due to sex and varieties were not significant for these traits, but
between age group differences were significant for haemolytic complement levels only.
Heritability estimates for these traits showed low to moderate values.
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PERFORMANCE OF PURE AND CROSSBRED QUAIL PROGENCY FOR
ECONOMIC BROILER TRAITS
Raj Narayan, B.P. Singh, D.P. Singh, S. Majumdar, R.D. Sharma and M.C. Yadav
Central Avian Research Institute, Izatnagar -243 122 U.P., India
The data were collected from a 4X4 complete diallel experiment using four quail lines,
viz. GLQ, MTQ, SLQ and KLQ; producing 4 purebred and 12 crossbred groups. Body
weight and other quail broiler traits on 1280 offsprings comprising 640 each of male
and female progeny at 35 d were recorded in two hatches. Using the complete data set
(lines and crosses) direct genetic and heterotic effects were considered. The factors
hatch and sex were significant for all traits. The average body weight ranged from 133
to 164 g among the purebreds and from 137 to 165g among the crossbred for combined
sex. The crossbred had higher body weight in general than the contemporary purebreds.
The relative importance of general and specific combining abilities and the importance
of heterotic effects are discussed. Our results revealed that the crossbred were superior
to purebreds in respect to economic quail broiler traits. Among the several crosses the
GLQ X MTQ cross may be exploited for commercial exploitation.

EPIDEMIOLOGY OF VIRUS DISEASES IN QUAILS FROM UKRAINA
AND SUITABLE VACCINE FOR NEWCASTLE DISEASE
Ig.Ig.Panikar and I.I.Panikar
Department of Virology, Sumy Agricultural Institute, 244030, Petropavlovskay 57, Sumy,
Ukraina
In Ukraina quails farms were organised on some duck, hen and broiler farms. Quails
diseases and their epidemiology among different farms was investigated. In most cases
infectious diseases among quails were not observed. In the serum samples from quails
in various farms were positive for antibodies (Haemagglutination Inhibition (HI) or
Indirect Haemagglutination tests) against viruses: Newcastle Disease, Infectious
Bronchitis, Infectious Laringotracheitis, Adenovirus and Gumboro Disease. In 70%
cases antibodies against Newcastle Disease were present & vaccination programme
was developed. Japanese quails were vaccinated twice (1 and 14 days) with vaccine
La-Sota by nasal route or drinking water. After 14th day the HI titer was from 1:8 to
1:64 in 80-100% cases of intranasal vaccination however after vaccinations with
drinking water the titers ranged 1:4-1:32. The results of tests showed that the best
vaccination programme was double application of ND La-Sota by nasal route.
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CARCASS QUALITY PERFORMANCE OF PURE AND CROSSBRED
QUAIL BROILER IN A COMPLETE DIALLEL EXPERIMENT
S.K. Agarwal, Raj Narayan, B.P. Singh, S. Majumdar, C. Deo and Ram Gopal
Central Avian Research Institute, Izatnagar 243122 U.P., India
Two sire lines (GLQ and MTQ) and two dam lines (SLQ and KLQ) and 12 crosses
between these two groups were tested in a complete (4X4) diallel experiment. A total
of 320 quail progency were slaughtered at 35 days to measure individually dressing
percentage, giblet weight and cutup parts including breast, neck and back, thigh,
drumstic and wings (in percentage). The sex factor was significant for all carcass traits.
In general the crossbred had lighter dressing percentage than the purebreds. The
crossbred superiority over purebreds for cutup parts was also observed in this
experiment. The comparative importance of GCA; and SCA and other crossbred genetic
effects are discussed. A crossbreeding system between a heavier sire line and dam line
would be worth considering to improve the carcass quality traits.

COMBINING ABILITY ANALYSIS OF A DIALLEL CROSS INVOLVING
THREE QUAIL LINES FOR PRODUCTION TRAITS
P. Mahipal Reddy, Y.P. Venkateshwarlu, V.L.K. Prasad, Eshwaraiah and V. Ravindra
Reddy
Department of Poultry Science, College of Veterinary Science, Andhra Pradesh Agricultural
University, Rajendranagar, Hyderabad - 500 030, India
A 3x3 diallel study was conducted to evaluate combining ability (g.c.a., s.c.a. and r.e.)
of three quail lines B, H and M invloving 2570 progeny of nine single crosses and
observations were recorded on economically important traits. Significant genetic group
differences were observed for both productive and reproductive traits. Significantly
higher (P<0.05) percent of fertility (95.5) and hatchability (70.9) were observed in B
x H and H x B crosses. All the crosses exhibited significant differences for body weight,
age at first egg production and egg weight. Variance due to s.c.a. was significant for
reproductive traits. It was observed that while variance due to g.c.a. more important
for body weight, egg production and egg weight, the variance due to s.c.a. was significant
for age at first egg. Significant reciprocal effects were noticed for body weight, age
at first egg and egg weight. However, no reciprocal effects were observed for
reproductive traits. This study indicated that M x M line proved to be a general combiner
with other two lines and in particular with B females. Hence the cross M x B emerged
as a best commercial cross with higher growth rate and moderately high egg production
with better egg size.
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GENETIC EVALUATION OF CARCASS QUALITY IN THREE QUAIL LINES
P.Mahipal Reddy, Y.P.Venkateshwarlu, V.L.K.Prasad, Eshwaraiah and V.Ravindra
Reddy
Department of Poultry Science, College of Veterinary Science, Andhra Pradesh Agricultural
University, Rajendranagar, Hyderabad - 500 030, India
The combining ability (g.c.a.,s.c.a. and r.e.) analysis of three quail lines B, H and M
for their carcass traits using six males and six females from each cross of a 3 x 3 diallel
cross experiment was conducted. Significant genetic group differences were observed
for traits such as blood loss, total offals loss, carcass yield, giblet yields, shank length
at 5th week and keel length at 7th week. It was found that g.c.a. was more important
for carcass and giblet yields at six week age, while s.c.a. was important for carcass
yields and blood loss at 5th week. Variance due to g.c.a. was significant for shank
length at 5th week and s.c.a. for keel length at 7th week. Age, sex and genetic group
had significant influence on all carcass traits studied except on feather loss. Positive
phenotypic correlations were observed between shank and keel lengths and preslaughter
live weight at different slaughter ages. Among the crosses, the cross M x B proved to
be the best commercial cross in view of its superior performance with its higher preslaughter live weight (148.2 g), highest carcass yield (71.7 g) and least total offals loss
(22.9%)
STUDIES ON THE COMPATABILITY BETWEEN PROBIOTICS AND
VARIOUS GROWTH PROMOTERS IN JAPANESE QUAIL LAYERS
K.Gajendran
Head, Livestock Research Station, Kattuppakkam 603 203, Tamil Nadu, India
Administration of probiotic (L.acidophilus) and/or antibiotics (Virginiamycin/
Flavomycin)/\i\QY tonic (Livol) in feed to layer quails was tried. No significant
improvement in body weight gain from 7 to 26 weeks of age was found while significant
improvement in hen day egg production was observed. The feed consumption of layer
quails showed significant difference. Egg weight was not altered as also the feed
efficiency per dozen eggs/per kg egg mass. The egg shell thickness was also not altered.
The hatchability parameters did not show significant variation between treatments.
The blood parameters studied (PCV,Kb,AST,ALT, Cholesterol) were not altered. The
yolk cholesterol showed higher values in treated quail eggs at 26th week of age which
was not significant. However, the thickness of the duodenal wall of 26 week old quail
layer fed probiotic or liver tonic significantly increased; however, feeding antibiotics
either alone or with probiotic did not influence the same. Probiotics plus antibiotics
513

or liver tonic thickened the duodenal villi but not significantly. Synergistic effect of
combining antibiotics/livertonic with probiotics was observed in egg production and
egg shell thickness only, whereas other reproduction, blood and hatchability parameters
studied in laying quails showed no significant change.

INFLUENCE OF SEX, DIETARY PROTEIN, SELECTION AND SELECTION
ENVIRONMENT ON GROWTH PATTERN IN JAPANESE QUAIL
R.Prabakaran and V.Sundararasu
Department of Poultry Science, Madras Veterinary College, Madras 600 007, India
Individual phenotypic selection of Japanese quail for body weight at four weeks of age
was carried out for five generations under two different nutritional environments of
high (28%) and low (20%) protein diets. Body weights at weekly intervals upto six
weeks of age were considered to analyse the influence of sex, dietary protein, selection
and selection environment on growth.pattern in Japanese quail. Absolute growth rate
(AGR) and Relative growth rate (RGR) were also worked out and compared. Irrespective
of the factors considered, AGR increased from zero to four weeks of age and decreased
thereafter. RGR was the highest during first week and it came down drastically thereafter
showing the lowest values after four weeks of age. However, both AGR and RGR
were comparatively better in females over males and under low protein than high
protein environment during four to six weeks of age. Growth of female reproductive
system and compensatory growth under low protein environment at later ages might
have contributed under high-protein environment while the same between one to six
weeks of age was comparatively better after selection under low-protein environment.
Growth curve patterns for different sex, dietary protein levels under different selection
environment are depicted and discussed.
LAYING PERFORMANCE OF JAPANESE QUAIL AS INFLUENCED BY
REARING SYSTEM AND FLOOR SPACE
K.Viswanathan and V.Sundararasu
Department of Poultry Science, Veterinary College and Research Institute, Namakkal
637002, Tamil Nadu, India
A trial was conducted to determine the suitable rearing system with optimum floor
space for the laying performance of Japanese Quail. Six hundred Japanese Quail pullets
at six weeks of age were divided at random in two systems, namely deep litter and
cage, at three floor spaces under each i.e. 150, 175 and 200 sq.cm. per bird. Thus the
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trial had 50 birds under each replicate and two replicates per treatment. Cage system
of rearing had resulted in higher weight gain (30.62 ± 1.68), with the stocking density
bearing no influence. Age at first egg was not influenced either by rearing system or
floor space allowance, however 50% egg production was delayed by two days in cage
system with reduced floor space allowance. Peak production was observed a day earlier
in cage system (78.17 ± 0.27) than the other (79.67 ± 0.26). Birds with floor space of
200 sq.cm. per bird in cages laid the maximum eggs (52.34 ± 0.45) and egg production
was directly proportional to the floor space allowance. Feed efficiency was better in
birds in cages with a floor space of 200 sq.cm. (0.52 ± 0.004). Mortality was lower
in cages and lowest in the highest floor space. No significant differences could be
observed in egg weight and egg mass between treatments. It is concluded that cage
rearing of Japanese Quail with a floor space allowance of 200 sq.cm. per bird is
preferable for optimum laying performance.

INCUBATION FACTORS INFLUENCING HATCHABILITY OF JAPANESE
QUAIL EGGS
K.Abdul Mujeer, D.Narahari and R.Prabakaran
Poultry Research Station, Nandanam, Madras 600 035, India
Setting of eggs with narrow end up had significantly reduced the hatchability, due to
increase in the percentage of malposition namely head near the narrow end. A setter
temperature of 37.22°C / 99°F and hatcher temperature of 36.67°C / 98°F gave the
highest hatchability. Setter and hatcher relative humidity level of 65% and 75%
respectively, gave the highest hatchability, with proportionate reduction in embryonic
mortality throughout the incubation period. Transfer of Japanese quail eggs from setter
to hatcher on 15th day of incubation had significantly improved the hatchability on
fertile egg basis, by minimising the dead-in- shell percentage. Out of the dead-in-shell,
45.4% showed various malposition, 2.1% various malformations and the remaining
dead-in -shell eggs had normally positioned embryos.

SOME OBSERVATIONS ON EPIDEMIOLOGY AND PATHOBIOLOGY OF
COCCIDIOSIS IN JAPANESE QUAILS (COTURNIX CORTUNIX JAPÓNICA)
B.K. Panda, R.L. Sah and S.K. Dwivedi
Indian Veterinary Research Institute Izatnagar, India
An investigation on epidemiology and pathogenesis of coccidial outbreaks was
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undertaken in 100,000 quails maintained in two different places located at North and
South regions of India for a period of one year. During the period of study several
outbreaks were recorded in both the places, invariably in every hatch, with maximum
deaths in the age group of 1-3 weeks. Death rate was higher during rainy season and
minimum during summer months. Three peaks of oocyst load were noted on 6th, 13th
and 21st day. Higher deaths were also related to poor management. Morphological,
biometrical and cross infection studies on isolated oocysts confirmed the involvement
of three species of Eimeria viz. E.uzura, E. batería and E. tsunodai. The clinical
observations in the affected flocks included less feed and water intake, drooping of the
wings, ruffled feathers and watery diarrhoea with mucus. The common pathological
gross lesions were bleaching and balooning of intenstine with few heamorrhagic spots
on caeca. The microscopic changes included hyperactivity of goblet cells, erosion of
epithelial lining with the presence of coccidial parasites.

SOME NEW FEED RESOURCES FOR JAPANESE QUAIL
G.Samanta
West Bengal University of Animal and Fishery Sciences, Calcutta - 700037, India

A number of feeding trials were carried out with different agro industrial by products
viz.; Mustard cake, Karanja cake. Jute seed cake, Coconut oil cake and Tetracycline
waste in Japanese quail. Bio-chemical, haematological, pathological and slaughter
experiments were also conducted. The results of different experiments suggested that
de-oiled mustard cake 30%, de-oiled karanja cake 20%, jute seed cake 30%, coconut
oil cake 20% and tetracycline waste upto 20% on iso-nitrogeneous basis of different
conventional oil cakes may be incorporated in the Japanese quail ration without any
adverse effect. However, higher inclusion causes deleterious effects resulting in growth
depression, characteristic pathological changes on vital orgnas and some times high
mortality.

STRAIN, EGG WEIGHT AND HOLDING POSITION EFFECTS ON
HATCHABILITY OF QUAIL EGGS
J.S.Sandhu, M.L.Chaudhary and G.S.Brah
Department of Animal Science, Punjab Agricultural University, Ludhiana-141004, India
Two selected strains of Japanese quails were evaluated for studying the effect of egg
weight (7 to llg) and its position of pre incubation storage (broad vs. narrow end-up)
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on hatchability. One strain (broiler type) had been exclusively selected for 4-week
body weight while the second strain (layer type) had been, in addition to 4 week body
weight, selected for improvement of egg number to 16 weeks of age. There was no
difference in the hatchability of the broiler and layer type strains. Hatchability was
significantly lower for eggs weighing below 9 g as compared to those above it (29.0
vs 43.0%). Narrow end up position resulted in higher hatchability than broad end up
position for eggs weighing up to 9 g (31.0 vs 26.8%). However, for eggs above 9 g,
the broad end-up position gave higher hatchability than narrow end up position (47.2
vs 39.6%).

PREVALENCE OF COCCIDIOSIS IN QUAILS (COTURNIX COTURNIX)
A.Maqboor, C.S.Hayat^ B.Hayat^ S.Ayub» and M.K.Amiiii
^Department of Clinical Medicine and Surgery ^Department of Veterinary Parasitology,
University of Agriculture, Faisalabad-38040, Pakistan
A total of 205 faecal samples and 170 intestinal scrapings were collected at necropsy
from Cotumix Cotumix. Coccidiosis was observed among 123 (60%) and 85 (50%)
percent in faecal samples and intestinal scrapings respectively. Species wise incidence
indicated as Eimeria uzura (36.6% and 40%) E. batería (28.45% and 31.76%) E.
gamhami (19.5% and 20%) and E. coturnicis (15.44% and 8.23%) in faecal samples
and intestinal scrapings respectively. However, mixed infection of two or more species
was recorded in 30% and 40% cases.
RECYCLING OF AUTOCLAVED AND FUNGAL FERMENTED QUAIL
DROPPINGS IN QUAIL LAYER MASH
A.K. Shrivastav and T.S. Johri
Central Avian Research Institute, Izatnagar, U.P., 243122, India.
A feeding trial was conducted to determine the effect of inclusion of autoclaved (AQD)
and fungal (P.sajarcaju) fermented (FQD) quail droppings in quail layer mash. Seven
isocaloric and isonitrogenous diets including one control and three levels each of AQD
(5, 10 and 15%) and FQD (10, 17 and 25%) were prepared. Each diet was offered to
5 groups of 5 quails each in colony quail laying cages for 100 days of egg production.
Increasing levels of AQD lead to a decrease in percent hen day egg production, feed
conversion effeciency and shell weight and were found to be significantly depressed
at 15% levels of incorporation. Egg production of groups fed on ration containing
FQD at 10 and 17% was significantly (P<0.05) better than control whereas at 25% it
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was similar to the control and FQD at 10 and 17%. Egg weight, shell thickness, albumen
and yolk indices were not found to be influenced by dietary treatments. Plasma protein
content showed a decreasing trend and serum uric acid an increasing trend with the
increase in the level of AQD whereas, plasma protein in the groups fed FQD was
higher and serum uric acid similar to control. The present investigation indicated that
fermentation increased the nutritional worth of quail droppings and can be incorporated
upto 25% level whereas AQD only upto 10% level in quail layer mash.

THE ORIGINAL STRAIN OF JAPANESE QUAIL
A. Nakamura
Shizuoka University Hamamatsu College Nunohashi 3-2-3, Hamamatsu, Japan
It had been believed that the strain of quail domesticated and kept in Japan since
traditional era had died out during World War Two. However, small numbers were
maintained with great effort through and after the war by aficionados in Tokyo. From
this basis quail breeding was once again begun in Toyohashi. With the intention of reactivating the strain, however, the quail were repeatedly bred with wild quail and also
with such foreign breeds as the English White and Taiwanese. Through this, the modem
Japanese commercial quail line was developed. We have been able to discover a quail
lineage which has been maintained since pre-war times and this strain has been
examined. If the genes which are useful for domestication can be discovered, these
will serve as a basis for further use.
DRIED POULTRY DROPPINGS IN FEED FOR LAYER QUAILS
P.K. Shukla, R.K. Shrivastava and V.K. Singh
Department of poultry science, College of Vety. science and A.H. Matnura 281001, U.P.,
India
The chemical analysis of Sundried Poultry Excreta (SPE) on D.M. basis revealed that
it contains 94% dry matter, 19% crude protein, 1.9% ether extract, 15% crude fibre,
47% nitrogen free extract, 17% ash, 3.4% calcium and 1.7% phosphorus. It is rich in
protein and can be used in layer's diet as a replacement of fish meal. Mature female
Japanese quail layers were randomly allotted to one of the three experimental diets
replacing fish meal partially (50%) or completely (100%) through SPE. All the
experimental diets were isocaloric and isonitrogenous. The experimental period was
lasted for about 3 months to observe the feeding effects on production performance
of the quail layers. The study revealed that conversion efficiency and the egg quality
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characterstics except shell thickness were not significantly affected by the replacement
offish meal with SPE in the quail layers. The shell thickness of the eggs was significantly
(P<0.05) improved when fish meal was completely replaced by the SPE in the diet.

NUTRITIONAL EVALUATION OF SUNDRIED POULTRY EXCRETA WITH
DIGESTIVE ENZYME AS PROTEIN SUPPLEMENT FOR LAYER QUAILS
V.K. Singh, R.K. Srivastava and P.K. Shukla
Department of Poultry Science, College of Vety. Science and A.H.Mathura 280001, U.P.,
India
A 3x3 factorial experiment involving three replacement levels of Sundried Poultry
Excreta (SPE) with fish meal (0, 5 or 10 per cent) and three supplemental levels of
a digestive enzyme Ventrigold (0,0.1 and 0.3 per cent) was conducted for the nutritional
evaluation of various experimental diets. Duplicate groups of eight birds each were
assigned to one of the nine experimental diets from seventh to nineteenth weeks of
age. A response to the replacement levels of fish meal with SPE and to the added
graded levels of enzyme Ventrigold was not observed in any of the criteria measured
viz-feed consumption, egg mass, feed efficiency, egg number, hen-day-production,
egg weight, body weight albumen index, internal quality unit or percent shell weight.
There was no evidence of SPE X enzyme interaction for any of the criteria measured.

OCCURRENCE OF ENTEROTOXIGENIC AEROMONAS IN QUAIL MEAT
A.S. Yadav' , S.S. Verma', K.N. Kapoor- and Raj Narayan'
'Central Avin Research Institute, Izatnagar 243122, India
^Indian Veterinary Research Institute, Izatnagar 243122 India
A study was conducted to determine the occunence of Aeromonas sp. in quail meat
and to test their enterotoxigenicity and antibiotic sensitivity for assessment of pubhc
health significance. One hundred and twenty quail meat samples were screened for
aeromonas sp. by plating on ampicillin dextrin agar (ADA), after enrichment in alkaline
broth. A total of 13 aeromonas were isolated. Among these Aeromonas isolates, 9
were A. hydrophila and 4 were A. sobria. Majority of isolates (76.9%) were found
enterotoxigcnic and exhibited necrotic lesions with vasopermeability factor test (VPFT).
The antibiogram tested against eight antibiotics by paper disc method (Hi-Media)
revealed that all the enterotoxigcnic isolated were sensitive to ciprofloxacin and
streptomycin and resistant to colistin and ampicillin while sensitivity to tetracycline,
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nitrofurantoin, gentamycin and cotrimoxazole varied widely. On the basis of this study
it can be concluded that these aeromonads are of public health significance.

RELATIONSHIPS BETWEEN BREAKING STRENGTH, SPECIFIC GRAVITY
AND SHELL THICKNESS OF EGGS FOR JAPANESE QUAIL
Mineo Hashiguchi^, Hiroshi Kamisoyama^ and Yutaka Isshiki^
'University Farm, Faculty of Agriculture, Kagawa University, Nagao-cho, Kagawa 769-23,
Japan, ^Faculty of Agriculture, Kagawa University, Miki-cho, Kagawa 761-07, Japan
Eggshell strength of white Leghorn hens is estimated with indirect and direct
measurements and there is also some reports on relationship between indirect and
direct measurements. The present study was conducted to investigate the relationship
between breaking strength, specific gravity, shell thickness, shell weight and percent
shell of egg for Japanese quail, one hundred female Japanese quail, 120 days of age,
were maintained in individual cages and given 14 hr of light. The birds were fed a
corn-soybean type layer diet with free access to feed and water. Four hundred and
ninety eggs were collected over a 6-day period. The following morning the specific
gravity of each egg was determined by flotation in saline solution. Thereafter, the
breaking strength applied to egg vertically was measured. The shell weight and thickness
of the eggs was measured using eggshell with membranes. Coefficients of variation
were larger for shell strength than for shell thickness, percent shell and specific gravity.
Linear relationships were observed between percent shell and both specific gravity
and shell thickness. It was found that the correlation between breaking strength and
shell thickness was low. Stepwise regression analysis showed that specific gravity did
not sufficiently account for the variation in predicting breaking strength.

INFLUENCE OF STOCKING DENSITY ON MORTALITY PATTERN IN
JAPANESE QUAIL {Coturnix Coturnix Japanica)
S.Nagarajan.,D.Narahari., and LAlfred Jayaprasad
Department of Animal Nutrition, Tamil Nadu Veterinary and Animal Science University,
Madras Veterinary College, Madras 600 007, India
To assess the influence of mortality pattern by cage stocking density mortality rate
ranged from 7.6 percent in 240CM^ treatment to 24.28 percent in 150CM^ treatment.
Increasing stocking density has resulted in proportionate increase in the rate of mortality.
Irrespective of the stocking densities, more deaths were noticed due to eggbound and
egg peritonitis, more over these two reasons alone accounted for 79.3 percent of total
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mortality among the experimental birds. Inbreeding could be attributed as the reason
for higher incidence of eggbound and egg peritonitis. The adult death due to eggbound/
peritonitis was 68.53 percent. Mortality rate is increased corresponding with increase
in stocking density of the quails Percentage of mortality was low in 240 CM^ group,
eggbound and egg peritonitis were the major etiological causes for mortality during
this age group in Japanese Quail hens between 7 and 26 weeks of age. Total mortality
observed in this experiment during the entire experimental period was also quite high.
Inbreeding could be attributed as the reason for high incidence of eggbound and egg
peritonitis.

USING MATHEMATICAL MODELS FOR DESCRIBING THE EGG
PRODUCTION OF HUNGARIAN UPGRADED AND GREY LANDES GEESE
L.BodiS L.Perger^ E.Szucs^ LAcsS J.KozakS M.Karsai Ms* and J.Janan*
^Goose Breeding Research Station, ^Department of Cattle and Sheep Breeding, Institute
for Animal Husbandry, University of Agricultural Sciences, 2103 GodoUo, Hungary
In this study eight mathematical models (y-type "Wood", logistic, mixed logistic I and
III, Ali and Schaeffer, modified Wilmink II, modified Khanderkar I and polynomial)
were used for describing the egg production of 2 breeds of geese. The parameters of
the functions were calculated from the data of egg productions of 1000 Hungarian
Upgraded and 3000 Landes layers in the spring laying cycle in 1995. The functions
were fitted on the average egg productions of the layers. The result shows, that Wood,
Ali and Schaeffer, modified Wilmink II, modified Khanderkar I and polynomial
functions are suitable for describing the egg production, but logistic, mixed logistic I
and III are not. Considerable differences exist between the models. The best was
polynomial (R^=0.9852 for Hungarian and 0.9812 for Landes breed,) the best model
with 3 parameters was the Wood (R^=0.9786 and 0.9548, respectively) in both breeds.
The models are useful for describing the differences between the egg production of
the various geese populations. The full production can be predicted from part-production
by using the y-type function.
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GOOSE FATTY LIVER PRODUCTION AND ITS TECHNOLOGICAL
QUALITY
A. Hasdai', Z. Nitsan' and E Malis^Agricultural Research Organisation, P.O.Box 6, Bet Dagan, Israel
^Extension Service, Ministry of Agriculture, Tel-Aviv, Israel
The potential for fatty liver production and its technological quality were investigated
in relation to two lines of geese (grey- male parent line and white- female line). The
effect of age at the beginning of the force-feeding period (9 or 11 weeks), and sex
(male or female) on liver production were also studied. Seven hundred one-day-old
gooslings, of both sexes and both lines, hatched at two weeks interval, were fed
concentrate and some hay for 9 or 11 weeks. Later, all geese were force fed for 24 days
for the production of fatty liver. Liver weight was higher in the gray line, than in the
white line : 854 ± 12.8 vs 721 ± 8.5 g, respectively (p<.01). There were no significant
differences in hver weight between female and male geese and between those started
at 9 or 11 weeks of age. Technological quality of the liver was evaluated by fat (FR)
and Liquid (LR) release during heating at lOO'C for 1 h. FR and LR were similar for
9- or 11- week geese. FR and LR of the gray line were significantly higher than those
of the white line ,(FR was 7.5 vs. 12.4% (p<.05) and LR 10.2 vs. 24.4% (p,.05), for
white and gray lines, respectively). The FR of livers from females was higher than that
from males (10.0 vs. 6.6%, respectively, p<.05). FR and LR were highly correlated
with liver weight. The data suggest that gray line produce 18% more liver than the
white line, and that 9-week-old geese are ready for cramming. Technological quaHty
of liver was better in the white line, probably because of the lower liver weights in this
Une.

REPRODUCTIVE CHARACTERISTICS AND PLASMA THYROID
HORMONES OF HUNGARIAN UPGRADED AND GREY LANDES GEESE.
J. Janan^ L. Bodi', P. Rudas-, J. Kozak', I.Acs' and M.Karsai Ms'
'Goose Breeding Research Station, Institute for Animal Husbandry, University of
Agricultural Sciences, 2103 Godollo, Hungary -Department of Physiology and Biochemistry,
University of Veterinary Science, 1400 Budapest Pf.2., Hungary
The egg production, body weight, the plasma concentration of thyroxin (T^) and
triiodothyronin (T^) of the male and laying female Hungarian and Landes geese, and
of broody Landes females were measured. There were no sex and breed differences
in body weight. The average body weight was about 5 kg. but the average weight of
brooding layers was less (4.1 kg). The layers laid eggs at normal level, except the
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brooding ones. Our preliminary study shows that the ganders have higher T^ and lower
T3 plasma concentrations than laying geese in both breeds. The circulating concentration
of T^ and T^ tended to be consistently lower in brooding geese than birds being in
laying period. From our results we can conclude that thyroid hormones are involved
in production process thus present results further strengthen data obtained in birds
species, by adding information on geese.

INVESTIGATIONS INTO THE SUMMER EGG PRODUCTION OF GEESE
UNDER INTENSIVE CONDITIONS
F.Bogenfurst, P.Karakas, L.Palmai and Zs.Taraszenko
Pannon University of Agriculture, Faculty of Animal Science, Kaposvar, 7401 P.O.Box 16.,
Hungary
The possibility to reduce seasonality in geese was examined by regulating their sexual
maturity and keeping conditions. By this method a summer egg production period was
induced. The geese were reared in a completely closed house. During the rearing period
feeding was limited, and the length and intensity of lighting had a decreasing tendency.
Prior to sexual maturity, up to 7 weeks, lighting was provided for six hours a day, this
being followed by 9 hours' lighting daily and 9.5 hours a day in the laying period.
During egg production period the geese were also kept under intensive conditions
housed according to their body weight with different stocking density. They had an
egg production of 68 per female and had an excellent persistence (161 days), intensity
(average 42.2%) and feed conversion (502.5 grammes/egg). Both the egg weight (149.9
grammes) and the fertihty (85.6 %) were appropriate. The egg production was influenced
by the body weight at sexual maturity and stocking density, while the egg weight and
feed conversion were in correlation mainly with the body weight of the layers. The
statistical analysis indicated that the egg weight was also influenced by the daily feed
intake. Geese can tolerate intensive closed keeping on a slat well even at high summer
temperatures.

CHANGES IN BODY SIZE AND THE CORRELATION OF THESE WITH
BODY WEIGHT BETWEEN 0 AND 16 WEEKS OF AGE IN GEESE
Szabone Willin Erzsebet
Faculty of GodoUo University of Agricultural Sciences, Gyongyos, Matrai str. 36. Hungary
By comparing the sizes of different body parts of geese throughout the period of growth
we can expect to reveal some relationships that can help us select for the rate of growth
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at certain ages. One hundred thirty-two hybrid geese of mixed utihty were reared under
winter rearing conditions in Hungary from birth to 16 weeks of age. Under continental
climatic conditions those geese bom from the autumn (second) egg-laying cycle can
be reared only in an intensive system, in bams. Body weight, body, tmnk, neck, head,
beak, metatarsus and wing lengths and heart girth were measured once a week. Their
length measurements during growing periods can be described by the growth coefficient
and differed from the tuming points of the development of body weight and heart girth
within 16 weeks of the observations. Looking at changes of heart girth and body
weight it can be concluded that it's sufficient to measure only one of them, since these
two are positively correlated. In terms of the duration and intensity of development
(growth) the changes of head size correlate with that of neck length, and the changes
of body length correlate with that of the tmnk length. The close positive correlation
of neck length, metatarsus- and wing sizes with body weight can be detected only
until 5 weeks of age. There is close positive correlation between head length and body
weight between 2-12 weeks of age, and this makes it possible for us to select for the
rate of growth based on phenotype.

