j^^^ United States
wLLis: Department of
\^^ Agriculture
Office of
Transportation
Agricultural
Handbook
Number 669

Protecting
Perishable Foods
During Transport by Truck

I

ñ .-. A

o "♦ II'^nL'

'r M *i"

A

f/>^jm>7/>y^?.
:3

-

^^Jg^J^

^t '

Í3C

ív

'i'

f].

893082

September 1987

Protecting Perishable Foods
During Transport
by Truck
By B. Hunt Ashby S R. Tom Hmsch 2, Lawrence A. Risse ^
Willam G. Kindya ^ William L. Craig Jr. ^ and
Mark T. Turczyn ^

'Agricultural Marketing Specialist, Export Services Branch, Office of Transportation (OT), U.S.
Department of Agriculture (USDA), Washington, D.C. 20250.
^Agricultural Marketing Specialist, European Marketing Research Center, Agricultural Research
Service (ARS), USDA, Rotterdam, The Netherlands.
^Agricultural Marketing Specialist, U.S. Horticultural Research Laboratory, ARS, USDA, Orlando,
PL 32803.
"♦Economist, Rural Transportation Economics Branch, OT, USDA, Washington, D.C. 20250.
'Agricultural Marketing Specialist, Export Services Branch, OT, U.S. Department of Agriculture
(USDA), Washington, D.C. 20250.
«^General Engineer, Domestic Services Branch, OT, USDA, Washington, D.C. 20250.

Contents

Introduction
I. Important Factors in Protection of Perishables Foods
Refrigeration
Refrigeration Methods
Mechanical Refrigeration
Ice
Cryogenic Refrigerants
Air Circulation
Top-Air Delivery
Bottom Forced-Air Delivery
Humidity
Insulation
Precooling the Product
Freezing and Chilling Injury
Controlled and Modified Atmospheres

1
1
2
2
2
3
4
6
6
7
7
8
10

II. Preparation for Loading
Cleaning and Sanitation
Maintenance of Vehicle Interior
Precooling or Preheating of the Vehicle

13
13
14

III. Loading Considerations
Type of Air Delivery
Type of Shipping Container
Whether Frozen or Nonfrozen
Bracing
Compatibility of Mixed Loads
Whether Palletized or Unitized
Length of Transit Period

15
15
16
16
17
18
18

IV. Loading Methods
Basic Terminology
Airflow Loading Patterns
Bottom Forced-Air Delivery Loading

!

19
19
22

Unitized Loading and Handling
Unit Load Patterns

23
27

V. Regulatory Considerations for Truck Construction
Materials and Cleaning Compounds
29

VI. Commodity Requirements
Fresh Fruits and Vegetables
Apples
Apricots
Artichokes
Asparagus
Avocados
Bananas
Beans (green, snap, or pole)
Beans (lima, in pods)
Beets
Beet Tops
Blackberries
Blueberries
Broccoli
Cabbage
Cantaloups
Carrots
Cauliflower
Celery
Cherries
Corn (Sweet)
Cranberries
Cucumbers
Eggplant
Endive and Escarole
Garlic
Grapefruit
Grapes
Kale
Kiwi Fruit
Lemons
Lettuce (head)
Lettuce (leaf)
Limes
Mangoes

30
31
31
31
32
32
33
34
34
35
35
36
37
37
38
38
39
39
39
40
41
41
42
42
42
43
43
45
45
46
47
47
48
48

Melons
Mushrooms
Okra

4g
49
50

Onions (green, shallots and leeks)
Onions (dry) .... ?
Oranges
Parsley
Parsnips
Peaches and Nectarines
Pears
Peas (green and snow)
Peppers
Pineapple
Plums and Fresh Prunes
Potatoes
Radishes
Raspberries
Romaine
Rhubarb

50
50
5j
51
52
52
53
54
54
55
55
55
57
57
58
5g

Spinach
Squash and Pumpkins
Strawberries
Strawberry Plants
Sweet Potatoes
Tangerines
Tomatoes (mature-green)
Tomatoes (pink)
Tomato (transplants)
Watermelons

Canned Foods

5g
59
50
50
51
5j
52
52
53
53
65

Dairy Products
Butter and Margarine
Cheeses

58
58

Fresh and Cured Meat and Fresh Seafood
Boxed Meats
Carcass Meats

70
70

Loading Fresh Beef Carcasses

72

Frozen Foods

74

Poultry and Eggs
Poultry (Fresh ice-packed and fresh-chilled)
Shell Eggs

76
76

Appendix I
Estimating Mobile Refrigeration Requirements
Sample Refrigeration Requirement Calculation

79
83

Appendix II
Load Compatibility Groups

86

Appendix III
Table 9—Recommended Protective Services for Perishable Foods During
Transit

Selected Bibliography

91

94

List of Tables

Table 1.—Sensitivity of Some Fruits and Vegetables to Freezing
Table 2.—Some Fruits and Vegetables Subject to Chilling Injury at AboveFreezing Temperatures
Table 3.—Examples of MUM Container Sizes for Fresh Fruits and Vegetables
Table 4.—Freezing Temperatures of Selected Canned Foods
Table 5.—Ideal Temperatures for Transporting Cheese (from ASHRAE
Refrigeration Handbook, 1986)
Table 6.—Recommended Temperatures and Humidities for Protecting Fresh,
Curred and Processed Meat and Seafood During Transit (from
ASHRAE Refrigeration Handbook, 1986)
Table 7.—Specific Heat Above and Below Freezing of Certain Perishable
Products (from ASHRAE Handbook, 1982 Applications)
Table 8.—Approximate Amount of Respiration Heat Produced by Certain
Fruits and Vegetables at the Temperatures Indicated
Table 9.—Recommended Protective Services for Perishable Foods During
Transit

List of Figures

1. Pathways of air in a trailer equipped with a traditional top-air delivery
system.
2. Pathways of air in a trailer equipped with a bottom forced-air delivery
system.
3. Effect of different floor configurations on return air space.
4. A typical starter stack at the front bulkhead to allow air to return to the
refrigeration unit through lengthwise channels in the load.
5. (a) Crosswise offset stacking of boxes and (b) pyramid stacking of bags
to reduce contact of the product with the vehicle walls during extremely
hot or cold weather.
6. Dimensional view of a load in a motor truck semitrailer, showing
arrangements of containers in rows, stacks, and layers.
7. A typical airflow loading pattern for commodities packed in fiberboard
boxes.
8. The airflow loading pattern can be used for both refrigerated and
ventilated loads as shown in the above illustrations with bagged
commodities. Note the construction of the first or starter stack. This is
required to avoid blocking the air channels (see text).
9. An airflow loading pattern for commodities packed in wood wirebound
crates.
10. An airflow loading pattern modified to provide full-length and depth air
channels between rows. Note: Wooden strips are placed crosswise on
layers to stabilize the load. Also, no starter stack is needed with this
pattern.
11. A chimney stack loading pattern recommended for vehicles with bottom
forced-air delivery.
12. A MUM (Modular, Unitized, Metric) load.
13. Effect of different unit load patterns on the number of cartons contacting
the floor and walls in a typical load of lettuce.
14. Overhead view of the three basic pallet or unit load patterns in a highway
trailer or container: (a) Pinwheel, (b) straight-in with open space along
the walls, and (c) straight-in with open space down the center.
15. Example of method for bracing a load at the rear doors.
16. Example of strapping on a unit load.
17. A winter load of beans in 1-bushel hampers loaded in an alternately
inverted layer, row, and stack pattern.
18. Summer, or warm weather, loading pattern for 1-bushel hampers of beans.
Note space between rows for air circulation.

