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MEAT
RESEARCH
an ARS progress report

Can the American farnner produce enough
meat to supply ever-increasing consumer
demands? The answer depends to a large
extent on agricultural research. Our scientists face a critical challenge.
The consumption of meat and poultry
has risen rapidly with beef and broilers the
chief gainers. This trend is expected to
continue in spite of current price and
marketing problems. Consumption of red
meats in the United States is expected to
increase 50 percent by 1985 and 100
percent by the year 2000. It is estimated
that the demand for poultry will grow by
35 percent and 50 percent, respectively.
There are several reasons for the increased consumption of meat, particularly
beef. One is the increase in population.
There are more mouths to feed, and more
people in other countries now able to buy
beef. Another is the awareness that meat
is one of the best sources of high-quality
protein. This awareness is growing with
the increasing concern over health and
nutrition.
While this report deals only with meat

and poultry sources of protein, ARS scientists are also working to increase the
content and quality of the protein found in
edible plants—particularly in cereal grains.
Much has already been accomplished.
High-lysine corn and two new oat varieties
having increased protein content are now
grown commercially; a dry-bean breeding
line with 30 percent more protein has
been developed; and research designed
to produce high-protein wheat varieties is
undenA/ay. An edible protein concentrate
from alfalfa is being produced in the
laboratory. New ways of using the protein
from soybeans have been perfected. Highprotein candy from whole milk and whey,
cottonseed flour having a high nutritional
value, protein-fortified wheat flour with 25
to 30 percent more protein than regular
wheat flour, and cheese whey beverages
high in protein are other examples of ARS
research to be described in a future
report.
For the moment, MEAT RESEARCH takes
a close look at the high-quality protein that
comes chiefly from animal sources. Protein is needed for growth, for energy, and
for body maintenance and repair. Proteins
in the blood provide the means of developing resistance and sometimes immunity
to disease.
Beef and veal furnish high-quality protein, B-vitamins, and iron. Beef and
calves' liver are widely acclaimed for vitamin A value. Pork is also high on the list
of nutritious foods; it is an especially rich
source of thiamine (vitamin Bi) and also
supplies protein, iron, and other B-vitamins. The variety meats contain vitamin A.
Lamb, like other meats, is rich in protein,
in iron, and in the B-vitamins.
Chicken and turkey have long been
bargains in good eating. No longer is it

A side of beef is carefully examined by a USDA meat
inspector in the disease-free environment of a modern
pacl<ing plant. 0671K665-24

In the days before Federal inspection, nonrefrigerated meat hangs on the rack of a turn-of-thecentury Minnesota meat market. Since 1906 when
Congress passed the first Meat Inspection Act,
Federal inspectors have watched over meat-packing
for interstate commerce. Cen-449

"chicken on Sunday" or turkey on Christmas and Thanksgiving only. With today's
modern production, processing, and marketing methods chicken, turkey, duck, and
geese are available the year around. Per
capital consumption of poultry has increased spectacularly in the past 30
years—we now eat more than twice as
much chicken as we did back in 1940 and
three times as much turkey. Poultry, like
red meat, is an excellent source of highquality protein as well as iron and the Bvitamins.
Not only are meat and poultry necessary for good health and well-being; their
production and consumption are important
factors in the American economy. Out of
every $10 spent for farm-produced foods,
it is estimated that $3.22 goes for red
meat and $0.39 for poultry.
Producers, processors, and marketers
of meat and poultry provide employment,
pay taxes, and contribute to the grx)ss
national product and to the balance of
payments. In 1972 the meat and poultry
business in the United States involved
310,800 workers and a $2 billion payroll.
As is true in other sectors of the economy, the demand for meat and poultry
pushes prices up. Top quality commands

a top price. One way to offset some of the
increase is through reduced production
costs. Such costs on the part of the
producer figure significantly in any effort to
meet anticipated demands at prices the
consumer can, and is willing to, pay.
Consumers will benefit when lower production costs are passed on to the market
place.
Research opportunities exist for improving livestock and poultry reproductive efficiency, thus reducing production costs.
ARS scientists working to meet the challenge make up one-third of some 500
scientists engaged in publicly supported
beef cattle research. Such research is
also conducted by industry personnel as
well as that in State Agricultural Experiment Stations.
There have already been many research accomplishments and producers
have been progressive in adopting new
technology. Feed efficiency of beef, hogs,
and poultry has been improved, a leantype hog with more meat and less fat has
been developed, and many disease losses
have been curtailed, However, there is a
greater need for technological advances in
the future if meat supplies are to keep up
with demand.
The following chapters describe in detail
some of the current research being carried
out by ARS and cooperating scientists in
efforts to improve breeding efficiency, find
more efficient feeds, develop improved
disease control, and make more efficient

use of range and pasture resources, while
at the same time protecting the environment.
Consumers have shown an interest in
knowing more about the prospects for
adequate meat in the future. The purpose
of this book is to explain the problems
involved and to advise the consumer concerning ARS efforts to assure a continuing
supply of meat and poultry sufficient to
meet future needs.

T. W. Edminster, Administrator
Agricultural Research Service
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American fondness for beef has spurred the growth
of the fast-food franchise industry. In 1973, we each
ate 109 pounds of beef per person, nearly twice as
much as 20 years ago. MEAL-PREP-0-1

Meeting the
Demand for
Beef

T-bones . . . sirloins . . . round roasts
. . . hamburgers. In all its forms, Americans like beef as never before. In 1973,
we each ate an average of 109 pounds of
beef per person, nearly twice as much as
20 years ago. Beef comprises nearly half
the meat we eat. But as our numbers
swell, and the world population balloons
as well, analysts question whether beef
production can keep pace with increased
consumer demand.
By the year 2000, the American population will number close to 300 million—in
other words, 100 million more Americans
will want beef on their tables.
The problem is not merely national in
scope; it's international. There is a strong
possibility that the growing population will
result in humans and animals competing
for the same foods. If this occurs, analysts
believe there will be more direct human
consumption of grains and soybeans and
the resulting tight supply of these feed
sources could result in a decrease in meat
production.
The economic factors that dramatically

Supplying plentiful beef to match increasing
consumer demand is the goal of American beef
producers. (Photo by Joe Munroe)

Texas Longhorn roped by cowboys around 1900. This
rugged pioneer breed, of Spanisli origin, was a veteran
of a quarter of a century of great cattle drives. Low
in numbers today, tfie Longhiorn was, in its time, ideally
suited to tfie open rangelands of thie Southiwest. (Pfioto
courtesy of ttie Library of Congress)

Superior foraging ability, vigor, and fiardiness—tfiese
cfiaracteristics are responsible for the Hereford
breed's popularity with beef cattle producers in the
western part of the United States. CAL-5607

influenced increases in beef production in
the last 40 years cannot continue to be as
important in tlie future. Dairy animals,
horses, mules, and sheep compete with
beef animals for feed supplies. The decrease in the number of animals over the
last 30 years has been a chief factor in
the increase of beef cows.
In 1940, for example, there were 10.7
million beef cows on farms in the United
States. By January 1973 this figure had
quadrupled to 41.1 million. In the last 20
years, the United States sheep population
has declined by over 12 million head.
From a peak of 26.7 million in 1918,
numbers of horses and mules decreased
to 3.1 million in 1960. Although the surge
of interest in pleasure horses has reversed the downward trend, by unofficial
estimates, they number 20 million fewer
than their peak.
Beef production has risen over the
years because beef producers have been
progressive in adopting new technology,
and there have been many research accomplishments. But as the pressures
heighten for beef production to match
increasing consumer demand, the need
for new technological advances will be
even greater.
Scientists of the Agricultural Research
Service (ARS) are working to meet this
challenge and develop the necessary
technology. Nationwide, about 350 scientists are engaged in publicly supported
research on beef production; two-thirds of
these researchers are employed by State
Agricultural Experiment Stations. Beef cattle research is also conducted by investorowned companies.
Animal scientists are engaged in research that will ensure efficient production
and marketing, as well as better-tasting
meats for the consumer.

More Calves Faster
Reproductive inefficiency is one of the
most costly problems in the production of
beef. Twenty percent of the total number
of cows bred each year do not give birth
to offspring that live to be. weaned.
Even this low reproduction level is
achieved at the expense of many repeat
matings; 40 percent of all initial matings
are infertile and must be repeated, and 16
percent must be repeated twice.
Solving the problem can pave the way
to increased beef production and reduced
production costs. ARS scientists envision
the following technological methods as the
probable pathways to greater reproductive
efficiency in beef cattle:
• Reducing the age at puberty at which
heifers start having estrus (or heat periods) and are able to conceive.
• Shortening the past-calving anestrus
period (the period following calving when
the cow does not have heat periods or
estrus).
• Increasing the percentage of cows
getting pregnant on the first mating.
• Controlling the gender of the offspring.
• Inducing multiple births.
The Hereford heifer shown produced these twin
white-faced calves when crossbred with a black
Angus bull. Agricultural researchers are working to
develop methods to induce multiple births to increase
total beef production and efficiency of production.
1173W1699-25

Calving at the Right Time
To be a highly efficient lifetime producer, a cow should have her first calf at
about 2 years of age, and should rebreed
within 3 months of this and each succeeding calf. But, producers find, many heifers
do not reach puberty in time to mate and
have their first calf at the two-year mark.
And many cows, after calving, go for
extended periods before they have estrus
again.
Researchers know that nutrition and
genetics influence the age of puberty and
post-calving anestrus. They are investigating the use and profitability of supplemental feeds to give producers specific guides
on feeding programs that will pay off in
the form of improved reproduction.
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ARS animal scientists feel that the
breakthrough day for estrus control of
cattle is close at hand. Beef producers
will—because of current research on hormones and other treatments to control
ovarian function—be able to increase conception rates in their cow herds.
A major benefit of a controlled estrus
cycle will be the increased practicality of
artificial insemination in beef production.
This would allow greater use of genetically
superior sires, reduction in the number of
bulls for individual herds, better management control, and more uniform calf crops.
As estrus is more successfully controlled, researchers feel an indirect benefit
will be a better understanding of the
physiological events associated with it, as
well as improved treatments for at least
some reproductive problems in cows.
The best-known and most-researched
method for controlling the estrus cycle in
cows is the use of a hormone called
progesterone or synthetic materials with
similar biological properties.
Progesterone, researchers have found,
inhibits ovulation. When this hormone is
withdrawn, its inhibiting effect is removed
and most cows then respond by coming
into heat and ovulating.
This hormone and materials similar to it
are most commonly administered in the
feed, but they are also injected or implanted in an organ or tissue.
One research problem that must be
resolved regarding progesterone has been
a reduced fertility rate following treatment.
Recently, a new variety of compounds
known as prostaglandins has been used
for the same purpose as progesterone
and results have been promising.

Scientist at the U.S. Meat Animal Research Center,
Clay Center, Nebr., uses high-pressure liquid
chromatography to determine the amount of
metabolites in a sample of biologic fluid. The aim of
such research is to determine whether an animal's
metabolic patterns can be used to predict such
characteristics as growth rate, efficiency of feed use,
and carcass characteristics. 1173W1693-23

An agricultural research physiologist injects a rubber
tube impregnated with the hormone progesterone
into a heifer. This hormone inhibits ovulation and
when it is withdrawn most cows respond by
ovulating. A major benefit of a controlled estrus cycle
will be the increased practicality of artificial
insemination in beef production. 1173W1696-12
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Picking Gender—
A Long-Shot
ARS scientists recognize tlie potential
value of sex-control technology for the
beef cattle industry. Births in cattle are
currently about 50-percent male, 50-percent female. Altering this proportion will
mean increased efficiency in beef production.
For example, it would be advantageous
if only those cows from which replacement
heifers (young cows that have not borne a
calf) are desired are bred to produce
heifers; all other cows would produce bull
calves. Bull calves are about 10 percent
more efficient in feed use than heifers and
are about 40 pounds heavier than heifers
at weaning. In some circumstances, producers might find it desirable to have an
all-bull calf crop.
Development of a practical technology
for general use by cattlemen to control
sex is—in the opinion of ARS scientists—
"a long shot." In theory, control of sex
may be accomplished, first by separating
sperm into male and female components,
and then, depending on the gender desired in the breeding program, impregnating with either male or female components
through artificial insemination.
"Separation" techniques appear to offer
the greatest possibility for success. In
preliminary ARS studies, laboratory techniques—electrophoresis and gravity separation—were used in attempts to separate
male and female components in sperm.
Scientists consider it a possibility that
these new separation techniques will lead
to the development of a practical technology.

At the Washington Computer Center, Washington,
D.C., a programmer selects a tape that contains
valuable data on the performance records of dairy
cattle. Through Dairy Herd Improvement sire
summaries dairymen are able to choose top bulls
that will sire higher-producing daughters. 0574R63536A

Crossbred calves at the ARS research station in
Miles City, Mont., are cut out of brood herd and
brought into holding pens for feedlot studies. When
the calves reach desired weights, they are
slaughtered to obtain important carcass data.
1173W1699-7
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Multiple Births—
More Twins, More Triplets
More than any other single research
approach, the development of methods to
induce multiple births appears to offer
promise for increasing both total beef
production and efficiency of production.
In cooperation with State Agricultural
Experiment Stations, ARS conducted a
comprehensive program on induced twinning (bearing of twins) at Miles City,
Mont., Fort Reno, Okla., Clay Center,
Nebr., and Jeanerette, La. Various hormone formulations have been employed to
bring cows into estrus (heat) at the desired time, to stimulate the production of
more than one ovum (egg), and to synchronize ovulation with insemination.
Cooperative research between ARS
physiologists and scientists at Oklahoma
State University resulted in a 44-percent
increase in multiple births by Hereford and
Angus cows. Scientists found that cows
that conceived immediately following treatment produced 133 marketable calves per
100 cows. This was a substantial increase
over the normal 1 to 4 percent twinning
rate in beef herds.
However, a lot of problems need to be
solved before this use of hormone injections proves practical to beef producers.
For example, the induced birth of twins or
triplets is more desirable than the conception of four or more calves. The birth of
four or more calves has resulted in high
fetal mortality, low birth weight, and high
death rates at birth.
Further research to establish dose levels and treatment sequences will result in
consistent and desirable ovarian response
and highly fertile ova.