INBREEDING EFFECTS ON QUANTITATIVE TRAITS IN PIGEONS
I.Meleg and P.Horn
Pannon Agricultural University, Faculty of Animal Science, 7401. Kaposvar, Hungary
The effects of inbreeding on quantitative traits of meat-type and homing pigeons was
studied. The performance of 105 pairs of random-bred meat type and 60 pairs of homing
type pigeons were compared to equal number of full-sib mated populations derived
from the same base populations. Inbreeding (F=25%) reduced egg production by 6.1 %
in meat type and -0.1% in homing pigeons. Inbreeding depression was -31.4% and 35.6% in hatchability of all eggs laid, -33.9% and -6.3% in viability of squabs till
weaning, -35.6% and -37.3% in the number of squabs hatched, -49.2% and -40.0% in
the number of squabs weaned per pair for meat and homing pigeons respectively. The
28 day weaning weight of squabs was reduced by 13.4% and 2.0%, egg weight by
2.9% and 7.4% in meat and homing type pigeons respectively.
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EFFECT OF DIFFERENT SOURCES OF DIETARY FIBER ON THE
INTESTINAL MORPHOLOGY OF DOMESTIC GEESE
B.Yu, J.CHsu and C.C.Tsai
Department of Animal Science, National Chung Hsing University, Taichung, Taiwan,
Republic of China
An experiment was conducted to study the effect of different sources of dietary fiber
on the intestinal morphology of geese. Twenty four 6 weeks old female White Roman
geese were divided randomly into six experimental groups and were fed with
isoenergetic and isonitrogeneous diet containing alfalfa meal, barley bran, ricehull,
purified cellulose, lignin or pectin as the major sources of dietary fiber. They were
individually housed in wire cage for four weeks. The results indicated that the feed
intake of geese in the ricehull and pectin groups was significantly lower than that in
the barley bran groups. The daily gain and feed conversion of lignin group was higher
than those of alfalfa and pectin groups. The length and relative weight of small intestine
of geese were not significantly different among treatments, while the caecal length of
geese was longer in barley bran group or lignin group than in those with the other
treatments. The caecal length of geese for pectin group was the shortest among
treatments. From scanning electron microscope observation, the leafy and plate like
appearance in the duodenal villi morphology of geese represented a more effective
nutrient absorption in the small intestine. The finger like villi in the jujenum ileum
were observed in the geese of all treatment groups. The morphology of small intestinal
villi in geese was similar to herbivorous rabbits. The slightly damaged caecal mucosa
was observed in the geese fed with alfalfa, rice hull, celluose and pectin as fiber source,
while the damage in intestinal villi or colonie mucosa was not observed in these treatment
groups or the other groups.
MODELLING OF GEESE AND MUSCOVY DRAKES GROWTH PROCESSES
UNDER FATTENING FOR FAT LIVER
P.L.Kutnyuk*, Yu.A.RyabokonS VA.Melnik^ N.N.Virchenko^ and V.V.Shapovalenko^
^Poultry Research Institute, Borky, Zmiiv District, Kharkiv Region 313410, Ukraine
^Collective Farm "Ukraine", Dnepropetrovsk Region, Ukraine
To construct growth models for waterfowl fed for fat liver, the growth characteristics
of autosexing synthetic strain geese and muscovy drakes were used. Rate of the young
geese or drakes' growth in the reparatory period was estimated by the formula : k=100/
a-b/(a,b min), where k is index of specimen's relative weight gain over the testing
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period, a is body weight of specimen in the beginning of testing period, and b is body
weight of specimen by the end of testing period. Logistic models of liver growth in
birds subjected to forced fattening were used as prognostic. After experimental data
approximation the mathematical models of liver weight increase acquired the following
form : y = 250 + 750 / [ 1+10 (1.16-fk, (-0.242)) ] for geese, y = 148 + 1850 / [1+10
(2.57+k2(0.0438)) ] for muscovy drakes fed by spiral dosing tank and y=168+732/
[1+10 (3.03+k2(-0.0596))] for muscovy drakes fed by double screw dosing tank, where
y is liver weight after fattening, k, is index of relative weight gain of geese in the
preparatory period and k^ is index of relative weight gain of muscovy drakes in the
fattening period. Postulating logistic models of fat liver weight increase may be taken
into consideration under selection for forced fattening as well as in the selection work
for developing lines of waterfowl having large fat liver.

TRICHOMONIASIS IN DOVES
S.F.Phong, LAini, A.Jalila, S.Jasni and C.C.Lee
Department of Veterinary Clinical Studies, Faculty of Veterinary Medicine and Animal
Science, Universiti Pertanian Malaysia 43400 UPM Serdang, Selangor, Malaysia
In pigeon, Trichomonas gallinae causes a disease known as pigeon canker. Doves are
in the same family of pigeon, namely Columbidae. Trichomoniasis in spotted dove has
been reported in Malaysia in 1986. The spotted dove is native to Southern Asia and
is one of the most common cage and aviary birds in Malaysia. They are kept as singing
birds or trained decoys to attract and trap the wild one. In a non-immune bird this
parasite can cause severe lesions in oropharyngeal region and death usually result
from starvation, secondary bacterial infection or possibly toxaemia. Clinical signs
include lethargy, anorexia, drooling, ruffled feathers, with or without diarrhoea, dyspnea
and emaciation. The disease may be peracute, causing death or asymptomatic carrier.
During the three months period, six doves were presented to Veterinary Teaching
Hospital with similar clinical complaint such as depression, weakness, anorexia and
the birds stopped singing. They were from different owners and management
background. Upon clinical examination whitish spot can be seen at the oropharyngeal
region in severely infected birds. Confirmation of the diagnosis was made through
immediate microscopic examination of wet smears directíy taken from the lesion. The
lesion was taken by using a swab and then placed on the clean glass slide with the few
drops of normal saline. The trichomonad was easily identified as motile organism.
Metronidazole (Stanzil), at the dosage of 5mg/100gm was given twice a day orally for
7 days and the birds completely recovered after 7 to 10 days. In suspected cases,
Metronidazole can be used, clinically even without a positive identification of
trichomonad.
526

AN INCIDENCE OF ASPERGILLOSIS IN AUSTRALIAN CASSAURI.
S.M.Borole, V.M.Bhuktar and S.N.Mulay
Disease Investigation Section, Aundh, Pune-411 007. Maharashtra State, India
An incidence of aspergillosis is recorded in nine years old double wattled Australian
Cassauri, belonging to zoo. On postmortem the gross pathological lesions were the
caseous mass/plaques on airsacs, ascitic fluid in the abdominal cavity, congested lungs
and enteritis noticed. Plaques were collected for laboratory examination. Necessary
tissues were collected to rule out bacterial and viral infection. Microscopically the
suspected material revealed branching hyphae. Aspergillus fumigatus was diagnosed
on the basis of cultural examination on sabourad's agar and colony morphology.
Histopathologically the lesions were suggestive of Aspergillus fumigatus, supportive
of gross pathological lesions.

PREVALENCE OF VARIOUS ENDOPARASITIES OF DOMESTIC PIGEONS
C.S. Hayat, A. Maqbool, B. Hayat, S. Ayub and M.K. Amin
Faculty of Veterinary Science University of Agriculture, Faisalabad, Pakistan
A total of 325 fresh faecal samples and 50 guts of domestic pigeons were examined
for the presence of various species of endoparasites. Of these, 110 (33.84 %) faecal
samples and 20 (40%) guts were found positive for various endoparasites. In faecal
samples the parasitic eggs found in order of frequency of occurrence were Ascaridia
columbae (\d>.46%),Raillientina tetragona (12.3%), Capillaria obsignata (9.23%), C.
caudinflata (9.23%), Eimeria columbarum (2.46%) and E. labbeana 2.15%. In gut
samples, endoparasites found in order of frequency WQYQ Ascaridia (30%), Raillientina
bonini (22.5%), Capillaria obsignata (15%), C. caudinflata (12.5%), E.columbarum
5%, E. labbeana (12.5%). Associations of C. obsignata, A. columbae R. bonini and
E. labbeana were found in 25% of the birds. No species of trematodes were recorded.

LIONIZATION OF Z CHROMOSOME IN GANDERS SOMATIC CELLS.
Elzbieta Smalec
Animal Breeding Department, Agricultural-Pedagogic University, ul Prusa 14, 08-110
Siedlce, Poland
White colour of goose' feather was described by Jerome as a result of two pairs of
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genes : Sd+ and Sp+ (colour dilution and not saddleback pattern respectively). Both
genes are linkage to sex chromosome of European geese. White birds with Chinese
ancestor Anser cygnoides carry autosomal c gene responsible for white colour of feather.
The investigation is carried out to verify hypothesis on lionisation of chromosome Z
of ganders resulted in mosaic colour of feather in crosses between two different breeds
based on the mode of feather colour inheritance and cytological evidences. Italian
geese from breeding stock originated from A. Anser characterised by a white feather
with no sex dimorphism among adult birds. One-day-old goslings are unlike. Females,
with darker shadow of down on back differ from lighter males. Originated from Asia,
dark Cuban geese and ganders cannot be distinguished by a plumage pattern in any
age. Crosses between both species differ due to the maintaining direction. Females are
white or dark depending of the feather colour of sire, whereas males from both reciprocal
crosses characterised by a white colour with a randomly distributed single grey feathers.
It appears that this pattern of plumage can be a result of random inactivation of maternal
or paternal Z chromosome carrying out a pigmentation gene.

THE OPTIMUM USE OF GOOSE SPERMS FOR FERTILITY AND
HATCHABILITY
P. Malis
Ministry of Agriculture, Extension Service, Poultry Division, Hakirya, P.O. Box 7054, TelAviv, 61070, Israel
The aim of this study was to find the optimum use of goose sperms in order to obtain
maximum gosling number by artificial insemination. The first experiment was carried
out at the end of the laying season ( March-May, 1993) involving three treatments :
a. storage time of sperms b. sperm concentration per insemination c. frequency of
insemination. Each treatment included 7-10 dams in individual pens. The second
experiment was carried out for the full laying season (January-May, 1993) with two
treatments : a.sperm concentration, b. frequency involving 25-30 dams per treatment.
The system of experiment design was by change-over. The optimum storage time for
sperms, in individual pens, was upto 20 minutes, when using VIRGZ-2 solution 1:1
and temperature of 25 °C. The optimum sperm concentration was found to be 10^
when frequency was one insemination per 5 days. In case of 30 dams, sperm
concentration should be 30^ per insemination.
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QUALITY TESTING OF LIVER OF YOUNG GOOSELINGS BRED IN
BULGARIA
T.Vl.Vladimirova-Penkova, J.Kozak and L.Bodi
Goose Breeding Research Station, H-2103 GodoUo, Hungary
The experiment was carried out at Bulgarian Poultry Research Institute of Kostinbrod.
The authors investigated liver-production with performances of three groups of oneday, nonsexed goseling-120 birds, Benkovska White-90 birds >and Bella-1 Bulgarian
Hybrid 120 birds. The purpose of study is a comparative analysis of the genetic capability
of all groups of geese, bred and forcefed under the conditions of Bulgaria for production
of fatty liver. One fattening was tested without plucking the feathers, the stuffing started
at the 10 weeks of age. The average weight of the liver is the highest at Landes goose595,7 g, followed by Bella-1 Hybrid-462,3 g. and Benkovska White-355,1 g. As to the
quality the three genotypes could be considered as the best (the first and second quality),
since the Landes birds-62.4% attained the export quality class, with Bella-1 Bulgarian
Hybrid birds-53.5% and Benkovska White geese - 35.3%, respectively.

EFFECTS OF DIFFERENT DIETARY FIBER LEVELS ON THE ACTIVITIES
OF CARBOHYDRASES IN GOSLINGS
J.CHsu, L.I.Chen and B.Yu
National Chung-Hsing University, Department of Animal Science, Taichung, Taiwan 40227,
Republic of China
This study was conducted to determine effects of dietary fiber levels on the activities
of carbohydrases in the digestive tract of goslings. White Roman female goslings, 2
weeks of age were divided into four groups and fed four isocaloric, isonitrogenous
diets containing 4,8,12 or 16% dietary fiber, respectively for 4 weeks. At the end of
experiment, all goslings were slaughtered and the activities of amylase, maltase, aglucosidase, ß-glucosidase, ß-galactosidase in the small intestinal mucosa or pancreas
and cellulase as well as amylase in the cecum content were determined. The results
indicated that the feed intake increased and feed conversion decreased as the dietary
fiber level increased. The average daily gain of goslings significantly increased with
the increasing of dietary fiber level from 4% to 12%. The activities of carbohydrases
in the duodenum mucous membrane significantly decreased as the dietary fiber level
increased. The activities of carbohydrases in the jejunun-ileum tended to have the
similar trend with those in the duodenum. The cellulase activity in the caecal content
increased as the dietary fiber level elevated. The activity of pancreatic amylase increased
as the dietary fiber level increased from 4% to 12%, but enzyme activity in feeding
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16% fiber level was lower than thai in any other treatment groups. These results suggest
that the optimum amount of dietary fiber level in the gosling diet may be not more than
12%.

EFFECT OF LIGHT REGIMES
CONCENTRATIONS IN PHEASANT

ON

PLASMA

ANDROGEN

I.Ramboli* and C.Simontacchi^
'Dept.Produzioni Animali,V.le Piagge 2,56124 Pisa ^Dept.Biologia, Padova, Italy
The concentration of androgens in the plasma were measured in male pheasants aged
24-52 wk., submitted to three different light regimes. At 24 wk of age (the end of
December) 21 birds were caged separately outdoor and assigned randomly to the
following experimental groups:A) a constant day-light regime. (15h30minL :
8h30minD),B) an increasing day-light regime (30 min weekly) from 8h30 in December
31st to 15h30 in March 23rd and after a constant day-light (15h30L:8h30D),C) the
natural photoperiod at 44°N in Tuscany. Blood samples were taken monthly and the
androgens plasma levels were measured by a specifically validated microplate RIA.
The accuracy and the precision of the assay were assessed in the recovery and
repeatability tests using a pool of plasma of immature female pheasants. The values
of plasma androgen concentrations are given in Table. In group (C) hormone levels
rise progressively as daylength increased, reaching peak levels during the breeding
season in May and declining dramatically from June, in agreement with what occurs
in many avian species. Similarly, in group B a progressive increase of androgens was
observed with its maximum value in March but with lower plasma values. In (A) the
highest levels were observed in January, one month after the onset of light treatment
but decreased shortly after, to reach the minimum in April. The role of day light increase
on the gonadal function in male pheasant is clearly confirmed by the increase of
androgen level in all the groups.
Table 1. Plasma Androgen Concentrations
Groups

Dec.

Jan.

Feb.

Mar.

Apr.

May

Jun.

Jul.

A ng/ml
males

0.72
0.09

2.62 B
0.28

0.26
0.03

0.15a
0.15

0.61a
0.10

0.81A
0.11

0.18
0.11

0.06
0.06

B ng/ml
males

0.64
0.17

1.36 A
0.35

1.19
0.42

2.43a
0.72

0.32a
0.12

0.09A
0.09

0.27
0.15

0.07
0.04

C ng/ml
males

0.85
0.42

1.02 A
0.15

0.57
0.09

2.46b
0.51

2.38b
0.83

2.66B
0.60

0.65
0.28

0.16
0.11
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METABOLIZABLE ENERGY STUDIES WITH PIGEONS, GUINEA-FOWLS
AND DOMESTIC CHICKENS
K.Dublecz\ L.Vincze', I.Meleg^ L.Wagner^ EJakab^ and G.Szuts^
^Pannon University of Agriculture, 8361 Keszthely, Deak F.u. 16, Hungary ^Pannon
University of Agriculture, 7400 Kaposvar, Denesmajor, Hungary
Wet force-feeding method was used to compare the energy utilization of pigeons, guineafowls and domestic chickens. ME- values of a N-free basal diet and three different
experimental diets, containing maize, wheat or extracted soybean meal, were
investigated. Adult, male pigeons, guinea-fowls and 6 week old broiler chicks were
kept in individual cages. After 48 h starvation birds were force fed by a feeding pump
and excreta were collected during the following 48 h. Endogenous energy losses (EEL)
were determined using fasted birds. Birds were starved for 4 days and endogenous
excreta were collected during the last two days. Different species excreted different
(P<0.05) amounts of EEL. EEL was 8.62, 26.23 and 58.27 KJ per bird per 48 h, while
nitrogen correction resulted EELn values of 4.48,7.33 and 26.68 KJ in pigeons, guineafowl and chickens respectively. Apparent and true metabolizable energy values,
corrected to zero nitrogen balance (AMEn and TMEn) of experimental diets were
significantly higher (P<0.05) when they were determined using pigeons. No consistent
differences in the AMEn or TMEn-values of chicks and guinea-fowls were observed.

531

Authors Index

A
AbdellatifM.A.
Abolghasemi S.A.H.
Achoth I.
Acs I.
Adams C.A.
Aditya A.
Adnet M.
Adomaitis A.
Aduku A.O.
Afolami C.A.
Agafonychev V.
Agarwal C.K.
Agarwal S.K.
Aggarwal C.K.
Agrawal A.
Ahlawat S.P.S.
AhlawatS.S.
Ahmad A.
Ahmad M.
Ahmad N.
Ahmed M.
Ahmed N.
Ahmed R.
Ahsan M.H.
Aini I.
Ait-boulahsen A.
Aitkin I.A.
Akbar M.A.
Akbas Y.
Akimov V.V.
Akram F.
Akram M.
Al-Mahrous M.
Alam J.
Albano Jr.
Albano M Jr.
Albuquerque R.
Alexander J.
Alexeyev F.F.
AliK.
AH S.Z.
Alimov Kh.K.
Alisheikhov A.M.
Allameh A.
Allen CM.
Alloui N.

101
287
470
521,522
239
270
333
254,371
176
278
444
263
512
256,264,502
32,45,416
58
427
281,348,217,393
30
188,307
449
429
382
348
389,526
259
316,352
182
66,172
496
327
188,429
98
458
142
143
142,143
291
502
312
40,180
27
260
237
160
404

Alterowicz R.
Amal M.M.A.
Amin M.K.
Amin S.
Anand
Anand S.K.
Ang Li.
Anilkumar R.
Aning K.G.
Anjaneyulu A.S.R.
Anjaria J.M.
Anku G.G.
Annadurai A.
Annatte A.I.
Ansari S.
Antipova L.V.
Araba M.
Aravind B.I.R.
Arce J.
Archa B.
Ardelean C.
Ardipdjanov T.R.
Ariki J.
Arshad M.
Artemenko A.B.
Artigas C.
Arvind Kumar
AryaS.C.
Arya S.N.
Aser M.
Ashfaque M.
Asselstine L.
AtherM.A.M.
Atkare S.S.
Atuahene C.
Avanzi CF.
Avila E.
Avram N.
Ayyagari
Ayub S.
Azimov S.G.

307
385
517,527
312
418
432,446
490
297
380
433,435
382,383
134
468
476
22,23
452
291
237,249,292,376
140
259
54,55,56
27
170
312
10
346
384
313
451
413
364,382
34
367
205,263,411,457
162
485,486
140
198
71
517,527
27

B
Babu M.
Backer RDe.
Baelmans R.
Baerdemaeker J.De.

535

421
509
93
440

Bagbbanzadeh A.
Bagliacca M.
Bai Zhong Li
Baidya N.
Bais R.K.S.
Bajwal.S.
Bakkoury L.
Balan I.V.
Balani D.K.
Balbaie Tr.
Ball W.
Balnave D.
Bandopadhyay U.K.
Banerjee A.K.
Banerjee D.P.
Banerjee M.C.
Bansal M.P.
Barbosa P.S.
Barmase B.S.
Barna J.
Baroli D.
Barot V.N.
Banem K.M.
Barta I
Barteczko J.
Basaglia R.
Baskay Gy.
Basu A.
BatraU.K.
Baulain U.
Bauman I.
Bautista Ortega J.
BaykovB.
BaykovB.D.
BazizH.A.
Beaumont C.
Bedford M.R.
Bedi RS.
èBelkina I.V.
Beilaiche M.
Belsare VR
Belwal L.M.
Belyaeva L.A.
Ben Shoshan A.
Benabdelijelil K.
Bénédicte B
Bencina D.
Berdtson E.

118
485,486
386
220
31
72
156
88,90
316,385
135,138
405
151
458
36,42
335
343
317
256
180,243
79,90,91
211
45
410
79
162
173
489
343
316
126
442
97
282,406,411
283
257
324
160,184,218,226
510
394
378
381,480
384
496
244
156,249
4
328,378
219

Berman E.
Bertechini A.G.
Berthelot F.
Bezille R
Bhagwat A.L.
Bhagwat VG.
Bhaiyat M.I.
Bhanja S.K.
Bharadwaj J.K.
Bhardwa_ J.K.
Bhat G.A.
Bhat R. V
Bhatnagar P.K.
Bhattacharyya B.
Bhatti J.S.
Bheemasena J.
Bhowmik M.K.
Bhoyar A.M.
Bhuktar V.M.
Bhushan B.
Biagi G.
Bianu G.
Bidin Z.
Bimal Kumar
Binder J.
BingY
Bingwang D.
BishtG.S.
Biswas T.
Blake J.R
Blesbois E.
Boa-Amponsem K.
Boboc V.
Bodi L.
Bogdan Al.
Bogenfurst F.
Boiko G.Y.
Boldaji F.
Boldizsar H.K.
BolingS.D.
Bond A.L.
Bondarenko Y.V
Bonnet S.
Boorman K.N.
Borisova T.V
Borne RM.
Borole S.M.

536

344
196,197,197
324
358
167,167,408,443
241
314
271
31,100,105,416
32,33,100,103,116,
134,20,263,411,457
256
280,463
335
288
122,418
59
319
446
320,483,335,527
65
485
135
357,368
425
278
101
41,42
17,70,71
222
417
83,84,85
380
410,419
521,522,529
415
523
159
200
90,91
234
388
94
257
204
103
358
320,335,483,527

88,90
472
388
28,29,29,516
25
297
340
58
94
431,447
307
378
150,273
82
82
355
369,370,379,380
147,198,292,507
198,202,507
189
474

Boronchuk G.V.
Boryar A.T.
Boyle S.M.
Brah G.S.
Brahmkshtri B.P.
BrarR.S.
Braunius W.W.
Brenoe U.T.
Breslavets V.A.
Brestovee V.J.
BrihuegaB.
Brizi M.
Bryden W.L.
Bunaciu M.
Bunaciu P.
Bunaciu R.P.
Burch D.G.S.
Burlacu Gh.
Burlacu R.
Buzhin A.
Bwali S.

c
CafeM.B.
Cahaner A.
CaiH.
Cajavec S.
Camarda R.
Campo J.L.
Campos E.J.
Campos S.S.
Cappelletti C.
Carter T. A.
Cavalchini L.G.
Cerolini S.
Chacko CA.
Chakraborty R.L.
Chand S.
Chanderasekaran I.D.
Chandran N.D.J.
Chao C.H.
Charleston B.
Chatterjee R.N.
Chaubal D.V.
Chaudhary D.
Chaudhary K.C.
Chaudhary M.I.

170
11,11,95,97
373
357,357,368
325
20
114,115,178
120,120
80,154,185
412
133,211
133
177,480
95,411,466
163,164,229
268
351
88
316,352
47
19
64,66,87,465
395
28

Chaudhary M.L.
Chaudhri G.R.
Chaudry H.N.
Chauhan S.S.
Chawak M.M.
ChawlaJ.S.
Chee K.M.
Chen CF.
Chen D.
Chen K.L.
Chen L.
Chen L.I.
Chen X.
Cheng G.
Cheng X.
Chengappa P.G.
Cherian G.
ChiassonR.B.
ChichibabaV.
Chidananda B.L.
Chiou I.PW.S.
Chlopina A.F.
Choct M.
Choi J.H.
Chowdhury E.H.
Christensen L.
Christian D.
Chung T.K.
èChuprasov V.
Cier D.
Cimpeanu I.
Cmiljanic R.
Cmiljanic R.M.
Coelho M.B
Coello CL.
Combarnous Y.
Gonzales E.
Corinne M.
Corrier D.E.
Cotter PR
Coucke P.
Cowan D.
Cozma V.
Craven S.E.
Creswell D.
Cristofori C
Cruz-coy J.
CuiH.

537

29,29,516
294
347
294
157
138
158
88
7
268
129
529
137
57
131
470
131
127
406
469
268
394
218
179
318
246
4
145
453
244
82
448
201
130
140
84
176
413
362,365,365
245
440
246
333
349
156,226,227
112
347
195

Cunningham J.D.
Curtui V.G.

245
171

D
Daghir NJ.
DaiR.
Dana S.S.
Daniel A.
DasD.
DasJ.
Das P.M.
DashB.B.
David Sklan
Davtyan A.B.
DeLoach J.R.
Decuypere E.
Deek A.El.
Dehuri RK.
Délabrasse Y.
Deloach J.R.
Demey F.
DeoC.
Deore P.A.
Derouet M.
Desai J.
Desai M.C.
Desai R.T.
Deshmukh D.B.
Deshmukh S.N.
Deshmukh S.V.
Deshpande S.S.
Dev Roy A.K.
Devaud A.
Devegowda G.

Devurkar U.
Dewan M.L.
Dhal S.K.
Dhaliwal A.PS.
Dhara S.K.
Dhassi H.
Dhingra N.
DhirD.S.

257
13
476,477
326
21,22
288
318
92
123
86
365
440
413
76,140,267,267
508
362,365
93,93
163,164,512
478
3
292
246,275
210
321,321
40
243
280
63,66,69,70,73
215,217
159,193,218,228,
237,238,241,
242,249,283,287,
295,296,33,
342,348,375,
376,465,492
339,342
318
267,267
290
5
259
100,103
72

Ding J.
Dingle I.J.
Dobrescu Oh.
èDobrzanski Z.
Dogra K.K.
Donald J.O.
Dong L.
Donkoh A.
Dorai raj an N.
Dotan M.
Douaire M.
Dove P
Dragan L.
Dravid N.S.
Duang Z.
Duke G.E.
Dulbecz K.
Dunlap E.D.
Duyunov E.A.
Dwivedi S.K.

136
227
410
186
224
417
73
162
351
97
4,508
328,378
54,55
125
57
504
531
365
496
515

E
Edens F.W.
Edriss M.A.
Edwads G.H.
Edwin T.Moran Jr.
Einat M. (Friedman)
Elangovan A.V.
Elbashier H.A.
Elizabeth V.K.
Elizarov E.S.
Eilend N.
Ellendorff F.
Elwinger K.
Elzubeir E.A.
Engstorm B.
Ergotic N.
Ershov E.
Ertl K.
Eruvbetine D.
ErzsebetS.W.
Eshwaraiah
Espunya E.

412
22,23
377
127
118
141,209,269,281
130
89
113
278
3
219
130
219
357,368
378
361
278
523
232,512,513
346

F
Fairfull R.W.

538

34

Falcescu P.
Farrell DJ.
Faruga A.
Fassani E.J.
Faure J.M.
Ferket P.R.
Femandes J.I.M.
Fernandes R.N.N.
Fernandez P.
Ferro J.A.
Ferro M.I.T.
Fialho E.T.
Firman J.D.
Fisinin V.l.
Flock D.K.
Florou Paneri P.
Fodge D.W.
Fossum O.
Fraeois N.
Frisch Y.
Fucikova A.
Fuentes M.F.F.
Fujihara N.
èFujimura S.
Fuller J.C.
Furlan R.L.
Furukawa T.
Furuse M.

410
506
498
197,197
493
372
142,143
256
80,154
260
260
197
234
113
48,104
194
223
219
172
244
166
256
110
205
372
120,120,170
37,60
238

G
Gabarrou J.F.
Gabriel J.E.
Gajendran K.
Ganapule S.P.
Gangadharappa N.R.
Gangan Hu
Gao N.G.
GaoZ.
Garcia D.
Garcia E. A.
Garicia G.
Garzillo J.M.F
Gavriluta E.
Genchev A.
Gentle M.J.
Geraert P.A.
Gerendai D.

257
260
513
342
465
26
222
7
362
176,266
339
142,143
54,55
113
117
257
139,196

Gesbert F
Ghalasasi G.R.
Ghalsasi G.R.
Ghamry A.El.
Ghanem M.R.
Gharadaghi A.
Gheisari A.A.
Ghodasara D.J.
Ghorbani G.
Ghosh J.D.
Ghosh S.
Ghosh S.P
Ghosh T.K.
Gill R.J.
Gill S.PS.
Giordani G.
Gippert
Gippert T.
Gips M.
Giwa R.
Gladkova G.
Glavits R.
Glogowski J.
Gollian A.
Gomes A.I.V.
Gong G.
Gonzales E.
Gopalkrishna S.
Gorakh Mai
Gorecka H.
Gorski J.
Goswami R.N.
Gouveia A.M.G.
Gowda R.N.S.

Gowda S.K.
Gowdh C.V.
Graat E. A.M.
Gracy G.R
Graham H.
Grant P.G.
Grashom M.A.
Grasseau I.
èGrawford G.
Grewal G.S.
Groeneveld H.T.
Grossu D.

539

359
321
321,332,358,392
235
346,395
39
207
394
298
265
329,386
288
224
273
395
112
196
139
378
476
80
350
498
207
256
7
266
322,330
224
186
492
21,22
309,312
305,322,323,
330,330,
331,331,391
141 281
159,237,238
340
464,469,470
156,226
299
60
83,84
389
297
135,194
147,292

Guemene D.
Gueneiro J.R.
Gugova M.
Guillaumin S.
GuillotJ.F.
Guittet M.
Guizhi S.
Gulyas N.
Gunaratne S.P.
Gupta J.J.
Gupta R.S.
Gupta S.C.
GurN.
GuyG.

413,493,505
120,120
282,411
257
508
359
225
3
204
279,289
308
256
244
493

H
Habe F.
Hadom R.
Hafez H.M.
Hagan J.A.
HaiL.
Hailu C.
Halvorson D.A.
Hamdi S.
Han J.Y.
Han Z.K.
Hanada H.
Hanji V.
HargisB.M.
Harker A.J.
Hasdai A.
Hashiguchi M.
Hashiguchi T.
Hashish M.
Hastrup T.
Hattori M.A.
Hay at B.
Hayat C.S.
Hays V.W.
Hazary R.C.
Hegedusic V.
Heidegger J.
Heller E.D.
Henken A.M.
Hernandez X.
Herstad O.
Hew L.I.

378
248
499,500
162
119,119
98
345
413
6,8
221,222
12
378
362
226
522
488,489,520
75
235
237,246
110
517,527
517,527
142,143,191
16,17,24,31,37
438
278
95
340
362
252'
150

Hidas A.
Hillel J.
Hirpurkar S.D.
Hoche J.
Hocking RM.
Hong T.L.
Hopic S.E.
Hoque M.M.
HomR
Horst R
Horvath E.
Horvath E.M.
Hou S.
Houqing Xie
Hraste A.
èHsiao H.Y.
Hsu G.S.W.
Hsu J.C.
Hsu S.Y.
Hu J.H.
Huan L.V.
Huang J.

39
95
382,383
495
414
88
201
356
497,524
7,99,104
353
278
152,181
26
431,438,447
223
438
525,529
435
336,435
340
150,152,179,
180,181
146,204
83
218
354
152,214
20,104
97,118,151
239,253
149
334
382,500
257
157,246
6

Huang J.C.
Huanling L.
Hughes R.J.
Hulaj B.
HuoQ.
Huque Q.M.E.
Hurwitz S.
Husain K.Q.
Husang J.
Hussain FH.Z.
Hussain I.
Hussein A.S.
Huyghebaert G.
Hwang K.C.

I
Ibrahim Sh.A.
Ichikawa S.
Iddamalgoda A.
Idinyan T.G.
Ikani E.I.
Ikani I.E.
Imamura K.
Imangulov S.A.

540

235
82,124
457
113
476
176
110
103

Inborr J.
lonov I.
lordachescu D.
Iqbal M.
Iqbal Z.
Iqbaluddin
Ishibashi T.
Isibasi A.
Islam M.A.
Islam M.R.
Ismail P.K.
Isshiki Y.
Itakura C.
ItoS.
Ivanics E.
Ivanov A.V.
Ivanova T.V.
Izalke Y.

182
189,190,190
355
393
217
30
205,206,206
339
314
318
297
488,489,520
314
264
350
86
94
60

J
Jackson S.
Jadhao S.B.
Jadhav A.S.
Jadhav K.V.
Jadhav N.V.
Jahan K.
Jahanshahi A.
Jahdao S.J.
Jain A.K.
Jakab E.
Jaksic S.
Jalajakshi C.K.
Jalila A.
James RC.
Jamroz D.
èJanan J.
Jankowski J.
Jaroni D.
Jasni S.
Javed M.
JayaB.
Jayalaxmi R
Jayaprasad I.A.
Jedege O.C.
Jelic A.
Jensen J.F.
Jeon I.S.

504
235
175
335
243
26
355
315
283
531
437
469,470
526
484
128
521,522
501
234
526
281
76
38
478,520
476
431,437,441,447
237
8

Jeong D.K.
Jian L.
Jiang J.S.
Jiang Y.N.
JieL.
Jikia L.
Jin-Wen-Chen
Jodas S.
Johar_ D.C«

8
179
336
495
213
40
67,68
500
5,16,17,17,18,24,
30,31,31,37
43,66,69,70,73,87
75
35
359
316,352
139,274,275,
317,517
484
89
320,478
305,323,391
382
24,45,53,54,173
170

Johari S.
John L.
Johnson I.R.
Johnson L.R.
Johri T.S.
Jonker A.
Joseph L.
Joshi A.G.
Joshi B.R
Joshi R.K.
Joshi R.S.
Junqueira O.M.

K
Kabilika S.H.
Kadim I.T.
Kadirvel R.
Kagami H.
Kajtazov G.
Kakkar M.L.
Kalkar R.D.
Kallweit E.
Kalodera Z.
Kalra S.K.
Kamble K.D.
Kaminski J.
Kami soy ama H.
Kamiyoshi M.
Kanaujia A.S.
Kang W.C.
Kansal M.L.
Kapoor K.N.
Kapoor R
Kar B.C.
Karabachinsky A.L

541

305
188
285,286
12
113
502
341
126
437
370,384
36,43
162
488,489,520
122
69
490
418
519
63
494
502

Karakas A.
Karakas P.
Karasawa Y.
Karatzas C.N.
Karkach P.
Karsai M.
Kataria J.M.
Kataria M.C.
Katarzyna C.B.
èKatarzyna Cywa Benko
Kathaperumal V.
Katie J.
KatochB.S.
Kaul L.
Kawashima M.
Kelemen M.
Kelkar R.D.
Kelso K.
Keman S.
Kempfl.
Keqian W.
KerrB.J.
Khajarern J.
Khajarern S.
Khan A.A.
Khan A.G.