19. Bushel tub-baskets shown loaded by the alternately -inverted and
-crosswise -offset method.
20. Trays of berries loaded with continuous air channels between rows and
with wooden strips across every fourth layer for load stability.
21. Fiberboard boxes of prepackaged grapefruit loaded in a trailer. Note that
the boxes are stacked on slip-sheets for unitized handling.
22. Bushel baskets loaded in a nonoffset, bottom-to-bottom and top-to-top
alternately inverted pattern and top-iced.
23. A method of loading fiberboard boxes of honey dew melons in a trailer
with provision for lengthwise air channels through the middle of the
load.
24. An end view of an airflow loading pattern for commodities packed in
wooden lugs. Note: Each stack must be the same to maintain continuous
lengthwise air channels; and crosswise stripping stabilizes the load.
25. A crosswise-offset-by-layers airflow loading pattern for tomatoes packed in
partial telescope fiberboard boxes.
26. Side and end views of a mixed load of hanging forequarters and
hindquarters of beef.
27. Rear view of a truckload of eggs in fiberboard boxes. Note the bracing
used to secure the load in the area over the rear wheels.

Preface

This handbook supersedes Agriculture
Handbook No. 105, "Protecting
Perishable Foods During Transport
by Motortruck," issued in 1956 and
revised in 1970. This updated edition
reflects the dynamic changes and
innovations in the handling and
transportation of perishable foods.
Some of these are the increasing use
of unitization, metrication, and
bottom forced-air delivery in trailers.
We extend our appreciation to the
many individuals and organizations
who provided information or other
assistance in revising this handbook.

For sale by the Superintendent of Documents,
U.S. Government Printing Office, Washington,
DC 20402

Introduction

The majority of perishable food
products in the United States are
transported to market in refrigerated
truck/trailers. The development of the
interstate highway system and traileron-flatcar (TOFC or piggyback)
services allow fresh fruits and
vegetables from production areas as
far as the West Coast to be on the
supermarket shelves on the East
Coast a few days after harvest.
Consumers all over the United States
enjoy a wide choice of nearly field
fresh products all seasons of the year.
An estimated 5 percent or $300
million worth of fresh produce is lost
annually during the transportation
phase of the distribution cycle. To
prevent these losses, the shipper and
the trucker must know the specific
requirements for protecting the
commodity being transported. The
purpose of this publication is to
present information on the
transportation requirements of the
more commonly transported foods in
a convenient and usable reference
handbook.

I. Important Factors in Protection of Perishable
Foods

Refrigeration

Therefore, the exterior of the vehicle
should be kept clean.

The object of refrigeration is to
prolong storage and shelf life and to
maintain quality by lowering the commodity temperature so that metabolic
deterioration and decay by microorganisms are retarded. To refrigerate,
heat must be removed. Heat is a
positive and measurable form of energy that always radiates or flows
toward the cold or refrigeration
source.

(4) Infiltration of heat from warm
outside air through small holes and
cracks increases the refrigeration requirements considerably. The body
and door seals of the trailer should be
kept in good repair.

In the United States, heat is measured
in British thermal units (Btu). The
Btu is defined as the amount of heat
required to raise the temperature of 1
lb (0.45 kg) of water 1°F (0.56°C).
The metric equivalent of a Btu is the
kilojoule (kj) or 1 Btu = 1.005 kj.
A truck refrigeration system must
have sufficient capacity to remove
heat generated by the following
sources:
(1) Residual heat from the air inside
the trailer.
(2) Residual heat in the insulation and
inner lining of the trailer.
(3) Exterior heat conducted through
the floor, walls, and ceiling is dependent on the temperature differential
between the inside and outside air,
type and thickness of insulation, and
the area of the conducting surfaces.
Solar radiation will increase the temperature of outside surfaces where the
trailer body is exposed to the sun.
Since a dark surface absorbs more
heat than a light one, a polished
white or reflective metal outside surface is preferable. Even a polished
surface loses its ability to reflect solar
heat if covered with dirt and grime.

(5) Excess heat in the commodity,
which may be at a higher temperature
than desired when loaded in the vehicle, should be removed by precooling
the product to the desired transit temperature before loading.
(6) Heat of respiration is generated
by all fresh fruits and vegetables.
Some products, such as asparagus,
corn, and strawberries, respire at a
higher rate than other products such
as apples, oranges, and potatoes. The
rate at which respiration heat is
generated also varies with the temperature of the product. It is considerably less at temperatures near freezing
than at normal harvest temperatures.
Ventilation holes in the shipping containers and load patterns with ventilation channels assist in the removal of
respiration heat.

Refrigeration Methods
Over the years, a number of methods
of refrigerating trucks have been
used. These include ice, ice and salt,
dry ice, hold-over plate systems,
cryogenic systems, and mechanical
refrigeration. Today, however,
mechanical refrigeration is the
predominant type. Trailers
refrigerated with cryogenic
refrigerants, usually liquid carbon
dioxide (COJ or nitrogen (NJ, have
been used to^ some extent over the
past two decades, but they have not

made significant inroads over
mechanical refrigeration.
Mechanical Refrigeration
Mechanical refrigeration operates by
absorbing heat at one point and
dispensing it at another. This is
accomplished by circulating a
refrigerant (usually freon) between
two points. The refrigerant picks up
heat through a coil (evaporator)
inside the cargo space and discharges
it through another coil (condenser) on
the outside. The refrigerant is
circulated through the system by a
pump (compressor), driven by
gasoline, diesel, or electrical power.
Two types of thermostatically
controlled mechanical units are most
commonly used on refrigerated
trailers. One type (nosemount) has
the engine, condenser, and other
accessories mounted on the nose of
the trailer, with the evaporator coils
and air fans directly inside the front
of the trailer. The other type
(undermount) has the power unit,
condenser coil, and accessories under
the frame of the trailer, with the
evaporator coil and fans inside the
front of the trailer.
Refrigerated van containers built for
intermodal service have the
compressor engine and condenser coil
recessed flush with the outside
surfaces in the front section of the
containers. This is so the containers
can be evenly stacked aboard
containerships.