Crossbred for Performance
Research on improving the genetic potential for efficient beef cattle production
began in the early 1930's and has accelerated since World War II. Selection originally was based on the "eye appeal" of
live animals—a shaky base because appearances often were deceiving. Animals
with good body conformation, husbandmen found, often lacked good production
characteristics.
Today, the use of crossbreeding in
commercial beef herds is rapidly increasing—most cattle sent to market are
crossbred to some degree. Research indicates that modern crossbreeding systems
can increase the pounds of calf weaned
per cow mated—or exposed to mating—
by as much as 23 pounds.
Breeding affects both quality of product
and efficiency of production. With the
development of new methods of evaluating efficiency of production, both selection
and crossbreeding have taken on new
significance. ARS scientists have recognized the need for research information to
guide cattlemen in breeding, or "tailoring"
cattle for specific environmental or management situations.
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Benefits of Crossbreeding
Animal geneticists use the terms breeding values and heterosis effects to denote
the two most important types of benefits
that can be expected from crossbreeding.
The breeding value of a breed has to
do with the average effect the breed has
on economic traits, when used in a crossbreeding program. For example, a breed
may have a good average effect on the
fat-to-lean ratio of the carcass or on
growth rates.
Other economic traits in which breeds
or types differ in breeding value include:
percentage of calves weaned, weaning
weight, rate and efficiency of gain after
weaning, and tenderness and tastiness of
the meat. Americans like these last two
qualities and want their beef to contain a
minimum of excess fat as well.
Heterosis is defined as the advantage of
crossbreds over the average of the
straightbred parent breeds. Crossbred offspring have a different assortment of
genes, and the result is usually larger,
more vigorous young. This result, known
as "hybrid vigor," creates new combinations that meet production and consumer
needs better than any one existing breed.
ARS scientists estimate that crossbreeding could eventually cut the total
production cost of the beef industry by as
much as one-fifth.
Some of the best-known crossbreeding
research has been the result of cooperative research between ARS and State
Agricultural Experiment Station scientists.
In the South, crosses were between Brahman and beef breeds of British origin—
Hereford, Angus, and Shorthorn. The most
impressive research finding was the effect
of heterosis on the fertility of the
crossbred Brahman-British cow: heterosis
effects on fertility were as high as 18.8
percent.
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Also, "hybrid vigor" was expressed to a
high degree in weaning weight of firstcross calves and in the high weaning
weight of calves from crossbred cows.
Historically, Hereford, Angus, and Shorthorn have been the "big three" among
United States beef breeds. Crosses between them have resulted in higher fertility
and maternal ability. In Nebraska, ARS
scientists studied the systematic crossing
of these three breeds. They calculated the
cumulative effects of increases in calf
crop, weaning weight, post-weaning
growth, and carcass merit.
At ARS research stations in Clay Center, Nebr., Miles City, Mont., Fort Reno,
Okla., and other locations, comprehensive
programs in breeding research are being
conducted in cooperation with State agricultural experiment stations.
The goals of the systematic crossbreeding carried on at these stations are—
• Improved reproduction.
• Higher rates of calf survival.
• Faster growth earlier in life than conventional straightbreds.
Researchers at the Range Livestock
Experiment Station, Miles City, Mont., are
combining crosses between dairy cattle
and beef cattle to take advantage of
higher milk levels in brood cows. (A partbeef, part-dairy cow can supply larger
helpings of milk to her calves.) The major
goal of this research is to produce fastergrowing calves with higher yields of lean.

Shown is Black Woodlawn, the premier sire of
American Angus cattle. Today, Angus—a breed that
matures early and produces carcasses of highquality, well-marbled meat—are found in every State
and in Canada. (Photo courtesy of the American
Angus Association.)

Historic oil painting of a 19th century Hereford bull.
Large numbers of this hardy and popular beef breed
began in the 1870's. (Photo courtesy of the American
Hereford Association.)

This is a depiction of the "Holderness" cow, an
ancestor of the modern Shorthorn breed. Beef type
Shorthorns in this country today trace almost entirely
to Scottish cattle in all lines of their pedigrees. (Photo
courtesy of the American Shorthorn Association.)
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Evaluation Program
Scientists are interested in the contribution "new" breeds of cattle can make to
beef production in this country. However,
these breeds are new only in the sense
that their germ plasm has only recently
become available on the North American
continent. Many of these exotic breeds
have long histories in their native countries.
The cattle germ plasm evaluation program at the U.S. Meat Animal Research
Center, Clay Center, Nebr, is designed to
study economic traits of breed groups that
represent different biological types. Scientists are investigating the full spectrum of
economic traits—such as growth rate,
feed efficiency, milk level, mature size,
and shape of growth curve. These traits
are also considered in relation to different
production situations: feed environment,
managerial situation, labor availability, and
crossbreeding systems.
The evaluation program's first cycle began in 1969. It involved the breeding, by
artificial insemination (Al) of Hereford, Angus, Jersey, South Devon, Limousin, Sim-

16

mental, and Charoláis bulls to Hereford
and Angus females. Three calf crops were
produced in this cycle; all male calves
from these matings were fed out as
steers. Then these steers were slaughtered to evaluate their growth, feed efficiency, and carcass and meat traits. Female progeny were retained to obtain data
on fertility and maternal traits.
The second cycle of the evaluation
program was started with the 1972 breeding season. Brown Swiss and Red Poll
female populations were added to the
Hereford and Angus cow herds. The Hereford and Angus females were bred by Al
to Hereford, Angus, Brown Swiss, Red
Poll, Maine Anjou, Gelbvieh, and Chianina
bulls; the Red Poll and Brown Swiss
females were bred to Hereford, Angus,
Red Poll and Brown Swiss bulls.
Preliminary results from the first cycle of
breeds show important differences in
such major economic traits as calving
difficulty, growth rate, feed efficiency for
growth, carcass and meat traits, and fertility and maternal ability. Scientists expect
the second cycle of the program to yield
similar information on the full spectrum of
economic traits as the first cycle.
Scientists of many different disciplines—
animal breeding, reproductive physiology,
nutrition, carcass and meats, and management systems—are involved in the
Germ Plasm Evaluation Program.
Studies in the U.S. Meat Animal Research Center germ plasm evaluation program have shown that biological type has
a large effect on the feed efficiency,
growth rate, and carcass composition of
beef cattle, but no effect on the acceptability of beef in cattle reaching slaughter
weight by 16 months of age.
Studies in feed efficiency and growth
rate involved a wide range of biological
types of cattle, as represented by several
breed groups. An evaluation of differences
in total digestible nutrients required per
pound of gain revealed that some biological types were 13 percent more efficient
than others.

ARS technicians employ an ultrasonic sensing scope
for a maturity study involving the relation of calendar
age to meat quality. The scope will record the fat
thickness of this 6-year-old steer shortly before
slaughter. 0872W1206-19

Furthermore, a difference of 18 percent
in average daily gain existed among the
different biological types. These differences reflect part of the potential that
exists for increasing beef production per
unit of feed and other resource use.
The studies involving carcass composition in beef cattle—based on a wide range
of biological types—showed that the edible portion of the carcass varied from 64.3
percent to 69.9 percent among the different biological types. This difference represents about five pounds in edible portion
per hundredweight of carcass or more
than 30 pounds difference in amount of
edible meat per carcass.
The investigations, in cooperation with
the Kansas Agricultural Experiment Station, on acceptability of beef in cattle
reaching slaughter weight by 16 months of
age encompassed data from over 1,000
animals. There were no important differences in the palatability of the meat
among the different biological types. This
was true where all of them were fed and
managed alike to reach slaughter weight
and condition at 14 to 16 months of age.

Beef cattle breeding and management systems are
evaluated at the U.S. Meat Animal Research Center,
Clay City, Nebr. This feedlot has a capacity of 6,500
cattle. 1173W1692-26.

Researchers at the U.S. Meat Animal Research
Center ensure that fall-born calves such as these are
weaned at 56 days of age instead of the
conventional 200 days. Early weaning, they have
found, permits 2- and 3-year-old cows to be rebred
sooner, thus increasing the cow herd's potential meat
production. 1173W1692-33
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Use of Artificial
Insemination
Use of artificial insemination (Al) in beef
herds has lagged far behind its use in
dairy herds. In 1971, about 48.6 percent
of all dairy-breed cows and heifers were
bred by Al; that same year only 3.4
percent of beef-breed cows and heifers
were bred with this technique.
However, because of the hugely successful use of Al in dairy herds, a trend to
its use in beef herds appears to be
unden/vay. In Pennsylvania, for example,
22.6 percent of the beef cows and heifers
bred in 1971 were bred by Al.
This trend is expected to follow that set
by the dairy industry. From 1945 to 1971,
through the use of this practice, average
milk production per cow increased more
than 100 percent.
Increases in production efficiency have
been even more dramatic in herds participating in the national Dairy Herd Improvement (DHI) program. In 1972, DHI cows
averaged 13,287 pounds of milk—3,678
more pounds than the 1971 high.

Environment and Genetics
Preliminary studies indicate that selecting and breeding cattle for the environment in which they will be raised may be
more important than has been realized.
Early experiments in this vein took place
in 1961 when scientists at ARS research
stations at Miles City, Mont., and Brooksville, Fla., formed herds of cows from
animals on the two stations. The Montana
cattle herd was shipped to Florida; the
Florida herd was shipped to Montana. All
cows were the same breed—Hereford.
Results to date indicate that an interaction exists between the genetic merit of
beef cattle and the environment under
which they are produced. The studies
showed that performance records of beef
cattle in Montana do not reflect comparable performance of the same cattle in
Florida.
At the Montana site, scientists found
that bull calves from herds of Montana
origin averaged 18 pounds heavier at
weaning than calves of Florida origin.
However, Montana bull calves raised in
Florida, with Florida calves, weaned 45
pounds lighter. When these Montana
calves became yearlings, the same weight
pattern held true. Reproductive rates were
also better when the animals were raised
"at home."
Scientists feel that if this type of genetic-environmental interaction continues
to be evident, the beef industry will have
to alter conventional performance testing
and selection procedures.

Improving Production
Efficiency
The beef industry recognizes that
greater production efficiency will result
when technology is developed that will
permit—
• Faster growth of beef animals.
• Less consumption of feed while making faster growth.
• Reduced cost of weight gain.
• Improved feed resources.
To achieve these goals, researchers are
employing a wide range of research approaches. The disciplines involved include
genetics, nutrition, biochemistry, microbiology, and physiology.
Animal geneticists are out to determine
the best methods for taking full advantage
of the potential in cattle germ plasm for
increasing gain rate and efficiency.
Nutritionists are developing methods of
replacing higher proportions of high-cost
proteins for cattle—such as cottonseed
meal and soybean meal—with low-cost
materials such as urea. They are developing methods to improve the palatability
and nutritive value of low-cost feedstuffs
that at present either are not fully utilized
or are disposed of as waste.
Other investigations are concentrating
on a better understanding of the physiological processes of cattle—ingestion,
digestion, absorption, and assimilation of
nutrients. Further studies center on the
metabolic processes involved in cattle
growth, maintenance, and fattening.

Another Source of Beef
Beef producers and animal scientists
have recognized the potential for increasing overall beef production by "growing
out" dairy steers.
Dairy herds in the United States produce between 8 and 10 million calves
annually. Many of the heifer calves are
kept for herd replacement, but most of the
bull calves are sold. Historically, they have
been disposed of as soon as possible by
dairy farmers because raising these bull
calves is not part of the management plan
in a highly specialized dairy operation.
Recently, dairy farmers, who do not
want to keep calves for herd replacement,
have begun to recognize the possibility of
breeding more beef-producing potential
into their calf crops by crossing them with
beef-breed bulls to get hybrid vigor.
To provide the research data on the
beef-producing potential of dairy steers,
ARS scientists at Beltsville, Md., com-

Holsteins and other dairy breeds are becoming
increasingly important in beef production. Dairy beef
is becoming a popuiar source of supplementary
income for cattle feeders as well as dairymen.
Holsteins compare favorably with beef breeds on rate
of gain and lean production in the feedlot. NEB-2203
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pared five breeds as steer calves in
feeding trials. Breeds compared were Holstein, Jersey, Milking Shorthorn, Angus
and Hereford.
Holsteins, our most common dairy
breed, were first in rate of gain. Carcasses
from Holstein steers were also leaner and
less tender than the meat from beef
breeds.
In taste-panel tests, however, meat from
dairy breeds has compared well with meat
from beef breeds. These tests, as well as
the fact that feeding operations specializing in the fattening of dairy-breed steers
have become a rapidly expanding business of late, indicate that dairy steers may
be a good source for beef in the future.
Consumer preference for leaner beef
may very well hasten this expansion.
A number of studies by ARS scientists
at Beltsville and at State agricultural experiment stations have shown that bulls
gain faster and more economically than
steers. This means that—in theory—^the
meat supply could be considerably increased if the more than 18 million steers
that will be fattened in feedlots this year
were instead fattened as bulls.
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Producers are generally aware that bulls
will gain more rapidly and efficiently than
steers, but growing bulls to be slaughtered
at about the same age that steers are
slaughtered has never been popular. For
a number of reasons, beef producers will
continue the traditional practice of castrating most bull calves and fattening them as
steers.
Most bull meat has come from mature
animals no longer needed for breeding.
This meat has been used almost exclusively for manufacture of processed meat
products.
On July 1, 1973, a revised standard for
grading bull beef went into effect. Under
the new standard, meat from young bulls
is labeled "Bullock." Meat from older bulls
retains the label "Bull."
One study by ARS scientists at Beltsville used twin bulls to eliminate as much
genetic variation as possible. One male of
each set of twins was castrated, the other
was not. The bulls ate only 1 percent
more feed than the steers but their daily
gain was 21 percent faster than that of the
steers.
The bulls reached slaughter weight in 9
months, compared to 11 months for the
steers. This represented a saving of approximately 18 percent in feedlot labor
and overhead cost.
Bull carcasses had 10 percent more
lean in the rib section than steer carcasses, and 38 percent less fat over the
rib-eye area. However, bull carcasses had
about 9.3 percent more bone in the rib
section, and the meat rated slightly lower
in tenderness and tastiness.