Khan M.S.R.
Khan M.Z.
Khan S.
Khanagwal P.
Khandekar N.
Khanna K.

Khanna N.
Kharadi V.B.
Khatkar M.S
Kher H.N.
Khetan M.M.
Khire D.W.
Khorvash M.
Khusi M.
KhutsishvlH M.
Kida H.
Kidd M.T.

442
523
198,199
505
487
521,522
306,310,313,315,
317
16,17,24,31,37,465
81
15
285,286
49
224,229,229,254
294
122
353
231
133
46
359
137
234
145,226,240
145,226
307
26,31,32,33,34,
103,134,205,263,
416,416,472,477
318
217
350
265
476,477
19,24,45,49,53,
54,173,246
276,502,506
426
39
29
382,383
418
210
298
347
40
314
234

Kiiskinen T.
Kikuchi K.
Kilari S.
Kilic B.
Kim M.H.
Kindarle D.D.
King A.J.
King R.D.
KirilmazL.
Kiss I.
Kiss L.
Kita K.
Klein S.
Klis J.D.v.D.
Klunter A.M.
Kobayashi Y.
Kodama H.
KohK.
Koide K.
Koji T.
Kolacz R.
Kolbuszewski T.
Kongut M.
Koning W.DE
Kopec W.
Koreleski J.
Korosi L.
Koteeswaran A.
Kovacic H.
Kovacs L.
Kozaczynski K.A.
Kozaczyynski W.
KozakJ.
Kozlowski K.
Kraft Siegfrido A.H.
Krishnan A.R.
Krishtanovitch V.
KsminskaB.Z.
Kuchmistov V.A.
Kufidis D.C.
Kuhnlein U.
Kukade S.V.
Kukde R.J.
Kuklenko T.
Kulishev B.
Kulkarni D.D.
Kulkami PR
Kulkarni S.B.

542

177
60
329,386
510
158
306,392
291
188
172
483
489
373
3
247
215,217
314
387
198,199
206
199
186
404
339
250
430,431
241
350,409
313,360
442
497
499
326
521,522,529
498
284
39
440
241
94
194
413,505
358,392
235
189
440
484
231
332,478

Kulkami V.B.
Kulshreshtha R.C.
Kumar A.
Kumar Ashok
Kumar B.
Kumar J.
Kumar N.
Kumar R.
Kumar S.
Kumar Satish
Kumararaj R.
Kumari J.
Kundu A.
Kurchaeva V.K.
Kutnyuk RI.
Kutnyuk RL.
Kuwayama T.
Kuzentsov N.V.
Kwakemaak C.K.
Kwakkel R.R

329,386
316,337
156,227,370
316
112
69,77,78,78
112
143
5,78,78,111
326
86,262,403
510
92
452
94
525
415,504
103
174,232,247
174

L
LadB.K.
Ladosi I.
Laizhen D.
Lakshmanan V.
Lamichhane CM.
LanL.
Langhout D.J.
Langlois P.
Lapinskaite R.
Larsen C.T.
LatifM.A.
Leary A.M.
Lechopier P.
Ledur M.C.
Lee C.C.
Lee H.K.
Lee K.H.
LeeR.S.
Lee S.J
Lee S.L.
Lee S.R.
Lee Y.P
LeiS.
Lene C.
Lengerken G.

416
490
141
439
388
149
338
4
254,371
388
52
405
324
34
526
6
295
374
6
88
495
88
233,273
237
98

Lennert L.
Lèvent K.
LiX.
Lima F.R.
èLimaye M.
Lin H.
LinJ.
Lin J.A.
Linde M.J. van der
Lingping L.
Lira V M.C.
LiuD.
Liu J.
Liu J.X.
Liu J.Z.
LiuK.
Liu M.
Liu M.R.
LiuR.
Liu S.
Liveira M.S.
Lohan I.S.
Lomkin R.E.
Lopez B.R.
Lufea D.
Luco X.G.
Ludrovszky F.
Luger D.
LuoX
Luo X.G.
Lyons J..T.

79,91
66
57
142,143,191
397
141
373
374
135
195
197
152
180
146
204
57
510
401,433
57
19
383
502
96
140
333
146
409
97
180
204
290

M
Martins N.R.S.
Mabayo R.T.
Mabe I.
MacLeod M.G.
Macari M.
Maeda Y.
Magnin M.
Mahadik PS.
Mahajan N.K.
Mahapatra CM.
Maherchandani S.
MaheshB.K.
Mahesh Kumar
MaheshPS.

543

312
238
142,143
200
120,120,260,266
75
508
134
316
429
370
295,296
353
376

Maitra D.N.
Majumdar S.
Malheiros E.B.
Malheiros R.D.
Malik A.K.
Malik B.N.
Malik C.R
Malik R.
Malis R
Mallard J
Mallikarjunappa S.
Mallo G.
Mallo G.D.
Mandai A.B.
Mandai K.G.
Mandai L.
Mandai S.K.
Mandape M.K.
Mandlekar S.M.
Mangiagalli M.G.
Mani A.
Mani K.
Mante A.R
Manvell R.
èMaqbool A.
Martin E.
Martins N.R.S.
Maryse M.G.
Marzoni M.
Masic B.
Mateescu V.
Mathis G.R
Matsubara Y.
Maurer A.J.
Maurice D.V.
Maxwell M.H.
Mayahi M.
Mazija H.
McCracken K.J.
McMillan I.
McNaughton J.
McQuiston J.R.
Mcadam J.
Meena Kumari
Megharaja K.M.
Mehmood K.
Meleg I.
Melnik V.A.

468
111,511,512
170
114,115,178
427
75
69
70,71,163
522,528
4
420
80,154
185
182,265,265,496
429
220,222
220
471,474
209
211
450
286,287,288,360
346
310
517,527
506
309
413
485,486
448
13,56,135
342
12
510
255
97
355
308,354
160
34
336
388
76
224
238
363,364,368
524,531
525

Melo J.
Meluzzi A.
Melyn H.
Menachery M.
Menchaca E.
Mendes A.A.
Mendiratta S.K.
Meng A.
Menga G.
Mengel S.A.
Mennicken L.
Meroz M.
Meszaros J.
Mezes M.
Mian M.A.
Miazzo D.
Michael Dr.A.
Miclea V.
Micu I.
Miller D.J.S.
Mini M.
Minta Z.
Miquel M.C.
Mir M.S.
Mireles A.
Mishal M.B.
Mishra A.S.
Mishra M.
Mishra M.S.
Mishra RK.
Mishra RR.
Mishra R.K.
Mishra S.C.
Mishra S.K.
Miskiniene M.
Miyazaki M.
Modungo D.
Mohan Kumar H.T.
Mohan S.M.
Mohanty G.C.
Mohanty K.C.
Mohapatra CM.
Mohapatra M.M.
Mohapatra S.C.
èMohopatra S.C.
Moiseyeva LG.
Molachanov S.
Molchanov S.

544

80,154,185
112
225
228
307
193
439
7
325
377
104,406
344
353
489
350
284
375
490
56,82
370
297
326
80,154,185
307
291
335
294
267
267
75,76,220,267,267
494
19,49,173
75,76,267,267
10
244
373
325
465
297
326
494
75
267,267
37,63,92,100,105
18,24,31
16
189
190

Moller R.
Mompart F.
Monica R
Moraes V.M.B.
Morar D.
More B.K.

135,194
324
507
114,115,178
171
322,323,330,
330,331,331
124
253,292,332,
343,375,390
97
244
171
111,115,125
188
508
357
358
3
515
117
465
320,483,527
341
376,391
144,154
461
504
298
403
54,55,56
89

Moritsu Y.
Morton M.G.
Moseley D.
Moshe A.B.
Mot T.
Moudgal R.R
Moughan RJ.
Mouline C.
Mrzel I.
Muglikar D.M.
Muhlbauer E.
Mujeer K.A.
Mukhopadhyay S.K.
Mukhopadhyay S.R
Mulay S.N.
Mulbagal A.N.
Muniyappa L.
Murakami H.
Murata T.
Murayama T.
Murugan S.S.
Muruganandan B.
Muscalu Gr.
Muthukumar S.R

N
Nadeem RM.
Nader D.
Nagabayashi T.
Nagabhushan
Nagaraja K.V.
Nagarajan S.
Nageshwara Rao K.
Nageswara A.R.
Nagra S.S.
Nagy E.
Nainar A.M.
NairM.K.
Naito M

464,470,470
11
305
76
345,500
520
453
216,232
138
353
39
317
37

Nakamura A.
Nakaue H.S.
Nalto M
Nan Q.X.
Nanda V.
Nandi M.
Narahari D.
Narat M.
Narayan A.D.
Narendranath D.
Narhari D.
Narsapur V.S.
Nasir A.
Nasti G.
Natarju O.R.
Nath R.L.
Nazar A.
Nejedli S.
èNema R.R

Nema S.
Netke S.R
Newman C.W.
Nichelmann M.
Niekerk Th.G.C.M.
Nielsen M.
NighotRK.
Ning G.
Ning Li
Niranjan M.
Nirasawa K.
Nirman K.RS.
Nisbel D.J.
Nisbet D.
Nisbet D.J.
Nishitani J.
Nitsan Z.
Noble R.
Noddegaard F.
Noguchi J.
Noirault J.
Nojedli S.
Noll S.
Nupreychik A.V.

545

518
245
12
435
385
17
203,262,284,403,
515,520
378
65
236
401,402
341
115
325
■ 242
429
159
431
26,30,32,33,48,
95,116,411,418,
457
105,116
169
252
495
402
237
321,321
19
13
87
37,60
451
365
362
365
461
506,522
133,190,190
407
60
493
441,447
345
502

O
311,318
92
314
51
504
176
278
6
60
75
238,373
1%
196
202
484
86
8
293
415
415
128
339
162
461
431

Oberoi M.S.
Ochakovskaia R.
Ochiai K.
Odubote L.K.
Ogawa H.
OgundipeS.O.
Oguntona E.B.
Ohh B.K.
Oishi T.
Okamoto S.
Okumura J.
OliveiraB.L.
Oliveira J.E.F.
Olteanu M.
Olver M.D.
Omprakash A.V.
OnoT.
Onwudike O.C.
Opris I.V.
Opris M.V.
Orda J.
Oritz V.
Osei S.A.
Ozawa T.
Oziemblowski M.

P
Patel E.G.
Paasch L.
Paci G.
Padhi M.K.
Padhi S.
PadilhaJ.C.F.
Pal S.K.
Paleja H.I.
Palmai L.
Panait I.
Panait M.
èPancerB.
Panda B.K.
Panda PC.
Pande M.B.
Pandey A.
Pandey G.S.
Pandey N.K.

381
339,362
485,486
70,70
71
257
497
45,173
523
54
54,55,56
441
515
426,427,437
272
44.329,386
344
446,446

Pandey R.
Pandey S.
Pandey V.S.
Pandita N.N.
Panigrahi S.K.
Panikar I.I.
Panikar Ig.Ig.
Panisup A.S.
Panse A.
PanwarV.S.
Paolella M.
Papesova L.
Paradkar H.G.
Paradkar N.G.

Paradker N.G.
Pardon R
Pareek C.S.
Parthasarathy R.
Parvu M.
Patarryo J.H.S.
Patel A.B.
Patel B.G.
Patel K.V.
Patel PR.
Patel U.C.
Pathak M.M.
Pathak N.N.
Patil G.R.
Patil M.B.
Patil N.A.
Patil PR.
Patil R.D.
Patnayak D.P
Pattanaik U.N.
Paul D.C.
Pavlovski Z.
Pa war RK.
Peh H.C.
Peilian D.
Peng R.
Penkova T.V.V.
Perdok H.

546

393
32
93,93
425
76
487,491,491,
511
491,511
317,326
320
230
185
166
100
48,95,103,263,
416,418,
457,466,
472,477
411
324
501
285,286
147
383
45
480
275
381,480
54
167,167,169,
408,443
496
433
168,231,
261,328
175
180
270
384
140
20,104
201,448
231,328
88
83
149
529
250

Pereira R.W.
Perger L.
Petersen J.
Petrak - Botka K.
Petrak K.B.
Petrak T.
Pettersson D.
Pfirter H.P.
Phatak R.K.
Phillips T.D.
Phong S.F.
Pignattelli P.
Piirasalu M.
Piloni S.
Pingel H.
Pirow
Pizzi F.
Placinta P
èPlamadeala S.
Plavnik I.
Ploeger H.W.
Podocea M.
Pokric B.
Politi E.S.
PolyanskihS.V.
Ponomaryova J.
Ponsuksili S.
PopC.
PopT.
Poulose M.V.
Povazsan J.
Prabhakaran R.
Pradhan S.K.
Prajapati K.S.
Prakash L.
Prakash T.
Prasad V.L.K.
Prathap Kumar K.S.
Praveen J.
Praveen Kumar K.
Praveen Mrs.V.
Privu M
Proudman J.A.
PrukneF E.
Prusinowska J.
Prydobylo N.D.
Ptichi I.
Puchajda H.

383
521
406
438
431,441,447
437,438,442
246
259
332
299
526
211
52
486
98,126
495
133
415
135
151
340
54,55
357,368
193
452
487
7
171
138
31,48,466
350
262,478,514,515
315
382,394
253
348
38,512,513
287,348
48
473
473
292
114,115
308
501
394
244
498

Pudyszak K.
Punnoose P.
Pyne S.K.

498
317
270

Q
QSu
Qi G.H.
QiS.
Qi.G.H.
Qiao M.H.
Qionq Z.
Qudratullah S.
Qureshi A.M.
Qureshi M.A.

204
425
7
131
336,435
490
145,147
307
372

R
Rackus J.
Radovcic E.P.
Raheja K.L.
Rahman S.U.
Rai R.B.
Raj Narayan
Rajan A.
Rajendran A.
Rajeshwara Rao N.
Rajini R.A.
Rajkumar
Raj mane B.V.
Raju M.V.L.N.
Rakshit C.C.
Ram Gopal
Rama Rao S.V.
Ramamurthy N.
Ramboli I.
Ramesh A.
Rana N.
Ranade A.S.
Rand N.
Rangnekar S.D.
Rank D.N.
Rao A.T.
Rao J.RK.
Rao K.H.

547

254,371
354
64
312,334,348,
350,363
58
111,511,512,519
297
434
218
403
61
168,231,231,261
270,328
157,209,269
192,208
17,63,434,512
165
262
530
351
337
168,231,231,
261,270,328
244
473
19,53
362
280
433,435

Rao K.R.
RaoK.V.S.S.
Rao RV.
Rao V.K.
RasmussenRB.
Rasool G.
Rasti M.
Ratz F.
Raut S.N.
Raval S.K.
Ravikiran D.
Ravindra D.
Ravindran G.
Ravindran V.
Ravindranathan N.
Rawat A.K.
Ray Dr.A.K.
Razvi F.
Reddy B.L.N.
ReddyB.S.V.
Reddy CE.
Reddy G.R.
Reddy J.S.
Reddy K.R
Reddy M.R.
Reddy M.S.
Reddy RM.
Reddy RR.
Reddy RY.
Reddy S.J.
Reddy S.R.
Reddy V.R.

Reddy Y.K.
Rehman S.U.
Remon J.P.
Remus J.
Renukaprasad C.
Resende K.T.
Resende M.
Reuvekamp B.F.J.
Rimsky Y.
Ripley RH.
Ristic T.
Roberts J.R.

467
435
167,167,408,443
439
246
393
298
350
33
381,480
193
467
150,273
150
390
5
125
281
62
464
38
441
265
445
209,310
441
512,513
262
145
145
300
145,147,147,
165,165,211,
211,213,213,
216,232,269,
512,513
313
368
509
336
339
173
309,312
207,402
244
380
437,438
405

97
410
198,202
503
357
404
94
109,109,110,119,
119,137,149
448
169,183,184,187
336
117
288
297
310,494
389
522
525

Robertson G.W.
Robinson D.
Rodica D.C.
Roiter Y.
Rojs O.Z.
Rokicki E.
Romanov M.N.
Rong D.
Rosario K.J.
R.ose S.R
Rosi L.
RoyB.
RoyB.N.
Roy K.S.
Roy RK.
èRozanah A.S.
Rudas R
Ryabokon Yu.A.

S
Sabarathnam V.E.
Sachdev A.K.
Sadagopan V.R.
Sadasivam R
Sadeghi H.
Sadovnikov N.
Safiullah A.M.
Sah R.L.
Saha K.C.
Sahoo B.K.
SahuB.K.
SaifY.M.
Saito N.
Sajjad-ur-Rahman
Sakhatsky N.I.
Sakomura N.K.
Salah Uddin M.
SalahUddin M.
Salih FI.M.
Salmon A.
Samadi A.
Samal RC.
Samanta G.
Samberg Y.
S ami a

548

475
434
147,157,209,269
449
408
372
449
306,310,313,
317,515
468
220
140
374
415
364,364,382
10
170,173
184
187
130
508
298
220
516
396
235

Saminathan P.
Samuli E.
Sandhu J.S.
Sangilimadan K.
Sankaralingam S.
Sankamarayan Y.V.
Santos B.M.
Santos M.D.F.
Sapcota D.
Sapra K.L.
Sarag A.N.
Sarkar S.K.
Sarma G.
Sama
Sartori J.R.
Sarwar M.N.
SashidharR.B.
Saterby B.
Sathe B.S.
Satish Kumar
Satyamoorthy B.
Satyanarayana Reddy RV.V.
Saubi N.
Savage RK.
Savage T.R
Savaliya RR
Sawarkar S.
Saxena S.C.
Saxena V.K.
Sayed S.K.S.
Schaffer E.
Scheele C.W.
Scheideier S.E.
Schelkens M.
Schouten J.T.M.
Schramm G.R
Schurig G.G.
èSchutteJ.B.
Secato E.R.
Sedereviciute Z.
SedlacekR
Sefton A.E.
Seigneurin F.
Sellon A.E.
Selvam S.
Sel van S.T.
Sen A.R.
Senani S.

449
192
28,29,29,516
89
89,89
460
309,312,383
509
139
290
180,243
220,222
347
225
176,266
382
463
246
467
434
228
202
346
377
245
25,53,54
329,386
63,503
63,503
393
278
232,247
234
509
74
102
388
338
120,120
244
347
412
85
245
449
203
428,428
58

Senapati RK.
Sengupta B.R
Senter S.D.
Seo D.S.
Seokand B.S.
Servashe B.D.
Servet Y.
Seshadri S.J.
Settar R
Shah R.L.
Shakhnazarova L.
Shakya S.
Shanmugasundaram S.
Shapovalenko V.V.
Sharma C.R.
Sharma D.
Sharma D.R
Sharma K.S.
Sharma M.
Sharma M.L.
Sharma N.
Sharma R.D.
Sharma R.J.
Sharma R.K.
Sharma R.N.
Sharma R.R
Sharma V.K.
Sharma V.R
Sharmila K.
Shen H.
Shen T.R
SherifKh.El.
SherifKhanT.
Shetty RH.
ShimadaK.
Shinde S.G.
Shingari B.K.
Shittu S.A.
Shiying L.
Shlosberg A.
Shobha K.
Shrivastav A.K.
Shrivastava H.R
Shrivastava J.
Shrivastava R.K.

549

224
502,506
452
8
258
358
66
323
66,172
315
453
382
450
525
224
16,17,17,24,31
37,69,71
437
229,254
77
122
428,428
16,18,36,477,
510,511
420
36,42,153
305 387
62,70,71,73,
465,476
393
230,251,251
492
171
495
139
196
280
415
168,270
290
476
83
378
351
274,275,517
163,236,271
31
518

Shrivastva H.R
Shuaib M.
Shuisheng H.
ShuklaP.C.
ShuklaP.K.
ShuklaR.K.
Shukla S.K.
Shukla S.N.
Shyam Sunder G.
Shyu C.L.
Sidadolog J.H.R
Siddique M.
èSikka S.S.
Silva RC.
Silva R.
Silva R.I.
Sim J.S.
Simon J.
Simontacchi C.
Sindhu S.T.A.K.
Singh A.
Singh A.K.
Singh B.
Singh B.R

Singh C.B.
Singh C.V.
Singh D.
Singh D.R
Singh H.
Singh H.N.
Singh H.R
Singh K.S.
Singh M.R
Singh N.B.
Singh R
Singh RK.
Singh R.A.
Singh R.K
Singh R.R
Singh R.R.B.
Singh R.V.
Singh S.
Singh S.N.

164
364
179
246
518
19,24,25,45,49,
53,54,173,519
353
47
157,209,269
374
46
312,363,364,368
277
256
173
266
131,295,425
3
530
393
311,318
240
66,72,311,318
9,47,51,63,64,64,
66,69,70,70
71,73,163,229,
465,511,512
240,420
61
61
10,17,18,36,43,
69,92,160,161,511
496,497,503,510
50
92
294
308
115
418
50,503
153,258
5
69,77,78,78,99,432
433,435
61,64,65
230,251,25]
329,386

Singh S.R
Singh V.
Singh V.K.
Sinha S.C.
Sinha S.R
Sirothia A.R.
Sivanandan V.
Sklan D.
Skonsmanas J.
Skorupinska J.
Skraba B.
Skrivan M.
Sladek R
Sladic D.
Smalec E.
Smith A.
Smith G.A.
Smolinska T.
Smulders A.C.J.M.
Soback S.
Sochican I.A.
Sochkan I.A.
Solanki J.V.
Soliman A.A.
Son J.H.
Sonawane N.S.
Songting H.
Sonia C.R
Sorensen R
Sourdioux M.
Sourdloux M
Sousa RM.
Souza E.M.
Spais A.V.
Sparks N.H.
Speake B.
Sreenivas Gowda R.N.
Sreenivas R.N.
Sreeramamurthy A.
Srilata Rani R
Srinivas Gowda R.N.
Srinivas Rao S.
Sriranganathan N.
Srivastava H.R
Srivastava R.K.
Stadic D.
Stadler A.
Stefanescu D.

550

308
240
518,519
425
476,477
243
345,366
244
254,371
128
241
405
405
368
527
183 .
135,194
431
174
378
92
88,90
19,24,49,53,54
413
198
261
83
413
61
508
4
83,84,256
176
194
133
133,190,190
323
322
38
211
283
283
388
163
519
357
500
135,138

Stefanescu V.
Stefanova I.
Stipkovits L.
Stoyanov M.
Stoyanov M.P.
Strauss B.
Stroom J.H. van der
Su Hei-Ju
Su I.H.P.
SuQ.
SuQi
Subramanian S.R.
Suchaux M.D.
Sudershan R.V.
Sugiyama M.
Suguna Ch.
Sulochana S.
Sun J.L.
SunX.
SunZ.
Sundararasu V.
Sundaresan K.
Sunde M.L.
Sunderarasu V.
Sunderearaj A.
Sundersen K.
Surai P.
Suresh B.V.
Suresh S.C.
Surmiak T.
Survashe B.D.
Suryanarayan T.
Suryawanshi J.B.
Suto Z.
Svetlin A.
Svihus B.
Szalay I.
Szucs E.
Szuts G.
Szwaczkowski T.

132,135,138
440,445
369,370,379,380
282,406,411
283
361
338
438
426
146
180
450
324
280,463
457
441
484
386
83
155
514
286,288,360
463
514
317
287
189,190,190
213
228
441
321,321,332,392
332,343,390
332
497
328
252
79
521
531
15,81

T
Tagami T.
Taghirov M.T.
Takacs E.
Takahashi H.
Takahashi T.

12
10
409
37,60
122

Takatori I.
Takeda H.
TakedaT.
Takemasa M.
Taklimi S.M.S.M.
Talpada P.M.
Tanaka K.
Tanaka M.
èTang H
Taouis M.
Taranu I.
Taranu L.
Taraszenko Zs.
Tejankar B.J.
Tellez G.
Terai A.
Tereshchenko A.V.
Testik A.
Th. G.C.M. van Niekerk
Thakur R.S.
Thakur Y.P
Thangamani R.
Thangavelu A.
Thirumali S.
Thiyagasundaram T.S.
Tikk H.
Tikk V.
Tomar S.
Tomkins T.
Tong J.
Tonkovic S.
Toppo S.
Trappett PC.
Trehan RK.
TrifAl.
Tripathi H.
Troescher A.H.A.
Trziszka T.

Tsai ce.
Tuah A.K.
Tuchemskaya Y.
Tuchili L.M.
Tumova E.
Turcov F.
Tyagi PK.

u
551

387
37
37
144,i54
237
276
122,415,504
264
7
3
202
198
523
320
339,362
82,124
10
461
207
143,182
462
299
360
298
59,76
52,486
486
271
365
225
442
164
410
395
171
471,474
130
186,430
525
162
80
387
405
28
160,160,161

Ujvarine J.
Ulmek B.R.
UmakanthaB.
Umaru M.
Ungureanu G.
Uni Zehava
Unni A.K.K.
Utsumi M.

497
175
241,242
476
54
123
35,89,89
124

Vincze L.
Vior C.
Virchenko N.N.
Virginia M
Virtanen E.
Vishwanathan K.
Vojter A.
Volker L.
Vracar S.

V
VakhariaV.N.
Vala R. A.
Van der Linde MJ.
Vandepopuliere J.M.
Vankar S.G.
Vanmarcke J.
Varkonyl Eszter
Vassilopoulos V.N.
Vataliya RH.
Veeranna K.C.
Veliksar D.
Venka Reddy D.
Venkatasubramanian V.
Venkateshwarlu Y.R
Venkatramaiah A.
Venketeswara Rao M.
Venugopalan A.T.
èVenugopalan K.
Verdu C.
Verhulst A.
Verma C.R
Verma D.N.
Verma J.
Verma K.C.
Verma N.
Verma S.S.
Verma S.V.S.

Vermeersch H.
Vetesi M.
Vetesi N.
Vijayalakshmi K.
Vijaysarathi S.K.
Villar E.

531
355
525
5
336
514
409
215,217
448

w
377
272
194
290
276
347
14
194
24,25,49
471
28
202
475,479
512,513
202
202
310,360
284,401,402
307
93,93
263,264
239,253
274,275
306,310,313,315,
317,326
335
432,434,446,
446,519
66,70,70,141,
160,161,163,163
164,229,271,281
509
483
489
445
323
80,154,185

Wagner L.
Waldensteat L.
Waldron L.A.
Walser R
Wang A.
Wang B.
Wang C.
Wang D.
Wang H.
Wang J.
Wang L.
Wang Rui Qi
Wang S.
Wangen X.
Wanjare Y.B.
Weber G.M.
Wechsler F.S.
Weisman Y.
Wells R.G.
Wenk C.
Wenying L.
Wezyk S.
Wezyk S.W.
Wibowo A.
Wiederhold S.
Wiedmer H.
Wiliczkiewicz A.
Wilson E.K.
Wimmors K.
Woodburn M.A.
WuQ.
Wylie L.M.

531
219
169
259
132
83
150
149
148,212,215,373
83
57
401,433
152,181
129
243
333
176
378
183
259
137
15
81
46
126
248
128
476
7
388
141
117

X
Xiangpin Qiu
Xianhong G.

552

26
109,109

Xianping S.
Xiaohua L.
èXueying L.

136
73
233,273

Y
Yadav A.S.
Yadav B.P.S.
Yadav K.R.
Yadav M.C.
Yadav RL.
Yagi K.
Yahav S.
Yalcin S.
Yamada M.
Yamamoto A.
Yamazaki M.
YanH.
YangL
Yang L.
Yang N.
YangQ.
Yang S.
Yang Z.
Yap K.H.
Yaroshenko F.
Yasuoka T.
Yin Ming Jin
Ying W.G.
Yizhong K.
Yonash N.
Yongyang L.
Yoo IJ.
Young H.C.
Young L.L.
Younus M.
YousafM
YuB.
YuQ.
YuT.
Yub.
Yueying J.
Yuming G.
Yunus R.
Yuping Z.
Yuquing Z.
Yuwanta T.

446,519
279,289
265
511
435
82
97,118,151
172
264
206
144,154
101,152,214
137
110,148,212,215
19
141
67,68
150
188 •
189
122
386
490
41,42
95
83
444
272
452
367
188
268,529
57
221
525
129
136
11
136
136
46

Z
Zabiyakin V.
Zabudski YI.
Zadworay D.
Zaghary M.
Zakharov I.A.
Zarate V.A.
ZelenkaJ.
Zeng Tao Sun
Zeng-Tao Sun
Zhang H.
Zhang M.
Zhang Q.
Zhang W.
Zhang Y
Zhang Z.
Zhao J.
Zhao L.
Zhao L.Yu J.
Zhebeleva I.
Zhenying X.
èZhong Y
Zhou A.
Zhou J.F.
Zhou W.T.
Zhuravlev I.V.
Zia-ur-Rahman
Ziyi Z.
Zlochevskaya C.
Zumbado M.