Ice
Ice is a good refrigeration medium
for produce in that 1 lb (0.45 kg)
will absorb 144 Btu's (144.7 kj) of
heat. In addition to refrigerating, ice
will help maintain humidity inside the
vehicle. The main drawbacks for ice
are its weight which cuts down on
the pay load; the difficulty and
expense of replenishing ice en route;
and the water-resistant shipping
containers that are required.
At present, the primary use for ice is
in crushed or slush form blown over
top of produce loads to refrigerate
and to maintain high levels of
humidity for certain products. This
practice is usually referred to as ''top
icing." For some produce, block or
top ice may be used as an emergency
refrigeration source in the event of
mechanical unit failure.
The recommended procedure for top
icing is to apply the crushed ice on
top of the load in three lengthwise
windrows. The thermostat should be
set at 35 °F (1.7°C) to allow the ice
to melt steadily during the trip. A
colder setting may crust or freeze the
ice and block air circulation, thus
allowing heat buildup in the interior
of the load.
Caution must be taken that the
crushed top ice is not so cold that it
will freeze produce on contact. Ice
may come out of cold storage as cold
as25°F (-3.9°C).
Cryogenic Refrigerants

Mechanical refrigeration units are
rated according to their ability to
remove heat. The capacity of a unit
is expressed in the number of Btu's
per hour that a unit can remove at
100 °F (38 °C) outside and at 35 °F
(1.7°C) and 0°F (-18°C) inside
temperature. The refrigeration
capacity needed for a particular
vehicle will depend on the amount of
heat to be removed and the extra
(reserve) capacity desired.

Cryogenic (low-temperature)
refrigerating systems, which use
liquid or solid carbon dioxide (COJ
or liquid nitrogen (N^), are available
for highway trailers. They are used
primarily in delivery operations
requiring 1 day or less transit time
since supplies of liquid cryogens are
not available at truck stops. A major
advantage of the cryogenic systems is
that they have fewer moving parts to

maintain and replace than mechanical
systems.
Liquid cryogenic systems usually
operate by having the liquid
refrigerant in pressurized tanks. A
temperature-sensing element inside
the trailer activates a controller which
releases the liquid refrigerant through
a spray nozzle at the ceiling of the
trailer. The liquid CO or N^ spray
flashes into gas as it hits the^ warmer
air in the trailer, thus absorbing the
heat. When the desired temperature is
reached, the sensing element sends a
signal to the controller to shut off the
flow of refrigerant. In another type
system, the liquid CO^ is circulated
through a coil or plate heat exchanger
and the vaporized gas vented outside.
Several precautions must be taken
where CO^ or N^ gases may have
replaced oxygen in a transport
vehicle. Most importantly, workers
entering a vehicle with concentrations
of CO^ or N gases may be rendered
unconscious by the lack of oxygen.
Therefore, several minutes should be
allowed before any person enters a
truck after the doors are opened to
allow replenishment of oxygen to a
normal concentration.
Cryogenic refrigerant gases may have
an adverse effect on some fresh
produce. Most fresh fruits and
vegetables will eventually suffocate in
a 100 percent N^ atmosphere,
although many products will tolerate
high levels of N^ for a few days
without injury. High percentages of
CO^ gas in the atmosphere may cause
off-flavors, off-colors, and
physiological disorders in fresh
produce. On the other hand,
moderate concentrations of this gas
have been successftilly used to retard
decay and ripening of fruits and
vegetables during transit and storage
without harm to the products.
Generally, N^ atmospheres are not
harmful to the product, and CO^
atmospheres help retard microbial
growth on fresh meat and meat

products (see Controlled and
Modified Atmospheres). Neither CO
nor N^ gas will harm frozen foods. ^
The gas from vaporizing CO is
heavy and settles quickly to t^e floor
of the trailer. Fans should be
operated continuously in CO
refrigerated loads of fresh products to
prevent freezing in the bottom layers
and overheating in the top layers of
the load.
One lb (0.45 kg) of liquid N will
absorb about 165 Btu's (165.Í8 kj) of
heat from cargoes held at 0°F
(-18°C) or below and 175 Btu's
(175.9 kj) from those held above
32°F(0.0°C). The rate of heat
absorption for 1 lb (0.45 kg) of liquid
CO^ at 300 lb per inch (136 kj/6.45
cm) pressure is about 120 Btu's
(120.6 kj) for cargoes below 0°F
(-18°C) and 130 Btu's (130.7 kj) for
cargoes above freezing.
Solid CO^ or dry ice may be in the
form of blocks, snow, or pellets, all
of which are used as refrigeration
mediums in transport vehicles. The
most frequent use of solid CO^ is in
frozen food and ice cream delivery
trucks. Solid CO^ may be used as an
emergency refrigerant in the event of
mechanical unit breakdown, provided
the aforementioned precautions are
taken. Dry ice changes into gas at
-109°F (-78.3 °C) and has excellent
heat absorption properties. It will
absorb about 240 Btu's (241 kj) of
heat per lb (0.45 kg) from cargoes at
32 °F (0.0°C).

Air Circulation
Regardless of the method of
refrigeration used, provision should
be made for the refrigerated air to
circulate uniformly to all parts of the
load. In warm weather, the primary
purpose of air circulation is to carry
product heat and heat penetrating
walls, floors, and ceiling of the
trailer to the refrigeration coil where

it can be removed by the refrigeration
system. In freezing weather, heated
air may be circulated to keep fresh
produce from incurring chilHng or
freezing injury. Air circulation also is
important to ensure uniform
temperatures throughout the load.
Circulating air, like water, tends to
take the path of least resistance or
short-circuit back to the blower.
There are two major methods of
circulating air in refrigerated trucks.
The overhead or top-air delivery is
the conventional method. A bottomair delivery system has been
employed extensively in sea-going
containers for over a decade but just
recently in highway trailers. Figures
1 and 2 illustrate these two methods
of air delivery.

1. Ceiling ducts to direct the air from
the blower to the rear of the
trailer.
2. Load patterns that provide
unblocked air channels throughout
the load for the air to follow in
returning to the blower intake.

Top-Air Delivery

3. Cross bracing at the rear of the
load to prevent the load from
shifting or toppling backwards and
blocking air circulation between
the load and the rear doors. At
least 4 in (10 cm) of free space
should be left between the rear
doors and the end of the last stack
in the load. Bracing at the rear
door is especially important in
TOFC or piggyback loads where
the trailer may ride backwards on
the flatcar and the load is likely to
shift toward the rear doors.