New Feed Resources ...
Not Pollutants
Livestock in the United States produces
about 2 billion tons of waste each year.
ARS scientists are seeking ways to deal
with this waste as a resource rather than
as a pollutant.
Future food shortages—if they occur—
could create a crucial competition between
humans and animals for the same food.
Making animal feed from these wastes
would make useful materials now classed
as pollutants, and would reduce consumption by livestock of human food resources.
An ARS agronomist at the Southern Great Plains
Field Station, Woodward, Okla., inspects the midNovember growth of weeping lovegrass. This forage
crop and wheat-sudan were used in combination
with native range in studies conducted over a 6-year
period.
Researchers
found
that
these
"complementary pastures" may be able to increase
yearly per acre beef production from 44 pounds to as
much as 185. 1173W1686-26
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Scientists estimate that the cattle manure produced in the United States each
year contains more than 10 million tons of
high-grade protein. To explore this protein's potential value and to develop technology for recovering and refeeding this
protein to ruminant animals, ARS researchers at the Northern Regional Research Center, Peoria, III., have been
conducting promising studies.
At the center, manure slurry was
passed through a sieve to separate a
"residue" portion that contains heavy fibrous material. Material that passed
through the sieve was either filtered or
centrifuged. The material that was left—or
"feed portion"—was subjected to chemical
analysis. The feed portion weighed only
about 43 percent as much as the dry
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weight of the whole manure. Scientists
found that it was equal to soybean meal in
protein content as well as in amino acid
balance.
Another approach to utilizing feedlot
wastes is research overseen by Peoria
scientists and conducted under contract
for ARS by Hamilton Standard of United
Aircraft at Windsor Locks, Conn. Feedlot
waste is the raw product in a fermentation
process that produces methane gas and
high-protein feed.
Data indicate that cattle feeders with lot
capacities of 5,000 head or more could
produce the feed at a cost less than its
estimated value. On this scale, researchers believe, methane gas could provide all
heat and electric power needed to operate
the process.
ARS scientists at Beltsville, Md., are
conducting experiments to determine the
safety and feed value of animal wastes.
These tests show that more information is
needed on the specific value of wastes
from various sources as well as how they
meet the requirements of different types
and classes of livestock. The consensus is
that although there is considerable feed
value in wastes, further research must be
conducted to verify the safety of feeding
products derived from wastes, before they
can be recommended for general use.

Newsprint as Feed
Someone once said yesterday's newspaper was only good to wrap fish in . . .
but agricultural researchers are tapping
still another use of old newsprint.
Waste wood products, such as newspapers, have become the subject of investigations to discover their potential as energy sources for ruminant animals.
In a feasibility study, conducted by ARS
scientists at Beltsville, Md., steers were
fed various percentage rations of newsprint mixed with molasses, ground timothy
hay, soybean meal, cracked corn, trace
mineral salt, and dicalcium phosphate.
The researchers hoped to learn whether
this ration could replace part of the hay in
a ration for steers.
They concluded, after evaluating the
animals and their weight gains, that newsprint could comprise 8 percent of the
coarse substance in the ration. In other
words, the animals could digest cellulose
of woody tissue and utilize it as if it were
cellulose from forage.

The prototype of a ground meat analyzer that is now
commercially manufactured is demonstrated by its
co-inventor, an ARS engineer at Beltsville, Md. The
electronic device measures the fat content of ground
beef accurately and instantaneously. It will enable
supermarkets and butcher shops to guarantee that
consumers get ground beef of specific fat content.
Until now, butchers have had no easy way to
measure the quality-determining fat content in ground
beef. MEAT-RES-0-6
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Better Conventional
Forages
In a few short years, analysts estimate,
the national beef herd will be twice as
large as it is today. Producers and scientists are aware that roughage—the pasture, hay, and silage that comprise 75
percent of all the feed consumed in beef
production—must be increased both in
quantity and quality.
The use of unconventional feeds such
as feedlot waste will play an important role
in future roughage supplies. Even so,
most of the increase will have to come
from improved conventional forages.
Working cooperatively with State Agricultural Experiment Station scientists, ARS
researchers at Tifton, Ga., and Woodward,
Okla., are ensuring that conventional forages of the future will be both improved
and plentiful.
In the late 1930's, plant breeders at
Tifton initiated a bermudagrass breeding
program, even though common bermudagrass historically had been considered
one of the South's worst weeds. They
produced over 5,000 hybrids by crossing a
South African species with a local "cotton
patch" bermuda. Coastal bermudagrass,
the best hybrid to emerge, was released
for use by farmers in 1943.
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Coastal bermudagrass, when fertilized
with 30 pounds of nitrogen per acre and
grazed, now produces 275 pounds live
weight of beef per acre. This is 125
pounds more of live weight of beef per
acre than the common bermudagrass in
use by farmers in 1940.
Tifton plant breeders conducted further
tests to hybridize Coastal bermudagrass.
These resulted in Coastcross 1, a fine
example of an improved conventional forage. Coastcross 1 has produced 1,000
pounds of live weight gain per acre.
Released in 1967, Coastcross 1 is specifically adapted to the warmer parts of the
South.
But much of the potential of a supergrass is lost when grazed. If the pasture is
stocked with the large number of animals
required to utilize the lush growth, much
grass is trampled. Contamination with
waste, which often causes rejection by the
grazing animals, is another problem that
robs supergrass of its potential.
Scientists submitted an interesting answer to these problems: keep animals off
the pasture entirely and feed them harvested grass. The best way of getting
maximum beef production from this highly
productive pasture, the scientists believe,
is to harvest the grass, dehydrate it, and
process it into pellets. Research indicates
that this management system will produce
50 percent more beef per acre than grazing.
However, harvesting, hauling, dehydrating, pelleting, and feeding are expensive
operations.

Test plots of bermudagrass are harvested in
measured swaths at the Coastal Plain Experiment
Station. The swaths are weighed for yield, and then
a small sample is bagged to be tested by
researchers for dry matter, content, digestibility,
protein, and other data. 1073X1609-10

Bermudagrass, dehydrated and palletized, is fed to
cattle by an animal nutritionist at the Coastal Plain
Experiment Station, Tifton, Ga. In cooperative
research with the University of Georgia, ARS
scientists are evaluating special forages—alternatives
to grazing—developed by State and ARS plant
breeders. 1073X1612-28
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Forage System of
the Future?

War Against
Animal Diseases

Scientists are seeking new and unusual
management methods both to test and get
the most out of supergrasses . . . methods whose dream-like qualities might very
well be tomorrow's reality.
Scientists at Tifton have envisioned a
portable grazing bunk that moves through
a pasture, its speed electronically controlled to coordinate with the speed at
which animals graze the grass. After the
portable grazing bunk moved on, the stubble of grass could grow undisturbed until
the cattle returned in less than one month.
A spray boom would apply chemicals to
the grass before it was consumed, to
make it more digestible and to increase
the animals appetities.
What is the potential of such a system—assuming its feasibility? Scientists
estimate that production might amount to
3 tons of live weight gain of beef per acre
per year.
At Woodward, Okla., ARS and State
scientists have found that by combining
such practices as seeding improved
grasses, growing forages on cultivated
land, and controlling brush and weeds,
forage production can be 4 to 8 times
greater than present production.
The research that provided the basis for
this estimate was conducted on land that
is representative of millions of acres in the
Southern Plains. Scientists at the Woodward station estimate that if the technology they've developed was applied by
Southern Plains producers, then cattle
currently in that region would increase by
50 percent within the next five years.
Additional technology, they believe, can
increase these cattle numbers 400 percent
in the next 10 to 20 years.

Through improved diagnostic methods
and new vaccines, researchers are waging a constant battle to prevent, control,
and eradicate infectious diseases and
harmful parasites that affect the national
cattle herd.
Some recent examples of research accomplishments in veterinary medical science involving cattle:
• Development of a vaccine that may
protect cattle against pinkeye, a virulent
eye infection.
• Development of a vaccine that will
protect innoculated cattle for over a year
against leptospirosis, a spirochetes infection of cattle.
• Discovery of a previously unknown
form of foot-and-mouth disease infection.
Pinkeye, an eye disease that causes
losses to the beef industry alone in excess
of $100 million annually, may soon be
successfully treated by vaccine for the first
time because of new findings by ARS
researchers.
Scientists found that cattle vaccinated
with living Moraxella bovis, the diseasecausing micro-organism, are partially immune when exposed by eye innoculation
19 days later.
These preliminary experiments indicate
that vaccination for this disease may be
possible. A successful vaccine would result in tremendous savings to the cattle
industry since the disease occurs in a high
percentage of herds.
The search for a safe effective vaccine
for leptospirosis, which causes an estimated $180 million loss annually, has
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Technician at the Plunn Island Animal Disease
Center, Plum Island, N.Y., examines photographic
plates which record bands ot foot-and-mouth disease
virus, a highly infectious exotic disease of cattle.
Scientists find this separation into groups of particles
essential to understanding the nature of virus
production in the cell. 097X1190-6

resulted in the development by ARS researchers of an experimental vaccine that
makes cattle immune to the disease for at
least 14 months.
Cattle vaccinated with 5 milligrams of a
live, experimental Leptospira pomona vaccine not only acquired immunity, but did
not infect nonvaccinated cattle in close
contact with them.
The vaccine also prevented localization
of virulent leptospires in the kidneys. This
research indicates that a safe effective
vaccine can be prepared for the cattle
industry.
ARS scientists at the isolated Plum
Island Animal Disease Center off the
coast of Long Island, N.Y., are studying
contagious foreign animal diseases so that
the United States can deal with them
effectively should they enter this country
and infect American herds and flocks.
Foot-and-mouth disease (FMD) is one
of the highly infectious exotic diseases
under study. Scientists at Plum Island
recently identified a previously unknown
form of FMD infection.
A steer that had been infected by the
intranasal inoculation of virulent FMD virus
failed to show any of the characteristic
signs of the disease. However, scientists
noted, the steer readily transmitted the
disease to susceptible contact steers in a
period that varied from 36 to 119 days
after contact.
Investigators feel this observation of
latent virus infection may be fundamental
to the understanding of the "reservoir"
state and dissemination of this disease.

In an animal isolation room at Plum Island Animal
Disease Center a livestock research leader collects
blood from an experimentally infected steer. Danger
of escape of virus is minimized by negative air
pressure in the room, water-tight seals around the
doors, sterilization of all water and animal wastes, as
well as other important protective measures.
0971X1187-20
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Systems for Tomorrow

This old woodcut shows a "second hand meat
saloon" of 100 years ago. Establishments lil<e this
one—unenlightened about the need for refrigeration
or sanitary practices—sold table scraps from hotels
and restaurants. (Photo courtesy of the National
Archives)

From conception to feedlot; from disease control to new management information—technological advances through agricultural science can be expected in almost
every phase of beef production. Beef
producers of the future will need an array
of management information. They will
need guides on selecting and integrating
systems that best serve their specific
situations.
In short, they will need the tools of
tomorrow to meet the demands of tomorrow.
Development of those tools is what
agricultural research in beef production is
all about.
■

Meat cutter in a modern supermarket adjusts
attractively packaged frozen meats in display case.
0574R594-10
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Porterhouse steaks illustrate the best of today's
meats—more tender, more nutritious than ever
before. Providing meats wiith these qualities is one of
the major and continuous goals of agricultural
research. (Photo courtesy of the National Livestock
and Meat Board)
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How Poultry
Earns Its
Popularity

"Chicken-hearted," "hen scratches,"
"chicken feed." These sarcasms are
merely backhanded tributes to America's
most popular bird.
Baskets of crusty takeout fried chicken,
birds turning on backyard barbecue spits,
golden brown turkeys fresh from the
oven—^these are vivid evidence of the
millions of pounds of poultry consumed by
Americans every year. In 1972, consumers bought over 10 billion pounds of
chicken and turkey.
Science has played a major role in
making poultry the popular and economical food it is today. The barnyard flocks of
years past have been transformed into a
gigantic agricultural industry.
Genetics, nutrition, high-density housing, new management practices, and disease control have all contributed to the
rapid growth of the poultry industry over
the past few decades.
Research going forward now will continue to provide consumers with good,
economical poultry meat.

In this modern poultry house, 19,000 broilers live
under one roof. These broilers are all 56 days old,
and ready for market. 0374A336-33

Most chickens were once raised in barnyard flocks
like this one. Now almost all are raised in giant
poultry houses. NI456
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Feeds for Quality and Growth
Understanding the nutritional needs of
poultry has enabled agricultural scientists
and the poultry industry to formulate highenergy feeds that sustain fast and efficient
growth.
The modern broiler is a marvel of efficiency in converting feed to meat. A
broiler takes 8 weel<s to grow to market
size and requires little more than 2
pounds of feed per pound of gain. In the
1940's broilers took 14 weeks to grow and
needed 4-V2 pounds of feed for each
pound of gain.
Improved feed has been a major factor
in this dramatic improvement—unequalled
by any other type of meat animal. Scientists continue to make poultry feeds more
economical and more effective in growing
broilers with the qualities desired by consumers.

Portrait of a modern broiler. The upper bills of
broilers are clipped at birth to prevent the birds from
pecking at each other. 0374A377-11
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Using agricultural byproducts in feeds
saves money for producers—and consumers. For example, soapstock, a byproduct of soybean oil, shows promise as
a feed fat for broilers.
ARS scientists at Beltsville, Md., found
that broiler chicks given feed containing
soapstock grew as well as chicks fed a
control ration containing commercial animal-and-vegetable feed fat.
To adapt soapstock for use in feed,
chemical engineers devised a neutralizing
and drying process whose only effluent is
water vapor. Most other uses for soapstock create some pollution.
The cost of soapstock is low, and it has
two distinct advantages that make it desirable in feed. First, it gives broilers a better
color, thus providing a more attractive
product for consumers. Second, it has a
much higher proportion of polyunsaturated
fat than commercial feed fat has.
The poultry industry is a large user of
alfalfa. One of the special values of this
crop in poultry rations is the presence in
alfalfa of a substance called xanthophyll.
Xanthophyll is a crystalline pigment that
contributes to the yellowish color of poultry
meat.
With conventional dehydration processes, up to 60 percent of the xanthophyll
may be destroyed. Other nutrients are
also lost during dehydration. Through extensive research, scientists have determined the best temperature and drying
time for preventing destruction of xanthophyll.
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They have also developed improved
procedures for analyzing the content of
different types of xanthophyll in alfalfa
meals. These new procedures now form
the basis of pricing alfalfa used for poultry
rations.
In other research, scientists have found
that the amount of fat in the diet affects
how well birds stand up to heat stress.
Loss of birds due to heat prostration can
be a serious economic problem for broiler
producers when summer temperatures approach 100° F., especially since these
losses usually occur just before marketing.
Studies by ARS animal scientists at Mississippi State University showed that broilers fed a relatively low proportion of fat in
the summer are less susceptible to heat
prostration.
Nutrition appears to be one key to the
problem of reducing abdominal fat in broilers. Genetics will probably also be part of
the solution to this problem.
Most consumers consider the abdominal
fat as waste. Also, many nutritionists and
medical scientists believe that Americans
consume more fat than they should for
long-term good health.
The extra fat is no advantage for producers either; more than twice as much
food energy is needed to produce fat as to
produce lean meat. The fat also creates a
disposal problem at processing plants.
Research indicates that broiler diets
with a lower than usual ratio of calories to
protein will reduce the amount of abdominal fat without reducing the amount of
lean meat.
Scientists have also found that some
genetic strains have less abdominal fat
than others. This finding offers the possibility of breeding leaner birds.