553

503
121
413,505
408
16
99
186
489
488
7,149
129,181
57
149
16
110,119,119,
131,137,137
HO
181
152
440
132
129,181
83
505
121
113
188,217,281,
348,393,429
149
80
174

STUDENTS PAPERS CONTRIBUTED
IN
INTERNATIONAL YOUTH PROGRAMME

■'■y'>-%~,

1996

XX
World's Poultry Congress
New Delhi, India
2 - 5 September 1996

World's Poultry Science Association (India Branch)

CONTENTS

PAGE

Gautemala and its poultry.
M.U.Motta Padilla

1

Different lighting programs of broilers.
A.Vojtr, F.Ludrovszky, E.Takacs and L.Korosi

3

Biological active substances of commercial interest in egg yolk.
C.Hartmann

4

Poultry Scenario in Namakkal Zone, Tamilnadu, India
L.Sakthiyal

7

Molecular cloning of the chicken growth hormone receptor
gene and polymorphic analysis on the locus of sex-lined
dwarf in chicken.
Rujuan Dai and Ning Li

8

Synthesis of ovalbumin in layers in relation to oviposition
time as measured by meal fed diets including n-lysine.
J.M.M.Kroon, R.P.Kwakkel and V.V.A.M.Schreurs

9

Using of new methods in the poultry breeding and the gene
preservation.
Eszter Varkonyi

10

Manipulating cholesterol level through molecular genetics
M.H.SU and U.K.Abbott

12

The effect of change in housing environment of egg shell
quality.
I.A.M.Leary, J.R.Roberts and W.Ball

14

Poultry Science and Technology-New Vistas
Effect of Phytase addition to feed on growth performance of
broiler chickens.
J.Fns Jensen, Mie Nielsen, Lene Christensen and
Trine Hastrup

15

Effects of Naked neck gene (Na), The frizzle gene (f),
Growth rate and their interactions, on growth of broilers at
high and normal ambient temperatures.
Reem Yunis and Avigdor Cahaner

16

Requirement of metabolizable energy and nitrogen for 1 upto
18 week pullets.
R.Basaglia, R.Silva, N.K.Sakomura and K.T.Resende

19

Status of the Poultry Industry Research and future thrust
areas in Pakistan
R.S. Akhter, M.Akram and N.Ahmsd

20

Chicken Anaemia.
S.E.Zadeh

20

Biosecurity in Poultry farms.
J.Gabriel

22

Problems of Poultry Production and Prevention against
infectious Duck Diseases in Ukraine.
N.N.Zavaly

23

The status of the Poultry Industry, Research and Future
Trust areas in Zambia.
N.I.Lungu

25

Effects of feed composition and hybrids on feather
pecking and cannibalism in laying hens.
A.Karisson

28

Poultry Industry Status and Mycotoxicosis problems in
Ukraine.
I.N.Sakhatsky

31

Pathogenesis studies on turkey rhinotracheitis virus
infection in poultry.
N.Majo

33

The use of fish oil in the diet of poultry.
A.Garcian Salas

34

Differences in feed efficiency and variations in
thermogenesis.
FJ.Gabarrota

36

Inter Individual Distances (IID) in Japanese Quail Cotunix
Japanica seletced for high or low levels of Sociability.
N.Francois and A.D.Mills

37

Comparison of the effect of Thyroxine and Triodithyronine on
growth and protein breakdown in primary chick muscle cell culture.
N.Kazuki, K.Hayashi, K.Konya, A.Ohtauka and Y.Tomita

37

Synergistic effects of thyroid and glucocorticoid hormones
on growth and muscle protein breakdown in primary chick
muscle cell culture.
K.Katsumi, K.Hayashi, K.Nakashima, A.Ohtsuka and Y.Tomita

38

The use of enzymes to enhance the nutritive value of poultry
feed.
N.Keinatombi Devi

39

Rural Marketing of Poultry Products in India.
D.K.Sachan

39

Using enthalpy values for devaluating thermal comfort inside
poultry housing.
DJ.M.Pitarello and lA.Nass

40

The effect of Naked neck (Na) gene on broilers stocks
differering in growth rate.
Nadar Deeb and Avigdor Cahaner

42

The status of poultry industry, research and
thrust areas in Zambia
K.S.Hameenda

46

Egg yolk pigmentation in Italian egg production
D.Baroli and A.Ferrao

49

The determination of maximum growth and feed intake in the
chick utilising an n-component system.
R.Moller and MJ.Van der Linde

50

The effect of determining maximum growth response
in the chick on the poultry production of the small
scale farmer utilising a three component system
R.Moller, MJ.Van der Linde, G.A.Smith and H.T.
Groeneveld

51

Microbial and Plant phytase activity in
Gastrointestinal tract of broilers
D.Frapin, F.Guivarch and Y.Nys

52
111

Thermal Efficiency Of Poultry Housing
DJ.M.Pitarello and I.A.Nass

53

Toxico- Pathological studies in feeding fungus
infested black sorghum in broilers
M.Joshi, A.G.Bhandarkar, D.W. Khire

55

Effect of different coloured light on broiler performance.
K.Ramesh

56

Comparative efficacy of amoxisol with some of
the other leading brands of commercially
available antibiotics
B.U.Umesha, M.P.Arub Babu and G.Devegowda

57

Status of duck and geese production and research
in Italy.
S.Zanobini

59

Novel vaccination strategies for enhancing
mucosal inmiune responses in poultry
W.I.Muir

61

Effect of diet form and feed restriction and
performance of broilers from 14-42 d.
C.M.Allen, M.R.Bedford, K.J.MoCracken

63

Heterosis and Reciprocal effects in diallel crosses
among lines of Japanese quail.
A.Zahlen

65

Indogenous Analegesia in Hens : Opiate Mechanism.
L.M.WyUe and M.J.GentIe

67

New breakthroughs in Breeding Inmiunologically superior
Poultry.
R.E.Lomkm

68

Studies on certain egg quaUty traits and biochemical
parameters in white leghorn bird fed on livfit vet premix.
S.N.Lal, M.Yadav, S.RSingh and D.N.Verma

68

Computer aided poultry farm Management
Vivek M.Patil

69

IV

Effect of feeding Mustard cake v/s detoxified mustard cake
in laying hens.
K.Khanna, HJ.Paleja, R.K.Mishra, R.S.Joshi and R.K.Shukla

71

Additive, Maternal and Heterosis effects in cross
breeding experiment on Japanese Quail.
M.Wieezorek

72

Chicken Brain Nuclei and their physiological Role in
Food Intake.
A.Baghbanzadeh

75

Efficacy Trial of Disfect-S on common pathogenic
organisms in poultry
CAnanda Manegar, N.Sreeram Reddy and CDevegowda

75

Role of Biotechnology in poultry industry
P.M. Vyawahare

78

Energy values of different vegetable fats and synergistic
effects of blends in broiler diets.
A.CJ.M.Smulders, C.Kwakernaak, R.P.Kwakkel and M.Zumbado

81

GUATEMALA AND ITS POULTRY
M.U. Motta PadiUa,
Dept. of Patalogia Auiar, Facultada de M.V.Z. Ciudad, Universitaria Zona 12 Guatemala
Since 1960, poultry began to reach commercial levels, stimulating the private
investment and establishment of technical and specialized poultry farms. Soon poultry
products were part of the common diet of the Guatemalans, especially in the urban
centers. (1,5)
National poultry has succeeded in the production of broilers and eggs, reaching
high levels of efficiency. Therefore it can almost match the developed countries in
the world. Poultry generates more than 50% of all the agricultural activity in
Guatemala. (1,2,3,7)
Poultry has also a multiplier effect generating employment: giving about 45,000
jobs and 10,000 distributors. Poultry has maintained important relationships with
other branches in the monetary activity, particularly creating and augmenting
commercial relationships with small, medium and large merchants, in an ample
variety of products. For example the industry uses maize, with an annual consumption
of 7.7 million's quintals; sorghum with an annual consumption of 0.5 million quintals.
The same way it requires professional services, transportation, construction, packing,
financial services, laboratory, etc. (2,3)
The actual nutriment levels of our population are inadequate, when compared with
the minimum established by the worldwide Health Organization (WHO). If the
combination of beans and com satisfy in a big part the nutritional necessities of the
human organism, the energy value and the protein content of these basic grains are
low. (3,5)
Studies made by the Institute of Nutrition of Central America and Panama (INCAP),
has demonstrated that the quantity of bovine and swine meat, consumed in Guatemala,
do not fill the minimum needs of protein for a balanced diet. That is why they have
poultry meat as a resource; which is the only accessible meat with the average
income. (3,5)
Also avian products stand out for its nutritional importance and that is why this
meat is consumed more than the other ones. According to data from Guatemala's
bank, poultry brings more than 50% of the total protein that is consumed by the
population of the country. (3)
Guuatemala has a territorial extension of 108,889 km2 and has a population of
1

10,029.414 million persons. In 1994, the number of birds that constitute the avian
population reaches about 72 millions, 85% more than a decade before. In our
country, there exist 39 poultry profiteers that are dedicated to the activity of broilers,
ducks, tukeys, quails, hatchery, and egg production. The broiler's activity is the
most important. (2,3,4,5)
There was a reduction in the production of broilers in the year 1992, because of the
effect that cause the excessive importation of chicken parts, that created an incertitude
on the national poultry industry. As a cause of this, Guatemalan government adopted
a Central American clause of safeguard: that consist in raising the tariff of importation
from 20% to 45%. This problem has been partially solved by Guatemalan government,
but they are still looking up to solutions. The growing of poultry in the last 5 years
was about 5 to 6%, but it was estimate that after all the problems it has affronted,
this growth will be lower. (5)
The avian inventory in Guatemala is :
Hatchery
Layers
Broilers
Turkeys

0.7
5.5
53.0
40.0

millions
millions
millions
thousands (7)

The growth in the poultry activity it is also reflected in the elevated consumption of
the different products: The consumption of poultry meat is 20.1 pounds per capita
each year. For egg consumption is 12.3 dozen per capital each year (3)
The production of broilers is 119,648.9 thousand pounds each year; 17,840 thousand
pounds of hen meat and the production of eggs is 127.8 million dozen each year.
(3,5)
Guatemalan poultry is frequently handicapped by different diseases. Some of these
are prevent by application of sanitary programs, vaccines, etc. (6)
It is common to find systemic illness caused by Echerichia coli and Pasterella
multocida (6)
The respiratory disease is frequently caused by Mycoplasmas, Pasterella multocida
and Pasterella haemolytica. Some other prevalent illnesses are Infectious Bronchitis
(Massachusetts and Connecticut) and Newcastle disease. (6)
In the digestive system the most common diseases are Black Vomit, Ulcerative
Enteritis caused by mycotoxins; and parasites found are Coccidia, Ascaris, capilaria
and Taenia. (6)
2

As if this was not enough, Guatemala is being threatened by a new disease. The
Avian Influenza is an exotic disease for our country; but it was akeady detected in
Mexico in the year of 1993. Authorities are already creating resolutions to stop the
entrance of this disease to the country. (6)
There are many laboratories of avian pathologist; which help in the diagnostic of
the existing disease. They realize serological test, isolation of germs, etc. Some of
them do a little research. (6)
Generally, poultry in Guatemala has a very important role in the alimentation of the
Guatemalan people and a big impact in the national economy. (5)
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DIFFERENT LIGHTING PROGRAMS OF BROILERS
A.VojterS F.LudrovszkyS E.Takacs^ and L.Korosi^
^University of Veterinary Science,Department of Animal Husbandry, Hungary, 1400
Budapest, P.CBox 2, Hungary ^He-Ross Ltd., Hungary, 2364 Osea, Hungary
The goal of the experiment was to increase the performance of broiler,using new
lighting programs i.e. to increased darkness period and to determine the influence of
this technical factor on body-weight,feed conversion ratio(FCR) and mortality rate.
In the experiment we used ROSS-208 broilers. The population density was higher
than optimal (20.4-21.8 chicks/m2).
3

The 6 hour periodical lighting program was used in the experimental groups A:
from 4th 35th day of age i.e.: 5 hours of Hght (L) and 1 hour of dark (D). The
"stairs" program was used in the experimental group B, where the period of D was
increased from 1 hour to 10 hours from the 4th day to 14th day of age and then it
was decreased,step by step,29th day of age. In the groups C,the period of D was 14
hours from 4th to 2P^ day of age and was decreased,step by step,to 1 hour,until 36th
day of age. The control groups (classical lighting program): 23 hours of Ught and 1
hour of dark. The lighting intensity was decreased step by step, from 20 to 6
lux,from the 1st up to the 14th day of age. The 6 lux remained up to the end of the
rearing.
The table indicates the difference between the control and the experimental groups
results.
Groups
Age(day)
Body weight(g)
Stand, deviation(g)
Carcass weight (g)
Mortality (%)
Feed conversion
ratio(FCR,g)

A

B

C

-18
+79
+3.1

44
+72*
+2.09
—
+0.99

44
+55*
+12
—
+0.07

49
+128*
+1
+65
-3.7

44
+74*
+33
—
-1.12

-7
+41
+4
—
-3.04

-300

-20

-70

+20

—

—

49

*P<1
From the results of experiments we have concluded that instead of the classical
methods,the new light programs show positive effects.The body weight has increased
from -0.5 to +8.3% in contrast with FCR which has decreased from +0.6 to -10.2%.
In groups A, the mortality rate has increased from +0.07 to +3.1% and in groups B
& C it has decreased from -1.2 to -3.7%. and 23 hours LI hour D up to the end of
the rearing.

BIOLOGICALLY ACTIVE SUBSTANCES OF COMMERCIAL INTEREST
IN EGG YOLK
C. Hartmann
Swedish University of Agricultural Sciences, Dept. of Animal Breeding and Genetics
Egg yolk is the chicken embryo's source of nutrition. It contains all necessary
nutrients for the chicken to undergo normal development. The dry matter of the egg

yolk is made up of about 2/3 lipids, 1/3 proteins, carbohydrates, vitamins and
minerals (Shenstone, 1968).
The special characteristics of Qgg yolk have been utilised for many years, among
others for leather preparation and freezing of semen. Modem industry has found
other ways to utilise egg yolk. It is used as raw meterial for extraction of substances
of conmiercial interest, mainly utilised by biotechnological and pharmaceutical
industries.
In 1995 a M.Sc. thesis was written in the Department of Animal Breeding anf
Genetics, the Poultry Division. The widley spread Hterature deaUng with egg yolk
as raw material for extraction of substance of commercial interest and fields of
application were summarized.
Following substances and fields of application were found in Hterature.
Substance
Field of application
Phospholipids
— parenterai nutrition (Hakansson, pers. comm.).
— Liposomes (Ryman & Tyrell, 1980; Martin, 1990).
— Studies of biological membranes (Dearden et al., 1982; Juneja et al., 1988).
Low Density Lipoprotein
Growth promoting supplement for serum free growth of cells (Fujii &
Gospodarowisc, 1983; Muarkartii et al., 1988).
Phosvitin
Naturally occuring antioxodant (Lu & Baker, 1986;

Yamamoto et al., 1990).

Sialic acid
Receives much interest from pharmaceutical industry, which hope to utilise the
characteristics of sialic acid in influenza and anti-inflanmiatory drugs and against
nervous system disorders. (Philips et al., 1990; Pharmaprojects, 1994)
Immunoglobulins
Immunoglobulins (Ig) are used for detection, estimation and isolation of
molecules. The use of Ig is growing rapidly. Ig Y* has some advantages over Ig.
- Hens are more beneficial Ig-producers both from an economic and animal
welfare point of view.
- Ig Y does not cross react with either RF, protein A or protein G.
- The evolutionary distance between birds and mammals creates a possibility
to produce Ig Y against antigens which in mammals only exhibit a weak antigenic
character. (Larsson et al., 1993).

The M.Se thesis further embraced an analysis of a selection experiment for
high and low percentage of yolk. The experiments lasted over a two year period,
1993-1995. Statistically significant differences in percentage egg yolk were found
enter only one round of selection. Still the question remains how much one can
change the composition of the egg before artificial selection is counteracted by
natural selection. Lately poultry breeders have shown an increased interest for this
kind of non traditional traits (Campo, 1995; Kreizer et a;., 1995). The Swedish
Univervity of Agricultural Sciences, Dept. Animal Breeding and Genetics, the Poultry
Division intends to further study the possibihties to change the composition of the
egg.
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POULTRY SCENARIO IN NAMAKKAL ZONE, TAMILNADU, INDIA
L. Sakthival
Department of Poultry Science, Veterinary College Namakkal, INDIA
POPULTRY POPULATION
Total No.of farms
6500
Small farms (5000 birds)
4800
Total Layer population
21 million
Egg Production per day
8-9 miUion
Density per sq.km.
10,000 birds
Flock size
1000 to 200,000
STRAIN
Babcock
:
90 percent of population
Others
:
10 percent
SYSTEM OF MANAGEMENT
Cage system a) Conventional cage system
b) Elevated floor system
Deep litter system
MANPOWER
Total personnel engaged in
poultry activities
:
50,000
Women folk
:
One third
TRADERS
Traders having full control
over farms
:
130
Traders only supply feed
TURN OVER
Turn over per day
:
Rs. 25 million
MARKETING SET UP
Majority of egg production and culled birds marketed to Kerala.
ORGANIZATIONS
The zonal National Egg
For egg price
:
Co-ordination Committee

For egg sales

:

The Namakkal Egg Sales
Promotion Committee

RESEARCH AND EDUCATION
Tamil Nadu Veterinary and Animal Sciences University.
1)
Avian Diagnostic Laboratory.
2) Animal Feed Analytical and quality Control
Laboratory
3) Centre for Advanced studies in poultry science at
Veterinary College
and Research Institute, Namakkal.
4) Post graduate students research programme formulated
to help farming
community.
Animal Husbandry department.
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MOLECULAR CLONING OF THE CHICKEN GROWTH HORMONE
RECEPTOR GENE AND POLYMORPHIC ANALYSIS ON THE LOCUS OF
SEX-LINKED DWARF IN CHICKEN
Rujuan Dai and Ning Li
College of animal science and technology, Beijing Agricultural Univercity Beijing 100094,
P R China
We have constructed chicken genomic library that contains 6.66 x 10 5 recombinants
with y EMLBL3 as cloning vector Using DIG-labeled chicken growth hormone
receptor(GHR) cDNA as probe, the library was screened by in sity hybradization
and three positive clones ( y GHRI, y GHRII, y GHARIII) were obtained. 2.5Kb
and 6.0Kb EcoRI fragments from insert DNA of yGHRI were subcloned into plasmid
pGEM-72f(+) and sequenced. Analysis of restriction sites and sequencing indicate
that 2.5Kb fragment contains 8th and 9th exons of chicken GHR gene and 6.0Kb
fragment includes 10th exon and 3'untranslated region In order to detect the
polymorphism of GHR gene between normal and sex-linked dwarf(SLD) chicken,
cDNA and genome DNA fragments of chicken GHR gene were used to probe
genomicbots of DNA from Normal and dwarf birds. 2.5Kb fragment can't find any
difference between the band patterns of EcoRI- digested DAN from normal and SLD
chicken. Using cDNA or 6.0KB fragment as probe, a 6.0Kb band that present in

EcoRI-digested DNA from normal birds is replaced by a 4.1Kb band is DISLD
chicken. The results of Southern analysis indicated that there is a deletion mutation
in the Eiregion of GHR gene is SLD chicken. This Mutation can account for the
growth defect in SLD birds.

SYNTHESIS OF OVALBÜMIN IN LAYERS IN RELATION TO
OVIPOSITION TIME AS MEASURED BY MEAL FED DIETS INCLUDING
N-LYSINE
J.M.M. Kroon,R.P.Kwakkel, and V.V.A.M. Schreurs
Wageningen Agricultural University,Marijkeweg 40,NL-6709 PG The Netherlands
Hypothesis :
The magnum, which is the part of the oviduct, is the albumen site. When an ovum
is in the magnum,i.e. about 1/2 to 3 l/2h after oviposition all the albumen is pasted
around the ovum. The digestion of nutrients in layers is about 2 hours. As it is not
known whether the nutrients used for albumen sythesis are ingested just before the
ovum is in the magnum or they already been in the body for a longer time,it has
been investigated at what time nutrients must be ingested for most efficient albumen
synthesis. In the experiment, N-lysine was used in two diets and provided to the
hens in different meals over the day. The first diet had no amino acid composition
according to the NRC-ILOB requirements (both 1994). The second diet had an
amino acid composition similar to the amino acid composition of egg ovalbumin.
For the second diet,it was hypothesized that the incorporation would be faster than
the first diet. We hypothesized that providing the N meals at different intervals prior
to or post oviposition would give varing "N enrichments in the egg of the next day,
depending on the direct utilisation for the albumin formation. The time at which the
utilisation is most directly will show the largest enrichment.
Materials and Methods :
For the experiment,96 LSL Brown hens were divided in two groups of 48 hens
each. The photoperiod was 16L : 8D starting at a.m. Both groups had access to feed
and water ad-libetum. The hens had a performance of about 90% of lay. In the
experimental diets 40% of the lysine was protein bound and 60% was as a synthetic
prepárate. In the "N meals,the "N lysine was replaced by "N lysine. Each treatment
was provided its "N meal at different times prior or post oviposition of the egg of
the experimental day. Every meal lasted one hour. On the last two days of the
adaptation period, the oviposition time was measured, so the exact oviposition time
of the first experimental day could be predicted. Treatment got its "N meal two
hours prior to the expected oviposition time treatment 2 one hour to the expected
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oviposition time,treatment 3 just after the hens had layed the egg, and so on till
three hours post oviposition (Fig. 1). The eggs of the second and third expermental
day were collected. In the laboratory, the eggs were boiled hard and divided in
shell,yolk and white. The whites were weighed and freeze dried. The eggs were
examined on "N cotent in Rostock,Germony. The data will be analyzed by Tukey's
multiple comparison test.
Results :
The results have not been worked out completely, but the "N recovery in the eggs is
clearly a linear correlation with the treatments. In a few weeks, the results will be
worked out completely.
Figure 1. " N meal providing in relation to position of the ovum in the magnum and
oviposition.

USING OF NEW METHODS IN THE POULTRY BREEDING AND THE
GENE PRESERVATION
Eszter Varkonyi
Institute for Small Animal Research, GodoUo, Hungary
Abstract
The new methos in biotechnology are getting more and more important role in
poultry breeding and in preserving endangered poultry species. The conservation
and utiUsation of the material in a later phase can help to achieve the mentioned
aims.
This study shows the utilisation of poultry embryonic cells as a method to use them
in breeding and gene conservation. The embryonic stem cells in the early stage
(STage X. ;1) are pluripotent thus able to create the whole organism even from a
single cell. So,if the embryonic stem cells are implanted to recepient embryo, we
can create many clones at the same time. The cryopreservation of chicken embryonic
stem cells is well established today (2) so there is nothing to prevent the long range
preservation.
Asian somatic and germline chimaeras have been produced by transferring freshly
collected blastodermal cells (3,4,5,6,7).
We have chosen to work with somatic chimaeras by which succesful chimaera
production (5,8,) between species,and between phenotypically different strain have
been reported (3,7,9,10,11).
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In our laboratory,chicken chimaeras were produced by injecting dissociated
blastoderm cells of Hungarian Yellow and Transylvanian Naked Neck Black breeds
into Hungarian White recipient embryos.Donor germ discs were removed from the
yolk and the cells were dispersed by trypsin treatment or pipetting. The cell
suspension was injected into the subgerminal cavity of unincubated chick embryos.
The chick embryos were then cultured after covering by laboratory parafilm. The
rates of hatching were 40% (10 chicks from 63 eggs). Two of hatched birds were
identified as chimaeras by their wing feather colouring,being of donor specifically.
They are planned to mate for detection of possible gonad chimerism.
The above desrcibed new method is based on the sealing with laboratory
parafilm,covering the window of eggshell and injection directly through to the shell
membrane into the recipient blastoderm. The technique may provide an efficient
tool in embryonic cell transfer experiments ensuring reasonable survival of the
manipulated embryos.
REFERENCES 1. EYAL-GILADI.H. and KOCHAV, S.(1976): From cleavage to
primitive streak formation : a complementary normal table and a new look at the
first stages of development of the chick. I. General morphology. Development
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2. NAITO, M.A. TAJIMA,T TAGAMI.Y. YASUDA and T KUWANA (1994):
Preservation of chick primordial germ cells in liquid nitrogen and subsequent
production of viable off spring Journal of Reproduction and Fertility, 102:321-325
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MANIPULATING GHOLESTEROL LEVEL THROUGH MOLEGULAR
GENETIGS
M.H. Su and U.K.Abbott
AvianSciences, University of California, Davis, California 95616, USA
The publication of a number of reports concerned with cholesterol related disease
have resulted in changes in human diet. Many individuals reahze that egg yolks are
high in lipid, and so have already decreased or even stopped egg consumption
(Brown, 1990). In addition,the lifestyle of many people have changed to eating a
"junk food" breakfast, rather than a " two-egg" breakfast. To encourage the people
to eat more eggs, some scientists have been trying to change the lipid content of
yolks. Griffin(1992) has reviewed the methods of modifying the lipid concentration
in an egg i.e. through drugs, diet, chemicals and gives of these modifying the
genotype which may be the most promising approach since a mutant gene affecting
lipid composition is known,suggesting a means of beginning the study of experimental
cholesterol manipulation.
Generally,Upids enter the yolk of a reproducing hen during the final phase of a rapid
oocyte growth when follicles are well vascularzied with unusally permeable capillaries
(Griffin, 1992). These hepatic lipids,including triglyceride-rich lipoprotein,
lipovitenin,and phosvitin, are transported to the ovum by blood vessels and must
then pass through several membrane layers before their inclusion in the
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yolk(Griffin,1992). Specifically, Stifani et al.(1991) has reported tliat these lipids
enter the yolk by receptor-medicated endocytosis. This procedure requires receptors
on the oocyte plasma membrane to bind to particular lipoproteins. For example,
very low density lipoprotein (VLDL) and vitellogenin contain an apoprotein which
specifically fits the corresponding receptor in order to form endocytic vesicles.
However,phosvitin,missing apoprotein,requires a different type of plasma membrane
receptor. Within six days,the rapid oocyte growth period is completed. By then,the
growing ovum has gained enough lipids and water to increase its size from 3 mm to
25 mm, and is ready to be released into the oviduct when stimulated by the appropriate
hormones.
One suspects that an alternation in the structure of one or more yolk membrane
receptors should interfere with the amount of lipid entering the ovum. For example.
Restricted Ovulator (R/0), a sex linked recessive gene,interferes with yolk deposition.
Hens carrying this mutant lack the rapid foUicular growth phase described above.
They fail to ovulate since the resulting ova are irregularly shaped,discolored,and
significantly smaller than those of normal hens(Nimpf et al., 1989). Usually,the
small abnormal yolks are reabsorbed,and the cholesterol concentration in plasma is
found to elevate six fold compared to that of normal siblings (Nimpf et al., 1989).
Research with this gene could shed light on how receptors attach to the plasma
membrane. It might even suggest a way of controlling the amount of lipid intake by
the yolk. In order to fully study the R/0 gene, our first approach is to determine its
exact location on the sex chromosome.
Some other imprtant questions remain. For example,we are still unclear, concerning
the receptor responsible for the uptake of VLDL,the most abundant lipid in yolks.
Also, the rate of synthesizing this receptor could explain in a normal reproducing
hen is unknown. Also, the structure of this defective receptor could explain why it
fails to attach the plasma membrane of the ovum. Furthrmore,we do not know if
there are any specific sites on the membrane for receptor binding. If there are,can
we produce a molecule to compete for these sites,decrease the number of receptors
present and,thus, reduce the amount of lipid uptake ? Also, we still do not understand
the mechanism of water intake into the yolk. Is it by osmosis? Would a decrease in
Hpid endocytosis interfere with the amount of water entering the ovum? Can we
decrease the amount of lipids per ovum by using hormonal control to shorten the
period between ovulations ? These are only a few examples of questions that will
help us to provide a background for meaningful efí'orts to manupulate egg cholestrol
level.
Answers to the above questions can reduce the gap between the ideal cholesterol
egg and us. Working backword, we could isolate the lipid receptors and determine
their sequence. Once that has been determined,we could attempt to produce a
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molecule that is similar to the receptor and inject it into a R/O hen to determine
whether such synthetic molecule can attach to the yolk membrane. If these molecules
can compete successfully for the receptor,then the number of the available receptors
on the yolk membrane should decrease. At the same time,the lipid content in plasma
should increase. This can be measured with the ELISA technique. Specifically, this
synthetic molecule could be a receptor for proteins,instead of lipid. By assuming
that water enters the oocyte membrane by osmosis,we should expect that the synthetic
molecule engulfs proteins to compensate for the lipid lost. In other words,we replace
the lost lipid with protein, resulting in the reduction of the yolk's cholesterol level.
Additionally, the protein added by the synthetic molecule should keep the yolk at its
normal size and prevent any significant alternation of egg size.
Although our knowledge in this area is still minimal,answers to the some of the
above questions should guide use in the right direction. All we need is "world
enough and time." When research from many labs are considered together, the goal
of producing predictably healthy low-cholesterol egg may not seem so remote. This
yolk modified egg should allow many consumers to enjoy the healthy high quality
protein food without concern over dangers from heart diseases. Recognizing the
increased concern with the cholesterol problems, in the future young scientists
should begin to concentrate on genetic approaches to the development of a lowcholesterol egg.

THE EFFECT OF CHANGE IN HOUSING ENVIRONMENT ON
EGGSHELL QUALITY
I. A.M.LearyJ.R.Roberts and W.Bali
Department of Physiology,University of New England, Armidale, Australia.
The aim of the present study was to investigate the effect of transportation and
change in housing environment on the eggshell quality of five different strains of
laying hen: Isa Brown; Hy-Line Brown; Lohmann Brown; Tegal Super Brown and
SIRO-CB Black. Where ever possible 24 birds from each strain were used, however
for two strains fewer birds were available. The hens were housed in separate floor
pens and eggs were collected for shell quality measurments for a period of seven
days. Shell quality measurements included: shell length and width, egg weight,
specific gravity,shell colour and reflectivity,breaking strength and deformation,Haugh
units,yolk colour,shell weight and shell thickness. On day eight,the hens were placed
in crates and moved approximately 4 kilometres. Half of the birds were randomly
selected from each strain and placed in single bird cages,the other half were placed
in novel floor pens. The floor pens to which the birds were moved differed from the
original pens in that they were isolated from one another,had no direct sun light and
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were smaller. Eggs were collected for shell quality measurements from day nine to
day 23. Birds placed in cages produced the largest reaction and results presented
here are only from birds moved from floor pens to cages. Results included a dramatic
reduction in percent egg production on day 9,however,on day ten percentage egg
production increased to over 100% . This high egg production on day 10 is related
to the high incidence of white banded and slab-sided eggs produced on days 10-13.
A higher incidence of calcium coated eggs occured from the time the birds were
placed in cages until the end of the experimental period. The increase in calcium
coated and white banded eggs produced by the relocation led to hghter coloured
shells. Measurements of shell quality,such as egg weight and breaking strength,were
reduced as the results of the relocation.

POULTRY SCIENCE AND TECHNOLOGY-NEW VISTAS, EFFECT OF
PHYTASE ADDITION TO FEED ON GROWTH PERFORMANCE OF
BROILER CHICKENS
J. Fris Jensen^ Mie Nielsen^ Lene Christensen^ and TrineHastrup^
^Royal Veterinary and Agricultural University, Institute of Animal Science and Animal
Health, 1,3 Bulowsvej, Dk '870 Frederiksberg C. ^NovoNordisk A/S Animal Feed, Novo
Alle, DK 2880 Bagsvxrd, Denmark
The effects of the enzyme phytase as an additive to compound feed for broilers,has
been investigated in an experiment with 4800 chickens. At the start of the experiment
the boxes with the day-old-chickens were weighed and distributed at random to 48
groups. On the basis of a commercial compound feeds a basic diet was calculated.
13,4 MJ ME per kg, 172 g crude protein per 10 MJ ME, 0,8 % calcium and 0,55%
phosphorus. This diet was supplemented with 6 levels of the phytase product:
0.250. 500. 750. 1000. and 2500 FYT/kg feed. The 6 treatments were destributed at
random 8 blocks. At day 15 and 28 the chickens were weighed by group,and the
feed intake measured.
Dead chickens were registered and weighed at day of death.The quality of the deep
litter was subjectedly evaluated at the days of weighing.
The experiment will be repeated in which the breaking strength and mineral cotenet
of the Tibia will be measured as well as the frequency of Tibia Dyscondroplasia.
The results at day 15 demonstrates,that both feed intake and weight gain increased
by increasing levels of phytase at the first 4 levels. The same tendencies were seen
in the following period,resulting in an improved feed conversion.
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The addition of the phytase did not seem to influence mortality of the chickens or
the quality of the litter.
These preliminary results indicate,that the supplmenation with phytase to a diet
with reduced levels of calcium and phosphate has a positive effect on the performance
of the chickens.