In trailers with conventional top-air
delivery, air circulation and
subsequent load temperatures are
enhanced by:

4. Floor designs that increase the
amount of air that can be
circulated under the load. About
240 square inches (1,548 cm^) of

T Rail Floor

Figure 1.
Pathways of air in a trailer
equipped with a traditional
top-air delivery system.
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Figure 2.
Pathways of air in a trailer
equipped with a bottom
forced-air delivery system.
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Effect of different floor
configurations on return air

spare.
return air passage are needed for
the average trailer's refrigeration
fan to operate at 100 percent
capacity. Figure 3 shows the effect
of different floor configurations on
return air space. Where inadequate
air circulation space is available,
pallets may be positioned on the
floor with their stringers running
lengthwise of the trailer. This
practice will help prevent the
product from freezing on the floor

in cold weather or overheating in
hot weather.
5. Recessed-groove or inverted-rib
sidewalls to provide vertical air
channels for cold air to circulate
down the sides of the load to
reduce the amount of heat
conducted across the walls to or
from the product.
6. Bulkheads designed not to block
the air returning to the blower. If

the air is blocked, the fan will
turn, but not blow air. Some
newer trailers have a false
bulkhead wall with metal screen or
holes in the bottom area for return
air passage. If not, the prevailing
practice is to set wood pallets on
end with the stringers vertical
between the bulkhead wall and the
first stack of the load. Channels to
direct return air to the blower
intake also may be constructed by
attaching vertical strips at least
2-in (5-cm) thick on the bulkhead
wall or by constructing a "starter
stack" with vertical channels
(figure 4). The top layer, however,
should be loaded solidly to force
the air to the rear of the vehicle
where it will return to the blower
intake through air channels and
under the full length of the load.
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7. Vented boxes are essential for
maximizing the removal of field
and respiration heat by circulating
air. Products should not be shipped
in nonvented containers unless they
have a low respiration rate and are
precooled to the desired transit
temperature before loading.
Bottom Forced-Air Delivery
A few of the newer refrigerated
highway and TOFC trailers and a
number of overseas van containers
are equipped with bottom or underthe-floor forced-air delivery. In this
type system, the air is forced under
and up through the load at a rate of
3,000 to 5,000 cubic feet per minute
(85 to 142 m^s) and at a static
pressure of 1.5 to 3 inches of water
(0.37 to 0.73 kPa). The air returns to
the blower over the top of the load
and through the top of the bulkhead.
This system works best when the
shipping boxes have matching top and
bottom vent holes. They should be
tightiy stacked in register to provide
passageways through the matching
holes for through-the-load air
circulation. If such boxes cannot be
used, a small amount of space should
be left between rows of the boxes for
vertical ventilation. Also, if the boxes
are handled on pallets or slipsheets,
provision should be made to match
holes in the load base with the vent
holes in the boxes or the vertical air
channels in the unit load. It also is
important to block unloaded space
over the T-rail floor between the end
of the load and the rear doors (see
figure 2) to maintain air pressure
under the load.
Humidity

First Stack in Trailer

Figure 4.
A typical starter stack at
the front bulkhead to allow
air to return to the
refrigeration unit through
lenghtwise channels in the
load.

The humidity or moisture content of
the air surrounding the fresh fruit and
vegetables is an important factor in
maintaining quality during transport.
Most perishable horticultural products
require high relative humidities of 85
to 95 percent to prevent dehydration
and to keep them fresh and crisp.

Relative humidity, as used in this
text, is simply a percentage figure
indicating the amount of water vapor
in the air in relation to the saturation
point of the air at a given
temperature.
In mechanically refrigerated vehicles,
moisture is constantíy condensed from
the air by the refrigeration coil. In
turn, moisture is evaporated from the
product to replace the moisture lost at
the coil. Some product moisture loss
during transit has to be accepted, but
it can be minimized by the following
practices:
• Using top or package ice where
possible.
• Thorough precooling to reduce
the temperature differential
between the product and the
surrounding air.
• Keeping the refrigeration coil
only a few degrees colder than
the desired transit temperature.
• Waxing the product or using
semi-permeable wraps to reduce
evaporation.

laminated between exterior and
interior fiberglass or plastic walls.
The extruded panels eliminate metal
wall and ceiling support members
which greatly reduces heat
conductance into the vehicle. The
superior insulation characteristics of
extruded walls also allow reduced
wall thickness and the subsequent
advantages of increased load cube and
low tare weight.
The polished stainless steel and
aluminum used for the outside skin
on trailers also helps to insulate by
reflecting heat rays off the surface of
the body. There also are "space age"
formulated reflective paints for
refrigerated vehicles. The reflecting
effect of any material is diminished,
however, if the outside of the vehicle
is not kept clean.
High-quality insulation will be of
little value if door seals or seams of
the trailer are leaking. For maximum
insulation effect, the door seals must
be kept properly fitted and in good
repair.

Insulation
Any vehicle used to transport
perishable food products should be
well insulated to retard the flow of
heat or cold through its walls.
Insulating quality is measurable, and
the most commonly used units of
measure for trucks are the K and U
factors. The lower the K or U factor,
the better the insulation.
Today, plastic foams are the
predominant material used in
insulating refrigerated trailers because
they offer a low K factor, are
lightweight, waterproof, and
noncorrosive. Additional insulation
advantages are obtained when the
plastic is "foamed in place" filling
cracks and crevices that would
otherwise allow air leakage.
Some newer refrigerated trailer
bodies are constructed of extruded
"sandwiched" panels with foam

Precooling the Product
To maintain a fresh appearance,
prevent decay, and extend the market
life of most fresh fruits and
vegetables, it is necessary to start
lowering the temperature and
removing the field heat from the
product as soon after harvest as
possible. Any cooling completed
before the product is shipped is
referred to as precooling by the
industry. Precooling may include one
or a combination of the following
methods:
• outside or ambient air cooling
• refrigerated forced air
• vacuum cooling
• hydrocooling
• liquid or package ice
• room cooling, or
• the vehicle's own refrigeration
while stationary at the loading
dock.

Many fresh fruits, vegetables, and
carcass meats are shipped before they
have been precooled to the proper
transport temperature. The ideal
situation would be for the carrier to
accept only properly precooled
products. When this is not practical,
the trailer's refrigeration system has
to bear the additional precooling heat
load.
Most modern-built truck refrigeration
units have the capacity to remove a
reasonable amount of remaining field
heat as well as take care of the
respiration heat and heat transferring
through the vehicle walls. However,
if the product temperature is well
above the desired transit temperature,
the heat load should be estimated
(example in the Appendix). Should
the estimated heat load be more than
the refrigeration unit is rated to bear,
the trailer should not be used, or the
refrigeration should be supplemented
with top or package ice.

Freezing and Chilling
Injury
Trucks transporting perishables
through areas with outside
temperatures much lower than 32 °F
(0°C) may need to be heated rather
than refrigerated to prevent freezing
or chilling injury. Freezing fresh
meat will darken its color and
increase thaw drip. Eggs may crack
and incur irreversible physical
changes by freezing. The texture of
some cheeses is changed by freezing.
Low temperature injury to fruits and
vegetables may be caused by
temperatures above freezing, usually
referred to as chilling injury.
Freezing losses are most common in
fruits and vegetable such as apples.

Table 1.—Sensitivity of Some Fruits and Vegetables to Freezing
Most sensitive ^

Moderately sensitive ^

Least sensitive '

Apricots
Asparagus
Avocados
Bananas
Beans, snap
Berries (except cranberries)
Cucumbers
Eggplant
Lemons
Lettuce
Limes
Okra
Peaches
Peppers, sweet
Plums
Potatoes
Squash, summer
Sweetpotatoes
Tomatoes

Apples
Broccoli, sprouting
Cabbage, new
Carrots
Cauliflower
Celery
Cranberries
Grapefruit
Grapes
Onions, dry
Oranges
Parsley
Pears
Peas
Radishes
Spinach
Squash, winter

Beets
Brussels sprouts
Cabbage, old
Dates
Kale
Kohlrabi
Parsnips
Rutabagas
Salsify
Turnips

Commodities likely to suffer injury by one light freezing.
Commodities able to recover from one or two light freezings.
Commodities that can be lightly frozen several times without sustaining
serious damage.