More Efficient Reproduction

:iaîa-ï*=?
A breeding turkey in a commercial flock. The male is
fond of strutting witti tfie tail spread and the feathers
ruffled out. BA181798

Improved efficiency in reproduction is a
major potential source of increased poultry
production.
Every year, 20 to 40 percent of tfie
cliicl<en and turl<ey eggs incubated fail to
hatch, resulting in annual losses of millions of dollars.
Infertility is a primary cause of hatching
failure. Preliminary experiments indicate
that fertility improves if diets are supplemented with thiouracil, a chemical which
depresses thyroid activity.
Fundamental physiology research on
ovulation control conducted at Beltsville,
Md., could lead to greater control of the
rate and duration of egg production. ARS
scientists have learned that two brain
centers influence the formation of eggs
and the rate of egg production. Avian
physiologists had speculated that only one
brain center controlled ovulation. Now research programs on ovulation have
changed direction because of the new
knowledge.
In other research on the reproductive
process, scientists have studied the effects of fluorescent light on incubating
eggs. Scientists knew that illuminated
eggs hatch sooner, but they did not know
if this was caused by faster embryonic
development.
ARS geneticists and scientists of the
Purdue University Agricultural Experiment
Station and Tennessee State University,
working in cooperation, exposed fertilized
eggs to fluorescent light from the fifth to
the fourteenth day of incubation. Embryos
taken from illuminated eggs on any day of
this period were heavier than embryos
from nonilluminated eggs, showing that
illumination does in fact promote embryonic growth.
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Conquering Poultry Diseases
Diseases of poultry cause losses of
millions of dollars every year—losses that
show up in the end as higher prices paid
by consumers. Great strides have been
made in controlling poultry diseases. Without advanced disease control techniques,
it would be impossible to raise poultry in
the high-density housing vital to today's
efficient, large-volume production.
Until recently, the most costly disease of
poultry was Marek's disease, an extremely
contagious and sometimes fatal virus disease of chickens.
A vaccine for Marek's disease which
was developed by ARS scientists became
available in 1971. Now most chickens are
vaccinated for Marek's disease.
The vaccine is made from a herpesvirus
of turkeys. It does not produce clinical
disease in either turkeys or chickens.
Vaccinated flocks have shown increased egg production, weight gain, and
feed efficiency.
The vaccine is still rather expensive
because of the low yield of virus from cell
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culture and the elaborate techniques necessary to preserve the virus and administer it to chickens. A lower-cost vaccine is
needed for full use by the broiler industry
because broiler producers receive only a
small profit for each bird and have a very
rapid turnover of birds.
A new technique for producing the vaccine, which could easily be adapted to
commercial use, increases output per cell
culture as much as 30 times. Results of
research on storage of the vaccine will
permit more rapid use.
Control of Marek's disease has several
important indirect benefits:
• Fewer breeder and commercial
chicks need to be produced; housing
needs are reduced; and feed, labor, and
other costs of production are lower.
• Fewer birds have to be disposed of
through incineration or burial, reducing
pollution.
• Poultry inspection is more efficient because there are fewer diseased birds on the
processing lines.
• Control of other diseases of animals
and man caused by related viruses may
be hastened by knowledge gained in the
study of Marek's disease.
With an improved type of vaccine it may
ultimately be possible to eradicate Marek's
disease.
The breakthrough in Marek's disease
permits scientists to devote more effort to
developing control procedures for lymphoid leukosis, a related disease. Many of
the techniques and research results
evolved from Marek's disease will be
useful in research on lymphoid leukosis.
ARS scientists have been successful in
identifying some genetic factors that control resistance to this disease. Several
commercial poultry breeders are conducting experiments to see if they can incorporate this resistance into practical breeding
programs.

Duck embryos are used extensively in Marek's
disease research. Here, 13-day-old duck embryos
are processed for fibroblasts—the cells that give rise
to connective tissue—in preparation for growing
turkey herpesvirus as a vaccine. Scientists have
learned that duck embryo fibroblasts make excellent
growth media for both the virus causing Marek's
disease and the vaccine against the disease.
0673A1220-2

Light shining through a stretched membrane of an
embryo reveals the number of lesions induced by
inoculation with leukosis-sarcoma virus. This
technique enables scientists to gather information
that will supply researchers with birds of particular
genetic types. Marek's disease is closely related to
lymphoid leukosis. ARS researchers are deeply
involved in research aimed at conquering this costly
disease of poultry. 0673A1228-7

A geneticist examines 5-week-old chickens kept in
isolation. Eggs are put into the chambers as 18-dayold embryos; after hatching they are banded to show
their specific genetic group, and the chicks are raised
to the age of 6 weeks. They are then transferred by
portable isolation chambers to larger isolation
chambers where they produce fertile eggs for
experiments. 0673A1222-14

A scientist inoculates disease-free 1-day-old chicks
with herpesvirus vaccine. These birds will be raised
in isolation until they are 3 weeks old. At that lime,
the effectiveness of the vaccine will be tested by
exposing the birds to Marek's disease. 0673A122625
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Airsacculitis, an inflammation of the air
sacs, is the most common reason for
condemnations by poultry inspectors.
The modern practice of raising large
numbers of birds in a confined environment means that birds are exposed to
concentrations of chemicals and microorganisms that can cause inflammation of
the air sacs.
Micro-organisms known as mycoplasma
are responsible for much of the respiratory
disease in chickens and turkeys, including
airsacculitis, infectious synovitis (a form of
arthritis), and infectious sinusitis in turkeys.
The major effort in controlling the mycoplasma-caused poultry diseases is preventing egg transmission of the disease
organisms. Testing and eliminating infected breeder flocks, treating breeder
flocks with antibiotics, dipping eggs in
antibiotic solutions, injecting chicks frequently with high levels of antibiotics, and
immunizing breeder flocks are all techniques that have been used to produce
considerable numbers of mycoplasmosisfree chicken and turkey breeding flocks.
Scientists have developed a test that
will aid in detecting flocks infected with the
species Mycoplasma synoviae, a major
cause of airsacculitis and synovitis, and in
establishing agent-free breeder flocks. The
industry is putting this procedure into
practice.
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Scientists have also developed a
method for heating eggs that will help
prevent egg transmission of airsacculitis.
Environmentally controlled housing will
also help to reduce the incidence of
airsacculitis. Research has shown that
respiratory diseases of poultry caused by
air-borne micro-organisms can be prevented by a filtered-air positive-pressure
(FAPP) ventilation system.
This system filters air entering the poultry house and maintains a higher air
pressure inside the house than outside,
preventing the infiltration of contaminated
air. Flocks have been hatched and reared
in FAPP houses without developing signs
of respiratory diseases.
FAPP ventilation is being installed in
some new commercial poultry housing.
Although the initial investment is high, it
does prevent considerable losses caused
by disease. Engineers hope to reduce the
cost somewhat through design simplifications.
Avian infectious bronchitis is another
serious respiratory disease. Live-virus vaccines are now in use to protect chickens
against this disease, but ARS scientists
have developed an inactivated-virus vaccine that they believe will be safer to use
and just as effective. Use of the inactivated virus would eliminate the chance for
accidental spread of bronchitis from vaccination with the modified live virus.
In tests at the ARS National Animal
Disease Center in Ames, Iowa, microbiologists successfully administered the experimental vaccine by an aerosol. Presently
used vaccines are administered in the
bird's drinking water.
Salmonella bacteria cause a wide range
of poultry diseases that result in death or
reduced growth rate and reproductive efficiency. These diseases are extremely
costly to poultry producers. Salmonella
infections may also be transmitted to hu-

mans, usually as a result of eating contaminated food.
Pullorum disease and fowl typhoid,
types of Salmonella infections, have been
kept under control through the National
Poultry Improvement Plan, administered
by ARS in cooperation with the States.
Through the efforts of the Plan, these
two diseases have been practically eliminated from turkey and commercial chicken
flocks. A concentrated effort is now underway to eliminate them from the fancy-bird
and exhibition-type flocks.
It is unlikely that the poultry industry
would have developed to its present size
without the control of these diseases.
Now scientists have perfected an inexpensive microtest technique for detecting
pullorum disease and fowl typhoid. This
technique costs only half as much as
conventional laboratory methods and is
much faster and easier.
As a result of these research findings,
microtest techniques are being developed
for the diagnosis of other significant
groups of Salmonellae that infect chickens
and turkeys.

A rooster participates in research on an inactivated
virus vaccine for avian infectious bronchitis. An
inactivated virus vaccine would be safer than the live
virus vaccines currently used. 0573X440-6

Visitors to a turkey disease control project at Dillon
Beach, Calif., must don disinfected boots and
coveralls. The goal of the project is to raise turkeys
that are free of Salmonella bacteria that cause a
wide range of costly poultry diseases. 0672X861-5
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Salmonella diseases of turkeys are
being tackled in a project underway in an
isolated area at Dillon Beach, Calif.
The target of this project is to raise
turkeys under commercial conditions free
of Salmonella and certain other disease
organisms, and to extend this disease-free
status to breeding flocks.
ARS veterinary scientists, USDA's Animal and Plant Health Inspection Service,
the California State Department of Agriculture, the University of California, and a
large Pacific Coast turkey breeder are
cooperating in the project.
Special houses were constructed with
semicontrolled environments to permit
easy surveillance of all birds and to prevent contact with wildlife. Scientists constantly test all possible sources of contamination, including turkeys, feed, and water.
The project has been extremely successful in keeping flocks free of Salmonella. Eventually the concept will be used
with other turkey diseases.
Other research aims to reduce losses
due to fowl cholera. Current immunization
techniques for this disease are not adequate. Researchers are seeking immunogenic substances that will provide a
greater degree of protection.

Only one egg in five meets the strict breeding criteria
established for project flocks. Eggs are examined for
weight, size, color, and conformation. Eggs that meet
the criteria are fumigated and transferred to
incubation rooms. 0672X857-12
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Coccidiosis, a parasitic disease of chickens and turkeys, was once a far more
serious economic threat to poultry producers than it is today. Drugs for the control
of coccidiosis are now commonplace as
an ingredient in poultry feed; however, the
disease is still responsible for losses of
over $50 million a year.
Many years of research culminated recently in the tissue-culture cultivation of
the protozoan coccidium through its entire
life cycle. This technological advance will
contribute to further basic studies designed to reduce losses from coccidiosis.

These turkeys—raised under commercial conditions
free of Salmonella—will become the grandparents of
turkeys made available to commercial breeders.
0672X861-18

39

Preparing Poultry
For Consumers
Research improvements in poultry marketing and processing offer other ways to
hold down the price paid by consumers for
poultry meat. Scientists study commercial
methods to find ways of making marketing
operations more efficient and economical.
Savings in processing and other marketing
operations benefit both industry and consumers.
Mechanization is a key means of reducing costs. For example, fully mechanized
broiler cutting equipment developed by
ARS decreases labor requirements by 50
percent. The number of broilers cut up at
processing plants for retail sale has more
than doubled in recent years, while labor
costs have risen sharply, creating a need
for labor-saving methods.
The new cutting machine also increases
accuracy and eliminates hazards to workers. It can be adjusted for dividing broilers
into different numbers of pieces.
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A number of commercial plants are
using the equipment.
Another mechanical device handles
coops of live chickens trucked from farms
to processing plants. Coops are stacked
10 to 12 high on the trucks. It takes three
laborers per truck to unload the coops and
place them on conveyors that move them
to the processing line.
The mechanized system removes the
coops from the trucks, unstacks them, and
places them on the conveyor with the help
of only one worker. It also eliminates most
bruises to the birds caused by handling.
Many poultry processing plants use machines to do part of the work in slaughtering poultry. Research is being conducted
to improve the efficiency of mechanical
slaughtering systems.
ARS and University of California scientists have shown that use of an improved
mechanized turkey-boning line resulted in
2 percent more prime meat cuts.
The scientists also found a correlation
between the body conformation of turkeys
(related to strain, age, and sex) and the
yield of boned meat. This information will
help processors to select birds with more
meat, and producers to breed birds with
desirable characteristics.
To evaluate the efficiency of procedures
for processing turkeys, researchers conducted time-and-motion studies in commercial plants. The time values established for the various procedures on the
eviscerating line give precise standards to
aid in efficient management.

A USDA poultry inspector examines birds in a modern
broiler processing plant to insure that they are disease
free. 0374A338-28

Workers cut up chickens in a broiler processing
plant. The next stop will be the poultry section In a
supermarket. 0374A339-25
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Many poultry processing plants have
problems with blood removal and cleanup.
Facilities for removing blood vary from
hand trucking the blood in barrels to
unperfected mechanical systems.
After making observations of commercial plants, scientists designed an effective
system for removing blood from the
slaughtering area mechanically without overloading the sewer system. During a 15minute cycle the system automatically collects 450 gallons of blood and cleans the
tank with water.
This equipment cuts down on daily
cleanup time and reduces the polluting
effluent ordinarily discharged from processing plants.
Scientists intend to apply the principle to
removing other types of waste, such as
feathers and viscera.