EFFECTS OF THE NAKED NECK GENE (Na), THE FRIZZLE GENE (F),
GROWTH RATE AND THEIR INTERACTIONS, ON GROWTH OF
BROILERS AT HIGH AND NORMAL AMBIENT TEMPERATURES
Reem Yunis and Avigdor Cahaner
The Hebrew University of Jerusalem, Faculty of Agriculture, Rehovot 76100, Israel
High ambient temperature and dense feather coverage reduce body weight gain of
broilers. In addition,broilers'sensitivity to high ambient temperatures increases as
their growth potential increases. The advantage of Heterozygous naked neck (Na/
na) broilers at hot climate is only half that of the homozygous ones (Na/Na),but the
latter are not commercially feasible. The frizzle gene (F) was found to induce heat
tolerance in layers. The effects of the F allele,the Na alíele and their combination on
broilers performance,and the association between the magnitude of these effects
and the growth rate (OR) potential of broilers,were studied at ambient temperatures
of 24°C and 32°C. The effect of the F alíele was similar but smaller than that of the
NA alíele. Curling feathers of normal broilers improved their performance at hot
climate only,whereas the Na gene advantages were exhibited already at intermediate
ambient temperature. The main effects of the naked neck and frizzle genes and their
additive effects were higher in high-GR broilers than in low-GR broilers.
Introduction
High ambient temperature decrease meat yield in broilers and egg production in
layers.Management solutions have been suggested in order to decrease the heat
stress effect,but most of them are expensive. Therefore,broiler prodution at hot
climates is not efficient especially in developing countries where financial resources
and adequate facilities are limited. Reducing feather coverage for improving heat
tolerance. The effect of the Na gene have been reviewed comprehensively,especially
with regard to high ambient temperature (Merat 1986,1990; Cahaner et al., 1993).
The effects of the F gene on egg-type chickens performance were reported by Van
Harran-Kiso et al.,(1992).Double heterozygous layers (Na/na F/f) had the highest
egg prodution when exposed to constant 34oC as compared Na/na f/f, na/na F/f and
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f/f (Pech Waffenschinidt,1992). No similar study was reprted in meat-type chickens.
Higher reduction in growth was observed in fast-growing chickens than in slowgrowing ones when reared at high temperature (Sheridan by Herbert, 1990; Cahaner
and Leenstra, 1992; Washbum,1992). THerefore,the effects of the NA and F genes
and their combination were studied in two broiler stocks differing in their genetic
potential of growth.
Material and methods
For the first experiment (Exp. 1), heterozygous (Na/na F/f) males with the background
of commercial meat-type sire line were mated with normally feathered females (na/
na f/f) from a meatrtype line that had not been selected on body weight for six
generations. The relatively slow growing offspring segregated to four genotypes:
double heterozygous naked and frizzled chicks (Na/na F/f),heterozygous naked neck
chicks (Na/na f/f), heterozygous frizzled chicks(na/na F/f) and normally feathered
chicks (na/na f/f). For the second experiment (Exp. 2), reciprocal matings were
conducted between Na/na f/f and na/na F/f chickens from the commercial sire line.
The fast-growing offspring segregated for the same four genotypes. In each
experiment, 120 chicks (15 per sex/genotype) were randomly selected at 3 wk of age
and assigned to individual cages in a climate-controlled chamber set to constant
32''C,and other 120 chicks were similarly selected and housed at constant 24°C. A
standard ad-libitum feeding program with commercial diets was provided. Chicks
were individually weighed when transferred to cages,and at weekly intervals
thereafter.
Within each experiment,i.e.,genetic background,data of individual birds were
subjected to a four-way ANO VA with ambient temperature,Na genotype,F genotype
and sex as main effects. Three-way ANOVA with Na genotype,F genotype and sex
as main effects was conducted for each temperature separately. A General Least
Square Model ANOVA was carried by KMP (SAS Inst.,1994).
Results and discussion
Temperature effect was significant for all traits measured. As most genotype-by-sex
interactions were not significant,genotype means over sexes within temperature are
presented.
Body weight at 7 wk of age (BW7) of normally feathered Exp.-l birds at normal
temperature was 16% lower than BW 7 of their Exp.-2 counterparts,reflecting the
genetic difference between the low-GR and high-GR stocks.
Within each Na/F genotype, the reduction in BW7 of the birds reared at 32°C
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relative to BW 7 of their 24°C counterparts,was similar in both low-GR and high_GR
stocks (Fig.l). However,the nîduction in BW gain from 4 to 7 wk of age (WG4-7)
was larger in the high-GR than in the low-GR stock (Fig.2), ranging from 43 vs.
33% in the normally feathered (na/na f/f) birds,to 26 vs. 14% in the frizzled naked
neck birds (Na/na F/f).
The normally feathered birds exhibited the greatest reduction in WG and BW in
both low-GR and high-GR stocks. At 32oC the F alíele increased WG4-7 of low
and high-GR normal birds by 9%,and BW7 by 5% and 3% of low-GR and high-GR
birds,respectively. The effect of the Na alíele was much greater than that of the F
alíele. It increased WG4-7 and BW7 of low-GR birds by 14 and 8%,and those of
high-GR birds by 25 and 9%,respectively. The effects of these two were
additive,hence the highest Wy'G and BW at the high temperature were achieved by
the birds possessing both alleges (Na/na F/f).
The effects of these genes increased as birds grew older and became heavier. In the
high-GR stock (Exp.2) the effect of Na and F alíeles increased from 4-6 wk period
to 6-8 wk of age period (Fig. 3). An advantage of 5% in WG4-6 of F/f birds over
their f/f sibs at 32°C increased to 15% in WG6-8, and a 19% advantage in WG4-6
of Na/na birds over na/na ones increased to 34% in WG6-8. This increase in advantage
at the second period is in agnjement with previous reports showing that the negative
effect of high ambient tertiiperature increases as broiler are bigger,namely,the
magnitude of the effect of feather-reducing genes on heat tolerance could depend on
the broilers'growth rate. More;o ver, already at 24°C the high-GR Na/na broilers gained
more BW than their na/na counterparts.As broilers grow faster,they generate more
internal heat and must dissijDate it effectively in order to avoid increase in body
tamperature. When fully covered with feathers,high-GR birds apparently face
difficulties in heat dissipation already at ambient temperature of 24°C,hence the
advantage of the naked neck at this temperature treatment.
In summary,the F alíele effect was smaller than the effect of the Na alíele, but both
effects were of the Na and F genes increased.lt is expected,therefore,the imprtance
of these genes to broilers production in hot climates,would increase in the future.
Figure 1. Average 7 wk body weight (BW) by ambient temperature,genotype and
stock growth rate (GR) (males + females)
Figure 2. Average body wtñght gain (WG) from 4 to 7 wk if age,by ambient
temperature,genotype and stock growth rate (GR) (males + females)
Figure 3. Average body weight gain (WG) from 4 to 6 and 6 to 8 wk of age, by
ambient temperature and genotype in the high-GR stock (males + females)
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REQUIREMENT OF METABOLIZABLE ENERGY AND NITROGEN FOR
1 UP TO 18 WEEKS PULLETS
R.Basaglia, R.Silva, N.K.Sakomura and K.T.Resende
Faculdade de Ciencias Agrarias e Veterinarias - UNES? Jaboticaba-SF-Brazil
The experiment was conducted with the objetive of determining the energy and
nitrogen requirements of pullets ageing 1 to 18 weeks of age. For the determination
of metabolizable energy (ME) and Nitrogen (N) requirements for maintenence, the
comparative slaughtering technique and the method of Nitrogen Balance (NB) were
used, respectively. The requirements of ME and N for weight gain were determined
through the regression analysis from nitrogen and energy present in the body which
were obtained by means of weekly slaughtering in term of body weight, the regression
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coefficient of these equations were used to determining the net requirements for
gain, and taking into consideration the efficients of utilization, the ME and N
requirements were determined for weight gain. The predication equations of daily
requirements of ME and in terms of body weight (BW in grams) and daily weight
gain ((WG in grams), for the phases from 1 up to 6, 7 and to 12 and 13 to 18 weeks
old were respectively: ME = 86. 12BW0.75 + 4,12WG, N = 0.3831BW0.75 +
0.066WG; ME = 98.95BW0.75 + 5.78WG, N = 3.3831BW0.75 + 0.087WG e ME
= 116.24BW0.75 + 7.32WG, N = 0.383IBW0.75 + 0.090WG.

STATUS OF THE POULTRY INDUSTRY, RESEARCH AND FUTURE
THRUST AREAS IN PAKISTAN
R.S. Akhter M. Akram and N. Ahmad
Department of Poultry Husbandry University of Agriculture, Faisalabad, Pakistan
At present the total poultry population is about 318.8 miUion according to the
Economic Survey of Pakistan 1994-95. Production of poultry meat is about 321
thousand tons and of eggs ia about 6167 million. The per capita availability of meat
is 1.44 Kg. and of Qgg is 42 number. There is abrupt increase in poultry Industry in
Pakistan, due to the better control over the various problems like disease out breaks,
heat stress, bio security measures and certain managemental problems. Moreover
the marketing system is improved a lot but still possess some hazards. The research
work is conducted at different Govt. Institutions in order to improve power of
resistance against certain diseases and climate stresses and better adoption to the
prevailing conditions. Future thrust areas for research purpose on other species of
poultry than chicken will be ducks, geese, quails, pigeon etc. to boost up the entire
poultry industry.
CHICKEN ANAEMIA
S.E. Zadeh
NASR Street 22 Avenue No.l9, Tehran, Iran
Chicken anemia agent (CAA) js a virus initially isolated from contaminated vaccines
in Japan (1979).
It is recognized that CAA, is a possible member of circovirus group. CAA appears
to have a world wide distribution. It has been found in both commercial and SPF
flocks.
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The chicken is the only known host for CAA.
All ages are susceptible to infection but susceptibility to disease rapidly decreases
in immunologically intact chicks during the first 2-3 week of life.
CAA dose not grow in cultured monolayer cells derived from a variety of chicken
and chicken embryo tissues, nor in a variety of commonly used mammalian cell
lines.
However, it does grow in some lymphoblastoid cell lines established from Marek's
disease and lymphoid leukosis lymphoma CA causes anemia lymphoid depletion,
haemorrhages and increased mortality in young chickens.
CAA is highly infectious, it can be readily transmitted from hen to chicks by the
transovarian route or horizontally by direct contact the major routes of horizontal
spread appear to be by way of Oral or respiratory introduction of virus - Contaminated
dust, water or feed.
Definitive diagnosis should be based on the appearance of typical clinical signs and
pathological findings in affected birds, breeder flock serology, and the demonstration
of the virus in the majority of affected birds.
Economic losses due to chicken infectious anemia stem from increased mortality,
poor and uneven growth, and the cost of antibiotics used to control Secondary
bacterial infections. The scale of losses is usually a reflection of proportion of
chicks in an affected flock which are the progeny of the vertically transmitting
parent flock.
It is known that both clinical and subclinical infections with CAA are
immunosuppressive. This may be the cause of the economic impact.
CAA is an extremely resistant virus. It resists high temperatures and commercial
disinfectants. Thorough flock clean out, washing, disinfection and fumigation coupled
with good biosecurity is the way of minimising the effects of subclinical disease.
A commercial live vaccine administered in the drinking water is available in some
European Countries.
Control of infectious bursal disease is important in curtailing losses due to CAA
because of the synergism between the two viruses.
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BIOSECURITY IN POULTRY FARMS
J. Gabriel
Laura Estrada Pimentel Avila Camacho, 117 Oriente, MEXICO
Biosecurity is the system that promotes and preserves the poultry's health. It reduces
the exposure to infecto-contagious agents and provides the cleanest possible
environment to the poultry and it's progeny, This is with the goal to hold up and
increase productivity.
Biosecurity should not be viewed as an "expense" to the company, But it must be
viewed as an "investment" which will yield a bigger productivity because of the
diseases, death rate, and poultry condemnation reduction.
The suggested biosecurity program is based on eight strategic points:
1. To design and describe the biosecurity programme's goal
2. To identify areas or systems concerning to the programme.
3. To write the description of the positions concerned to the program
4. To write down a manual on policies and procedures related to the job
5. To practice the biosecurity programme
6. To supervise the programme in a continuous way through check-lists
7. To improve the programme on continuous basis according to the feed-back.
8. To inform and give awards to the employees.
The main strategies to fulfill the programme's goal already described are going to
be shown as follows:
Basic hygienic premises.
Hygiene in facilities.
Hygiene in the carcass Disposal.
Hygiene related to the employees.
Vectors control.
Chemical and Physical properties of disinfectants should save the birds from
infectious diseases after treatment such as anitbiotics and antifungal agents. Following
points should be considered while deciding the usage of disinfectant strategies,
considering their physical and chemical properties :
Germicidal action of disinfectant against bacteria, fungus, protozoons, virus, algae,
should not be considered less important than it's pH, temperature, and vehicle.
Disinfactant has wide range of spectrum of it's activity when applied in diluted
form by nebulization and immersion.
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Dissinfactant should have fast speed of action.
It should show prolonged activity with a residual effect.
It should not induce resistance.

PROBLEMS OF POULTRY PRODUCTION AND PREVENTION AGAINST
INFECTIOUS DUCK DISEASES IN UKRAINE
N.N. Zavaly
Poultry Research Institute, Borky, Zmilv District, Kharkiv Region 313410, Ukraine
Political, social and economic changes in Ukraine started in 1991 have had a
negative influence on poultry production. In 1994 poultry meat output diminished
by 35% and egg output by 25%. The basic causes of this decline are insufficient
provision of full-value mixed feeds, drugs and biopreparations for poultry sector,
usage of obsolete technological equipment, financial obstacles regarding purchase
of breeder birds with high genetic potential, and imbalance of diets for amino acid
compound, vitamins and microelements that considerably tells on performance of
poultry in parent and commercial stocks.
The most developed poultry branches in Ukraine are broiler and egg industries
which constitute respectively 48 and 25%. Production of duck, turkey and goose
meat makes up 17, 1.9 and 0.9%, respectively.
In future there will remain tendencies to increasing broiler meat output, inculcating
brown egger crosses with the improved stress and general resistance development
and applying crosses of non-fat ducks with the better meat quality and greater
parent fecundity, and creating heavy turkey crosses with the increased parent fecundity
and production period.
Duck production in Ukraine is one of the main branches of poultry meat production
sector. In^ 1990, before the former USSR distintegration, duck meat output made up
61.4 thousand tons. Over the consequent years there was a trend towards reduction
of duck farms number and stock population. In particular, in 1990 there were 22
duck operations in Ukraine and in 1994 only 8 duck operations remained.
Duck stock population reduction was resultant of fiscal troubles at purchasing quality
mixed feed, new technological equipment and mainly breeder flocks with high
genetic potential. Besides the above mentioned factors of duck meat production
decline, by no means unimportant influence was exercised by emergence of new,
previously unstudied diseases like, for example, paramyxoviral infection. This disease
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was for the first time registered in Ukiaine in 1988 and was characterized by the
lesions of liver, kidney and intestines, and nervous disorders (Nalivaiko et al 1995).
Study of this new infection was started in 1992. Four paramyxovirus serotype 1
(PMV 1) strains were isolated from the spontaneously affected ducklings.
Immunobiologicai, morphological and physio- chemical properties of a disease agent
were investigated as well as disease epizootology, clinical signs and
pathomorphological changes. The infection was reproduced experimentally.
The specific pathological features of disease are periodicity of its repetition at
certain intervals of which duration can ranges from 1 month to 2 years as well as
factors of biological and technological character that lower general organism
resistance.
Under the field conditions, the disease is expressed in acute form. Infected ducklings
are depressed and have the decreased appetite. Some of them (20-30%) have the
weakened legs, sit with their wings down or creep heavily on metatarsal joints.
Later on, ataxia and paralysis develop. Typical pathoanatomical change appear in
liver, kidney and intestines. Liver is increased by 1.5-2 times, bloody and flabby.
With the capsule which is tense and easily removed from parenchyma. Kidney is
also increased, with the pronouned injection of vesels. There are hemorrhages in the
mucosa of gut. Viral particles were of polymorphic shape, enveloped and 100-200
nm in size.
The disease agent possess hemagglutination properties, antibody liters in the
spontaneously or experimentally affected ducklings appear in 4-6 days and maintain
during 40-50 days.
For the disease diagnosis the hemaggultination-inhibition tet is used that is less
sensitive in comparison with the modem express diagnostics methods such as ELISA
and DNA probes. Exact diagnostics methods and specific prophylaxis means are
foreseen to develop, a live vaccine is planned to produce from the attenuated agent
strain and an immunization schedule will be proposed.
One of the enough studied duck diseases is duck vims hepatitis that is caused by
the vims attributed to family Picomaviridae and is diagnosed in all countries with
the developed poultry production. In 1959 this infection was for the first time
recorded in Ukraine (Prokofyeva and Doroshko, 1959). The thorough investigation
of all pathology aspects and vims properties allowed to produce at the Poultry
Research Institute. Borky, two liquid vaccines on the base of attenuated agent
strains. The former is manufactured by using the strain 3M-UNIIP and 12-day duck
embroys, the latter is based on the strain K-UNIIP and usage of 9-day chick embroys
(Doroshko and Bezmkavaya, 1976, Bezmkavaya 1970, 1989, 1990, 1994). The
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vaccines are applied for immunisation of day-old ducklings and adult ducks. The
adult birds are inoculated for the purpose of obtaining seropositive parent stocks.
Both vaccines are introduced into duck production. Duck virus hepatitis is controlled
in Ukraine and CIS countries by vaccination. Studies on developing ELISA method
for this disease diagnosis are carried out.
Bacterial infections are also registered from time to time in duck flocks in Ukraine.
These include pasteurellosis, colibacillosis and salmonellosis. Control of
pasteurellosis is accomplished by means of killed vaccines poroduced in Ukraine.
Biopreparations against colibacillosis and salmonellosis are absent in Ukraine.
Prevention and therapy with regard to both infections are carried out by using
medications and keeping common veterinary and sanitary requirements. A research
for developing the associated vaccine against pasteurellosis and colibacillosis have
been started. An actual problem of struggle against bacterial infections is the
development of highly immune polyvalent vaccine against colibacillosis that causes
great economic damage to commercial duck farms producing duck meat.

THE STATUS OF THE POULTRY INDUSTRY, RESEARCH AND FUTURE
THRUST AREAS IN ZAMBIA
N.I. Lungu
School of Veterinary Medicine, University of Zambia, Lusaka, Zambia
THE PRESENT STATUS Although the poultry industry in Zambia has scored a number of successes, there is
still a lot of room left for improvement in this section. A good example of one
success story is that of the egg industry.. The supply of eggs in the 90s has continued
to meet the local demand, particularly in urban areas.
However, the status of the poultry industry today is one besieged by innumerable
problems in general. The greatest of these problems is that of poor management.
Being an intensive industry, poultry production requires sound management skills.
In the traditional farming sector, this is virtually non-existent. In this sector, chickens
are reared under the 'free range' system of production. The chickens perch in trees
at night and search around the yard for food and water during the day. Disease
control is unknown and financial input is absent. The free range chickens merely
serve the purpose of improving the food security of the household.
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Another aspect of poor management can be evidenced among the small scale poultry
producers. Little effort, is made as far as disease control and the procurement of
appropriate equipment is concerned. High cost is cited as the reason for this. However,
in the absence of requisites such as vaccines, disinfectants for the chicken house
and foot dips, the outbreak of infectious diseases such as New Castle Disease
results in extremely high mortality rates of up to a hundred percent. In addition,
chronic diseases such as coccidiosis and continuous lower productivity most
especially among laying birds has been observed.
Unfortunately, this problem of poor management may be with us for a long time
due to the inadequate training (of facilities in this field). Since the country possesses
only two agricultural training schools, the number of agricultural extension workers
is low in relation to the ever increasing number of farmers. The agricultural extension
workers are often handicapped in terms of transport and thus fail to reach the small
farmers who reside in and out of the villages.
Other problems in the poultry industry in Zambia arise from the prohibitive cost of
quality stock feed, poultry equipment and veterinary drugs. This dictates quite a
substantial financial injection which is beyond the reach of many small scale farmers.
In addition, the consumer prices of poultry products are rendered very high.
Many small scale poultry farmers end up making a loss because they run out of
money before their birds attain the market weight. Sometimes, this may be due to
poor budgeting. At other times, it may be because of a sudden drastic rise in the
price of feed. It may even be a problem of disrupted or erratic supply of feed by the
manufacturer or the retailer.
RESEARCH
In an effort to solve some of the problems which poultry farmers often encounter,
particularly the small scale farmers, research work is continually being carried out
by various organisations, institutions as well as individual farmers on ways of
improving local poultry production throughout the country. For example, one research
project assessed the possibility of producing indigenous poultry (chicken) breeds on
a commercial basis. Indigenous breeds have the marked advantages of possessing
high immunity against many of the local diseases of poultry and their adaptability
to the local environment and conditions. However, they simultaneous exhibit low
levels of production. If these indigenous breeds were to be crossed with some
selected exotic breeds, the resulting progeny would possess characteristics of both
high productivity coupled with low susceptibility to disease.
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Such research work is often, funded by organisation from donor countries and not
by the Zambian Government. This shows a lack of commitment on the part of the
government to develop its natural resources.
FUTURE THRUST AREAS
In acknowledgment of the importance of the poultry industry in Zambia, the
government of the Republic of Zambia has put a number of stratgies in order to
boost levels of production. In order to ensure that these strategies are achieved, the
government has pledged to increase its support of local hatcheries as well as to
improve the supply of quality feed in the country. In addition, the government is
encouraging the establishment of co-operatives, especially among the small scale
farmers. Such co-operatives would be better able to handle disease control
programmes as well as to conduct short courses for village poultry producers.
In recent years, the production of other avian species has been tried on experimental
basis. Examples of these include the commercial production of avian species such
as Guinea fowls, pigeons and ostriches. Guinea fowls would be ideal for production
under village conditions as they flourish even under very low level management
programmes. Pigeons are as labour intensive as chickens, but ostriches require
specialized management and the initial capital is too high for the small scale farmer
to afford.
Another area which may have attracted quite a bit of attention lately is that of
raising poultry crosses between indigenous and exotic breeds on commercial scale.
In its effort to increase production in the poultry industry in Zambia, the government
has undertaken to privatize the agricultural sector in order to encourage a free
market scenario. This means that a farmer is not compelled to sell his produce to a
centralized buying board which dictates the producer price. On the contrary, the
farmer can not only negotiate a favorable price for his own produce, but also, can
ensure that he has a continuous or regular supply of inputs, i.e. he is free to make
use of any source be it local or foreign. The farmer is equally free to sell his
produce locally or export it.
CONCLUSION
It is hoped that in the near future, the government policy will be such that the
training of manpower in agricultural skills will not only in a few secondary schools
and two agricultural colleges, but also be extended to primary schools. It is from
here that we get the highest proportion of school drop outs at Grade seven level. If
such pupils are armed with basic agricultural know-how, they would be in a better
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position to fonn successful agricultural co-operatives or youth clubs.
In addition, the agricultural extension programmes should be fully supported, with
total commitment by the government, both financially and materially. This would
also include the stepping up of local training programmes for the much needed
personnel. The implementation of such programmes would enhance the efficiency
in utilization of local natural resources and improve disease control at all levels of
farming activity including the village farmer. This would increase production and
thus have a better national food security scheme.
REFERENCES Zambian Journal of Agricultural Science (Dec. 1990) pp 30-38
Production Farming (May 1992) p 11,23
Production Farming (July 1992) p 35
Production Farming (Aug 1992) p 15
Production Farming (June 1993) p 27
Production Farming (July 1993) p 11
Production Farming (Sept 1993) p 11
Production Farming (Jan 1994) p 7
Production Farming (Feb 1995) p 23
EFFECTS OF FEED COMPOSITION AND HYBRIDS ON FEATHER
PECKING AND CANNIBALISM IN LAYING HENS
A. Karisson
Department of Animal Nutrition and Management, Avian Division, Funbolovsta Research
Centre S-75597 Uppsala, Sweden
INTRODUCTION
Cannibalism and feather pecking are two well known problems when keeping laying
hens in groups. The composition of the diet, especially the type and amount of
different cereals, seems to have a significant effect on this type of behavior ( Miller
& Bearse, 1938; Scott et al 1954: Neal 1956; Torhaug 1973). Protein and energy
levels also seem to effect these types of behaviour (Schaible et al 1947; Cain et al
1984; AI Bustany & Elwinger, 1987). Feed structure have been found to play an
important role in the incidence of feather pecking and cannibaUsm. Birds given
pelleted feed were more often pecked than birds given mash diets (Heywang &
Morgan, 1944; Bearse et al 1949; Husten et al 1956).
There is rather little recent literature regarding feather pecking and cannibalism in
relation to feed composition. Therefore it is very important to perform such studies
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with today's feed technology and bird material. The aim of this project was to study
effects of varying dietary proportions of oats and wheat on the incidence of
cannibalism and feather pecking as well as birds performance and health.
MATERIALS AND METHODS
Two experiments on laying hens started at the age of 20 weeks. This presentation is
based on results from the first 35 weeks. In experiment 1, three different housing
systems were included; two aviary systems, marielund and lovsta, and conventional
battery cages. Two commercial hybrids were used Lohamann selected Leghorn
(LSL) and Lohmann Brown (LB). The layers were given two different diets; either
10% oats and 25% wheat or with 33% oats and 0% wheat. Experiment 2 only
comprised the marielund system, two hybrids (LSL and a domestic cross of leghorn
X RIR line, LR) and six diets with different proportions of oats and wheat i.e. 0/60,
12/48, 24/36, 36/24, 48/12 and 60/0 percent respectively.
Recording live weight and scoring of exterior appearance and health was carried out
on randomly selected birds at 35 and 55 weeks. The scoring comprised of condition
of plumage, feet, claws, wounds (pecks and scratches) and keel bone lesions (Tauson
et al 1984).
RESULT AND DISCUSSION
In experiment 1, no significant differences in plumage condition were found. It
seems likely that the limited variations in feed composition between diets tested are
the reasons for this result in experiment 2, LSL hybrids given diets with a high oats/
wheat ratio had significantly better plumage condition compared to those receiving
low oats/wheat ratio. Oats seems to have a positive effect on the plumage of LSL
hens probably due to less feather pecking. LR birds on the other hand revealed an
overall good plumage condition and were unaffected as far as plumage condition
was concerned. In neither experiment, there were significant differences in
cannibalism between type of diets given. It is important to note that this study
covers about 2/3 of the total laying period which means that the production results
might be influenced during the continuation of the experiments.
This study demonstrates a genotype x environment interaction affects the wellbeing of laying hens. It also showed that feather pecking and cannibalism are not
always linked together.
Another area of interest, that will be covered in the future, are the effect of fee
structure on the frequency of cannibalism and feather pecking.
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ABSTRACT
The effect of nutrition on feather condition was studied in two experiments with
laying hens. Expt. 1 includedtwo aviary systems and conventional cages, two hybrids
(LSL and Lohmann Brown) and two different diets, either with 10% oats and 25%
wheat or with 33% oats and 0% wheat, expt. 2 comprised an aviary system, two
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hybrids (LSL and a domestic cross of Leghorn x RIR - Line LR) and six diets with
an oat/wheat ratio of 0/60, 12/48, 24/36, 36/24,- 48/12 and 60/6.
In Expt. 1, no significant differences in plumage condition were found. In Expt. 2
however, LSL hens given diets with a high oats/wheat ratio had significantly better
plumage condition compared to those receiving diets with a low oats/wheat ratio.
LR was not affected and revealed an overall good plumage condition. Cannibalism
was not affected by the diet.
This study demonstrates a genotype x environment interaction affects the well
being of laying hens. It also showed that feather pecking and cannibalism are not
always linked together.

POULTRY INDUSTRY STATUS AND MYCOTOXICOSIS PROBLEMS IN
UKRAINE
I.N. Sakhatsky
Poultry Research Institute, Borky, Zmilv District, Kharkiv Region 313410, Ukraine
Depression of Ukrainian economy started in 1991 has caused a huge damage to
poultry industry. There was a clean cut reduction of supplying vitamins, fish meal
and other important ingredients for dressing mixed feed that resulted in the decline
of poultry performance. In particular, average egg production per hen in 1994 was
25% lower than that in 1989 and made up only 163 eggs. Over last five years
poultry population was reduced to 90 million birds and constituted 165 million
heads in early 1995 or 64.7% of that in 1990.
Despite of drop off of production and financial difficulties the Ukrainian poultry
industry does not cease the development. There is gradual improvement of poultry
nutrition, feeding and keeping technologies, methods of disease diagnostics and
means of prevention, breeding of new highly productive crosses of laying hens and
broilers etc. Institute of the Ukrainian academy of Agrarian Sciences (PRI / UAAS)
in Borky is the leading Ukraininn institute in Poultry Research.
The major disciplines of poultry investigations carried out on the base of PRI /
UAAS are :
1) Improvement of existing poultry crosses and development of new high producing
and resistance poultry crosses and strains:
2) Development of economical and ecological harmless technologies of poultry
meat and egg production, and egg incubation;
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3) Development of well-founded nutrition norms and feeding regimes, search for
new non-conventional methods of feeding;
4) Development of methods for poultry disease diagnostics and prophylaxis;
5) Development of new methods of producing desirable inherited alterations of
performance traits in poultry under creating of new high yielding crosses by using
immunogenetic markets;
6) Development of methods for producing injected chimeras, monozygotic twins or
poultry clones;
7) Development of mathematical methods and programms for modelling of selection
processes by means of computers.
These developments mainly corresponds to the world level and some of them
exceeds the world standards as follows ; layer crosses Borky 117 and Borky 2 M
Norms of complete diet mixed feed nutrition of young and adult birds;
Liquid and lyophilized virus vaccines against duck virus hepatitis on the base of
strain K-UNIIP, etc.
The most impressive achievement of PRI/UAAS over the last years are :
Methods of genetic engineering and poultry germplasm conservation;
Express methods for evaluation of biologic active substances content in feeds and
biologic objects.
Usage of biochemical markers for breeding highly productive poultry crosses.
The scientific developments of PRI / UAAS find useful application in poultry
industry. Under the circumstances of independence of Ukraine the role of PRI/
UAAS as a selection/genetic and research centre is rising as well as its part in
forming technical policy in the poultry sector is appreciated.
As stated above, depression of Ukrainian poultry industry means first of all the feed
crisis. Therefore special attention should be given to feed industry including feed
production, shipment, storage and quality control. However, the feed quality control
problem remains serious and often leads to drastic consequences.
Lately, several sporadic incidents of a poultry disease were registered that was
accompanied with necrotic stomatitis (NS). In all cases it was able to state, by using
special procedures, that cereals incorporated in the poultry diets were affected by
Fusarium fungi.
The described observations show the relation of poultry NS to T2 toxin contaminated
feed. It was estabUshed that fungus F. sporotrichiella discharges trichothecene toxins
T2, HT2 and to some extent, other toxins (Bilai and Tutelyan 1985). As a reult,
fusariotoxicosis stipulated by F. sporotrichiella-contaminated feed was designated
as T2 toxicosts. Cattle, small-size homed cattle, pigs and poultry as well as man are
susceptible to the disease. High morbidity & mortality is intrinsic in T2 toxicosis. In
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the experiment acute, subacute and chronic disease course is observed.
The further investigations carried out at PRIAJAAS have showed that T2 toxin
induces not only NS but also changes in the gastronitestinal tract, heart and bursa of
Fabricius.
To determine fusariotoxicosis in the feed the biologic tests are appliedaswellas
thinlayer,gas-liquid chromatography, and mass spectroscopy. However, the most
used method for detecting T2 toxin is bioautography based on the extraction of T2
toxin by means of organic diluters, precipitation of co-extractive substances,
purification of extract, identification of toxin by thin layer chromatography, following
bioautographic discovery of toxin and examination of toxin amount by using yeast
strain susceptible to trichothecene mycotoxins (Kotyk and Trufanova, 1989).
Feeds contaminated with T2 toxin are subject to special treatment for lowering their
toxicity that is attained by alkalizing. Also it is sensible to use clinoptilolite in
concentration 3-4% of feed weight (Kryukov et al 1992). The worthwhile conservants
of increased humidity feeds are carboammonium salts (Kotyk et al 1986, 1988).
However, for the purpose of poultry fusariotoxicosis prophylaxis the basic measure
remains the toxicological analysis of feeds supplied to poultry farms of Ukraine.

PATHOGENESIS STUDIES ON TURKEY RHINOTRACHEITIS VIRUS
INFECTION IN POULTRY
N. Majo and Albert Pages
Mante Laboratories Hipra Amer, Giroma, Spain
Turkey rhinotracheitis virus (TRTV) is a penumovirus which affects turkeys of all
ages causing an upper respiratory tract infection named Turkey rhinotracheitis (TRT).
TRT first appeared in the late 1970s in South Africa, but is now present in most
countries of the world. TRTV has also been strongly implicated as a primary pathogen
in Swollen head syndrome (SHS) in chickens. This disease also involves nasal and
ocular discharge and development of subcutaneous oedematous swelling of the
head of broilers and broiler breeders. Several authors have suggested that SHS
outbreaks require exposure to this pneumovirus as a primary agent and subsequent
secondary infection with Ecoli or other bacterial agents.
The aim of our work was to study the histological and the ultrstructural changes
associated with the presence of TRTV antigen to further understand the pathogenesis
mechanisms of TRTV infection in poultry. Firstly, we studied the sequential
histopathological changes and TRTV antigen distribution in experimentally infected
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chickens, turkey pullets and broiler breeders. TRTV antigen was detected using
both immunofluorescent staining (IF) of cryostat sections and immunoperoxidase
staining (I) of formalin-fixed tissues. Viral antigen was observed in the ciliated
epithelial cells of turbinâtes, trachea and lung. The main histopathological changes
and virus replication sites were observed in the ciliated epithelial cells of turbinâtes
and lung. IP and IF techniques were able to detect TRTV antigen in turbinâtes from
day 2 through day 6 postinoculation in all inoculated birds. The aforementioned
techniques were also successfully used to detect TRTV infection in field cases.
In a posterior trial, we studied the ultrastructural changes associated with the presence
of TRTV antigen by means of an indirect immunogold labelling electron microscopic
technique. Turbinate samples from experimentally infected chicken were studied.
Intracytoplasmic nucleocapsid aggregates of TRTV in ciliated epithelial cells and
budding virus particles specifically labeled following immunogold staining.
Ultrastructural changes in infected cells included areas of modified cell membrane
and large cytoplasmic projections on day 3 postinoculation and basal cells hyperplasia
and decihation of the turbinate epithelial cells on days 5 and 7 postinoculation.
In our opinion, the development of these techniques and the results obtained in our
study provide a reference for the pathological changes in the respiratory tract
following TRTV infection. Our results could be useful in the investigation of field
outbreaks of TRTV infection and should contribute to further elucidate the
involvement of TRTV in the condition known as SHS.