Table 2.—Some Fruits and Vegetables Subject to Chilling Injury at
Above-Freezing Temperatures
Commodity

Avocados:
Cold tolerant varieties
Cold intolerant varieties
(West Indies)
Bananas
Beans (snap)
Cucumbers
Eggplants
Grapefruit
Lemons
Limes
Mangoes:
Irwin and Zill varieties
Haden and Keitt varieties
Melons:
Honey dew, Casaba, Crenshaw,
and Persian
Watermelons
Okra
Oranges, California- and
Arizona-grown
Papayas
Peppers, sweet
Pineapples:
Mature-green
Ripe
Potatoes:
Table stock
Chipping
Pumpkins and hardshell squashes
Sweetpotatoes
Tomatoes:
Mature-green
Pink

celery, and lettuce which normally
move at temperatures near their
freezing point. The extent of injury
varies with the characteristics of the
product and the severity of freezing.
Commodities such as beets and
cabbage can withstand light freezing

Approximate Lowest
safe temperature

40

4.4

55
55
45
45
45
50
50
45

12.8
12.8

7.2
7.2
7.2
10.0
10.0

7.2

50
55

10.0
12.8

45
40
45

7.2
4.4
7.2

38
45
45

3.3
7.2
7.2

50
45

10.0

38
50
50
55
55
45

7.2
3.3
10.0
10.0
12.8
10.0

4.4

and thawing several times without
permanent injury. Other products
such as potatoes and tomatoes are
permanently injured by only one
slight freezing. Table 1 groups
certain commodities by their
sensitivity to freezing injury.

Some fruits and vegetables incur
chilling injury at temperatures above
32 °F (0°C). Symptoms of chilling
injury may be pitting, discoloration,
off-flavors, and physiological
deterioration. Often it decreases the
ability of the product to resist decay.
Chilling injury varies with both time
and temperature. Some commodities,
such as bananas, will be injured by a
few hours exposure to chilling
temperatures. Others can be held
below the desired storage temperature
for several days before incurring
serious injury. Table 2 lists some of
the major produce products
susceptible to chilling injury when
held below recommended
temperatures during transit.
Since heat moves toward the cold
source, during very cold weather the
heat frorh the product loaded against
the walls and floor in a truck will
move outward. The best methods of
preventing this heat loss and
subsequent freezing or chilling
damage are by: (1) reducing the
amount of surface contact of the
product and the floor and walls and
(2) circulating the warmed air around
the perimeter of the load.
Various loading methods may be used
to reduce product contact with the
walls and floor. For example, the
offset-by-layers method of loading
fiberboard boxes of apples reduces
box contact with the walls by about
50 percent and also provides ducts
for warm air to circulate along the
length of the wall (figure 5). Another
method is the pyramid stacking of
bagged products (figure 5a). Lining
the floors with heavy corrugated
fiberboard or plastic foam sheets will
provide some insulation and
cushioning.
Perimeter air circulation will be
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enhanced by using T-rail floors 2.5
inches (6.4 cm) or deeper. When the
vehicle is not equipped with deep
beam floors, the prevailing practice is
to put pallets or disposable wooden
floor racks on the floor to prevent
contact of the product and floor and
for more space for the heated air to
circulate under the load. Vertically
grooved walls also will increase air
circulation down the walls and reduce
surface contact with the product.
Palletized loads should be loaded
away from the wall in extremely cold
weather especially if the walls are not
grooved.

Controlled and Modifíed
Atmospheres
Considerable attention has been given
to transportation of perishables in
controlled or modified atmospheres,
usually low in oxygen. Such
atmospheres are achieved by altering
or displacing the oxygen (O^) in the
normal atmosphere inside the trailer
body with a concentration of one or
several other gases. Lack of oxygen
is intended to retard the ripening,
aging, and decay that take place in
normal air. A "controlled"
atmosphere (commonly referred to as
"CA") is attained when the
concentrations of gases making up the
atmospheres are carefully controlled
at the desired levels. However, if the
concentrations of gases making up the
atmosphere are not carefully
controlled at the desired levels, the
atmosphere should be referred to as
"modified" rather than controlled.
Carbon dioxide (CO^) and nitrogen
(N^) are the two gases more
commonly used to attain controlled or
modified atmospheres for fresh fruits
and vegetables while in transit by
truck.
The research conducted so far with
controlled atmospheres has shown
that nearly every product, and
sometimes each variety, has a
different combination of gases in

Longitudinal View A-A
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Figure 5.
(a) Crosswise offset
stacking of boxes and
(b) pyramid stacl<ing of
bags to reduce contact of
the product with the
vehicle walls during
extremely hot or cold
weather.

which it keeps best during storage.
An atmosphere that improves the
keeping qualities of one product may
have an adverse effect on another.
For example, one variety of apple
may react differently from another
under the same storage atmospheres.
Temperature and humidity are other

variables that modify the effects of
controlled atmospheres.
Modified atmospheres in truck
shipments are used primarily as a
supplement to refrigeration. A major
problem is to seal the truck tight
enough to hold the concentration of
11

gases at high enough levels for the
duration of the transit period. The
more common practice is to load the
trailer, apply a plastic film curtain
sealed around the inside of the rear
doorway, evacuate the air through
port valves, and then inject the
desired gas or gases to obtain the
desired atmosphere. In some cases, a
large plastic bag is inserted in the
trailer, and the product is loaded into
the bag and then the atmosphere is
modified. For extended transit
periods of more than several days,
the vehicle should be recharged with
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gas en route. For less than truckload
lots, pallet loads of the product are
sealed in plastic bags and injected
with the modified atmosphere.
Strawberries are the most common
product shipped under modified
atmospheres. Usually CO^ gas is the
basic ingredient in atmospheres for
berry and cherry shipments because it
is a mold retardant. N^ gas usually is
the basic ingredient for modified
atmosphere shipments of green leafy
produce since CO^ gas may cause
discoloration in these products.

IL Preparation for Loading

Cleaning and Sanitation
The first step in preparing the truck
or trailer for loading is cleaning.
Cleanliness is important to prevent
bacterial, chemical, and odor
contamination of food product loads.
All loose debris should be removed
and the floors washed. If the floors
are not washed, they should at least
be swept clean. The floor drain and
grooves should be free of debris so
as to not block drainage.
For fresh meat and meat products,
certain cleaning procedures are
required by law. These include the
cleaning of the entire interior of the
truck, meat rails, and meat hooks
with hot water at a minimum of
180°F (82.2 °C) to assure the killing
of harmful bacteria and the dissolving
of grease particles. In some cases, a
combination of hot water and an
approved sanitizing agent may be
allowed. A list of approved sanitizing
agents may be obtained from the
USDA's Food Safety and Inspection
Service.
Chemical residues, such as fertilizer
and salt, on the floor of a trailer may
cause burns on commodities like
potatoes, onions, and melons if they
are not protected by heavy
containers. Some chemicals also
cause rapid deterioration of paper
bags and fiberboard shipping
containers. The presence of moisture
also will accelerate chemical damage.
Fatty or oily food products, such as
butter, oleomargarine, and meats, are
highly susceptible to contamination by
strong odors. Fresh fruit, such as
apples and bananas, also easily
absorb strong odors. Thorough

cleaning and airing of vehicles
previously used for hauling fish,
cabbage, and other odorous products
is necessary. A prevailing practice for
reducing strong residual odors is to
leave freshly opened cans of ground
coffee overnight in a closed vehicle.
The grounds may be spread over the
floor if swept clean before loading.
Odors from some products, such as
animal hides, are nearly impossible to
remove. Truckers should refrain from
transporting products leaving strong
residual odors if they plan soon after
to haul fresh meats or other odorabsorbing products.