Broilers today are shipped thousands of
miles from the large production areas.
ARS scientists have carried on extensive
investigations to improve practices for
handling poultry shipments.
For example, they have compared costs
of packing and shipping poultry packed
with dry ice or water ice in fiberboard and
polystyrene foam boxes. The lowest cost
combination was dry ice in fiberboard
boxes. With dry ice, 25 percent more
poultry can be loaded on a truck. The
industry has adopted this kind of packing
for more than a third of its poultry shipments.
Research on improving quality is another important aspect of poultry marketing research. Research on the components of cooked chicken aroma will aid
processors in locating the sources of offflavors and in preventing them.
ARS scientists have determined that the
flavor of cooked chicken—which is closely
tied in with odor—originates in the lean
meat rather than in the fat.
Off-flavors, however, do originate in the
fat.
Scientists have also found that the tenderness of chicken breast meat is related to
the length of time the meat has aged.
The meat is tender if it is cooked
immediately after the chicken has been
slaughtered. After 3 or 4 hours it is tough,
then becomes increasingly tender until it
has aged about 9 hours.
This research will ensure that chicken
products sold to consumers are as tender
and flavorful as possible.
■

Opposite page:
Millions of pounds of crusty fried chicken are
consunned by Americans every year. (Photo courtesy
of National Broiler Council)
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More and
Better
Lamb

In recent years, ARS animal scientists
have directed much of their research toward improving the reproductive capability
of sheep. Most of the studies have been
conducted at the Agricultural Research
Center, Beltsville, Md., the Meat Animal
Research Center, Clay Center, Nebr., and
the Sheep Experiment Station, DuBois,
Idaho. Two of the most important results
of this research have been the production
of more lambs per ewe and the development of better feeding programs for botfi
pregnant ewes and ttie extra lambs that
result from multiple births.
These successful studies in breeding
and nutrition are currently being continued
by the scientists at all three locations.
Besides this research, ARS scientists are
studying better methods for controlling
diseases, improving reproductive efficiency, diagnosing pregnancy in ewes,
and improving the palatability of meat. All
of this research adds up to more and
better lamb for consumers.
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Breeding for More Meat
To meet the need for more lamb, ARS
scientists may have part of the answer in
Finnsheep, a native Finnish breed brought
to the U. S. for research in 1968. In their
native land, Finnsheep produce up to five
or more lambs per ewe per year, with an
average of over three. In the United
States, we market an average of only one
lamb per ewe each year from our domestic breeds.
Finnsheep are not used in the United
States without crossbreeding because
they produce poor quality meat and wool.
But when Finnsheep are crossed with
domestic breeds, the multiple birth characteristic of Finnsheep is combined with the
better meat characteristic of domestic
sheep.
Geneticists hope, by incorporating Finnsheep blood lines into a crossbreeding
program, to improve the average U.S.
lambing rate. A second trait ARS scientists hope to exploit: Finnsheep bred to
lamb as lambs or yearlings do an effective
job of raising their young. Our later-maturing domestic breeds do not usually lamb
until they are 2 years old.
In research that has been going forward
in several places since 1968, ARS scientists found that only 72 percent of Rambouillet crossbred yearling ewes produced
lambs as compared to 94 percent of the
Finnsheep yearling crosses. Rambouillet
crosses also weaned lambs at a rate of 72
percent per ewe. The Finnsheep
crossbred yearling ewes had a 135 percent lamb crop weaned per ewe.
A flock of purebred Fínnsheep ewes. 0574X611-20A
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The latest results of these tests indicate
that the Finnsheep crossbred ewes as 2year-olds will approach a 200 percent
lamb crop. As sheepmen put these research results into practice in their flocks,
American consumers can expect to find
more lamb on display at the meat counter.
To determine how many lambs a pregnant ewe is carrying, ARS scientists are
using a new ultrasonic scanner developed
by Cornell University. Echoes of high
frequency sound strike the fetus and are
recorded on film by a camera mounted on
the scanner.

A Finnesheep ewe with twin lambs. These sheep will
be used in breeding programs. 0374A38~30. ■

An ultrasonic scanner produces a high-frequency
sound that echoes when it strikes the fetus. The
scanner guide is shown being applied to the ewe.
671X802-10

These photos show the patterns formed In scanning,
from left, a nonpregnant ewe, one carrying a single
lamb, and one carrying twins. The curved lines show
skin and fat. PN-1975
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More lambs per ewe is a big step
ahead. But estimating accurately how
many lambs a pregnant ewe is carrying is
equally important to sheep producers.
Ewes carrying more than one lamb require
a high level of nutrition during the final 4
to 6 weeks before lambing to prevent
pregnancy disease, or ketosis, (rare in
ewes having only a single lamb). Ketosis
is nearly always fatal.
Ewes carrying twins or triplets also may
need help at lambing time. Separating
these ewes from the flock for special
attention can add up to savings of millions
of dollars a year in feed costs, healthy
ewes, and lambs produced.
Working with the flock at Beltsville, ARS
scientists scanned 100 pregnant ewes
from 28 to 52 days before lambing, with
90 percent correct identification. Of these,
only two ewes with multiple fetuses were
diagnosed as having single lambs. Eight
ewes suspected of having multiple fetuses
had only one lamb.
When the sides of the ewe are
scanned, the fetuses show up in a few
seconds as collections of white on film. A
scan of nonpregnant ewes shows only the
skin and underlying layer of fat. Three
men working as a team can prepare and
scan a ewe in 4 minutes.

studies of fetal lambs are leading to a better
understanding of how disease affects sheep and
other mammals before birth. One of these twin
fetuses was injected with a protein substance after
removal from the uterus on the 35th day of
development. Six days later, both fetuses were
removed again and blood tests made to compare
antibody development. PN-2832

Scientists of ARS and the John Hopkins School of
Medicine clean up some of the mysteries of fetal
immunity. A 107-day old fetus with two skin grafts—
one from its own body, left, and one from an adult
ewe, right. The graft on the left has been accepted
but the one on the right is being rejected. Their
knowledge is explaining how disease affects fetal
lambs at different stages of growth, and why birth
defects result from certain diseases. PN-2833

47

Finding Ways to
improve Nutrition
One of the most serious problems facing producers has been successfully raising orphaned and extra lambs. ARS scientists have developed what is called the
MARC lamb nurser, named for the U.S.
Meat Animal Research Center, Clay Center, Nebr., where it was developed.
The annual loss of lambs from starvation in the first 10 days after birth is
estimated at 10 percent of the Nation's
lamb crop. The MARC nurser provides a
way to raise and feed newborn lambs
artificially.
The MARC nursing unit is made from
an insulated thermos lunch box to which
are attached four lamb nipples. Milk replacer is conducted from large bottles held in
a refrigerator through tubing into the nursing unit. At the Center an old refrigerator
is used to service two side-by-side pens,
with a nursing unit in each pen to handle
25 lambs.
ARS scientists have also developed a
special milk formula for lambs to be fed
with the nurser, further reducing lamb
death losses. The formula is based on
cow's milk that has been modified to
account for differences between cow's
milk and ewe's milk.

A group of crossbred lambs at a MARC nurser for
feeding. Formula is being poured into tfie nurser,
074X605-26A
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A day old lamb feeding from a soft drink bottle fitted
with a nipple from the MARC nurser. This exercise
traitis the lamb to use the nurser. 0574X610-36
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Causes of Ketosis Clarified
Now that breeding programs have made
multiple lamb births possible, the need to
control ketosis is more urgent.
To find out the causes of ketosis, ARS
funded research at Hebrew University in
Israel under the PL 480. Ketosis is a
nutritional disease of sheep, cattle, goats,
and swine that is marked by reduction of
blood sugar and associated with digestive
and nervous disturbances. Researchers
found the cause to be glucose deficiency.
Sheep with ketosis usually are thin, but
the disorder can occur in fat ewes if they
are deficient in glucose, even though their
energy supply in calories is adequate.
The scientists also learned that U. S.
sheep may develop glucose deficiency
because they are often selected to repro-
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duce beyond their natural capabilities, i.e.,
twin or triplet lambs. Reproduction, with its
high glucose requirements, drains glucose
away from the pool of calories available
for body maintenance. Ketosis, accordingly, occurs at the time of extra stress,
when the ewe is pregnant.
Diet during pregnancy can increase or
reduce the chances of ketosis. If the diet
consists entirely of roughages, fermentation in the rumen favors production of
acetic acid, which cannot be converted to
glucose. But if the diet contains a high
ratio of grain and concentrates, rumen
fermentation favors production of propionic
acid, which is converted to glucose and
reduces the chances of the ewe contracting ketosis.
In another ARS sponsored program at
Hebrew University, the scientists discovered that small differences in high-quality
feeds can affect protein utilization by
sheep and other ruminants.
Using yearling and adult rams in comparing high-quality alfalfa and high-quality
toasted soybean meal, the scientists found
forage to be the best source of usable
protein. It also proved superior in a comparison of soybean meal and oat-vetch
hay.
The researchers experimented with a
50-50 mixture of soybean and alfalfa
proteins to see if the combination would
produce a synergistic effect. This effect
was confirmed. The test rams achieved
slightly better feed efficiency than when on
diets of either forage or soybeans. Research like this, which establishes a basis
for improved feeding methods, means
savings for producers that can also benefit
consumers.

Developing Better
Production Methods

Controlling Diseases
and Pests

A good ram is extremely important to
the flock. He passes his characteristics on
to the lambs he sires. Recent tests have
shown that sheep producers may be wasting "ram power" by adhering to the current practice of running one ram with
every 10 to 12 ewes.
ARS scientists at Clay Center have
shown that using one ram for every 20
ewes had no bad effect on the percentage
of ewes bred or on the conception rate. In
fact, their tests indicated it may be possible to breed even more ewes per ram.
Other research with rams showed that
chemical defleecing, which has proved
effective for quick, easy sheep shearing, is
harmless to a ram's reproductive ability in
dosages normally used.
Scientists have found that among rams
raised for meat, sex-altered rams have
higher weaning and slaughter weights
than wethers (male lambs castrated before maturity). Sex-altering, also called
induced cryptorchid, is a different type of
operation than castration, but it also stops
reproductive activity.
Castrating male lambs is common practice among sheepmen because of market
discrimination against uncastrated rams
raised for slaughter, even though rams
tend to weigh more at slaughter and have
less excess fat than wethers. Sex-altering,
however, does not retard growth and can
eliminate the discrimination against uncastrated slaughter rams.

To better understand how diseases affect sheep and other mammals before
birth (and so affect meat production),
studies of fetal (unborn) lambs are being
made by cooperating scientists of ARS
and the Johns Hopkins School of Medicine, Baltimore, Md.
By operating on unborn lambs, the
scientists are clearing up some of the
mysteries of fetal immunity to diseases
and vaccines. Their knowledge is explaining how disease affects fetal lambs at
different stages of growth, and why birth
defects result from certain diseases.
The scientists carefully remove the unborn lambs from the uterus and replace
them when the operation is completed. As
many as five operations are made to
observe a single fetus. Later, the lamb is
born naturally 150 days after conception.
More than 400 ewes have been used in
the course of these experiments.
During an operation, a section of skin
may be grafted onto the fetal lamb. The
skin may come from the lamb's twin, from
the lamb's own body, or from the ewe.
These grafts permit study of the rate of
acceptance or rejection by the lamb's
body. Also, disease organisms or other
antigens (substances that stimulate the
formation of antibodies) are injected into
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the lamb to monitor the formation of
antibodies.
At Beltsville, Md., workers care for and
breed ewes, noting the breeding date to
pinpoint the exact age of the fetus. The
exact age is important because the immune mechanism in fetal lambs largely
depends on age.
The research has shown that fetal
lambs produce antibodies in a stepwise
pattern. When a fetal lamb reaches a
certain age, say 52 days, it will be able
thereafter, but not before, to produce
antibodies to a particular antigen. The
ability to respond immunologically to each
of the various antigens arises at a fixed
age in the lamb's development. The entire
developmental process seems to be under
precise control and identical in all fetal
lambs.
These and other studies on congenital
infections in the fetus provide important
basic knowledge for the sheep industry. A
better understanding is now possible of
how vaccines affect the fetus. The research helps to explain, for example, why,
at one stage of pregnancy, a vaccinated
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ewe will have a deformed lamb, but at a
later stage vaccination will not affect the
fetus.
These discoveries have opened up new
possibilities for the study of immunology in
all mammals. Further research may help
in understanding how disease organisms
may be influenced by the fetus, and how
fetal disease develops at different ages.
This cooperation between ARS and Johns
Hopkins is advancing both veterinary and
medical science for the benefit of all
people.
In other research, ARS scientists have
found that the control of keds, insect pests
of sheep, results in heavier animals with
higher quality meat, wool, and skins. The
scientists first discovered that keds
caused cockle, a sheepskin leather defect.
Since then, efforts have been underway to
put a price tag on the full damage they do.
In tests with 110 lambs, veterinarians at
the ARS laboratory in Albuquerque, N.
Mex., infested half the flock with keds and
kept the rest ked-free. At 1 year, all sheep
were slaughtered, their carcasses dressed
and graded, and their skins preserved for
further studies.
The scientists found that ked-free carcasses weighed 1 to 5 pounds more than
infested ones. Meat packers determined
that they were worth an average of $1.64
more per carcass at 1973 prices. The
uninfested animals also had more and
better wool.
In total, the price advantage for ked-free
sheep was about $2 to $3.30 as a result
of better carcasses and higher quality
skins.
How much will it cost sheep producers
to get rid of keds? Not more than a
fraction of the increased revenue received
from ked-free meat animals. This, combined with better quality meat, should be a
substantial benefit for producers and consumers alike.
■

Tasty leg of lamb is enjoyed by Americans of all
ages. (Photo courtesy of tfie National Live Stock and
Meat Board)
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Producing
Premium
Pork

Meat counters across America invariably
include a bountiful display of hams, bacon,
pork chops and pork sausage. And rightly
so, because pork is a favorite meat. Each
of us eats an average of 68 pounds of
pork a year—approximately 30 percent of
our total meat diet. Nationwide, the annual
production figure for pork is now 14 billion
pounds. Nutritionally, pork is the third
largest source of animal protein in the
U.S.
As the American population increases
both in size and in critical awareness of
health and nutrition, agricultural scientists
will continue their efforts to improve upon
the production, marketing, and quality of
pork. Indeed, the economic and nutritional
importance of pork has made it a major
field of research in ARS.
Pork research in ARS is aimed towards
improved methods of swine production,
meat quality, meat marketing, and swine
health. It is research in breeding and
genetics, nutrition, reproductive physiology, and disease control.
Modern meat-type swine to be used in breeding
research. 0374A316-25
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Breeding and Genetics
Selective breeding and testing over the
past two decades have remarkedly altered
the kind of swine produced in the United
States. For example, with little change in
slaughter weights, the amount of lard
produced per hog has dropped from about
35 pounds in the early 1950's to about 17
pounds in 1973. At the same time, production of lean meat in swine has risen
proportionately.
One indication of these changes is
reflected in measurements at central
swine-testing stations in Iowa. In 1954,
backfat thickness averaged about 2 inches
and ham and loin averaged about 32
percent of a pig's live-weight. In 1970,
backfat thickness averaged less than 1
inch and ham and loin averaged about 43
percent.
A major reason for these changes has
been public taste: altered life styles and
food habits, and a higher standard of
living encouraged the public to choose
meat with more lean and less fat. Animal
breeding research by scientists at Beltsville, Md.—and research supported by
ARS through the former Regional Swine
Breeding Laboratory at Ames, Iowa—contributed significantly to making such a
choice possible.
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A long-term experiment at Beltsville
confirms that leanness and body type can
be altered quite rapidly by selection based
solely on backfat thickness. Related studies show that low-fat type hogs are more
efficient than fat-type hogs in converting
high-protein diets into lean meat. Researchers also are examining applications
of ultrasonic measurements of backfat
thickness and loin muscling in selection of
meatier hogs.
Investigations in swine breeding and
genetics have not been confined to the
single trait of meatiness. Scientists are
also working to achieve genetic improvement and optimum performance in the
fertility and mothering ability of sows, pig
survival, growth rates, efficiency of feed
conversion, pork quality, and other traits.
In addition, new procedures for evaluating
boars at central testing stations are being
studied.