THE USE OF FISH OIL IN THE DIET OF POULTRY
A. Garcian Salas,
USAC Facultad de Medicina Veterinaria Y Zootecnia CIUDAD Universitarca Zona 12,
Guatemala
In the recent years, evidence has accumulated indicating that polyunsaturated fatty
acids (PUFAs) may be effective, to some extent, in prevention and therapy of
cardiovascular diseases (Dyerberg 1978 y Harold 1986). Growing interest has been
according to PUFAs of the n-3 series such as eicosapentaenoic (EPA) and
docosahexaenoic (DHA) acid. These acids are suggested to participate in the
biosynthesis of prostaglandins, thromboxanes and leukotrienes; substances with
high physiological activity influencing for instance blood platelet aggregation and
contraction and dilation of vascular glands.
Marine oils, especially ñsh oils, are important natural sources of these acids. Oils
from species rich in these acids can contain about 30% of EPA and DHA together.
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For dietary applications, the more appropriate oils seem to be Menhaden, Sardine or
Anchovy oils, with EPA and DHA contents of about 15% and 10%, respectively.
When oils rich in DHA are needed, the oil of the white tuna may be used, which
was reported to contain up to 28% of this acid.
Fish oils are obtained as by-products in fish meal production; they are extracted
from offals remaining after filleting or from industrial fish, (Wille y Gounds 1988).
Huían and Proudfoot (1939) evaluated the effect of feeding fish meal on the general
performance. Omega 3 fatty acid composition on sensory characteristics of broiler
chickens. 4 diet containing either o, 4, 8 or 12%. Red fish meal (RFM) were fed.
Feeding 12% had no effect on mortality but reduced body weights and feed
conversion. The lipid contents and composition of white and dark meat was not
influenced by diet. However, the deposition of Omega 3 fatty acid EPA,
decosapentaenoic acid (DPA) and PHA were influenced by the diet. Feeding high
levels of RFM resulted in an increase in all three PUFA's and the lipids. The
panelists didn't objected the flavor or taste of chicken.
In the use of 6% of if in broilers' rations or mixed with bird fat, vegetable or
hydrolized tallow or compared with them at the same level of incorporation, they
found at the 7 week of age of the birds, that when they added of alone or mixed in
equal percentages with vegetable fats and hydrolized animal fat, the acceptability
was questionable and it was satisfactory, just when they incorporated OF at 1% and
the bird fat at 5% (Dean 1969).
In the same chickens fed with OF at 2.5 and 5% of the ration for 4, 5, 6 or 8 weeks
in a trail of 50 days of duration, or substitue the oil for the control diet or tallow
until they finished the experiment, they observed that the control and the treatments
where they suspended the OF at the 4th week in the 2 levels; the incorporation of
the chicken meat was acceptable, the substitution of the incorporation of OF at the
5th week made it acceptable in 2.5%, but in the the level of 5% it was questionable.
The replacement done at the 6th week made the level 2.5% acceptable and the level
5% of the questionable acceptance. At the 8 week both levels of the inclusion of OF
were not acceptable. A significant positive correlation was found between the presence
of the family w-3 and the score found, overall in the chicken thigh (Miller and
Leong 1969). Fritsche and Cassity (1990) studied the effect of dietery fats and the
fatty acid composition of serum and immune tissues in chickens; the diets were
com oil, canole oil. Unseed oil or menhaden fish oil. The contents of polyunsaturated
fatty acids varied considerably among immune tissues. The chick fed with fish oil
were rich in fatty acids n-3; decreased significantíy the level of arachidonic acid
present in the serum and immune tissues by 50 to 75%. The levels of EPA and DHA
were substantially increased by fish oil.
Bomstein (1963) incorporated 2% and 4% of soapstock of OF and compared with
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vegetable soapstock, they found significant differences in the acceptabiUty of chicken
at 6 week and middle age even that the chicken fed with OF "presented a marked
fish taste". Just after the suspension for 2 1/2 weeks the diet with 2% of OF, the
chicken were quaUfied acceptable for a trained panel of taste, while the level of 4%
waited until the 3 weeks to be acceptable when they were roasted.
In the use of OF compared with triglyicerides prepared from oil, ethylic esters of
fatty acids and 4 distilated molecules from ethylic ester with a progressive growth
to unsaturation, all incorporation.

DIFFERENCES IN
THERMOGENESIS

FEED

EFFICIENCY

AND

VARIATIONS

IN

FJ. Gabarrota
INRA Centre de Tour Nouzilly station de Researches Avicoles Monnaie, France
Two experimental lines have been divergendy selected for high (R+) or low (R-)
residual feed intake. Observed feed intake differed by 45% in females of the same
body weight and the same Qgg mass produced. Energy balance was measured using
an automated indirect calorimetry system. There was no difference between lines in
the digestion of diets, basal metabolic rate or retained energy (egg production). Diet
induced thermogenesis (DIT) was enhanced in the R+ line : +133% as expressed as
the difference in kJ/kg 0.75 day between fed and fasted heat production. Force
feeding of laying hens at 70, 100 and 130% of their adlibitum feed intake
demonstrated the existence of a regulatory component of DIT in R+ hens. The R+
get rid of their excess in energy intake by an increase of DIT without any difference
in retained energy.
Propranolol administration (B blocking agent) significantively reduced DIT if ad
libitum fed R+ hens (6.5 vs 1.7%) but had no effect in R- hens. To take into account
the anorectic effect of propranolol, cockerel of both Unes were force fed 60 or 100%
of their ad libitum feed intake with or without B blocking agent. When they were
restricted (60%) propranolol had no effect on either line. However, propranolol
decreased DIT of 100% force-fed R+ cockerels but had no effect in R- cockerels.
Mitochondria isolation from Hver and muscles indicated a ADP/0 ration decreased
in the Uver of the R+ line (1.7 versus 3.2, p < 0.001) suggesting an uncoupling of
oxidation and phosphorilation in the liver of R+ birds.
R+ cockerels, but not R- cockerels, appear to dissipate excess dietary energy via a
B adrenergic regulation of DIT and loose coupled mitochondria of the liver.
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INTER INDIVIDUAL DISTANCES (IID) IN JAPANESE QUAIL (COTURNIX
JAPÓNICA) SELECTED FOR HIGH OR LOW LEVELS OF SOCIABILITY
N. Francois and A.D. Mills
I.N.R.A., SRA, Equipe Biologie du Comportement et Adaptation, 37380 Nouzilly, France
Inter-individual distances (IIDs) were measured in the same line and mixed line
pairs of Japanese quail of lines selected for high (HSR) or low (LSR) level of social
reinstatement behaviour as mesured in a treadmill test. IIDs were measured
trajectometry during 10 minutes open field tests when the birds were 1, 3 and 6
weeks old. When birds were 1 or 3 weeks old, IIDs (means + - SEM) were
significantly shorter in HSR line pairs than in LSR line pairs (week 1: 90 +- 6 mm
vs 154 + - 37 mm: p< O.ool: week 3: 143 + - 16 mm vs 221 + - 23 mm; p = 0.02).
At 6 weeks of age, IIDs in HSR and LSR line pairs did not differ significantly (282
+ - 38 mm vs 246 + - 25 mm; p = 0.582). Further analysis showed that IIDs
increased significantly with age in HSR Une pairs (p < 0.001) whereas they remained
unchanged in LSR une pairs. The sex of the birds had no effect on IIDs. IIDs in
mixed line pairs were intermediate to those in same line pairs and increased
significantly with age (week 1: 154 + - 22 mm: week 3: 204 + - 17 mm: week 6:
280 + - 29 mm : p = 0.001). These results indicate that there are developmental
changes in the spacing behaviour of HSR line birds which are absent in LSR line
birds. It seems likely that spacing in HSR line birds is an active process which
reflects tendencies to approach and avoid nonspecifics whereas in LSR line birds it
is a passive process which is largely independent of approach and avoidance
tendencies.

COMPARISON OF THE EFFECTS OF THYROXINE AND
TRIODITHYRONINE ON GROWTH AND PROTEIN BREAKDOWN IN
PRIMARY CHICK MUSCLE CELL CULTURE
N. Kazuki, K. Hayashi, K. Konya, A. Ohtauka and Y. Tomita
Department of Biochemical Science and Technology, Faculty of Agriculture, Kagoshima
University, Kagoshima 890, Japan
It is well known that thyroid hormones play important roles in growth, development,
cellular differentiation and metabolism of tissues. The most important effect of
thyroid hormone is on basal metabolic rate and protein synthesis and breakdown to
maintain homeostasis. As a part of this homeostatic role and the necessity for a
rapid response to demand, it is technologically plausible that thyroid hormones
strongly affect skletal muscle protein metabolism. In the present study, the effects of
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thyroxine (T4) and triodothyronine (T3) on growth and protein breakdown were
studied in primary chick muscle cell culture with plating densities of 1 x 10 5/ml.
Chick muscle cells were treated with T4 (6 milli-micron / 100 ml medium) or T3
(1.2 miU-micron / 100 ml medium) for 6 days. On the final day of the incubation,
cells were harvested to measure creatine kinase (CK) activity, DNA content and
protein content as index of myotube growth, cell proliferation and cell growth,
respectively. Medium was collected to measure Nimethylhistidine (MH) as an index
of muscle protein breakdown. CK activity was significantly increased by T4, but
not by T3. DNA content was significantly decreased by T3, but not by T4. Protein
content was significantly decreased by T3, but T4 significantly increased it. MH
release (muscle protein breakdown) was significantly increased by T3, but not by
T4. These results indicate that cell growth is stimulated by T4 while it is inhibited
by T3. This is the first paper showing that T4 and T3 differently influence protein
metabolism in chick muscle cell.

SYNERGISTIC EFFECTS OF THYROID AND GLUCOCORTICOID
HORMONES ON GROWTH AND MUSCLE PROTEIN BREAKDOWN IN
PRIMARY CHICK MUSCLE CELL CULTURE
K. Katsumi, K. Hayashi, K. Nakashima, A. Ohtsuka and Y. Tomita
Department of Biochemical Science and Technology, Faculty of Agriculture, Kagoshima
University, Kagoshima 890, Japan
Skeletal muscle constitutes a large portion of the body, responsible for 40% of body
weight. Like other proteins, muscle proteins are continuously synthesized and
degraded. The control of proteolysis in muscle is important to overall energy and
protein homeostasis because muscle is a major tissue. Hormonal factors play
important roles in this process. It is known that thyroid hormones and glucocorticoids
act synergistically to promote muscle protein breakdown (Hayahi et al 1986).
However, the mechanisms of the interactive effects of these hormones are still
unclear. Thus, in the present study, the synergistic effect of triiodothyronine (T3)
and corticosterone (CTC) on protein breakdown was studied in primary chick muscle
cell culture with plasting densities of 1 x 10 5 / ml. The chick muscle 1.2 milimicron / 100 ml ) and CTc (0, 0.15, 0.3, 0.6 mg/100 ml) for 6 days. On the final day
of incubation, cells were harvested to measure DNA content and creatine kinase
(CK) activity as in excess of proliferation and myotube growth, respectively. The
medium was collected to measure nimethylhistidine (MH) concentration as an index
of muscle protein breakdown. The DNA content was increased by T3 but not by
CTC and it was synergistically increased when the cell was treated by both hormones,
indicating a stimulated early myogenesis. The CK activity was increased by CTC
and decreased by T3. However, when both T3 and CTC were administered, it was
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synergistically decreased. This indicates that the treatment did not enhance the
maturation of the muscle. MH concentration was increased by CTC but not by T3,
and it was synergistically increased by T3 and CTC, indicating an enhanced muscle
protein breakdown.

THE USE OF ENZYMES TO ENHANCE THE NUTRITIVE VALUE OF
POULTRY FEED
N. Keinatombi Devi,
Department of Poultry Science, College of Veterinary Science and A.H.C.S.A. University
of Agricuture and /Technology, Mathura (Campus) U.P., India
Use of multienzymes as feed supplements has a great significance in upgrading the
nutritive value of the various feed ingredients. A comrnercial application of these
enzymes is aimed to increase the energy and available amino acid value of the
cereal grains, suh as wheat, barely, rye etc. Now a days the use of these enzymes
with other feed ingredients is also taking a term in improving the nutritive value of
various feed ingredients. There are a large number of grains, grain by products and
vegetable protein feeds that can be improved with the use of multienzyme
combinations. In the experiments conducted at the C.S.A. University of Agriculture
and Technology Mathura, the feed conversion of broiler chicks fed com based diet
containing 24 percent of deoiled rice bran, was improved from 2.3 to 2.2 at 36 days
of age, by the inclusion of a commercial enzyme preparation ventrigold.

RURAL MARKETING OF POULTRY PRODUCTS IN INDIA
D.K. Sachan
Department of Poultry science. College of Veterinary Science and A.H.C.S. Azad University
of Agriculture and Technology, Mathura (Campus) U.P., India
Seventy five percent of country's human population reside in 6,00,000 villages. For
creating new market the major thrust has to be applied in these rural areas. The rural
population below the poverty line has gradually declined from around 50 percent at
the end of the year 1970 to that of 28 percent and further expected to be reduced to
5 percent by the end of 2000 A.D.
In order to promote demand response for eggs and meat in rural areas, it is essential
to provide adequate market along with effective transportation, storage facilities and
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price minimization sufficient availability of these poultry products both in quality
and quantity all throughout the year. There is an urgent need to encourage research
and development in this field to device new alternative uses of poultry eggs under
the practical rural conditions. In order to change the present pattern of marketing
system for eggs and poultry meat in rural areas, it is essential to set up an organized
marketing agency which may ensure remunerative prices to the producer and
reasonable cost to the consumers. It is therefore, imperative that any marketing
organization to be more effective must be on All India basis and well knitted from
village to the national level.

USING ENTHALPY VALUES FOR EVALUATING THERMAL COMFORT
INSIDE POULTRY HOUSING
DJ.M. Pitarello, and I.A. Nass
State University of Campinas, Agric.Construction Department, P.O. Box 6011, Campinas,
S.P. Brazil
ABSTRACT
The use of average values of environmental temperatures and relative humidity for
determining thermal comfort within poultry housing, has incurred in an important
misinterpretation by technicians, and consequently the wrong set up point for cooling
devices. In this experiment, environmental data was collected in 10 commercial
poultry operations, for 42 days from March to April of 1995. Critical enthalpies
were determined, compared to the ideal enthalpy values.
INTRODUCTION The ideal poultry production relies on housing environment that provides adequate
temperature and relative humidity, within the thermoneutral zone. Not only the
extreme values of environmental temperatures, or relative humidity separately, will
influence the decrease in production,but the combination of both variables are critical
in determining the birds ability of dissipating heat to avoid heat stress losses.
During summer months in Southern of Brazil, these losses are of around 10% of the
total production. The environmental control of the poultry houses are mainly based
upon the use of fans and evaporative coolers. The controllers used by producers are
thermostats that set the equipment operation by the values of enviornmental
temperatures. The objective of this experiment was to show the incidence of critical
enthalpy values in poultry housing that had cooling equipment controlled by
thermostats.
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METHODOLOGY The experiment was conducted in ten poultry houses, in Southern part of Brazil.
Environmental dry bulb and wet bulb temperatures, maximum and minimum
temperatures were recorded from March to April of 95, daily at four intervals viz
8.00h, 12.00h, 15.00h and 17.00h during 42 days. The birds were weighed at the
slaughter, and the number of dead birds were collected daily at the same time of the
temperature monitoring. The fans and evaporative coolers were maintained the way
as used by the producers.
DISCUSSIONS AND CONCLUSIONS The critical enthalpy was calculated with the values of environmental temperatures
and relative humidities as suggested by Smith, W.K. (1981), Esmay, M.L. (1982)
and Curtis, S.E. (1987). The frequency of critical enthalpy was calculated, determining
how long the birds were housed outside the thermoneutral zone, on each week of
bird growth, in the several houses. Table I shows, according to several authors, the
ideal limits of enthalpy for the different production phases, used for determining the
critical values.
Table I Ideal enthalpy values according to the bird's age. .Is 1
Week

Enthalpy (kJ/kg)

Week

Enthalpy (kJ/kg)

1

95.5 - 122.3

4

68.6 - 77.7

2

88.0 - 108.1

5

60.4 - 68.6

3

77.7 - 95.5

6

60.4 - 65.7

Using the critical values, either of environmental temperature or relative humidity
for setting cooling equipment inside poultry housing, which may reflect in overall
critical situation of mortality, specially in group of birds in the last week of production
and close to slaughter. In this production phase, the bird is highly susceptible to
high values of enthalpy, and the association of high temperatures and relative humidity
kills the birds in 6 hours. The cooling devices must be then set based on values as
closest as possible to the ideal corresponding the enthalpy ones. Because of the
building thermal inertia, the use of equipment for cooling when the critical situation
is occurring, has small effect in the total mortality data. Figure 1 shows the occurrence
of critical enthalpy values in the studied houses. A high percentage in the fourth
week occurs with the removal of the bird's heating system.
Table 1 : Percentage of critical enthalpy during the bird growth.
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THE EFFECT OF THE NAKED NECK (Na) GENE ON BROILERS STOCKS
DIFFERING IN GROWTH RATE
Nadar Deeb and Avigdor Cahaner
The Hebrew University of Jerusalem,FacuIty of Agriculture, P.O.Box 12, Rehovot 76100,
Israel
Broiler production in hot regions is highly inefficient and the products are very
expensive. High ambient temperature was found to be more depressing in high
grown rate broilers.In the present study,naked neck and normal broilers of three
stocks differing in potential growth rate, were reared at normal and high ambient
temperature,in order to predict the potential benefit of the Na gene to the production
of fast-growing broilers in hot climate.
Increase between temperature and stock affected significantly the growth rate,mainly
because the growth rate at high temperature was depressed more in the fast growing
offspring stock.The advantage of the naked neck birds was higher at high ambient
temperature,and in the growing stock.
Introduction
High ambient temperature is the most important inhibiting factor for poultry
production in hot climates. Under these conditions,chickens can not dissipate rapidly
enough the heat they produce.Consequently,their body temperature increase,leading
to reduced feed intake,lower weight gain and lower feed efficency (Cahaner and
Leenstra,1992; Cahaner et al., 1993; Eberhart and Washbum,1993). Therefore broiler
production in hot regions is highly inefficient and the products are very expensive.
High growth rate was found to be associated with increased susceptibility to heat
stress (Cahaner and Leenstra,1992; Washbum et al., 1980). Breeding companies
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continue to select broilers for rapid growth under optimal conditions,but this genetic
improvment in potential weight gain is only partially expressed under sub-optimal
conditions (Leenstra and Cahaner,1992; Leenstra,1993).
The autosomal naked neck (Na) gene reduces mass by about 20% at heterozygous
(Na/na) and by 40% at homozygous (Na/Na) birds.The effects of the naked-neck
gene on poultry have been reviewed comprehensively by Merat (1986,1990). The
reduction in feather mass imrpoves heat dissipation through the naked areas,leading
to a relative heat tolerance and higher productivity under high ambient temperature
(Merat, 1986). However,because normal chicks with small body size are less sensitive
to high temper atures, they hardly benefit from the naked neck gene (Eberhart and
Washburn,1993). On the other hand, Cahaner et aL (1993) found that fast growing
naked neck broilers had higher growth rate than their normal sibs aheady at normal
ambient temperature (constant 24oC).
In the present study, naked neck and normal broilers of these stocks differing in
potential growth rate,were rated at normal and high ambient temperature, in order to
predict the potential benefit of the Na gene to the production of fast-growing broilers
in hot climate.
Materials and Methods
Heterozygous naked neck(Na/na) males from a fast-growing experimental stock
(Cornish type) were mated with hens from three difièrent dam stocks;
1. a sire hne (Cornish type) of the commercial ANAK'broiler;
2. a dam line (White Rock type) of the commercial ANAK broiler;
3. an experimental hne ('Slow')with growth rate comparable to mid-'80s broilers.
Each of the 13 males were mated with 4 hens from each dam stock, producing a
total of 400 chicks in a single hatch. The day-old chicks segregated for the Na gene
within each dam family.The 200n normal (na/na) chicks and 200 naked neck (Na/
na) chicks were wingbanded and reared together on litter for three weeks under
standard brooding management. At 3 wk of age,the chicks were divided to two
similar temperature-controlled chambers,equally representing the Na genotypes,dam
stocks,and sexes.One chamber was defined as 'Normal temperature 'with average
ambient temperature of 25oC and daily fluctuations between 26 to 33oC.The chicks
in both chambers were reared on htter and provided ad-Hbitum water and commercial
diets.
Each chick was weighed at 21,35 and 53 d of age,when the experiment was
terminated.Average daily body weight gain (BWG) was calculated for the period 21
to 35 and 35 to 53 days of age.
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The data were subjected to a four-way ANOVA with ambient temperature,Na
genotypes,dam stock and sex as main effects.General Least Square ANOVA was
carried by JMP (SAS înst.,1994).
Results and Discussion
Sex had a substantial effect on BW and BWG but only few marginally significant
interactions with temperature,stock and genotypes,hence means over sexes are
presented. The 3-way interaction of temperature by stock by genotypes was not
significant for all traits,whereas most 2-way interactions were significant. The effects
of the three factors are presented for BW at 21,35 and 53d of age (Figure 1),BWG2135 (Figure 2), and BWG35-53 (Figure 3).
Fig. 1: The effect of Na gene,ambient temperature and genetic stock on 21,35 and
53d body weight.
As expected,naked neck and normal chicks grew similarly within each stock during
brooding, up to 21 days of age. Temperature treatments were intiated on day 22,hence
also this factor had no significant effect on BW21 (Figure 1). As it was intended,dam
stocks differed significantly in BW already at 21 d of age,ranking from offspring of
Cornish dams,through White Rock offspring, to offspring of the 'Slow'dams.In the
following weeks, interaction between temperatures and stocks affected significantly
BWG21-35,BWG35-53,BW35 and BW35,mainly because growth at high temperature
was depressed more in the Cornish significantly in BW 35 and BW53,ranking as in
BW21 (Fig. 1). However,within each Na genotype,at the high ambient temperature,the
Cornish and WRock birds reached similar BW at 35 and 53 d of age. The reduction
in stock differences when birds were reared at high temperature was clearly evident
in BWG21-35,and even more so in BWG35-53,within each Na genotypoe(Figures
2 and 3).
Interaction between genotypes and temperatures affected significantly BWG.
Averaged over the three stocks,BWG21-35 of the normal birds (na/na) at the high
temperature was 6% lower than their counterparts at the normal temperature,whereas
BWG21-35 of the necked neck birds (Na/na) was not yet depressed by the high
temperature.The heat-induced depression of BWG increased with age; for BWG3553 it was 31% in fully feathered birds,but only 16% in the necked neck birds,
leading to a highly significant temperature by genotype interaction. Similar interaction
was found for final body weight; the reduction in BW53 due to the high temperature
was twice as large in the fully feathered birds than in the necked neck ones (18 vs.
9%). When reared at high ambient temperature,the naked neck ambient
temperature,the necked neck birds exhibited higher BWG than their fully featherd
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sibs. Within each of the three dam stocks (Figures 2 and 3). The average advantage
of the necked neck birds increased with age,from 10 to 27% in BWG21-35 and
BWG35-53,respectively,leading to 14% higher BW53.This trend was evident in all
three dam stocks (Figure l).The corresponding differences between the genotypes
when reared at normal temperature were much smaller and not significant, indicating
that the Na/na genotype provides specific adaptation to high ambient temperature.
The effects of the Na genotype and dam stock were additive for all traits studied.The
advantage in BWG and BW of the naked neck birds over their fully feathered
sibs,when reared at high ambient temperature, was similar in all three stocks.It can
be concluded that the naked neck provided similar relief to broilers characterized by
potential BW53 in the range of 2236 to 2585 g.
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THE STATUS OF POULTRY INDUSTRY, RESEARCH AND FUTURE
THRUST AREAS IN ZAMBIA
K.S, Hameenda
School of Veterinary Medicine, University of Zambia, Lusaka, Zambia
Poultry industry in Zambia has slowly been expanding, although it has been the
commonest source of protein for the rural population. The commercialising of the
industry has not moved accordingly. This is still seen in the fact that over 50% of
the poultry population is rural and kept traditionally for household consumption.
The whole country has only four big hatcheries, three of which are in Lusaka
(capital city) and the fourth on the Copperbelt. These hatcheries are only able to
supply day old chicks to farms around Lusaka and the Copperbelt (North of Lusaka).
Their output cannot meet the demand of the slowly but steadily expanding industry.
The hatcheries' with low output is attributed for lowered hatchability due to :1. Disease situation
2. Managemental deficiency
The hatcheries and poultry farms are infected with diseases like salmonellosis
(pullorum), Coh-bacillosis etc. These diseases especially Salmonellosis are causing
considerable losses in both hatcheries and farms through embryonic mortality and
early chick mortality (Anon 1976-92, Sharma et al 1991). Although control measures
instituted against Salmonellosis gave a considerable success from time to time, the
problem has continued with higher magnitude in the past two years.
As a result many researchers have isolated the bacterial pathogen from fowls, either
from necropsy samples or clinical cases (Gasper and Hrabeta 1978, Falade et al
1989, Sharma et al 1991). This state of affairs has put most farmers out of business
and has discouraged those who would like to take up the business. Another disease
which has threatened the poultry industry is New castle Disease. Sharma et al 1983
reported 525 outbreaks between 1975 and 1984. Heavy losses from this disease are
experienced mostly in village chickens where vaccination is almost non-existent.
The reason is lack of knowledge in this sector and where knowledge existed control
measures (vaccinations) are carried out wrongly.
To try and curb the incidences of New Castle Disease especially in village chickens,
a study on the efficacy of NCD vaccine known as V4 on broilers in the laboratory
was done. (Alders et al 1994). The advantage with this vaccine is that, it is a heat
resistance strain of NCD virus which could be mixed with feed or drinking water
and given to chickens in the traditional way. Results of this trial are promising.
There are many other diseases which cause considerable losses in the industry that
go unnoticed. This is on one hand due to ignorance on the part of the farmers
especially traditional farmers who currently form more that 50% of the industry and
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lack of effective diagnostic and research system on the other hand. The only diagnostic
centers which are reliable are both in the capital city Lusaka (the University of
Zambia and Central veterinary research institute). The rest of the country is served
by diagnostic centers which are insufficiently developed, run by under qualified
personnel (Laboratory Assistants). More over the situation of these centers is in
town far from the majority of farmers (Rural poultry farmers).
This some what developed diagnostic system is provided by the Government. The
private sector apart from a few private practicing Veterinarians in towns is non
existent.
Management deficiency in the poultry industry is due to lack of properly trained
manpower. The managers holding key positions in the industry are of middle class
training. The country has only two institutes, the university of Zambia and Natural
resources development college which produce Animal Scientists with a training in
animal husbandry and not specific poultry husbandry. This status has forced certain
parts of the industry like the Hatcheries to employ expatriate managers. The problem
is however that, these managers have to be maintained on expatriate conditions
which are expensive for the industry.
Feed availability is another factor which has slowed down the development of
poultry industry in Zambia. Major companies which provide livestock feeds are
only found in highly urbanised and industrialised areas where poultry industry is
somewhat developed. These areas represent only one third of the country's poultry
population. The rest of the country's farmers have to travel long distances to get the
feed. The quality of the feed also needs improvement. Sato et al (1992) diagnosed
Vitamin A deficiency in five (5) flocks. They managed to redress the situation
following a change of diet to 80% maize meal and 20% concentrate containing high
levels of Vitamin A.
Feed producers have also got to import some of the ingredients required to produce
high quality feeds, this has made production not all that easy.
Lack of proper National Policy which would try and get farmers mostly small scale
farmers encouraged has contributed to the slow development of the industry. The
only scheme which had been set by the Government to try and improve the poultry
industry especially at Village level was the rural poultry development scheme (Mumba
1987).
Notably however, since the eighties the only part of the poultry industry which is
developing is the backyard poultry rearing. This has been mostly due to the monetary
difficulties economically, through which the country is passing and as such people
are forced to start up small scale industries to supplement their low income.
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FUTURE THRUST AREAS
For the poultry industry to develop and take up its role, the country need to recognise
its importance and give it greater attention.
— We need to create national policies which would encourage poultry production
and induce village farmers into rearing poultry for commercial purposes.
— Develop cheaper quality feeds within reach of the majority of farmers.
— Develop genetic potential of the local breeds of poultry (village chickens).
— Work on control measures which would reduce losses of poultry due to diseases.
The country would need a lot of research into these areas to be able to run a
sound poultry industry.
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EGG YOLK PIGMENTATION IN ITALIAN EGG PRODUCTION
D. Baroli' and A. Ferrao^
^Istituto di Zootécnica University of Milan, Via Celoria 10 20133 Milano Italy. ^Mangimi
Ovomattino scrl Via Aereoporto 3, Caselle Sommacampagna 37060 Verona Italy
In 1994 the total egg production in Italy was 11.599 millions units; this is the only
segment of Italian zootechnical production which is completely self sufficient; in
fact our egg production covers 98.3% of the market. The-22.8% of the total production
is represented by the rural shell eggs, which the "natural" or "biological" eggs
accounts for only 3.6%. The consumption in 1994 was 219 eggs per person of
which 139 as shell egg and 80 as non-shell eggs form (used in the manufacture of
other nutritional products such as pasta, biscuits, pastries mayonnaise and desserts).
In Italy the requirements of consumers and the egg processing industry in regards to
the yolk coloration of shell egg and non shell egg form follow different standards
that can be expressed in a different formulation of the feed consumed by the hens
about the source, the type and quantity of pigments used for the supplementation. In
fact animals are not capable of synthesizing of pigments, therefore they depend
totally on their diet, even if they are capable of modifying structurally some of them
that they ingest through their diet and that will be accumulated in certain tissues.
Italians by tradition prefer very colored yolk (12-14 using the Roche fan as standard).
This is one of the most important factor in the determination of the Egg Quality
considering the egg consumption. In this we are similar to Germany and Portugal:
whilst Belgium and Greece require less coloured yolks (12-13 Roche fan), followed
by France, spain and Finland (10-12 Roche fan), Americans and other European
consumers are not concerned about yolk colour.
The requirements of Itaüan consumers are satisfied by the large use of red synthetic
pigments (70-80%) in layers feeding, even if we can observe the use of synthetic or
natural yellow pigments and red natural pigments are also used (20-30%).
Until few years ago the Italian production of eggs was the same for shell egg
consumption or for the industries of manufacturing, but recently we had to consider
specific egg production for the requirements of the manufacturing industries. The
same is the case in France and Netherlands and other countries are studying the
same opportunity.
The most used yolk's pigment by the industrial egg producers are the yellow pigments
(lutein and zeaxanthin) at the dose of 20 or 35-40 ppm for whole - egg, and
synthetic yellow pigments (3-apo-8'-carotenoic acid ethyl ester) at the dose of 50-60
ppm. But we have also to consider the hare o shell eggs form "coloured" with
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synthetic red pigments, that are indirectly used for manufacturing uses. The pigment
choice is conditioned by the requested intensity of yolk colour and also by the final
utilization of the eggs. For instance, canthaxanthin can not be utilized for the
production of eggs finalized to pasta production, because of the pasta, obtained in
this way, changes colour to red brown during boiling: this inconvenience does not
occur using natural or synthetic yellow pigments.
Considering the cost of pigment supplementation of layer feeds, we have to analyze
three basic points. First of all, in Italy the only way for yolk coloring accepted by
the law is the use of natural or synthetic pigments through the layers feeding, it is
not allowed to colour directly yolk and its derived ovoproducts. Secondly we have
to consider the average content of natural xanthophills present in our layers feeds, it
is estimated about 12-15 ppm. Thirdly, one should consider the above mentioned
requirements of the Italian consumers. Consequently it is not surprising if the
incidence of pigments supplementation related to the feed cost for each egg (135145 g/egg) varies from 1.5 to 2.5% for shell egg form and from 2.0 to 14.5% for non
shell egg form (manufacturing uses).
This incidence is certainly too high but we have to change the trend of continual
decline in the pro capital consumption of eggs and therefore it is the only possible
answer to the demand of the egg market.

THE DETERMINATION OF MAXIMUM GROWTH AND FEED INTAKE
IN THE CHICK UTILISING AN N-COMPONENT SYSTEM
R. Möller M.J. van der Linde, G.A. Smith and H.T. Groeneveld
University of Pretoria, Pretoria 0002, Republic of South Africa
An experiment was conducted, using a five-component system, as an example of an
n-component system, to determine maximum growth and feed intake of Ross male
chicks between 1 to 2 days of age. Theoretical diets were foimulated with four
concentrations of the five dietary nutrients: Protein (180.0, 230.0, 260.0, 300.0 g/
kg), lysine (9.6, 11.0, 13.0, 16.0 g/kg), methionine (4.5, 5.0, 7.0, 9.0, g/kg), fat
(34.5, 47.3, 60.0, 80.0 g/kg) and starch (determined from samples per diet after
mixing) producing 1024 diets for consideration. Of the 1024 diets, only 481 were
considered as being biologically suitable for the chick. Of the 481 suitable diets, 90
diets with duplicate protein and starch values were discarded. Only 89 pens were
available for use and hence 89 diets were selected from the 391 diets mentioned
above. Chicks had free access to feed. There were the chicks per cage for the first 7
days, and two chicks per cage for the next 14 days. Intially three chicks were
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sacrificed and subsequently at day 21, a chick per pen was sacrificed for carcass
analysis. Areas of maximum growth and maximum feed intake were determined by
an iterative visual examination method. Diet 26 containing protein (226.6 g/kg),
lysine (16.0 g/kg), methionine (9.0 g/kg), fat (54.0 g/kg) and starch (349.1 g/kg),
yielded the most predominant range for maximum growth and feed intake of the
chick between 1 to 21 days of age. These results demonstrated that the five component
system described can be used by poultry producers and nutritionists, to indicate
possible maximum growth and feed intake areas related to a specific diet fed.