Maintenance of Vehicle
Interior
A regular maintenance program that
keeps the interior of the trailer in
good repair is important in preventing
damage claims. Rough or splintered
sidewalls and protruding nails or
screws tend to tear containers and
damage the commodity. Cracked wall
liners provide lodging points for dirt
and old food particles which
encourage microbial and insect
infestation. Walls punctured by
forklifts or broken at the seams allow
moisture to penetrate the insulation
and reduce its effectiveness.
Door seals and floor drain caps
should be checked regularly and
repaired or replaced as needed. The
mashed-end rubber caps on floor
drains tend to clog with debris, and
wash crews tend to cut them off.
Seals around nose-mount refrigeration
units also should be maintained.
During over-the-road travel, dirt and
air are sucked into open spaces left
13

by worn or missing seals and drain
caps. This adds to the refrigeration
loads and product contamination.
Refrigeration ducts should be kept in
place and free of holes. The ducts are
designed to distribute cold air so that
the load will be uniformly cooled.
Defective or missing ducts will result
in some air short-circuiting back to
the refrigeration unit over the top of
the load. This often causes freezing
of the top layer and hot spots in the
lower layers.

Precooling or Preheating
of the Vehicle
The interior of the vehicle should be
precooled during hot weather to
reduce the chance of overloading the
refrigeration system. Precooling also
prevents further warming or thawing
of the product from heat in the walls
and floor. Since outside temperatures,
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refrigeration unit capacities, and
insulation qualities all vary, there can
be no set rule for precooling. A
recommended procedure before
loading is to set the thermostat at the
desired temperature, close the doors
of the vehicle, and run the
refrigeration unit until it begins to
cycle from high to low speed. This
usually takes approximately one-half
hour.
The interior of the vehicle should be
preheated before loading such
commodities as potatoes or onions
during subfreezing weather. Most
vehicles are equipped with a heating
cycle on the refrigeration unit. The
unit should be operated on the heat
cycle far enough in advance of
loading to raise the air temperature in
the interior of the trailer to the
recommended transit temperature of
the product to be loaded. If the
weather is below freezing and the
trailer is loaded in an open area, it is
advisable to keep the unit operating
on the heat cycle during loading.

III. Loading Considerations

The packaging, handling, and trailer
equipment for perishable foods vary
considerably, and this complicates
loading decisions for truck drivers.
The following considerations should
be taken into account in determining
the loading method to best protect the
product in your equipment.

Type of Air Delivery
Currently, there are two types of airdelivery systems available on
refrigerated trailers, and each system
requires different loading patterns to
maximize and maintain load cooling
efficiency.
Top-air delivery has been the
conventional system since the
inception of refrigerated trailers (see
figure 1). With this type system, the
cold air from the refrigeration exits at
the front ceiling. The air must be at a
relatively high velocity to carry it all
the way to the rear of the trailer. To
obtain maximum and uniform cooling
with this type air delivery: (1) the top
layer of the load should be loaded
solid to prevent short-circuiting of the
air back to the refrigeration unit, (2)
air ducts should be used to assure air
delivery to the rear of the trailer, (3)
open space must be left between the
end of the load and the rear door to
let the air return through and under
the load, (4) adequate space must be
provided for the air to return under
the load, (5) for fresh produce full
lengthwise air channels should be
built in each layer of the load, and
(6) open space should be provided at
the bottom of the bulkhead to allow
the air to return to the refrigeration
unit.
Bottom-air delivery systems which

have been used in ship containers for
a number of years, but just recently
became available in highway trailers,
work on a different principle (see
figure 2). Air from the refrigeration
unit is forced down the front
bulkhead and through a deep T-rail
floor and then vertically by through
the load. A high static air pressure is
maintained under the load to assure a
low velocity but steady movement of
air through small openings in the
load. For maximum efficiency with
this type air delivery: (1) the product
should be loaded tightly together
front to rear and sidewall to sidewall
of the trailer, (2) for fresh produce
top and bottom vent openings should
be provided in the shipping cartons,
(3) the cartons should be stacked in
register (directly on top of each
other) with the vent holes aligned, (4)
adequate space (at least 4 in or 10
cm) must be left between the top of
the load and the ceiling for air to
return to the refrigeration unit, and
(5) for fresh produce, provisions must
be made to block the ends and top of
the T-rails at the rear of the trailer so
the air will be forced through the
load and not shortcircuited around the
load at the doors. For frozen foods
the opposite applies: the T-rails are
not blocked so the air will flow
upward in the space between the end
of the load and the rear doors.

Type of Shipping
Container
Shipping containers should be loaded
in a manner that takes maximum
advantage of their inherent strength.
Different containers are stacked and
handled varying ways because of
their design, the way they are
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packed, and the material of which
they are made. Most containers are
designed to withstand more pressure
or weight on one side or area without
collapse or damage to the contents.
Certain types of "packs" tend to
leave a bulge on one or more faces
of the container. If at all possible,
bulged containers should not be
loaded with pressure on the bulging
faces. Examples of this type pack are
found in wooden crates and boxes
used for celery, corn, and unwrapped
lettuce. These containers should be
loaded on edge to prevent crushing of
the contents under the bulge.
Wooden crates, lugs, and wirebound
crates are designed to bear weight on
the ends only. The tops, bottoms, and
sides usually are made up of thin
slats whose function is to keep the
product within the container. Crates
should always be stacked on each
other so that all overhead weight is
borne by the ends of the crate or the
contents may incur severe crushing
and bruising.
Corrugated fiberboard boxes are
designed to bear vertical overhead
weight on their four walls.
Fiberboard boxes should be loaded
upright on bottoms and stacked
evenly on top of each other. The
midsections of the top of the boxes
usually are the weakest points. The
boxes should not be stacked in a
manner that will cause excessive
pressure on the produce at the box
midsections such as improper crossstacking.
Wood baskets and hampers are
designed to withstand overhead
weight bearing vertically on their tops
or bottoms. The cover lids should be
fastened securely at all four points so
that the lid bows slightly. The bow
distributes overhead weight evenly to
the sides of the basket rather than
letting it bear directly down on the
produce under the cover.
Bulk and bagged commodities are
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highly susceptible to bruising from
overhead weight, especially when
loaded on grooved or rough floors.
Various types of commercial
cushioning materials, such as paper
and plastic foam pads, will provide
some protection for these products.
Fiberboard slipsheets also may be
used for floor cushioning. Materials
that will block air circulation under
the load, such as straw, should not be
used.
During cold weather, floor cushioning
material also serves as insulation to
prevent freezing damage at the point
it is most likely to occur. However,
the most effective method of
preventing freezing of the product at
floor level is to circulate heated air
under the load. It also may be
necessary to raise the load on pallets
or floor racks to get adequate air
space under the load.