Duroc sow with her crossbred piglets. Of 12 piglets
farrowed, this sow was able to wean 10. Average
weight of the pigs at weaning was a hefty 28 pounds
each. 0473A302-8
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Monte Carlo Method—Scientists liave
demonstrated new applications of computer
simulation techniques to theoretical studies
in swine breeding and genetics. Inside a
complex mass of computer circuitry, pigs
are conceived, born and raised to produce
again as the genetic processes are electronically created and mathematically projected through ten generations of hogs. Called the "Monte Carlo" method because of
the many random factors involved, these
long range predictions take only minutes
and are useful in preliminary or pilot studies
where risks, time, and expense would be
prohibitive with live animals.

ARS scientist holds a five-weel<-old crossbred pig.
PN-3860

Low-fat boar used in breeding researcli. 0374A316-5
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PSE Pork—PSE means Pale Soft Exudative pork. It causes excessive meat
shrinkage and an annual loss of approximately $100 million to the swine industry.
The condition of PSE is not visible while a
pig is alive. However, abnormalities in one
or more body systems in the live pig probably result in PSE after death. An ARS scientist has recently demonstrated that the endocrine system may be involved. Studies of
muscle metabolism in pigs in which the
pituitary gland has been removed suggest
that pigs with PSE secrete one or more
pituitary hormones in higher than normal
quantity. Soon it may be possible to designate which pituitary hormones regulate the
PSE condition.

Swine Reproduction
In addition to research in the broad area
of breeding and genetics, scientists are
conducting major studies that will assist
producers in using improved sires and
simplifying swine management.
For example, researchers have developed a successful method to control the
time of estrus ("heat") and ovulation in
swine. Estrus control will assist producers
in herd management by allowing them to
control the time of breeding and to bunch
the sows at farrowing. This treatment
improves the chances of fertilization because sows can be inseminated at the
optimum time in relation to ovulation. It
also allows the producer to discontinue
the laborious practice of heat detection,
except for a 3 or 4 day period after the
end of treatment.
Estrus control will play a vital role in
genetic improvement programs since it will
facilitate use of artificial insemination.
Artificial Insemination—Perhaps the
most promising method for achieving more
pork and leaner pork is yet to come—it's
the widespread use of artificial insemination (A.I.). ARS scientists have brought
swine A.I. another step closer to practical
realization by developing methods of deep
freezing boar semen.
Frozen bull semen has been widely
used in the cattle industry for over 20
years, but use of frozen boar semen has
met with many failures. Although some
sperm motility will survive freezing, the
main problem has been damage to the
sperm's acrosome or head cap. The acrosome contains enzymes that the sperm
uses to enter and fertilize the egg.
Scientists have developed a procedure
for freezing boar semen that increases
acrosome survival and sperm viability of
thawed semen so that fertilization is possible. A key factor for success appears to
be the addition of a very low level of
glycerol to diluted semen immediately before freezing.
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The semen is frozen into small pellets
and stored at -196° C. The pellets are
thawed just before use.
Use of A.I. will greatly accelerate the
rate of genetic progress by increasing the
number of offspring from the outstanding
boars. In addition, as natural matings are
reduced, the spread of disease by boars
is also reduced. A.I. also eliminates the
use of sterile or low fertility boars that
occur under natural mating.
Though additional research is necessary
before swine A.I. with frozen semen is
widely used, it is becoming available for
use on a commercial basis. As the swine
A.I. techniques and freezing procedures
are improved, swine producers will extend
the use of superior "meat type" boars to
sire the millions of hogs marketed annually.

ARS technician freezes semen mixed witin various
types of extenders into pellet form. The extender, or
diluter, includes preservatives that prevent the
destruction of sperm cells during freezing.
1070A936-32

After storage at -196°C., semen pellets are thawied
just before use in artificial insemination experiment.
1070A936-16
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This ultrasonic device can distinguish between
pregnant and non-pregnant sows as early as 30 days
after presumed date of conception. A probe
generates and picks up sounds from the fetal fluid of
a pregnant sow or from the body wall of a nonpregnant sow. The echoes from a pregnant sow
appear on the right side of a cathode ray screen.
PN-2838

A cathode ray screen shows the reading for a
pregnant sow. PN-2837
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The Sound of Pregnancy—The rate
of pregnancy in any swine production unit
must be high for the program to be
successful. Unfortunately, neither natural
mating nor artificial insemination assures
the producer of a 100 percent pregnancy
rate. Even under the best conditions, 15 to
20 percent of all gilts and sows fail to
conceive on first mating or insemination,
and 8 to 10 percent of all gilts are found
to be permanently sterile after the first
mating.
The inability of producers to identify
nonconceiving sows has been a major
barrier to efficient swine production. Caring for sows that are thought to be
pregnant, but in fact are not, is costly to
producers in terms of feed, labor, facilities,
and equipment.
A new method of pregnancy detection
through the use of ultrasonic wave patterns now promises to help solve this
problem. Developed cooperatively by ARS
and the University of Illinois, the technique—which utilizes ultrasonic emissions
from a probe connected to a cathode ray
screen—enables producers to distinguish
pregnant from nonpregnant sows as early
as 30 days after mating or insemination.
The probe generates sound and then
picks up sonic reflections from the fluid
surrounding the fetuses in the uterus of a
pregnant sow. These echoes appear on
the right side of the cathode ray screen.
Echos from the body wall of nonpregnant
sows appear on the left side of the
screen.

Feed Efficiency and Nutrition
Feed accounts for about 75 percent of
pork production costs. Since 1950 tinere has
been a 15 percent improvement in the efficiency of feed utilization. Scientists are
working to improve it even more.
The basis for improved feed efficiency is
a knowledge of nutrient requirements for
all stages of the pig's life cycle. The
composition and biological availability of
nutrients for feedstuffs must also be
understood as well as the interrelationship
between different nutrients.
ARS scientists at Beltsville are concerned with nutrient utilization by the pregnant animal and the baby pig. Research
on energy utilization, the role of B-vitamins
and trace minerals, and protein provide
the industry with improved guidelines for
balanced swine diets.

Taking ultrasonic readings of back-fat and loin-eye
withi scanner developed at Cornell University.
Researchers are studying the relationship of scanner
readings and actual carcass measurements.
0873A1385-5

61

Production of wholesome lean meat
requires an understanding of the interrelationships between nutrition and genetic
composition. Lean-meat breeds appear to
require a greater amount of amino acids in
their diets for maximum growth. Scientists
are investigating nutrient requirements and
utilization with two diverse genetic lines of
pigs. Results of this research alone could
lead to a 20 to 25 percent reduction in the
amount of protein required to produce one
pound of lean meat.
ARS scientists are aslo concerned with
the deposition of fat within and around the
muscle tissue. A reduction in the pig's
total body fat would mean a substantial
feed savings for meat production. Factors
affecting fat deposition and intramuscular
fat composition are now being investigated, and the results of these projects
will provide for a more wholesome meat
product.

Caracasses being separated into standard
commercial cuts for measurement and evaluation in
genetic studies aimed at increased production of
leaner pork. 0873A1386-19

Tracing a loin section provides anotfier measurement
to help researcfiers estimate ttie amount of lean
meat in the total carcass. Litter mates of slaughtered
animals showing the best characteristics will be
selected for breeding. 0873A1386-12
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Swine Health

'

Diseases have probably been the most
limiting factor in the production of hogs.
Developing more effective methods for the
detection, prevention, and control of swine
diseases is a major objective of ARS.
Brucellosis—Swine brucellosis occurs
in many swine-raising areas of this country
and in most countries throughout the
world. Although the incidence of human
brucellosis in the United States has been
negligible in recent years, the principal
source of infection has been infected
swine.
ARS scientists have developed a plan
for eliminating this disease from infected
herds. The plan, now being implemented
by the Animal Plant Health Inspection
Service (APHIS), calls for the complete
isolation of weanling pigs from adult
swine. The adult swine are then marketed
while the weanling pigs are retained for
breeding stock. From this procedure has
evolved an important instrument—or incentive—in the control of swine brucellosis: the validated brucellosis-free herd. If
swine brucellosis should erupt in any
state, a statewide brucellosis-free validation certificate issued by USDA is required
before any swine or pork can again be
shipped out of that state.

Loin section face on right displays 50 percent more
lean meat than the cut on left. The lean ioin is over 6
square inches in size and is the result of genetic and
nutritional studies by ARS swine researchers, (color
slide/Meat Res—0-7)
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Trichinosis—Much practical scientific
and technical know-how for detecting and
eradicating trichinosis has now been acquired; the responsibility for its implementation will be with the Animal and Plant
Health Inspection Service (APHIS) of
USDA.
One method developed by ARS in close
cooperation with APHIS and private industry involves a new technique for detecting
trichinae in hog carcasses. Called the
pooled digestive method, it is faster and
more economical than previous testing
procedures and is compatible with highspeed slaughtering operations in commercial packinghouses.
In the pooled digestive method, hog
carcasses are divided into lots of 20 to 25
immediately after slaughter. A 5-gram
sample of diaphragm muscle is taken from
each carcass. The pooled samples are
ground together, digested in a pepsinhydrochloric acid solution for 10 hours,
and examined microscopically for trichinae.

In the soluble antigen fluorescent-antibody test for
trichinae, a scientist unloads the fluorometer after
taking readings of fluorescing disks. Intensity of
fluorescence, translated into peaks on the graph in
foreground, indicates the presence or absence of
trichinae. 0671X800-21

Scientists examine disks on which antibody-antigen
reactions occur in the soluble antigen fluorescentantibody test. 0671X800-9
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Another testing method, still under development but potentially even faster and
cheaper than the pooled digestive method,
relies on blood samples rather than muscle tissue. The blood sample can be taken
from live animals on the farm or from
animals at time of slaughter. A sample
from each animal is placed on a disk
previously saturated with trichinae antigen.
If antibodies are present in the serum,
indicating infection, the disk will fluoresce
when it is combined with "anti-swine
serum" linked to a fluorescent dye.
The fluorescent antibody test can be
performed relatively quickly and does not
require elaborate equipment. Since the
test is applied to individual animals, it is a
more direct method for detecting infection
than the pooled sample digestion method.
Hog Cholera—ARS scientists developed
a rapid accurate diagnostic test for detecting swine that are carriers or chronically
infected with hog cholera virus. Application
of this test has been a major factor in
attaining the goals of the national hog
cholera eradication program. When this
disease is eliminated from the United
States, it will remove a serious threat to
hog production.