THE EFFECT OF DETERMINING MAXIMUM GROWTH RESPONSE IN
THE CHICK ON THE POULTRY PRODUCTION OF THE SMALL SCALE
FARMER UTILISING A THREE COMPONENT SYSTEM
R. MoUer, MJ. van der Linde, G.A. Smith and H.T. Groeneveld
University of Pretoria, Pretoria 0002, Republic of South Africa
An experiment is described, using a three - component system, to test the response
of Ross broiler chicks (day 1 to 21) to varying dietary glucose, starch and fat
concentrations. The three - component system is investigated in order to determine
the exact nutrient requirements of the broiler chick for maximum growth, in terms
of the above mentioned dietary components. Nine isocaloric (13 MJ ME/kg.) and
isonitrogenous (250.00 g/kg) diets were formulated. The diets contained three
concentrations of glucose (50.00, 100.00 and 150.00 g/kg), and sunflower oil (o,
25.00 and 50.00 g/kg). The sunflower oil was added to a basal diet containing
34.50, 59.50 and 84.50 g/kg). The total starch was determined by analysis of the
mixed diets. The vitamin and mineral content (4.4 g/kg), antioxidant (0.1 g/kg),
lysine (16.00 g/kg) and methionine (6.00 g/kg) is constant in the nine diets which
were repHcated six times. At the end of the first week (7 days), second week (14
days) and third week (21 days) of the experiment, three birds were removed from
each pen and killed by cervical dislocation. All the carcasses were pooled and
stored in plastic bags in a refrigerator prior to carcass analysis (protein, fat and
energy content). The result of the experiment indicated that diet #5 containing
100.00 g/kg glucose, 340.50 g/kg starch and 59.50 g/kg fat was most appropriate in
yielding maximum response of the broiler chick from day 1 to 21. It is clear that the
three component system can be used when practical poultry diets are investigated to
determine maximum growth response of the broiler chick. If the exact nutrient
requirements of poultry can be determined for maximum growth by developing
mathematical models (e.g. the three component system), it will have a great impact
on feeding the increasing human population in Southern Africa. Firstly, the availability
of protein sources won't decrease as the minimum amount of protein sources will
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be included in animal feed. Secondly, small scale farmers involved in poultry
production will be more efficient in the production of a valuable protein source
(poultry) and they will feed the increasing human population. Therefore, future
research in Southern Africa has to be directed to the study and development of
satisfactory dietary compositions, producing biologically efficient poultry feed, that
will maximise poultry production and indirectly benefit the small scale farmer in
respect of his income.

MICROBIAL AND PLANT PHYTASE ACTIVITY IN GASTROINTESTINAL
TRACT OF BROILERS
D. Frapin, F. Guivarch and Y. Nys.
Station de Recherches Avicoles, INRA Tours, 37380 Nouzilly, France
INTRODUCTION Microbial and plant phytases improve growth performance and bone mineralizaion
in chicken and enhance the plant phosphorus availability. In vivo evaluations of the
relative efficiency of both enzymes showed that plant phytase is 40% less efficient
than microbial enzyme when similar activity levels and phytic phosphorus are
present in the diets. In order to explain the difference between in vitro measurements
of phytase activity and these in vivo observations, experiments were carried out to
characterize the hydrolysis of phytate phosphorus by microbial and vegetable phytases
in gastrointestinal (GI) tract of broilers and to evaluate the relative activity of both
enzyme throughout the GI tract.
MATERIAL AND METHODS We measured, in chick intestinal contents (crop, gizzard, duodenum and lower
jejunum), the phytase activity and the concentrations of inositol phosphate (IP 4 to
6) using an HPLC procedure. Chicks were fed on diets based on wheat (W) or
wheat bran (WB), containing 350 and 824 U of plant phytase /kg respectively. A
similar study was carried out in chicks fed on diets based on com and soya and
supplemented with microbial phytase (0 and 350 U/kg. Natuphos, CS and CSM).
RESULTS The activities of both enzymes were reduced in crop as compared with levels in
W.WB and CSM diets. Some activities were still observed in duodenum contents,
demonstrating ability of the enzymes to resist to host's protease and low pH. The
52

plant phytase activity was 50 and 80% (W and WB) lower as compared to microbial
one in duodenum, suggesting greater instability of the vegetable phytase relative to
the microbial enzyme. We observed a decrease in the % of IP6 and an increase in
IP5 and IP4 from crop to duodenum of chicks fed on W, WB and CSM diets as
compared to CS diet group and to initial values in the diets. This results indicate
that plant and microbial phytases (W, WB and CSM diets) mainly hydrolysed
phytic phosphorus in the upper part of the GI tract of broilers. Microbial phytase
remained efficient in more distal parts. When the amount of phytic phosphorus,'
throughout the G.I. tract, in W and CSM groups are compared to the CS group, we
observed that the reductions are higher in CSM group (50, 35 and 18% in crop,
gizzard and lower jejunum) in contrast to W one (40, 12 and 7%). This is in
agreement with in vivo observations on relative efficiency of microbial and plant
phytases.

THERMAL EFFICIENCY OF POULTRY HOUSING
D.J.M.. Pitarello, and I.A. Nass
State University of Campinas, Agrie. Construction Department, P.O. Box 6011, Campinas,
S.P. Brazil
The incidence of thermal amplitude within the poultry housing usually reflects
directly in the production. The high values thermal amplitude is directly related to
the building's thermal characteristics, inertia and isolation. This experiment was
conducted in commercial poultry production, to evaluate the thermal efficiency of
the used buildings. According to the analysis of the temperature amplitude, the
thermal inertia of the usual buildings is not enough for restraining the critical
outside climatic condition.
INTRODUCTION
There was an evidence, according to producers, that the worst losses were considered
during the mild seasons, fall and spring. During these seasons, it has been observed
a large incidence of high environmental temperature.

METHODOLOGY
The study was undertaken in the Southern of Brazil, below the Tropic of Capricorn.
Environmental maximum and minimum temperatures were collected from March to
April of 95, daily at four 8.00 h, 12.00 h, 15.00 h and 17.00 h during 42 days. The
bird were weighed at the slaughter, and the number of dead birds were collected
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daily at the same time of the temperature monitoring. The cooling systems were
maintained the way as used by the producers.
DISCUSSIONS AND CONCLUSIONS
The results were analyzed individually, without statistical treatment in order to
detect extreme values. Avoided the use of any kind of average for not dispersing the
critical amplitude information. According to the literature, this limit stays in 10 oC.
Figure 1 shows the incidence of critical days, with thermal amplitude about 10°C
inside and outside the poultry housing. It can be seen that the graph pattern in-side
the building follows exactly the environment dictated by the outside climatic
conditions.
High frequency in thermal amplitude outside the building should not reflect inside
environment when the building is well isolated, and has a large thermal inertia. The
low cost buildings used in the poultry production in Southern of Brazil lacks in
thermal isolation, letting the outside climatic conditions trespass almost instantly
through the curtain and roof barriers. The thermoneutral ideal zone is seldom reached
then, of all phases of production. This leads to a higher mortality in the intermediate
production phase, when the supplementary heat is suppressed, also in the last weeks,
when the birds are more suseptible to high temperatures, the higher the amplitude,
the large is the mortality. In some cases, sub clinical diseases are shown as a
consequence of the impact in the immunological's bird system submitted to high
thermal amplitudes, as cited in Clark, J.A. (1987), Curtis S.E. (1987) and Müller
P.B. (1982).
As the bird in the 4th week has difficulties in dissipating excess of body heat, it
tends to get stressed in the high temperatures in the afternoon prostrating and
beginning to die in the following evening. Figure 1. - Days of critical thermal
amplitudes outside and inside the building, according to the production stage.
The ideal situation is the correct use of construction of material, roof insulation,
good management of curtains and supplementary heating during a large period.
REFERENCES Clark J.A. Environmental Aspects of Housing of Animal Production, London,
Butterworths. 1981., 5lip.
Curtis S.E. Environmental Aspects of Housing for Animal Production. The Iowa
Univ. Press, 1987, 41 Op.
Müller P.B. Bioclimatologia Apliacada aos Animais Domésticos. 2nd Edition Porto
Alegre. Sulina. 1982. 158p.
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TOXICO - PATHOLOGICAL STUDIES IN FEEDING FUNGUS INFESTED
BLACK SORGHUM IN BROILERS
M. Joshi, A.G. Bhandarkar, D.W. Khire R.D. Sadekar and B.S. Phadnaik
Department of Veterinary Pathology, Post Graduate Institute, Punjabrao Krislii
Vidyapeeth, AKOLA 444104, Maharashtra, India
Studies were undertaken to evaluate toxicopathological effect of feeding black
sorghum in broilers, as blackening of sorghum due to unseasonal rains is common
in our country. One hundred and fifteen day old broiler chicks on body weight basis
were divided into 6 groups each comprising of 20 birds except Group VI having 15
birds. Group-I (MBD) birds were given maize based diet, Group -II (SBD) birds
were given normal sorghum diet, Group-Ill (BSD) birds were given black sorghum
diet, Group-IV (SDD) birds were given washed and sun dried black sorghum diet.
In all these groups maize was replaced to the extent of 75% and in Group VI
(HSDD) birds, maize was replaced to the extent of 100% with severely damaged
sorghum. Energy levels in all groups except MBDD were ranging from 2673 to
2725 Kcal/kg.
Black sorghum used showed 50% affection of grains with Fusarium moniliforme
and Curvularia Lunata as predominant fungi. Maize and all sorghum samples were
found negative for aflatoxin and known fusarium mycotoxins. General performance
of broilers was better on MBD when compared with sorghum based diets. Amongst
sorghum diet groups non significant increase in weight was observed in BSD followed
by TSD, SDD, SBD and HSDD indicating better performance on black and treated
sorghum diet. There was no adverse effect of black sorghum feeding on erythropoisis.
Haemoglobin content was higher in TSD and BSD as compared to SBD. Anaemia
observed in SBD and SDD groups was classified as macrocytic hypochromic and
microcytic hypochromic respectively. There was no adverse effects of black sorghum
feeding on TLC, DLC, blood sugar, Ca. P. total proteins, albumin and A/G ratio
Immunopathological investigation revealed lower HI titres in sorghum based diei
groups except TSD in which titres were similar to MBD group (4,411). Washing
and sun drying treatment improved humoral immune response compared to black
sorghum groups which was further confirmed from increased absolute weight ol
bursa. Similar increasing trend of cell mediated immune (CMI) response was observed
in TSD compared to other sorghum groups. Six birds from each groups were sacrificed
at the end of 8th week. Lower organ weights were observed in all sorghum based
diets compared to MBD. Visceral organs did not reveal any gross pathological
alternations. Histopathological studies further eliminated possibility of hepatotoxic;
nephrotoxic or neurotoxic effect of black sorghum (BSD).
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Better performance of broilers was observed on black sorghum diet compared to
normal sorghum replacing maize upto 75% in broiler ration. Treatment of washing
and sun drying of naturally infected black sorghum further not only improved
general performance but also humoral and CMI response compared to normal
sorghum and could be advised as a package of practice to poultry farmers for better
performance of broilers and for utilizing black sorghum in poultry ration.

EFFECT OF DIFFERENT
PERFORMANCE

COLOURED

LIGHT

ON

BROILER

K. Ramesh
Veterinary College & Research Institute, Namalabad, T.N., India
INTRODUCTION It has been shown that some form of aritifical lighting is necessary to achieve the
most rapid gains of weight in broilers (Clegg 1951). Little information is available
on the influence of coloured lights on the performance of broilers. Maksin (1965)
recorded greatest body weight in broilers kept under red light. Similar results were
observed by Zohari and Rezai (199, that red light gave better growth rate and feed
efficiency in broiler chicken. However North (1990) observed increased growth rate
in chicken reared under green and blue light regimes. Mortality due to cannibalism
was reduced in broilers reared under yellow light (Ref 1969; Beremski 1979).
The purpose of this experiment is to determine the influence of white, yellow, red,
green and blue light over the broilers reared under natural day light. This experiment
is undertaken to determine the effects of coloured lights on body weight, feed
consumption, feed, efficiency, mortality pattern and blood parameters in broilers.
MATERIALS AN METHODS Day old broiler chicks will be procured and divided equally into 6 groups with 3
replicates each. Excepting the variation with the colour of light source, other
managemental practices such as feeding, watering etc., will be rendered uniform for
all treatment groups. Body weight and feed consumption will be recorded at weekly
intervals to calculate body weight gain and feed efficiency. Daily mortality will be
recorded to asses the mortality pattern. Serum samples will be collected at the end
of the experiment for assessing glucose, albumin and cholesterol. The data collected
will be subjected to statistical analysis as per standard procedures for interpretation
of results.
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RESULTS AND DISCUSSION As the experiment is under progress, data generated will be tabulated and presented
in the poster form during the poster session.

REFERENCES Beremski, Ch. 1979. The effect of light colour on the performance of broilers in
cages. Zhivotnov "dni Navki, 16(4): 74-77. Cited in Anim. Breed. Abstr,, 49:286.
Clegg R.E. and P.E. Sanford 1951. Pouk. Sei., 30, 760.
Maksin, I.V. 1965, Coloured lights for broilers. Pticevodstovo 1965 (5): 14-15. Cited
in Anim. Breed. Abstr., 33:3736.
North, M.O. and D.D. Bell. 1990 Commercial Chicken Production Manual. Fourth
E. Van Nostrand Reinhold, New York, 410-411pp.
Ruf, B 1969. Effect of cage density on tgg production, egg weight and loss in
battery hens under controlled environmental conditions. Vet. Med. Dissertation Munich. Cited in Anim. Breed. Abstr., 39:2525
Zohari M. and P. Rezai 1969. A study of the effect of red and normal light on the
growth of broilers. J. Vet, Pac, Univ, Teheran., 25(l):30-38. Cited in Nut. Abstr.
Rev., 40:6513.

COMPARATIVE EFFICACY OF AMOXISOL WITH SOME OF THE
OTHER LEADING BRANDS OF COMMERCIALLY AVAILABLE
ANTIBIOTICS
B.U. Umesha,M.P. Arub Babu and G. Devegowda
Department of Poultry Science,University of Agricultural Sciences, Hebbal,
Bangalore 560 024, India
Efficacy of Amoxisol was assessed by using the 'Pulse Dose System' as compared
to other leading brands of antibiotics / Antibacterials.
Bacterial diseases are common in poultry leading to large scale economic losses by
v/ay of mortality and reduced performance, these losses can be checked by the
administration of antibiotics / antibacterials. The most common method of
administration is by using water soluble antibiotics.
Amoxisol (Amoxycillin trithydrate) used in this trial is a semi-synthetic broad
spectrum bactericial agent effective against a wide range of both Gram positive and
gram negative bacterial species. It is recomimended to be used following ^Pulse
Dose System'. In pulse dose system, highly concentrated Amoxisol is administered
to birds in a calculated quantity of water for just 2 to 3 hours in a day for 3 to 5
57

days. Three commercial broiler farms were identified having mortality problem
which was diagnosed on postmortem to be a generalized Collisepticemia showing
lesions of pericarditis, perihepatitis, air-sacculitis and enteritis.
* AMOXISOL - a product of Pfizer Limited, Bombay, India
The culture and sensitivity test showed that Amoxycillin, Tetractckube, Doxycycline
and Sulfamethaxazole-Trimethoprim combination were effective in controlling the
bacterial growth.
Each flocks were divided in 2 batches of equal numbers and medicated with
'AMOXISOL' and one of the other effective antibiotic / antibacterial. The treatments
were given for a period of 5 days and mortality with postmortem lesions recorded
along with the flock health status, details of which are presented in the Table.
Results as shown in the table in all the three trails AMOXISOL proved to be
effective more faster as compared to other 3 leading brands of drugs used for both
controlling of mortality and eliminating respiratory rules. AMOXISOL was
administered by 'Pulse Dose System' whereas the other three brands were
administered in the conventional method i.e. 24 hours drinking water supplied.
However, it must be noted that AMOXISOL and the other three brands used in the
trial were effective to control the disease problem which confirms to the antibiogram
report. In Trial 1 and 3 the mortality was stopped by fourth day itself in the
AMOXISOL treated batch, whereas the other three brands took a longer period to
stop the mortality.
Table. Comparative efficacy of AMOXISOL with some of the other leading brands
of commercially available antibiotics.
Trial

Breed and
age

Mortality
before
treatment

No. of
birds
per
batch

Drug
administered

% Mortality
during
Treatment
(5 days)

I

Hubbard
35 days

5-6
mortality
per day

250

Sulphamethaxasole

6

250
500

Trimethoprim
Amoxisol
Doxycycline

4
7

500

Amoxisol

6

400

Tetracycline

3

400

Amoxisol

1

II

Vencob
20 days

m
<«r
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Vencob
30 days

8-10
mortality
per day
2-3
mortality
per day

The results conclusively show that AMOXISOL acts much faster in controlling the
disease by way of reduced mortality and symptoms besides the added advantage of
only a single dose administered per day.

STATUS OF DUCK AND GEESE PRODUCTION AND RESEARCH IN ITALY
S. Zanobini
Department of Animal Production, University of Pisa, Viale Piagge 2, 56124 Pisa, Italy.
The global poultry meat represents more than 20% of the total meats and the
estimations are that these production will further increase, not suffering so much
from the general economic crisis of the agricultural and zootechnical world. In Italy
poultry production has became the leading branch of zootechny, both in the technical
and in the commercial way too. The production of poultry meat has increased at a
dizzy speed in the last 40 years together with the evolution of poultry, from rural
self-consumer activity and therefore secondary to a zootechnical activity, strongly
directed to the marketing and the transformation of the products. The increase of the
production of poultry meat in Italy, connected with the increase of its consumption,
is the result of both the changing of the alimentary habits toward lighter wholesome
nourishments, easier to digest, lower in fat content in comparison of the red meat,
and the more reasonable cost of the finished product. In Italy, the official statistical
data of the poultry production processed by some Institutes of Research are
exclusively released to the broiler, the hen, the turkey, the eggs and the guinea-fowl,
whereas the remaining production (ducks, geese, quails, pigeons and game birds)
belong to the headword "other poultry species".
Purpose of this research is to differ these unique data, focusing the attention on
particular species, the ducks and the geese. In the past, particularly in some Italian
Regions - Véneto, Emilia Romagna, Lombardia, Friuli and partially in Tuscany - the
rural world was used to prepare small amounts of those meats, both for family
needs and for little trade. The most common ducks, in this micro zootechnical
reality, were the ones coming from the Mallard (Peking duck, Rouen duck. Mallard
itself and their cossbreeds), the Muscovy duck and the Cairina "Anas hybrids;
among the geese, the one of Tolose and the Italians (the ones of Romagna, the one
of Piacenza, the one of Padova). At present, the breeding of waterfowls is still
present in the same North Italian regions were the gastronomic tradition for these
meats persists. The production is guaranteed by co-operatives that organize the
spinneret:from the breeding to the transformation and commercialization of the
meats. The duck population is mainly composed of the Musovy duck and only in a
low percentage of the Peking duck. The geese population is mainly composed of the
goose of Romagna.
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In Italy, the duck is bred exclusively to produce meat coming from the Muscovy
duck only. Therefore this branch has a scanty market, because of an unfair common
prejudice that consider the duck meat very fat, dark and with particular taste. The
national production of duck meat is about 3,800tons. It comes from about twenty
intensive breedings that use in a minimum way local,not selected musovy ducks
and prefer mainly birds imported from France, where specific programs have been
tested for many years in order to improve the production performances. The annual
production of the Italian breedings fluctuate from a minimum of 24,000 ducks to a
maximum of 250,000 ducks. 17.4% of breedings have a modest production (<30,000
ducks/year), 43.5% of breedings have a medium production (30,000 - 80,000 ducks/
year), 17.4% of breedings have a medium-high production (80,000-150,000 ducks/
year), 21.7% of breedings have a high production (>150,000 ducks/year). In addition
to breedings that follow the complete cycle of growth, there are breedings specialized
in the only "starter" period. The animals put on the market come from a small
number of slaughter -houses that work with about 2 million ducks/year. The 80% of
this production comes from female duck slaughtered at the age of 9 weeks when
live weight is 2.5 Kg. and presented as ready to cook carcass. The remaining 20%
comes from males (slaughtered at the age of 10 weeks when the live weight is 4-4,5
Kg.) that have a low demand on the market, because of the too high size of their
carcasses. Only recently these carcasses have found their place on the market being
considered portionable products in "cuts" (Chest, thigh).
In Italy, geese breeding has a limited diffusion and is carried out exclusively for
meat production. The consumption of this meat is therefore very limited both for the
lack of alimentary habits and for the high market price comparing to the one of the
other domestic fowls and for the size of the carcasses bigger than the one demanded
on the market. At the present, this zootechnical reality is mainly located in a limited
area of this region (Lomellina), are semi-rural and have variable dimension (200300/500-1000 geese). This localization is bound to a precise gastronomic tradition
for the goose and to the vocation of the environmental that has caused the developing
of industries for the transformation of the meat with the production of typical local
products such as goose hams and goose salami. The slaughtering, that interests
10,000-15,000 geese/year, takes place in structures that mainly work with ducks.
Normally the geese are slaughtered when they are 5 months old with a live weight
of 5 Kg.
In Italy, scientific researches concerning to the waterfowl branch have mainly enquired
into the productive world of duck meat. The studies concerned the different spinneret
fields: from the genetics to the feeding, from the incubation to the reproduction,
from the breeding techniques to the slaughtering age. In harmony with the evolution
of the alimentaiy habits, those factors have being inquired both from the quantitative
and the quality point of view, as long as the dietetic aspects of the carcasses and the
meats.
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NOVEL VACCINATION STRATEGIES FOR ENHANCING MUCOSAL
IMMUNE RESPONSES IN POULTRY
W.I. Muir
Department of Veterinary Pathology, University of Sydney 2006, Australia
Microbial infections cause economic losses in the poultry industry particularly as
production is intensive, stocking densities are high and large numbers of birds are
held in small geographical regions. Many pathogens enter the chicken through the
mucosal surfaces of the intestinal or respiratory tracts. Stimulation of the secretory
IgA system and the local production IgA (slgA) antibody is the first line of defence
against mucosal invaders (4). Further, intestinal immunisation has the potential to
stimulate antigen-specific IgA at the mucosal surfaces which act to prevent microbial
colonisation.
Oral immunisation with live attenuated vaccines elicits a local immune response,
however, there is the risk that many revert to their virulent form. Characteristically
oral administration of non-replicating antigens produces poor immune responses of
short duration (10). Consequently they are administered via injection, often with an
adjuvant, subcutaneously (SC), intramuscularly (IM) or in the wing web. These
immunisation strategies are ernperical, failing to stimulate a strong mucosal immune
response. However, the development of novel immunisation technics is providing
promising new methods for mucosal vaccination. These include liposomes,
microspheres, plasmid DNA vectors, non-specific immunostimulants and in ovo
vaccination. Much of the early research work into new immunisation technology is
carried out in rodents and, in many cases, still requires thorough examination in
poultry.
Liposomes, microspheres and immunostimulating complexes (ISCOMS) are vehicles
for antigen delivery. Liposomes consist of lipid bilayers encompassing an aqueous
phase, microspheres are made with the co-polymers of lactic and glycolic acids and
ISCOMS are prepared from cholesterol and saponin. Each structure protects the
antigen from the gastric environment of the intestine. Liposomes and microspheres
also increase contact between the antigen, iymphoid tissues and cells, requiring less
antigen to stimulate an equivalent immune response to native antigen alone. The
application of liposomes in chickens (5) and ISCOMS in turkeys (1) as antigen
delivery systems have given promising preliminary results. Liposomes, microspheres
and ISCOMS deserves more intense investigations as methods for oral delivery of
antigen in poultry as they have the advantage of being able to be administered in the
feed and/or water.
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Adhesive antigens conjugated with an antigen will increase antigen/immune affector
cell contact by adhering to epithelial cells. For example the B subunit of cholera
toxin (CTB) from Vibrio cholerae, is an adhesive antigen which evokes antigenspecific slgA and long term memory cells. CTB acts as an adjuvant with mucosally
presented antigen by inhibiting the suppresser T cell response, which typically
restricts immune stimulation to luminally presented antigen. Unfortunately CT has
failed to demonstrate any adjuvanticity in chickens to date (6,3)Non-replicating plasmid constucts (naked DNA) that contain antigen coding DNA
have recently been tested as gene vectors (2). Inoculated DNA is transiently expressed
at the site of infection. Plasmid constructs bearing influenza virus HA genes,
administered IM, intravenously or mucosally provided chickens with substantial
protection from the morbidity and mortality of a subsequent influenza challenge.
This technology is still in its infancy but it demonstrates promise, particularly in
situations where a live vaccine is beneficial but attenuated live vectors are undesirable.
Vector systems, with either naked DNA or attenuated vectors, incorporating genes
encoding for a specific lymphokine also offer opportunities to enhance immune
activation. The coexpression of interleukin-5 (necessary for the proliferation and
differentiation of IgA committed B cells into IgA secreting plasma cells) and antigen
in a recombinant vaccinia virus vector upregulated antigen specific slgA production
in the lungs of mice (12). This technology facilitates presentation of required
lymphokine/s for a specific immune response via an exogenous source to either
afferent or effirent immune cells.
A recent innovation involving injectable vaccines in poultry has been in ovo
vaccination. Eggs are immunised at 18 days of embryonation stimulating a mucosal
immune response to, for example, Campylobacter jejuni (9), Embrex Inc. USA have
designed an automated system for in ovo immunisation with promising results
involving Marek's disease virus vaccines(7).
Intraperitoneal (IP) vaccination, which efficiently evokes mucosal immune responses
in rodents and mammals also stimulate notable slgA responses in chickens (8).
These responses provided partial protection from Salmonella typhimurium infections.
IP immunisation is not practical in the broiler industry, however, it could replace
other injectable immunisation regimes currently used in breeder and layer flocks
when a mucosal immune response is required.
Feeding poultry non-specific immunostimulants has received some attention in recent
times. The requirement for vitamins such as A and E to maintain immune integrity
has been established (13), with their inclusion at high levels acting to enhance
resistance to disease. The use of Ascogen, a multi-omponent complex of nucleotide
metabolites including naturally occurring pyrmidines and metablites of pyrimidine
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and purine, (11) has demonstrated improved disease resistance. Its oral administration
in conjunction with immunisation for Newcastle disease virus demonstrated rapid
attainment of increased antibody titres which persisted for a longer time than in
control birds.
From the above discussion it can be seen that a number of novel technologies for
enhancing the mucosal immune response to an immunising antigen are currently
available. Many of these strategies are in the early stages of research and
development. In some cases preliminary studies have been undertaken in chickens
but more complete investigations are required. Nevertheless these technologies
present opportunities for effective and practical methods of immunising chickens
for the prevention of disease.
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In the U.K. commercial diets for broilers are normally heat-conditioned and pelleted.
A study of the literature reveals that laboratory experiments use a range of diet form
and processing conditions many of which are atypical of commercial production.
Some studies have indicated that there can be interactions between diet form and
performance indicators (Magee and McCracken, 1994: McCracken et al. 1994).
High proportions of whole wheat can be fed as a loose mix with a pelleted balance
with no effect on production efficiency (Rose et al. 1995) Forbes and Yalda (1995)
reported marked improvements in dry matter (DM) intake, growth and feed efficiency
by offering wet feed. Feed enzymes normally improve feed efficiency when included
in wheat-based diets (Bedford 1994) but there appear to be interactions between
wheat source, diet form and enzyme supplementation (Magee and McCracken 1994).
This study was designed to examine a range of methods of diet processing and the
interactions with enzyme addition.
Trial 1 was a 5 x 2 factorial design (Diet form, mash (A), cold-pelleted (B), heattreated pelleted (C), whole wheat (333 g/kg) with balance pellet (D), wet fed mash
(E); Enzyme (Avizyme 1300), absent, present) using 100 male Ross broiler chicks.
Trial 2 was a 6 x 2 factorial design using 56 male, Ross broiler chicks. Diet form
and enzyme supplementation were the same as for the previous trial but in addition
diet B was fed as a restricted treatment (F), to the pattern of intake observed with
wet-feeding in trial 1. The diets contained (g/kg) wheat 667, full fat soya 106,
extrupro 110, soya meal 50, fish meal 30, minerals etc. 37. The wheat was ground
through a 3 mm screen and admixed for diets A and E. Diet B was produced using
a 3mm die and diet C was pelleted after heat treatment (80o C for 10 minutes). For
Diet D, ground wheat was mixed 50:50 with the protein supplement, pelleted and
then admixed with 333 g/kg whole wheat. Birds were fed a grower pellet in individual
cages from 7-14d then given access to experimental diets from 14-42d. Apparent
metabolisable energy (AME) was determined from a 7d total excreta collection at
28-35d. Viscosity of the proximal ileal contents was measured at 42d.
There were no significant effects of enzyme inclusion on any of the production
parameters in trial 1 or trial 2. However in trial 1 the ME:GE ratio and AME content
were increased (p<0.05) by 2% by enzyme addition. There were significant (p<0.001)
differences in DM intake, hveweight gain (LWG), gain feed and viscosity in trial 1,
(n=20, d.f. 81) values for B,C,D,E, A respectively being 115.9, 110.9, 107.1, 102.7,
88.4 (SEM 2.1) for DM intake 68.9, 66.0, 65.7, 47.9 (SEM 1.42) for LWG, 0.60,
0.60, 0.61, 0.63, 0.54 (SEM 0.007) for gain-feed and 3.7, 5.0, 6.6, 3.6, 4.5 (SEM
0.48) for viscosity. AME contents (MJ/kg DM) were respectively 14.3, 14.5, 15.0,
14.5, 14.2 (p<0.001, SEM 0.134). Thus the poor performance on mash was mainly
due to poor feed intake. There was no clear relationship between performance and
viscosity of ileal contents, the highest and lowest values for viscosity being associated
with the best gain feed values. The improvement in feed efficiency with wet feeding
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was not due to improved AME content and was postulated to be due to the effects
on metabolism of low feed intake between 14-2Id. In trial 2 there were significant
(p<0.001) diet effects on DM intake, LWG and gainrfeed. The means for B,C,E,F
were respectively 121.3, 114.4, 105.3, 98.9 (SEM 2.2), 69.5, 67.6, 62.9, 58.8 (SEM
1.38), 0.57, 0.59, 0.60, 0.59 (SEM 0.007). As in trial I the value of AMe content
was higher (p< 0.05) for the whole wheat diet than for the other diets. These results
confirm that there is no intrinsic improvement in diet quality due to wet feeding and
suggest that observed improvements in feed efficiency in some studies may be
related to initial low feed intake on introduction of wet feed. The results also
indicate an improvement in AME content of diets including whole grain with some
small improvement in gain:feed but a tendency for reduced LWG, and once again
demonstrate the marked reduction in performance associated with feeding dry mash.
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HETEROSIS AND RECIPROCAL EFFECTS IN DIALLEL CROSSES
AMONG LINES OF JAPANESE QUAIL
A. Zahlen
Institute for Therzuahtwiseen Scheften / Endenicher, Bonn, Germany
The Japanese quail is bred for egg and meat production but reliable values of
heterosis in Japanese quail are not common. In the present work, growth and egg
production traits were measured in two lines of Japanese quails selected for early
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egg production and in their reciprocal crosses to estimate heterosis and reciprocal
effects. Two lines of different origins, AA and BB, were started in 1989 by the
INRA, Paris (MINVIELLE et al), one from a less heavier line selected for egg
production and the other from a line selected for commercial meat production.
Since then, each line has been part of a reciprocal recurrent selection. Approximately
the same number of birds of the four mating, combinations AA, AB, BA and BB
were available (the first letter denoting the sire, the second the dam line).
The quails were housed from 35 to 105 days of age in individual cages of a laying
battery in a well ventilated room with free access to water. The birds were provided,
in individual feeders, a commercial diet (2500 Kcal / kg EM, 10% moisture, 12%
ash, 19% crude proteins, 4% fat and 3% crude fiber).
All birds were weighed at 35 days and at 105 days of age. Total and scoring egg
numbers were obtained for each quail, along with mean egg weight of 3 consecutive
eggs collected during the testing period. Mean shell, yolk and albumen weight were
recorded. Heterosis, i.e., the mean difference between cross breds and purebreds,
and reciprocal effects, i.e. the superiority of each reciprocal cross, were calculated.
All analyses were performed using procedures of the SAS institute, (1988).
Results were following :
Significant heterosis was detected in almost all examined characteristics with the
exception of yolk and albumen percentage. The extent and tendency of the heterosis
agree with already reported results.
Significant heterosis in body weight was found at 3.4% for the 35 day body weight
and at - 2.9% for the 105 day body weight. The decrease of heterosis in body weight
is often reported and can be explained in several different ways.
- MAEDA et al (1988) for example reported that the heterosis effect in the early
growth period resulted from an increase in the protein synthesis rate due to
crossbreeding between pure Hues.
- It is also possible that the crosses put on less weight because of higher egg
production.
Heterosis in egg production was found at 12.7% for the total number of eggs and at
13.9% for the number of scoring eggs. The greater extent of heterosis in egg
production traits is often reported. FAIRFULL et al (1986) assume that egg production
traits are influenced by epistasis whereas growth characteristics are determined by
dominance effects.
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Heterosis in egg, yolk, albumen weight vary from 3.7% to 5.6%. Crossbreds are
able to produce bigger yolks which in turn influence albumen and egg size.
WASHBURN (1982) reported that the single most important factor contributing to
shell formation is the metabolism of calcium. It could be considered that crossbreds
shown an increased calcium metabolism.
Reciprocal effects only occurred, on the one hand, in egg and yolk weight (maternal
effects), and on the other hand, in yolk and albumen percentage (paternal effect).
Yolk production seems to be highly influenced by the mouther's ability to produce
estrogens, whereas albumen production is controlled by androgens.
As there are only few reports on reciprocal effects for egg characteristics the
explanation for the results needs to be proved in further investigations.