Whether Frozen or
Nonfrozen
Frozen foods or commodities that
have been thoroughly precooled
before shipment should be loaded in a
different manner from commodities
from which field heat or substantial
heat of respiration must be removed
during transit. Frozen foods should
be at or below the desired 0°F
(-18°C) transit temperature when
loaded. The containers should be
loaded tightly together with as little
contact with the vehicle walls as
possible. A perimeter of cold air is
circulated around the load to intercept
heat radiating through the walls and
leaking through cracks and crevices
before it gets to the cargo. More
detail is given in a following section
on "Frozen Foods."

Bracing
Bracing is important to prevent
containers from shifting. If containers
shift in transit, they may reduce air
circulation through the load by

blocking channels left for this
purpose, or they may topple
backward against the rear doors and
stop the cold air from circulating
under the load. Most fresh fruit and
vegetable containers are not designed
to bear any overhead weight on their
midsections. If containers shift during
transit, overhead weight may be
borne by the product rather than the
containers, and considerable crushing
damage may occur. Also, if
containers are not loaded and braced
firmly in place, they may bounce
about from over-the-road vibrations
and cause abrasion damage to the
product.
The accumulation of lengthwise slack
space should be prevented during
loading. At the end of the last stack,
crossbracing should be used to
prevent the cargo from shifting
backward and blocking air circulation
at the rear door. If the load is a split
shipment or a multiple dropoff (one
that is consigned to several
receivers), crossbracing should be
used at the end of the last stack left
after each drop off to keep the cargo
in place until the next stop is
reached.
Loads with multiple dropoffs can be
stepped down after the first drop if
bracing is not used. However, this is
not always desirable at the very end
of the load, if maximum permissable
weight is to be loaded over the rear
axles. Many loads are stepped up
from the front. When this is done,
some method of bracing should be
used to prevent forward shifting.
It is important to keep rows in good
alinement, especially if continuous air
channels are to be maintained through
the load. To keep straight rows, the
containers must be stacked squarely
on each other. Also, wooden strips
may be placed crosswise on layers to
help maintain row alinement and to
help tie down the load. The strips
may be nailed either horizontally or
vertically to stacks of wooden crates
for added bracing.

Piggyback trailer loads may be loaded
on the railcar so that they are moving
in a backward direction. For this
reason, it is important to brace
piggyback loads well at the back to
prevent cargo from shifting against
the rear door and blocking air from
circulating over the end of the load
and under the floor.

Compatibility of Mixed
Loads
Mixed loads with two or more
commodities should not be shipped
unless the commodities are
compatible. Five important factors
should be considered in determining
the compatability of products: (1) the
required transit temperature, (2)
required relative humidity, (3)
emission of physiologically active
gases such as ethylene, (4) odor
absorbing characteristics, and (5)
modified atmosphere requirements.
The desired transit temperature of
products shipped together should be
within reasonably close range. For
example, mature green tomatoes
requiring a transit temperature of
55 °F (13 °C) should not be shipped in
combination with lettuce needing a
transit temperature of 32 °F (0°C).
Besides the difference in temperature
requirements, the tomatoes give off
ethylene which is detrimental to
lettuce.
The relative humidity requirements of
the mixed products also should be
reasonably close. Some products may
be shipped in contact with ice and
saturated by melt water. Other
products may be injured by contact
with the ice and water saturation or
relative humidities approaching 100
percent.
Certain fruits and vegetables produce
ethylene gas during respiration.
Ethylene may bring about ripening or
it may damage carrots, lettuce, most
flowers, and some nursery stock.
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Fruits and vegetables producing
significant quantities of ethylene are
apples, avocados, bananas,
cantaloups, honeydew melons,
peaches, pears, plums, tomatoes, and
watermelons. Commodities that
should retain a green color during
transit, such as bananas, cucumbers,
and peppers, should not be shipped in
combination with heavy ethylene
producers. Ethylene production is less
pronounced at temperatures near
freezing than at higher temperatures.
Exchanging the air in the vehicle
periodically, by opening vent doors
or other methods, will help reduce
ethylene buildup.
Care should be taken not to mix
shipments of odor-producing products
with odor absorbers. Odors given off
by apples, citrus, onions, pineapples,
and fish are readily absorbed by dairy
products: eggs, meats, and nuts.
Some products, such as apples, are
capable of both giving off and
receiving odors. Loading
combinations that should be avoided
are: apples or pears with celery,
cabbage, carrots, potatoes, or onions;
celery with onions or carrots; and
citrus fruits with any of the strongly
scented vegetables. Apples and pears
may acquire an earthy taste and odor
if shipped with potatoes. Eight
compatability groups of fresh fruits
and vegetables are listed in Appendix
II.
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Whether Palletized or
Unitized
In recent years, the handling and
transport of fruits and vegetables
unitized on pallets or slipsheets has
become a common practice. Unitized
shipments offer the advantages of
reduced labor and less manhandling
of the product, but present some
unique situations that need to be
considered during loading. For
example, strapping or wrapping and
bracing may be necessary to keep the
unit loads intact. Vent holes may be
required in slipsheets, especially those
used in vehicles with under-the-floor
air delivery.
Also, load patterns that reduce the
contact of the product with the walls
and floor of the vehicle may be
necessary in extreme cold or hot
weather to prevent freezing or
overheating of the product. More
information on this topic is given
under *'Loading Methods."

Length of Transit Period
The length of time a product will be
in transit will affect loading
decisions. For example, a more dense
loading pattern can be used in an
overnight shipment compared to one
that is several days in sunmier-time
heat. With overseas shipments where
transit periods may be 2 weeks or
longer, it is imperative that adequate
provision be provided for circulation
of refrigerated air to all parts of the
load, even if some load density is
sacrificed.

IV. Loading Methods

Load patterns vary widely because of
the different types and sizes of truck
or trailer bodies, the different sizes
and types of shipping containers, the
different commodities, type of air
delivery in the vehicle, and whether
the product is unitized.
Because of these variables, many
loading decisions have to be made on
the spot. However, use of the basic
principles set forth in this manual and
good judgment by the person in
charge of loading will gready
increase the chances that the products
will reach their destination in good
condition. The following describes
the basic loading methods currently in

Basic Terminology
Figure 6 is a dimensional view of a
load in a truck trailer showing
arrangement of containers in rows,

stacks, and layers. A row is a line of
containers extending lengthwise of the
truck, one container in width, and as
high as the load itself. A layer is a
course or stratum of containers, one
container high, usually extending the
length and width of the trailer. A
stack is a line of containers extending
from one sidewall to the other and
from top to bottom of the load,
parallel to the front and rear end of
the vehicle, and one container in
length.