Transmissible Gastroenteritis (TGE)
—ARS scientists are studying the mechanisms of infection and immunity of transmissible gastroenteritis which accounts for
mortality in up to 100 percent of pigs
affected under 10 days of age. Protection
of baby pigs from this disease is dependent upon their receiving a continuous high
level of specific protective substances that
are usually provided in their dam's milk.
Scientists are determining methods for
enhancing the dam's milk with increased
levels of these specific substances.
Swine Dysentery—ARS is conducting
cooperative studies at several universities
on swine dysentery, which is a major
cause of financial loss to the swine industry. Recently, as a result of this research,
the principal causative agent of swine
dysentery was demonstrated to be a spiral-shaped bacteria (Treponema hydrodysenteria). Isolation and propagation of this
pathogen in the laboratory should provide
a basis for research to develop effective
measures for prevention and control.
African Swine Fever—African Swine
Fever (ASF) does not occur in the United
States but its presence in other parts of
the world constitutes a constant threat to
our swine population. Research by scientists has resulted in the development of
rapid diagnostic tests for this disease, and
has shown that the virus of African Swine
Fever is susceptible to disinfectants currently recommended for use against the
hog cholera virus. Immunogenic studies
are underway. To date, however, no effective vaccine is available for ASF.
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Pork Research
A Nationwide Effort
Pork research is a vital part of an
overall ARS meat research program that
is nationwide in scope. ARS meat research facilities are located in many states
representing a broad diversity of agricultural regions and conditions.
The newest of these research facilities
is the U.S. Meat Animal Research Center
at Clay Center, Nebr. Plans for the swine
program at Clay Center as in other ARS
meat research facilities include studies of
breeding, reproductive physiology, nutrition, swine management systems, and
waste management.
Specific crossbreeding systems will be
studied in an effort to find, among present
breeds of swine, superior maternal and
sire characteristics. Breeding research at
Clay Center will also investigate such
problem areas as the possible genetic
aspects of the pork stress syndrome and
certain reproductive problems associated
with confinement rearing.
A major research effort at Clay Center
will concentrate on the reproductive physiology of swine. The reproductive process
in swine offers the greatest opportunity to
reduce swine production costs in commercial operations. Management considerations for the successful production of
swine under confinement conditions will
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be an integral part of this research. Ultimate research goals in the reproductive
physiology of swine include information
leading to reduced age of puberty in
female swine, increased conception rates,
and decreased pre- and postnatal mortality rates.
Nutrition research will relate to all areas
of the swine research program. Beginning
with the early weaned pig, the nutritional
aspects of each phase of the production
cycle will be studied, with special attention
being given to the reproductive process.
The versatility built into the confinement
facilities at Clay Center will provide an
opportunity for the study of different swine
management systems. Most of these studies will be integrated with projects in swine
breeding, nutrition, reproductive physiology, and other areas of swine research.
Management systems can then be developed to reflect the latest information and
technology in swine production.
■

Pork is the third largest source of animal protein in
the United States. Lean chops are the result of
modern genetics and animal nutrition. (Photo
courtesy of National Live Stock and Meat Board)
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Management of
Animal
Wastes

The proper handling of animal wastes is
an essential element of any livestock
management system.
Along with its pollution potential, animal
waste represents a cash loss to cattlemen
as unused feed. For example, it takes 7 to
8 pounds of feed to produce one pound of
beef.
Obviously, a waste-free animal is a
fanciful idea, but ARS scientists are trying
to do the next best thing . . . reduce the
amount of waste by making animals more
efficient converters of food into energy.
They are doing this through selective
breeding of animals for greater feed efficiency, and by developing new feed combinations from which more is converted
into energy and less into waste.
Beef feedlot operations continue to grow
in size to meet consumer demand for
beef. Feedlots with 50,000 head are not
unique. In operations of this size, the
amount of manure produced is staggering,
often exceeding the capacity of the soil
and plant cover in the immediate area to
recycle it.
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Seventy thousand head feedlots such as this one in
Southwest Texas are not unusual. Livestock waste
from feedlots such as this add to the waste disposal
problem. Scientists seek ways to reclaim or recycle
the material rather than dispose of it. 0474/470-24

For example, a steer produces from 30
to 60 pounds of waste per day. A 50,000
head feedlot has a disposal problem comparable to that of a city of 600,000
persons.
To sum up: The amount of livestock
waste produced in this country each year
is equivalent to that of a human population
of 1.9 billion.
How to handle this waste economically
yet minimize the pollution hazard? This is
the problem facing agricultural scientists.
It is a little known fact that streams were
polluted even before the advent of industry and agriculture. Early travelers through
Great Plains States like Nebraska had
difficulty in finding clean water to drink.
The reason: wild buffalo. These animals
liked to congregate in rivers where they
could drink, cool off, and smear themselves with mud to ward off the hordes of
gnats, flies, and other biting insects. As
they spent much of their time in the water
and at the water's edge, the lakes, rivers.
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and streams used by them became polluted with animal waste. In Nebraska, the
Pawnee Indians once called one of the
rivers, "Buffalo Manure Creek."
Eventually most of the buffalo were
killed and range cattle were introduced.
Many streams, however, did not clear up
when the buffalo were killed. Eroding
farmland muddied many of these streams.
In recent years, large and concentrated
livestock operations have endangered our
water, land, and air. A goal of agricultural
research is to find ways to make these
gigantic operations more compatible with
the environment. ... the key to this goal
is waste management.
Managing large quantities of animal
wastes requires a knowledge of their
physical, chemical, and biological properties. To determine waste disposal effects
as well as new uses for waste, scientists
are studying waste disposal in many situations—on cropland, in lagoons, in oxidation ditches, in compost piles, beneath the
soil, in water, in test tubes, boxes, and
bins, under microscopes, and in animal's
stomachs. Waste is being decomposed,
digested, dried, pelleted, separated,
stirred, aerated, oxidized, filtered, and incinerated. ... for such potential uses as
fertilizer, fuel, animal feed, and fiberboard.

A stereoscopic photograph of cattle in the Union Stock
Yards in Chicago about 1903. (Photo courtesy of the
Library of Congress)
A mid-19th Century artist's rendering of massive
buffalo herds along a western railroad survey route.
This is a good example of how natural pollution can
be caused by wild animals. Indians named at least
one waterway "Buffalo Manure Creek," because of
the large amounts of waste that contaminated the
water. (Photo courtesy of the Library of Congress)
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A Closer Look at Runoff
With this closer lool<, ARS scientists are
finding out how various kinds of precipitation affect the amount of runoff from
feedlots and how certain components of
waste may affect the environment.
In cooperative research in Nebraska,
agricultural engineers, microbiologists, and
soil scientists are studying the effects of
rainfall, snow, temperature, and evaporation on pollution from sloping feedlots.
Using a machine that simulates rainstorms
of various intensities, scientists found that
a sloping feedlot can lose as much as 2.5
percent of sediment in a heavy rainstorm.
Runoff is measured and samples taken
over each 6-minute period during the
storm for physical and chemical analyses.
Snowmelt runoff may transport up to 10
to 12 times the amount of solids removed
in rainfall from the same feedlot, and the
chemical oxygen demand will thus be
correspondingly higher.
This snowmelt runoff can cause each
acre of feedlot space to release up to 60

Scientists conduct water runoff experiments using a
machine that simulates rainstorms of various
intensities for physical and chemical analysis. BN
39866

The potential pollution from feedlot runoff is always a
problem. If care is not taken, the stream in the
background could quickly become contaminated and
useless to man and nature. 1170A1087-22
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pounds of ammonia-nitrogen, 23 pounds
of nitrate-nitrogen, and about 100 pounds
of pinospliorous. This is about 30 times
the ammonia, 4 times the nitrate, and 75
times the phosphorous of runoff from
fallow land. ARS scientists have conducted similar studies in actual feedlot
conditions and have found that nitrate
runoff can be controlled to some extent by
proper management.
Though feedlot runoff can threaten a
nearby lake or stream, scientists now
know that a well-managed feedlot will not
pollute groundwater. Well-managed
means keeping the feedlot well stocked
with cattle and in continuous use. When
this is done, a seal develops between the
manure pack and soil beneath it due to
animal tramping. This seal prevents the
percolation of water and creates an anaerobic zone beneath the seal. Absence of
oxygen in this zone leads to denitrification
or breakdown of nitrate to harmless nitrogen gas. Both the seal and the anaerobic
zone prevent penetration of harmful pollutants to the water table.
Taking a inicroscopic look at the air
over cattle feedlots, scientists have discovered seven different amines that are
believed to be only about one-half the
total number that escape into the air.
Amines—ammonia derivatives—are smelly
substances that result when proteins in
waste decompose.
Scientists want to know whether these
odoriferous (a problem in itself) amines
may be causing the growth of unwanted
algae in nearby bodies of water. But this
is not easy to find out. There are, for
example, hundreds of different species of
algae. From year to year and season to
season, different ones may dominate a
particular aquatic area. What causes one
to dominate over the others is a mystery.

Expecting that amines could cause algae blooms, scientists were surprised to
find out, in one particular study, that all
seven amines stopped growth of the
green algae, Chlorella. The search is
continuing to identify any algae species
whose growth is encouraged by amines.
In the midst of heightened concern over
whether nitrites in meat can form compounds that produce cancer, the U. S.
Environmental Protection Agency has
asked ARS scientists in Ft. Collins, Colo.,
to find out if the same kind of compounds
are present on cattle feedlots.
The compounds in question are nitrosamines which form when nitrite and certain
kinds of amines combine.
While conditions seem favorable on cattle feedlots for the production of nitrosamines, scientists so far have found no .
evidence of it. Even if they are never
found, scientists will be very interested in
knowing why they do not form. This
knowledge may help in future control of
nitrosamines in other wastes and even in
meat products.
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ARS scientists and Minnesota Agricultural
Experiment Sation engineers tiave been testing an
oxidation ditcti as a year-round mettiod of handling
livestock waste. Waste drops ttirougti slats in the
floor into a ditch where a mechanical rotor mixes it
with water and oxygen. Offensive odors and potential
pollution are greatly reduced. 1173W1687-8

Methane fuel gas and protein food are produced in
this pilot plant by fermentation of cattle feed lot
waste. A mechanical engineer at Windsor Locks,
Conn., records data on the amount of methane
produced per day. Research results have shown that
methane gas can be used to power this entire
process. 1172X1449-6
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over an oxidation ditch, waste drops
through
slats in the floor into a ditch that
Waste Treatment
has a rotor that continually mixes the
The processes used to treat municipal
waste. By this action, waste volume is
sewage are not satisfactory for treating
reduced and waste odor is minimized.
livestock waste. One reason is the cost.
This system has its dangers; it must be
Another is the basic difference between
constantly monitored to make sure that it
the two kinds of waste. Municipal sewage
does not turn anaerobic. This will happen
is largely liquid; livestock waste, mainly
if it is not aerated enough. Without suffisolid.
cient oxygen in the manure slurry, anaeroThe large amounts of lignocellulose in
bic bacteria will take over. The byproduct
animal waste would constantly clog this
of this life cycle of bacteria produces an
type of waste treatment machinery, and a explosive gas containing methane, and
municipal waste treatment process would
several bad smelling gases, which comnot remove sufficient nutrients from animal bined with poor ventilation, can be lethal
wastes to prevent serious degradation of
to livestock.
receiving waters.
ARS scientists and Minnesota AgriculSince waste treatment facilities are not
tural Experiment Station engineers are
practical, farmers and feedlot operators
trying to recover some of the expense of
must find other methods to cope with
the oxidation ditch by recycling the undiganimal waste. They are doing this with the ested solids in the ditch as feed. With the
help of Soil Conservation Service field
use of screens, they are able to separate
personnel, Extension agents, and agriculout significant amounts of undigested
tural scientists. Systems such as holding
corn. This corn, along with some aerobic
ponds, lagoons, composting, and oxidation bacteria that is separated with it, may
ditches are now in use.
provide adequate nutritional value to make
These systems can be very expensive.
refeeding feasible—but more research is
An example of the cost some farmers are
needed on several unanswered problems
facing is that of the oxidation ditch. This
with this proposed technique.
waste treatment system costs $25 for
Further research is needed to establish
each head of cattle per year, on the basis the optimum water level in the ditch; to
of 1973 costs. If a farmer has 5,000 head, develop more efficient rotors or other
then the cost could run as high as $125,aeration equipment; to develop more ef000 per year. Operation of this system
fective ventilation systems; and to deterrequires constant use of electricity in addi- mine the most efficient method of removtion to constant maintenance.
ing and utilizing solids from the ditch.
In spite of the cost, some farmers are
Because of the high operating cost of
using this system. It is an effective way of the oxidation ditch, some farmers are
coping with waste when livestock is houusing the same slatted floor system withsed. Farmers in humid regions are beginout the rotor to aerate the slurry. Instead,
ning to use confinement housing all year
the slurry accumulates in the pit beneath
around because animals are healthier and the floor and anaerobic conditions are
eat more if they are not wallowing in mud
allowed to develop. In this case, anaerobic
or are not exposed to severe weather. In
conditions are not so dangerous because
confinement housing with a slatted floor
the slurry is undisturbed. An anaerobic
layer is formed at the bottom, and the
toxic gases produced are trapped. The
same waste can be kept in this pit for as
long as 4 months without any hazard.
A problem occurs, however, when this
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pit has to be emptied. Once the bottom
layer is disturbed by a scraper, toxic
anaerobic byproducts escape into the air.
Furthermore, the narrow area underneath
the floor is not easily accessible for scraping. ARS scientists are working on faster,
more efficient ways to remove this waste
.... to get it out of the pit as fast as
possible and onto cropland in a thin layer,
or injected into the soil.
Waste management systems are also
needed for outdoor livestock areas. In
areas like the Southwest and the Great
Plains that have less of a runoff problem
because of less rainfall and snowmelt,
outdoor holding ponds and lagoons are
adequate to contain runoff.
Around feedlots in these areas, a series
of terraces are built that during rainstorms
not only channel feedlot runoff into a
holding pond, but also channel uncontaminated water flowing past a feedlot away
from both the feedlot and the holding
pond.
Without this channeling system, rushing
water could flush manure into the holding
pond, filling it to overflowing and loading it
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with solid waste that could go distressingly
anaerobic in the future.
Anaerobic decay, however, is not all
bad. If the holding pond is loaded at the
proper rates, balanced conditions are
likely to occur and be maintained. Under
these conditions, very little, if any, toxic
substances escape into the air. A wellmanaged holding pond can last as long as
fifteen years before it has to be emptied
and its contents spread on cropland.
Despite the effectiveness of the holding
pond, areas like the Texas High Plains still
have a waste disposal problem .... that
of solid waste. Around feedlots in this
area, there are huge mounds of manure—
some as high as a 5-story building. Fortunately, these mounds are not as ominous
as they seem; because of natural sealing
at the interface of anaerobic conditions in
the mound and aerobic conditions on the
surface of the mound, toxic anaerobic
byproducts do not escape. Furthermore,
because of the extreme compaction of
these mounds, little decay occurs.
Until the energy crisis, these mounds
have been a serious problem. The labor
requirements for handling manure are high
and it must be stockpiled until time for
spreading. Many feedlot operators have
neither cropland nor pasture on which to
spread manure.
And manure fertilizer normally is more
expensive than chemical fertilizer. A dependable market for manure fertilizer does
not yet exist.
But times are changing. With the energy
shortages in 1973 and 1974, the cost of
anhydrous ammonia fertilizer has risen
rapidly. This rise in price is due to the fact
that natural gas is used to produce this
fertilizer. As a result of this price rise,
many farmers are turning to manure use,
and the huge manure piles that dot the
Texas panhandle are disappearing.
Even though manure use may now be
cheaper, there remain some problems
connected with its use.
For example, better application methods
need to be developed that will eliminate
the deposit of manure clumps on the field.