ENDOGENOUS ANALGESIA IN HENS: OPIATE MECHANISM
L.M. Wylie and M. J.Gentle
Roslin Institute, Roslin, Midlothian, EH25 9PS, Scotland
It is well documented that endogenous analgesia may be induced by stress (Amit and
Galina 1986). Neuropeptides, especially opiates, and neurotransmitters are thought to
play a role in stress-induced analgesia (Basbaum & Fields 1984). Non-stressful stimuli,
such as novelty and pre-laying behaviour can also be inducers of endogenous analgesia
(Gentle & Corr 1995). Previous work, using sodium urate arthritis as a model of severe
tonic pain, has shown that pain behaviour is reduced in domestic hens performing
feeding behaviour. The mechanism for the analgesia induced in hens showing feeding
behaviour was investigated using the opioid antagonist, naloxone. Eight adult Brown
Leghorn hens were used. Four birds were injected intravenously by wing vein with
4mg naloxone hydrochloride (Sigma)/ kg body weight, dissolved in saline (2mg
naloxone / ml) and four injected intravenously with equivalent volumes of saline All
eight birds were injected with 0.2ml Haemaccel into the left ankle joint and given a
small amount of mash. Birds were scan sampled every five minutes for two hours and
their behaviour recorded. The procedure was repeated the following day with 8mg
microcrystalline sodium urate suspended in 0.2ml Haemaccel being injected into the
left ankle joint. A significant difference in pain behaviour between those birds injected
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with naloxone and those injected with saline was found (Mann Whitney p< 0.05). The
experiment was repeated using a further eight birds. It can be concluded that giving
naloxone increases pain related behaviour, suggesting that feeding behaviour can induce
an opiate mediated endogenous analgesia.
NEW BREAKTHROUGHS IN BREEDING IMMUNOLOGICALLY
SUPERIOR POULTRY
R.E. Lomkin
Professional Veterinary Medicine, Class of '97, CVMBS, Colorado Status Univercity, Ft.
Collins, CO 80521, USA
The poultry industry has long been a leader in innovative new techniques to improve
performance and efficiency. In the future, the poultry industry must develop new
technologies to face different challenges. These challenges of decreasing residues and
foods-borne pathogens within poultry meat is the development of immunologie ally
superior chickens and turkeys. This presentation will discuss several recent studies that
have identified genetic lines of chickens which shows significantly different responses
to disease challenges. Future studies will need to be developed to ascertain the amount
of change that can be brought in the resistance of poultry to disease. These future
studies must also ensure that new, immunologically superior genetic lines of poultry
will complement production efficiently.

STUDIES ON CERTAIN EGG QUALITY TYRAITS AND BIOCHEMICAL
PARAMETERS IN WHITE LEGHORN BIRD FED ON LIV FIT VET PREMIX.
S.N. Lai, M. Yadav. S.R Singh and D.N. Verma
Department of Animal Science, N.D. University of Agriculture and Technology, Kumarganj224229, Faizabad U.P., India
Eighty pullets of about 7 months old white leghorn birds were randomly divided into
four groups of 20 birds in each. The group I of birds was fed special layer ration at the
rate of 1.25 g/d//bird and served as a control. The group II, III and IV of birds were fed
Liv fit vet premix at the rate of l,2,3g/kg in special Layer ration at the rate 1.25g./bird/
d. The egg production was signficantly higher (p/0.01) in Livfit fed group then control
group. External egg quality traits did not differ from each others. Haemoglobin
concentration in vet blood was significantly higher ( p <0.01) in groups fed on Livfit
premix than control groups. Whereas, blood glucose, urea and cholestrol did not differ
from each others. Enzyme activity such as acid phosphatase, allealine phosphatase,
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s GOT and SGPT was found to be signficantly higher in experimental groups than
control group.
COMPUTER AIDED POULTRY FARM MANAGEMENT
V.M. Patil
Marathawada Agricultural University, Parbhani, Maharashtra, India
The global trend of increasing size of poultry production units has led to a situation
where a drastic alteration of management systems has become essential. Computers
and automatic equipment are the key managerial aids with which the poultry farmer
can cope with these challenges. In addition, due to the growing shortage of skilled
manpower, the scope of computer application in agribusiness in general, and poultry
industry in particular, is enormous. The crucial advantanges which computers and
computer-controlled automatic equipment enjoy over their human counterparts are their
speed, accuracy, reliability, ability to perform dull, repetitive or hazardous tasks and
their implicit obedience.
Computers can have varied application in all aspects of poultry farm management.
Broadly, their operations can be grouped into three major categories: Automation /
Mechanization, Technical operations and Administrative operation. As poultry
production becomes more intensive, automatic equipments enable a single person to
manage 30, 000 layers or 1,00,000 broilers. Most of the automatic equipments are
microprocessor-controlled and are usually linked to a central control systems .
Automation can cover a wide variety of tasks, ranging from simple functions like
watering to highly complicated tasks like environment control.
Automatic watering systems incorporating nipple, disc, cup or floor drinkers, can
regulate amount, duration and pressure of drinking water and cater to all classes of
poultry. These have the added advantages of preventing contamination and disease
transmission, reducing wastage, enabling easier medication and being self-cleaning. In
feed milling and mixing plants, computers weigh required quantities of various
ingredients and mix them in a pre-determined sequence before baggage and storage.
Automatic feeders can be programmed to provide desired amount of fresh feed at correct
intervals, thus ensuring greater productivity and saving almost 15 to 25 percent of feed
costs. Computer-controlled laser debeakers can be used to debeak day-old chicks rapidly,
painlessly and permanently. Various automatic bird catching, weighing and handling
systems enable humane and efficient capture and transport of broilers. Similarly,
mechanical egg collection systems can collect, count, grade and pack table eggs
effortlessly with minimal human involvement. Automatic litter removal by machines
at scheduled intervals ensures human safety as well as hygienic conditions at the farm.
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The most hi-tech application of computers in poultry farm management is the regulation
of environmental conditions within the house. This involves the use of various sensors
which monitor parameters like temperature, relative humidity, ventilation, carbondioxide and ammonia concentrations, light etc. in all parts of the house. If the internal
conditions exceed the pre-programmed limits, control measures are intiated by operating
air-conditioners, heaters, misting systems , sprinklers, fares, curtains, ridges, lights
etc. In addition, system failure alarms and emergency backups ensure complete
reliability. Thus, controlled environment housing, which is virtually impossible without
computer controls, will enable expansion of poultry operations to areas inimical to
poultry growth and survival.
Computers play an important role in various technical farm operations, the most vital
being ration formulation. As feedstuffs account for more than 60 percent of the variable
costs of poultry production , even a small saving can increase profitability greatly.
Computers allow the farm manager to formulate the most cost-effective mixture of
ingredients which can provide all nutrients required for optimum productivity ( least
cost feed formulation). Computer programme like Poultry Growth Model can estimate
performance of the flock under certain conditions of management, feeding or
environment. This can be used to predict biological and financial effects of change in
genotype, feeding programme, temperature schedule, production costs, product value
and management. These results are of great importantance to poultry farm managers as
they enable long-term planning and strategy formation.
Computers can also be used as database managers to monitor and record everything
that occurs on the farm. This includes performance data like egg number, egg weight,
mortality, changes in body weight, fertility, hatchability, feed consumption, carcass
weight, health and vaccination programmes. All this can be done either by entering
data into the computer daily or by using computer-connected devices, for example,
automatic bird weighing machines or egg counting machines. The data from these
farm records can be analyzed stastistically and the results used to accurately estimate
productivity and efficiency of the farm, thus enabhng remedial measures to be undertaken
in time.
The administrative aspect of poultry operations is obviously as important as raising the
flock. Administrative work could be made much easier, more efficient and faster by the
use of a computer. Sales, orders, correspondence, inventory., accounting, economic
budgeting, breakdown analysis, cash flow projection, salaries, overtime, staff vacations,
mailing, forecasting and marketing could all be carried out flawlessly using computer
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software. Flockdata, Lotus, Symphony, dBase,DacEasy, WordStar, Forward, Word
Perfect, Harvard Graphics, Windows, Statsoft,_Abacus and DWA are but some of the
many commercial programmes available to handle the above-mentioned jobs and more.
These ensure that the farm manager spends a greater part of his time in technical activities
rather than in routine clerical tasks.
Therefore, computer aided poultry farm management results in better all-round
production and more comfortable in-house environment. It also saves labour costs
and ensures greater biosecurity in the houses. In addition, due to complete reliability
of these systems, almost double the number of birds can be housed within the same
space, reducing housing costs substantially. However, considering the high initial costs,
limited availability, necessity for backup and erratic power supply, computerization
and automation may be of less priority today. But, keeping in view the increasing
competitiveness of the poultry industry and the drive for exports of poultry products
in international markets, the time is fast approaching when computer aided farm
management will become a necessity for intensive poultry production in any country.

EFFECT OF FEEDING MUSTARD CAKE V/S DETOXIFIED MUSTARD
CAKE IN LAYING HENS
K.Khanna, H.I. Paleja, R.K. Mishra, R.S. Joshi and R.K. Shukla
Poultry Complex, Veterinary College, Anand 388 001, India

This experiment was carried out to study effect of inclusion of Undetoxified Mustard
Cake (MCUD) vis a Vis Detoxified Mustard Cake (MCD) on egg production
performance in white Leghorn birds, aged 26 weeks, for a duration of 84 days. The
inclusion rate studied for both types of Mustard Cake was to the tune of 5 ( T,), 10 (T^),
ISCT^) and 20 % (T^). A control group was also maintained. A pre-experimental feeding
period of 3 days was given to all birds before start of recording egg production.
Performance traits viz. egg weight (EW), body weight (BW) and total feed consumption
(TFC) were studied. All the production traits were recorded at fomightly interval. The
control birds laid more number of eggs i.e. 70.00 ± 1.45 than all the treatment groups
kept under MCD and MCUD. Whereas, birds under T3 of MCD laid lowest EN in
comparison to all other groups. However differences were found to be non-significant
(P<0.05). EW was found to be more than 50 gm for all treatment groups except for T,
and T4 of MCD i.e. 49.023 ±1.175 and 49.214 ± 1.262 but differences were nonsignficant (p<0.05) for all the group. BW for different groups and control were found
to be ranged between 1.585.25 ± 41.031 (MCD, T,) to 1727.2 ± 48.964 (MCUD T,)
and differences for BW were found to be statistically non-significant (P<0.05). TFC
was found to be less in all treatment of MCD i.e. 12.4819 ± 0.02926 as compared to
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MCUD and control without affecting production performance. The low feed
consumption in undetoxified mustard cake groups resulted into low egg weight.
ADDITIVE, MATERNAL AND HETEROSIS EFFECTS IN CROSS
BREEDING EXPERIMENT ON JAPANESE QUAIL
M. Wieczorek
Department of Genetics and Animal Breeding, Warsaw Agricultural University, 05-840
Brwinow, ul. Przejazd 4, Poland
INTRODUCTION
The aim of this study was to estimate the genetic components in the crossing experiment
on Japanese quail where full diallel model was used. Two stastical approches were
utilized to fufil this goal: i) the orthogonal contrasts method and ii) the regression
model, widely used since Robison at al. (1981) published thieir paper.
Material and methods
There were 3 lines of Japanese quail, included in the experiment: W-meat-type line Jstandard line and K- the white but not albinotic line as well as therirs reciprocal
corssbreds. The lines were kept at the Agricultural University of Warsaw for over 23
generations.
The following traits were observed and analyzed: mortality rate up to the 1 st week
(M,), between the 1 st and 4th (M^), between the 4th and 18th week (M^^) and total
mortality from the hatching to the 18th week (M^); body weight and shank length at the
1 st and 4th weeks (BW,,SLj, BW^SL^) in both sexes, body weight and shank length in
males at the 5th and 10 weeks^BW^,SL3,BW,Q,SL|Q),the age( in weeks) of sexual maturity
of females measured by the 1st laid egg (SM) and egg number up to the 15th week (E^^).
The number of birds observed was 1493 up to the 4th week and 113 males and 102
females thereafter.
Firstly, the data were submitted to analysis of variance (Harvey 1990) where the effects
of genetic groups, hatches, sexes and interaction genetic groups *sexes were included.
As the interaction effects were not significant, in the following analysis this effect was
excluded from the model.
The least square means were used to form the following orthognoal contrasts (line vs
line ): Line effect -P -P ,
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Additive line effect - P '1 -Pjj +„Pij -Pji
Maternal line effect - PJI -P u ,
Specific hwrweoaia wddwxr - [(P. +P .)-(P..+P )]2.
On the data, adjusted for the sexes (when both sexes were analyzed ) and hatches
effects, the regression analysis was carried out according to the model:

Where A^,+ A j, + A^^ additive line effects, A. = 0
M„„ M„ M^, maternal Ime effects, M = 0
H^j, H^j^, Hjj^ - specific heterosis effect for each pair of lines
RESULTS
Singificant sex and hatch effects on both growth traits up to the 4th week as well as the
hatches effect on the shank length at the 5th week in males were found. Females showed
the advantage in comparison to the males which was increasing from the 1st to 4th
week of age. The differences between sexes did not depend on genetic groups.
Genetic groups effects were stastically significant for all traits concerned.
There were significant advantages of lines W and J over line K with regard to both
growth traits up to the 4th week and body weight at the 5th week. The significantly
higher body weight at the 5th and 10th weeks in line W in comparison to line J was
stated.
The females of the line K reached the sexual maturity significantly later than females
from two other lines what resulted in their significantly lower egg production. The significant
decrease of mortality in line J in comparison to the W and K lines was observed.
Both stastical procedures provided the evidence of significant genetic additive
component in lines differentiation. As far as growth traits, sexual maturity and egg
number were concerned the additive component (see table) provided the following
lines ranking W,J,K. This ranking did not depend on stasfical method used and was
analogous to the phenotypic ranking of the lines.
The positive additive effect of line K decreasing total mortality, due to the effect on
mortality between the 1st and 4th week was found.
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There was significant negative maternal effect of line W and positive of line K on
both growth traits up to the 4th week. Maternal effect of line J was negative but
significant only for body weight at the 4th, 5th and 10th weeks.
Genetic components estimated by regression analysis method
Aw

A,

A,

M^

M,

M,

H^,

H„,

H,,

0.703**

0.368**

-1.071**

-0.359**

-0,014

0.373**

0.515**

0.215*

0.386**

3.499**

1.751**

-5.250**

-1.526**

-0.064

1.590**

1.650**

1.906**

'2.462**

0.881**

0.515**

-1.396**

-0.331**

0.092

0.240**

0.471**

0.958**

0.687**

14.099**

8.338**

-22.437**

-3.648**

-2.370*

6. 018**

3.897**

11.887**

8.125**

0.836*

0.724*

-1.560**

-0.314

-0.249

0.563**

0.085

0.295

-0.199

17.527**

10.929

-28.456**

-1.586

-6.768**

8.354**

-1.168

6.556*

3.036

0.597

0.904**

-1.501**

-0.035

-0.321

0.356

-0.025

0.318

-0.071

13.370**

5.579

-18.949**

1.017

-6.117**

5.101**

-9.862**

3.441

-1.996

T

-0.227

-0.037

0.064*

0.037

-0.012

-0.026

-0.063*

-0.106**

-0.0225

N

5.751*

3.237

-8.988**

-4.977**

2.101

2.876

-3.382

8.266**

7.163**

1.294**

0.041

1.253**

0.641*='^

-0.523**

-0.118

0.540

-0.792*

-0.784*

SL
1
BW
I
SL
4
BW
4
SL
5
BW
5
SL
10
BW
10
M

E

SM-

** -signficant at P< 0.001
* - signficant at P < 0.005
The regression analysis as well as the orthogonal contrast method showed the delaying
maternal effect of line W on sexual maturity influencing the negative effect on egg
number in that line. In contradictory, maternal effect of line J decreased the age of
sexual maturity.
No significant maternal effects on mortality were found.
Specific and total heterosis were significant for both growth traits up to the 4th week
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of age. Surprisigngly, at the 10th week of age the crossbred W-J showed negative
heterosis.
The crossbred W-K and J-K showed significant heterosis both for sexual maturity and
egg number. Crossing of lines W-J and W-K generated the heterosis which decreased
total mortality of birds.
It is worth to emphasize that both method used in the presented work allowed to draw
out the equivalent conclusions on the genetic determination of the traits concerned.

CHICKEN BRAIN NUCLEAI AND THEIR PHYSIUOLOGICAL ROLES IN
FOOD INTAKE
Bagbanzadeh A.
Department of Physiology, Faculty of Veterinary Medicine, University of Tehran,
Iran
Experiments have, so far, been carried out on the central control of food intake in
different species of animals. These kinds of experiments on chickens date back no
more than 25 years ago and are relatively new, compared with similar experiments in
other species. In this study 60 leghorn chickens were chosen and euthanized by using
chloroform. Then their brain were fixed in 10 % formalin and the parafin block was
prepared. Serial sections in different sites of brain were prepared and carefully stained.
After many experiments, we concluded that some of the nuclei have an important role
in food intake in different ways.

EFFICACY TRIAL OF DISFECT-S ON COMMON PATHOGENIC
ORGANISMS IN POULTRY
G. Anand Managar, N. Sreeram Reddy and Devegowda
Department of Poultry Science, University of Agricultural Sciences, Hebbal, Bangalore
560024. India
Sanitation is one of the important operations in poultry farming. Lossess due to diseases
in poultry are often greatly understamated. It is well known fact that if one poultry
house gets infected, it quicily spreads to the neighboring houses and farms. There
are two aspects of disease prevention. One is to strengthen the bird to enable it to resist
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infection by vaccination and other is to keep the premises free of diseasew producing
agents like bacteria, viruses and fungi.
Research on farms world wide has confirmed that exotic viral and bacterial disease in
poultry are increasing despite intensive vaccination and medication programes . Some
disinfectants available in the market are srrving the poultry industry to certain extent.
However, keeping the necessity for a broad spectrum disinfectant ( bactericidal,
virucidal, fungicidal etc.), the Pfizer Limited India has recently introduced Disfect-S
[(Poly Alkyl Monohydric phenols (40%), Dodecyl benzene sulphonic acid (24%) and
Metacresol (40%)] to cater the needs of commercial poultry farms, hatcheries, breeding
farms etc. Disfect-S constitutes a unique blend of surfactants and biocides.
studies conducted in laboratories in United Kingdom indicated that this product is
effective against Rrspiratory diseases, ( chronic Respiratory Disease, Coryza etc.),
Escherichia coli. Salmonella, Wingrot, Infections bursal Disease, Fowl pox, Ranikhet
(New castle), Marek's disease etc. in poultry.
Study was conducted in Broiler and breeder farms, to know the comparative efficacy
of Disfact-S with that of a leading disinfectant Brand-x (formaldehyde, glutaraldehyde
and benzallkonium chloride), on common pathogenic organisms in pouUtry.
At Broiler Farm :
Four compartments in a house were selected. In two compartments Disfect-S was
sprayed
at a level of 50 ml in 20 literes of water in one compartment and at 100 ml
in 20 litres of water in another compartment. In third compartment Brand -x under test
(800 ml in 20 litres of water) ws sprayed and the fourth compartment was kept as
control. Impression on agar surface were taken from different areas of the house at 30
and 60 minutes intervals. This was cultured in the laboratory for colony counts using
suitable media for bacteria and fungi, at 37^^C.
Table 1. Comparative evaluation of Disfect-S and Brand -X at broiler farm D
Disinfectant

Control
Disfect -S
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Concentration

. Application rate

Hygienic score after
30 Min.

60 Min.

Nil
100 ml in 20 Its.
of water (0.5%)

Nil
300ml/10S.ft.

M
E

M
E

50 ml in 20 Its.
of water (0.25%)

300 ml/IOS.ft.

G

G

Brand -X

800 ml in 20 Its.
Score

300ml/10S.ft.
Colony count

E - Excellent
G - Good
M - Miserable

0- 15
16 - 36
97 or more

AT BREEDING FARM : Tv/o houses were selected. In both the houses., impression
on agar surface were taken from different areas. In one house Disfect - S (50 ml in 20
litres of water ) and in another house Brand - X (800 ml in 20 litrees of water) was
sprayed. Impression smears were taken from different areas of the houses at 30 and 60
minutes intervals. This was incubated for 24 hours at 37 ^' C in nutrient agar and
MacConkey's Agar medium and 48 hours in sabruad's Dextrose agar. The results are
tabulated in Table 2.
Table 2. Comparative evaluation of Disfect -S and Brand -X at breeding farm
Disinfectant

Concentration

Application rate

Hygienic score
I
II
m
NA MC SA NA MC SA NA MC SA

Disfect - S

50 ml in
20 Its of water

300 ml per
lOS.ft.

M

M

M

G

E

G

G

E

E

Brand - X

800 ml in
of water

300 ml per
lOS.ft.

M

M

M

A

E

G

A

G

E

Note : Bacterial counts for each is calculated for impressions on agar surface (floor,
walls, water, feeders) and the average of all represents the hygienic score at a given
moment.
Score
Colony count
I

Before spraying

E - Excellent

0

II

30 minutes after
spraying

A - Average
M - Miserable

37 - 57
97 or more

III

60 minutes after
spraying

NA - Nutrient a
MC - MacConk
SA - Sabraud's Dextrose agar
G - Good

16

15

36
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AT LABORATORY :

Known calture of pathogenic arganisms -

Escherichia coli , Staphylococcus, Aspergillus and Salmonella spp. were obtained.
Loopful of each culture was streaked on theri respective growth media (nutrient agar,
MacConkey's and Sabmd's agar) in petri-plates and incubated for 24 housrs at 37 " for
bacteria and 48 hours for fungi, four plates of each culture.
Dilutions of 1:200 and 1: 400 of Disfect-S and 1:25 of Brand- X was obtained. 0.2 ml
was added to each plate keeping one of each culture as control. The number of colonies
were recorded after every 15 and 30 minutes. The results are tabulated in Table 3.
Table 3. Comparative evaluation of Disfect - S Brand - X
Score
E
G
A
P

-

Excellent
Good
Average
Poor

Colonv count
0
16
37
58

-15
-36
-57
-76

EC
ST
ASP
SL

-

Escherichia coli
Staphylococcus spp.
Aspergillus spp.
Salmonella spp.

Disfect - S was very effective at both the levels tested against all the test organisms,
both at actual farm conditions and also in laboratoryu. It was also observed that Disfect
_s was far superior disinfectant than Brand - X chosen for this trial both in efficacy as
well as in cost effectiveness.

ROLE OF BIOTECHNOLOGY IN POULTRY INDUSTRY
P.M. Vyawahare
Marathawada Agricultural University, Parbhani, Maharashtra, India
INTRODUCTION :
Although India is World's sixth largest egg producer, the per capita availability of egg
is low because of large population. Therefore the fast development of poultry industry
is required to meet the increasing requirements of egg and poultry meat. This can be
achieved by the use of better management and new technology; Biotechnology is
also one of them.
Use of biotechnology can boost up the production by developing new strains of birds
with high potential, lowering the feed cost, and by increasing efficiency of utilization
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of feed nutrients, by efficient use of poultry waste, by production of various diagnostic
reagents and vaccines.
Ways of uses of biotechnology in poultry.
Biotechnology can be used in poultry industry in the fields of feeding, breeding and
management.
Feeds and Feeding
Probiotics
When birds are healthy gut microflora is well balanced with beneficial and detrimental
bacteria (Eubiosis). Under adverse conditions balance of micro flora is disturbed resulting
in proliferation of harmful bacteria, so in order to maintain a normal balanced microflora
in digestive tract (bioregulation) probiotics are used in poultry feed.
It also reduces digestive upsets, improves feed utilization and increases production.
Probiotics also acts on pathogenic bacteria ( by production of natural antibiotic like
acidophllin) and increases production efficiency. The traditional probiotics are non
spore forming lactic acid bacteria such as Lactobacillus casei, L. acidophilus and
streptococci. Now a new generation of probiotics from bacillus group of organisms
like B coagulons (Lactobacillus sporogenes) are being used as feed additives due to
their sporulating nature. Bacteria used as probiotics should be stable during manufacture
of pelleted or crumble feeds. These bacteria should extremely hardy and remain viable
even when subjected to high temperature and high acidic medium. L. sporogenous are
excellent producers of biologically active lactic acid and digestive enzymes. Lactobacilli
have also been reported to stimulate or enhance immune properties of host.
ENZYMES
Enzymes in poultry feed can be added for better utilization of
- low quality feed
- High fibre diets
- Phytin phosphorus
- Decrease antinutritional factors such as tannin, saponin and goitrogens.
- Minimize wet dropping
Poultry do not produce enzymes like cellulase, hemicelluase and beta gluconase which
are required for digestion of cell wall of plant material so poultry can not utilize fibrous
feed . These enzymes are useful in degradation of fibrous material and also increases
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bioavaialability of polysaccharides and proteins. The birds fed with low energy diet
supplemented with roulti enzyme( mainly cellulase) performed as good as those fed
with high energy diet. There was also a significant improvement in body weight and
feed conversion in low and high fibre diet. (Poultry advisor XXVI 93) About 2/3 of
phosphorus in vegetable raw material of poultry feed is present in the form of organic
phytate phosphorus. By incorporation of phytase enzyme in feed, phosphorus can be
released from phytate phosphorus which enables birds to utilize it. Application of
betaglucanase enzyme to grains with high glucane content reduce the incidence of
sticky dropping. The enzyme added to feed should be stabel during storage,
manufacturing, processes like pelleting, mixing etc. They should also withstand the
acidic conditions in gastro intestinal tract and should be resistant to changes in pH.
ANTIBIOTICS
As a feed additive they disturb the natural balance of microflora leading to dysbiosis
and causing gastro-intestinal upsets, so its use as feed supplement is reduced
continuously.
Breeding
Biotechnology offers a new avenue to evaluate the perforamance of birds by looking at
its genes by finger printing DNA or by using polymerase chain reaction (PCR).
Biotechnology is mainly used for production of transgenic animals, artficial
insemination, embryotransfer, embryosexing and karyotyping. Transgenic birds
processing genetic traits for enhanced meat and egg production and high disease resistant
are being developed. Egg or stem cells from embroynic tissue could be transferred by
one of the various means of gene transfer such as electroporation, retro virus vectors
and microinjection.
Limitation of retro virus vector system is the production of replication-defective vectors
and the size of transgene. A new method of production of transgenic chicken is developed
by DNA microinjection of chick zygotes followed by exvivo embryo culture. Embryo
sexing helps in production of more female thus doubles the Qgg production.
MANAGEMENT
Vaccines
Although current technologies produce effective vaccines some disadvantages still exists.
Biosynthetic vaccine is a formulation of non infectious protective subunit immunogen
that is produced in or by a biologic system . Recombinant virus based vaccines offer
new alternatives and potential advantages for controlling poultry diseases. Recombinant
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vaccine encompasses sub unit vaccines in which antigens are produced using
recombinant DNA techniques. These developments open up a number of strategies.
- Non living vaccine - Limited use in poultry industry
- Living vaccine - There are two possibilities first to disarm the pathogens by identifying
gene responsible for its virulene and detecting it/ them from its geneme. There is no
example of this approach in use in poultry. The second possibility is to develop vectors
capable of carrying genes coding for required immunogens and expressing them.
Different virus vectors having large DNA such as herpes, pox are commonly used.
Vacinia Virus is not appropriate for use in poultry because of possible public health
danger. Fowl pox, marek's disease and infectious laryngotracheitis virus are possible
alternatives to it Recombinant live vaccines of New castle disease, infections bronchitis
and avian influenza are produced. Genex corporation and USDAN have also developed
recombinant vaccine against coccidiosis.
Challenges
- Additional genes encoding antigenic peptide of other pathogen must be identified
- Non essential sites in the genomes of various viruses must be identified
- These Vaccines will have to be cost effective to gain approval of regulatory agencies.
Biotechnology also helps to develop poultry diagnostics and also help for efficient
treatment and use of waste and effluents.
Conclusion
There is protein hunger in many parts of world. Thus biotechnology helps to meet it by
improving the poultry production by means of effective use and utilization of available
feeds, by developing new strains of birds. It also aids in the production of efficient
vaccines.

ENERGY VALUES OF DIFFERENT VEGETABLE FATS AND SYNERGISTIC
EFFECTS OF BLENDS IN BROILER DIETS
A.C.J.M . SmuldersS C.Kwakernaak», R.P. KwakkeF and M.Zumbado'
'Institute of Animal Science and Health, Branch Beekbrgen, ^Wageningen Agricultural university,
Department of Animal Nutrition and ^University of Costa Rica
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A joint research project of the University of Costa Rica (UCR) and the Institute for
Animal Science and Health (ID-DLO) in the Netherlands was carried out to study
feeding values for poultry of free fatty acids from palm- and soyabean oil, as produced
in Costa Rica. From economical and environmental point of view it is important to
make those waste products of the industry useful for poultry feed. High melting points
of palm free fatty acids (PFFA) is one of the main causes for low digestibility of these
fats in broilers. Mixtures of PFFA with other fat sources may act synergistically in
reducing the melting point and by this, increase digestibility. Therefore an experiment
was carried out to study the following objectives :
- determining the AME of PFFA, SBFFA ( = Soyabean Free Fatty Acid) and two blends
(blend 1:50% PFFA with 50% SBFFA and blend 2.75 % PFFA with 25 % SBFFA)
- measuring of the technical performance of the broilers
- quantity potential synergistc effects on technical performance and digestibility (fat,
protein)
- studying possible positive effect of the use of fats on performance in hot climates
Digestibility values and metabolizable energy of the diets and the different added fats
were measured with commercial male broilers. Also the technical performance was
measured (feed intake, body weight gain, feed conversion ratio) from 11 to 35 days of
age, Nine different diets were calculated iso-energetic by exchanging com strach for a
mixture of the fat (PFFA, SBFFA or blend), sand, celluloses and polyethylene. The
AME values of the fat types from an earlier experiment were used for the calculation.
The experimental factors were :
-

2 fat sources (PFFA and SBFFA)
2 blends of the fat sources
3 fat levels ( 0% added fat in the com strach diet, 5% and 10%)
2 temperature schemes

The trail was carried out as splitplot-trial in which every feed/ temperature treatment
had six repetitions. During the first 11 days, the broilers were kept in three ground
cages. After that they were distributed over the balance-cages (13 birds per cage) using
a class-system to obtain equal weight on every cage. After 25 days the number of
chickens per cages was reduced to 12, so the trial-period was carried out with 1296
broilers. The birds were kept in climate controlled rooms. In three rooms the temperature
was constantly 30^ from 11 days age. In the other three sections the normal temperature
scheme was followed. Data of feed intake (20,25 and 35 days age) and bird weights
(11,25 and 35 days age) were collected. Excreta samples (25,26,27 days of age) and
feed samples were analysed.
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The fat blends produced higher feed intake and body weight gain than the pure fats.
AME values of fats and digstibility values of protein and fats in the different diets were
used to sustain the performance data, found in the experiment. Temperature effect
was found on the performance data. High temperatures dereased feed intake and
body weight gain and increased feed conversion ratio. The quantitative effect of
synergism on AME, digestibility and technical performance, when blends were used,
were calculated.
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