Crops will not grow under and around
these clumps before they are applied to
the field. Agricultural scientists are now
working to develop these improved
spreading machines.
Some of the problems of handling solid
waste may also be solved by reducing its
weight and volume, and changing its consistency. To this end, agricultural scientists at the University of Maryland together
with ARS scientists are "recycling" waste
by an old, tried-and-true method—the
compost pile.
It is not a pile of the backyard variety,
but rather it is a well-designed and delicately balanced system that encourages
optimum growth of aerobic bacteria.
These bacteria flourish under carefullycontrolled conditions and can digest manure in 2 to 4 weeks. In this time, the
manure reduces to a slightly moist, crumbly material that smells like humus.
The composting takes place in a long
narrow box with an elevating conveyor.
Every time fresh manure is added, a
churning system is turned on which mixes
and fluffs the manure. Blowers also provide forced aeration when needed. This
semi-continuous mixing and aerating process helps to keep the aerobes alive and
active by supplying them with adequate
oxygen and by maintaining the temperature at the right levels, 140° to 150"F. If
this system gets out of balance, the aerobic bacteria will die off and could be
replaced by anaerobic bacteria.
Like the oxidation ditch, this system
requires a continual use of energy, as well
as maintenance and monitoring. Even so,
scientists are hopeful that the sizable
capital investment and operating costs will
be offset by putting the decomposed manure to good use. Not only can this compost be used as a soil conditioner and
slow-release fertilizer, but it also should be
safe and effective as animal bedding. The
potential use of compost bedding as a
substitute for costly hay, straw, or sawdust
bedding is making the compost treatment
system economically tempting, in spite of
its high operating costs.

Composting is also gaining popularity
because of its application to urban waste
problems. Composted sewage sludge has
potential as a soil conditioner for field
crops and ornamental plantings and as a
slope stabilizer for newly landscaped
areas.
Animal waste systems, such as composting and the oxidation ditch, use bacteria to decompose manure into a less
noxious substance. There is one system
now in the pilot plant stage at Beltsville,
Md. that uses insects instead of bacteria.
The insect is the fly, the common
household variety. At the larval stage, the
maggot burrows into the manure. With the
tunneling and burrowing action of the
larva, the manure becomes a semi-dry,
sand-like material that makes an excellent
soil conditioner, with the added benefit of
no longer being attractive to flies and
other insects.
Having achieved success on a small
scale using cement mixers that hold 100
pounds of manure, scientists have constructed and are operating a 2-ton batch
tank. In this tank, they put a mixture of
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corncob meal and manure. The corncob
meal, sawdust, or paper pulp help supply
air to the fly larvae.
Fly eggs, numbering more than 2 million, are then added to the tank. They
hatch into maggots, and tunnel through
the waste, aerating and decomposing it as
they go. In 4 to 5 days, just before they
are ready to change into pupae, the tank
is emptied onto a conveyor belt. This belt
moves the larvae-filled waste material
onto a screen lighted by a series of lowhanging fluorescent lamps.
The larvae are repelled by the light and
burrow down to the screen, dropping
through onto a holding tray where they
pupate. The digested waste left above is
moved to a collection area, while the
pupae below are harvested for use in
chicken feed. Studies show that the fly
pupae contain more protein and are as
nutritious as soybean meal.
This fly pupae supplement holds promise in the future, particularly if food shortages worsen. If this happens, soybeans
may be considered too nutritionally valuable to feed animals. Evidently, Russian
scientists must think so too, for a similar
study is being conducted in the Soviet
Union. Agricultural scientists from the
United States and Russia are comparing
notes on this research.
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Waste as Fertilizer
Of all farm animal waste, that from beef
cattle, particularly those on large feedlots,
poses one of the greatest problems of
waste disposal and recycling.
Beef feedlots, today, are increasing in
size and number in certain areas of the
United States. There are now four main
cattle feeding areas in this countrySouthern California and Arizona; the Corn
Belt; eastern Colorado, Nebraska, and
South Dakota; and the Texas and Oklahoma Panhandles, southwestern Kansas
and eastern New Mexico.
Feedlot waste contains many essential
plant nutrients, including trace elements
not generally found in "bag" fertilizer.
When spread on the land, it helps to build
and maintain soil fertility, improve soil tilth,
and decrease erosion.
ARS research at the Southwestern
Great Plains Research Center in Bushland, Tex. has shown that 10 tons of dry
manure per acre, applied to irrigated
sorghum, provided the same crop response as if anhydrous ammonia fertilizer
was used. Any amount over 10 tons per
acre resulted in increasingly greater degrees of plant injury; however, yield was
not significantly reduced until over 60 tons
per acre were applied.
Treatments at rates of 120 and 240 tons
per acre resulted in very low crop yields.
What causes injury to seed and seedlings
is the combined action of calcium, magnesium, potassium, and sodium salts in
manure. Besides being toxic to plants and
detrimental to growth, these salts may
also cause undesirable changes in the
soil. Sodium tends to disperse soil particles, crust the soil surface, and inhibit
germination.
Another potential soil and water contaminant in manure is nitrogen. Nitrogen converts to nitrate as the manure decomposes in the soil. Although nitrates are
essential to plant life, they can accumulate
in excess in both plants and soil. In
Bushland experiments, the nitrate level in

the soil remained fairly constant wiien
manure was applied at tine 10 ton per acre
rate. Manure applications of 20 tons per
acre on a corn crop sligiitly increased
nitrate in the soil. When 50 and 100 tons
were applied annually, large accumulations occurred and became more pronounced with each yearly application.
Such excessive accumulation may result in nitrates being leached into ground
water with heavy rains or irrigation. In the
plant, such as a forage or silage crop,
nitrates can accumulate to levels that are
toxic to animals.
What makes nitrate toxic is what it
changes into. The bacteria in the digestive
systems of beef and dairy cattle, sheep,
and horses convert the nitrate in silage to
nitrite. The nitrite then oxidizes hemoglobin in red blood cells to a form that cannot
combine with oxygen. With enough nitrite
in the blood, the animal suffocates from
the lack of oxygen.
In general, the field studies undertaken
by agricultural scientists confirm that disposal of large volumes of manure on
cropland helps to build and maintain soil
fertility, improve soil tilth, and decrease
erosion. It also contains many essential
plant nutrients, including trace elements
not found in "bag" fertilizer. ARS scientists, however, believe the better course is
to apply manure in lesser amounts as a
fertilizer and soil conditioner.
Despite the specific nature of the results
of the Bushland experiment, exactly how
much manure to apply is not easy to

determine. In every case, there are numerous variables as (1) waste characteristics—total nitrogen, water, salt, and heavy
metal content, (2) type of crop grown—its
nitrate absorption rate and its yield, (3)
fertility and salinity level of the soil, (4)
water management practices, (5) soil
characteristics—ranging from sandy
coastal plain soils to heavy clay soils, and
(6) climate.
Even when all these variables are
known and correct application rates have
been determined, nitrate absorption by
crop plants can vary with changes in
animal feed and weather conditions, and
nitrate may begin to accumulate in the soil
or plant. Thus, even with correct manure
application, soil samples must be taken
periodically to check for nitrate accumulation.
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Manure—natures own fertilizer—is once again being
spread on fields as ctiemical fertilizer prices increase
and waste disposal continues to be a problem.
1271A1604-5
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Waste as Feed. . . And Fiber
The nutritional value of manure has
been recognized for many years. A 1917
Farmers' Bulletin listed among the merits
of a hog its ability to utilize the feed that
cattle failed to digest. Such practices fell
from favor as management practices
changed and disease problems increased.
Current protein feed shortages and possibilities for offsetting the cost of animal
waste disposal have again stimulated interest in this area.
Waste has a proven potential for feed.
Studies show that animal waste is rich in
amino acids: poultry, cattle, sheep and
swine waste each contain all the different
amino acids.
The most promising research approach
so far is feeding dehydrated poultry manure to cattle. Because of the differences in
digestion of these two animals, cattle are
able to use the non-protein nitrogen compounds that cannot be used by chickens.
ARS scientists at Beltsville, Md., have
been testing the effects of feeding steers
a ration of 20 percent poultry manure and
80 percent grain. Feeding starts from early
age, when the steers weigh about 250
pounds, to finishing age, when they weigh
about 1200 pounds. For comparison, a
control group is being fed the same volume per day, but a ration containing
cornmeal supplemented with cottonseed
meal.
While preliminary results show no difference in weight and general health between the manure-fed steers and those on
the control ration, some nutrition and
health questions remain unanswered. Research in this area is continuing.
Should manure prove to be a safe and
practicable alternative to conventional protein supplements in beef cattle rations,
both farmers and consumers would bene-
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fit. Both now must share in the cost of
cottonseed meal, which is selling for approximately $100 a ton.
But before waste can be used as feed,
the practice must be determined to be
completely safe in terms of the meat
produced. An important area of manure
feeding studies is to determine if any
contaminants or additives exist in manure
both before and after processing for feed,
which ones will be absorbed by the animal, and if any would present a hazard to
the consumer. Testing is being undertaken
in ARS laboratories to identify, locate, and
determine the amounts of such contaminats as bacteria, viruses, veterinary drugs,
antibiotics, hormones, and heavy metals.
Research, thus far, shows that with correct management procedures, the quality
of the product of the consuming animal is
unaffected.
ARS researchers are particularly concerned with residues in poultry manure
because of its great potential as a feed
ingredient in ruminant rations.
Sometimes residues are made harmless
by the digestive processes of the animal.
Residue amounts can also be significantly
decreased by withdrawing the manure
ration several days before slaughter. This,
in effect, allows the animal to metabolize
any excess amounts in its system.
In this complex field of tracing, locating,
and measuring any additives or contaminants both inside and outside the animal's
body, scientists are making headway.
Some feed wastes now appear to be
relatively safe. Others will require more

study to be certain of complete safety.
Before manure gets to the refeeding
stage, it usually is "processed" in some
way to kill off disease organisms, to
increase its digestibility, and to alter its
consistency so that it will readily mix with
other constituents of the feed ration. Scientists are working on various processing
methods that will do the job better and
cheaper.
ARS scientists have developed an entirely new system to do this, and much
more. They are attempting to use all of
the manure so that nothing will be left to
waste or pollute.
Using screens and filters, scientists are
separating the digestible and undigestible
components of manure from corn-fed cattle. In each separation process, almost
half is recovered as digestible feed. This
feed fraction is comparable to soybean
meal in protein content and amino acid
balance; it has high levels of lysine and
methionine.
In addition to its feed potential, this
recovered part also serves as food for a
kind of fungus that likes cellulose. As the
fungus digests any cellulose it finds in the
feed fraction, it produces an enzyme that
digests fiber. Scientists added this enzyme
to chicken feed with the result that the
feed's digestibility markedly improved.
Surprisingly, when baby chicks ate this
enzyme-treated feed, they ate less, produced less manure, and still gained as
much weight as the chicks on a normal
ration.
From current evidence, waste as feed
holds promise as a safe and valuable
source of energy for animals, but further
studies are needed on the nutritional quality and feeding effects of the manure.

Waste as Fuel
Our Nation, beset by chronic energy
shortages, must develop alternate power
sources for farm use. Unlike the nonfarming public, farmers cannot cut back on
energy use. The days of farm surpluses
are virtually over. Farmers now must use
Intensive farming practices just to keep up
with the food demands of our increasing
population. This also means that even
with increasing fuel shortages, farmers
must somehow double their food production each generation.
Virtually every activity on a modern,
high-productive farm uses energy, either
in the form of fuel or electricity. To cut
back or conserve energy could mean
fallowed fields for the farmer and bare
grocery shelves for the consumer.
A way to help prevent this from happening is to make farmers more energy
independent. With their own energy supplies from solar power, wind power, and
manure power, they would be less vulnerable to national energy shortages.
Manure power looks promising. In
research conducted under contract for
ARS, methane gas is being produced from
dry cattle manure at a rate of 10 to 12 cu. ft.
for each pound of manure. This is done by
subjecting the manure to anaerobic
digestion under controlled conditions. Of
the gases that are collected, about half is
methane. Scientists are also working on
reuse possibilities for the other gases that
are formed, like hydrogen sulfide.
A pilot plant, under continuous operation, has been successfully producing
methane for 2 years. Results of this pilot
operation show that enough methane can
be produced from moderate-size feedlots
of 7,000-15,000 head, to power this entire
process with fuel to spare for other uses.
Besides all this, there is another useful
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spin-off. As the anaerobic bacteria digest
the raw manure, it turns into a proteinenriched residue. The total solids are
reduced and the net yield of protein is the
same or only slightly less.
The methane gas technique, however,
has been used when petroleum fuels
were not readily available. It is currently
popular in India and Taiwan. Application of
the process in the U. S. has not been
considered practical because other less
costly sources of energy have been readily available. Shortages of petroleum and
rising cost of fuels, however, should make
the process more competitive.
As yet, it has not been determined
whether the amount of methane obtained
(particularly for small farming operations)
will be sufficient to compensate for equipment and operational costs.
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A Look Into the Future
Waste management research is increasingly attracting scientists from many disciplines. Soil scientists are defining plant
and soil limits of waste application. Microbiologists and biochemists are developing
techniques for deodorizing, masking, and
digesting animal waste odors. Limnologists are studying the impact of runoff on
fish. Engineers are developing techniques
and equipment that will make the processes most effective. With this expert
manpower, things will be happening.
Looking into the immediate future, we
can see feedlots and other livestock operations placed far away from rivers and
streams, and surrounded by a greenbelt
buffer zone to discourage invading subdivision development. All runoff water will be
captured in detention basins and lagoons.
"Manurigation" will be practiced, and land
will be set aside for the purpose of
accepting waste.
Looking into the future, we can see
super dome-like structures housing thousands of animals. The inside will be
environmentally controlled—air will be filtered and treated to eliminate odors, and
temperatures and humidity will be maintained for maximum feed conversion. And
there will be no runoff.
These new livestock operations will be
further isolated. Zoning regulations may
exile them to a designated area of State
or county. Each operation will have a
buffer zone of cropland, which would be
used to recycle waste that is not used for
other purposes.
The open lagoon will evolve into a
closed, watertight container from which no
odors can escape. Gas will be collected
and used as fuel to heat the contents,
causing the tank to become a digester.
Because research will produce grains
with more vitamins and better proteins,
animal nutritionists will remodel livestock

rations. The composition of the ration will
be altered and the manure from these
rations will be of a different type. This
manure will support the purchase and
operation of equipment that will transform
waste back into feed.
All of this is possible and with the help
of agricultural research may become a
reality.
i

Catchment pond, or sedimentation basin, studies are
providing a hopeful means to control feedlot runoff.
The water is periodically drained and the residue is
then scraped and used as fertilizer on nearby fields.
(BC-Feedlot-0-68)
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