Airflow Loading Patterns
Airflow loading patterns are designed
to maximize the cooling capacity in
trailers equipped with conventional
top-air delivery systems. Basically,
this is accomplished by: (1) building
full lengthwise air channels in the
load to provide a way for air to
return to the refrigeration unit
through and under the load and (2)
preventing air from short-circuiting

Figure 6.
Dimensional view of a load
in a motor truck semitrailer,
showing arrangements of
containers in rows, stacks,
and layers.
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back to the refrigeration unit over the
top of the load.
The most commonly used airflow
loading patterns use continuous
lengthwise air channels constructed
between rows in alternate layers
(ñgures 7-8). This pattern may be
modified a number of ways to
accommodate the varying sizes of
vehicle bodies and shipping
containers (figures 9-10). With
airflow patterns, care must be taken
to load each stack in the same
manner, or wrongly placed containers
will block the air channels. Channels
also may be blocked by packages
shifting, toppling during transit, and
bulging of containers. Wooden strips
may be nailed crosswise on the top of
layers of wooden boxes to maintain
channel alinement. Spacers or spot
gluing may be used to hold
fiberboard containers in place.

VERTICAL
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Figure 7.
A typical airflow loading
pattern for commodities
packed in fiberboard
boxes.
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If the vehicle is equipped with a
bulkhead wall, then some provision is
needed to prevent the air in the load
channels from being blocked at the
bulkhead wall. Most bulkhead walls
have some open space between the
floor and the bottom of the bulkhead.

LONGITUDINAL VIEW A-A

r f^

r"i n 1

Some type of return-air bulkhead at
the front wall inside the trailer is
essential for air to complete its
circulation back to the refrigeration
unit. Use of return air bulkheads has
been found to lower arrival
temperatures by an average of 3 °F
(1.7 °C) in hot weather. If the vehicle
is not equipped with a bulkhead,
wood pallets may be stood on end
against the front wall with their
stringers in vertical position for a
substitute. Air returning through the
load will flow between the
deckboards and upward between the
stringers to the refrigeration unit.

One
Blower off
vent door
Bulkhead vents
open
closed

All
vent doors
open

Vent doors
closed

Vent doors
closed

Bulkhead
wall
Vertical channels
act as plenum

Lenghtwise channels
through body of load

TA,

FIRST STACK
NEXT TO BULKHEAD
WALL

ALL STACKS
OTHER THAN
-yp
FIRST STACK -JX"/

LA
Figure 8.
The airflow loading pattern
can be used for both
refrigerated and ventilated
loads as shown in the
above illustrations with
bagged commodities. Note
the construction of the first
or starter stack, this is a
must (see text).
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Figure 9.
An airflow loading pattern
for commodities in wood
wirebound crates.

Some trailers have holes drilled
halfway up the bulkhead wall to
allow air through the wall. If not,
vertical strips can be attached to the
front of the bulkhead or a starter
stack constructed to direct the air to
the floor channels running under the
bulkhead. For a starter stack, the first
stack against the front bulkhead wall
is constructed with vertical channels
that receive the air flowing through
the horizontal channels and return it
to the blower as shown in figures 4
and 8. All stacks, except the starter
stack, are constructed in the same
pattern.
With airflow patterns, it is important
to load the top layer as solidly as
possible or a substantial amount of
the blower air may short-circuit back
to the front of the vehicle without
flowing through the entire load. This
can result in cold or hot spots in the
load.
For vented loads figure 8 illustrates
the path taken by ambient air when
vented through an airflow loading
pattern. If the tractor is equipped
with a single exhaust stack, the vent
door opposite the exhaust stack
should be opened since considerable
heat and undesirable gases can enter
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the load from the exhaust. All
available doors should be opened for
outgoing air at the rear of the trailer.
The airflow patterns can be modified
to meet the needs of a variety of
products and containers, but the basic
principle of the pattern remains that
of providing continuous lengthwise
channels for air circulation through
the load. Various airflow pattern
modifications are illustrated in figures
throughout this publication.

Bottom Forced-AirDelivery Loading
Since bottom forced-air-deli very
systems depend on high pressure to
force refrigerated air through small
holes and crevices in the load, the
product should be tighdy loaded wall
to wall and front to rear in the
vehicle. At least 4 in (10 cm) of
space should be left between the top
of the load and the ceiling. The
shipping containers should have vent
slots or holes in both their top and
bottom and be stacked directly on top
of each other to facilitate the vertical
flow of air through the load. If the
product is loaded on slipsheets or
plywood pallets, holes must be

Figure 10.
An airflow loading pattern
modified to provide fulllength and depth air
channels between rows.
Note: Wooden strips
placed crosswise on layers
to stabilize the load. Also,
no starter stack is needed
with this pattern.

provided in the unit bases that match
the vent holes in the shipping
containers. If a chimney stacic pattern
is used in a vehicle with bottom-air
delivery, the tops of the chimney
should be blocked with a box of
product to maintain the air pressure
under the stack (figure 11). The floor
of a bottom forced-air-delivery
vehicle should not be covered with
any solid material for cushioning or
insulation for nonfrozen loads or the
refrigerated air will be blocked from
penetrating the load and removing
field and respiration heat.

palletized or unitized load one or
more times during transportation and
distribution. Most unitized handling is
on wooden pallets, but an increasing
amount of food products are being
handled on slipsheets, and in some
instances, blocked units which require
a special push-pull, lift-truck for
handling. Unitized loading offers the
advantages of faster and more
efficient loading and unloading than
hand stacked loading. There is less
manhandling of the product, which
reduces the chance of bruising and
other physical damage that may
increase decay.

Unitized Loading and
Handling

A major disadvantage of unitized
handling is that there is a lack of
standardization of both pallet or unit
base sizes and shipping container
sizes. This results in poor utilization

The probability is very high that any
food product will be handled in a
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Table 3. Examples of MUM* Containers for Fresh Fruits and
Vegetables

MM
600 X 500
500 X 400
600 X 400
500 X 333
600 X 333
500x300
475 X 250
400x300
433 X 333
400 X 250
400x300

Outside
Dimensions

Number Per
Layer

Pallet Surface
Area Utilized » ^

Inches
(23.62 X 19.69)
(19.68 X 15.75)
(23.62 X 15.75)
(19.68 X 13.11)
(23.62 X 13.11)
(19.68 X 11.81)
(18.70 X 9.84)
(15.75 X 11.81)
(17.01 X 13.11)
(15.74 X 9.84)
(15.75 X 13.11)

4
6
5
7
6
8
10
10
8
12
6

Percentage
100
100
100
97
99
100
99
100
96
100
99

* = Modularization, Unitization, and Metrication
• Pallet base = 1200 x 1000 mm (48 x 40 inches)
2 A layer of MUM containers must use at least 90 percent but not greater than 100 percent of the
pallet base surface.

Figure 11.
A chimney stack loading
pattern recommended for
vehicles with bottom
forced-air delivery.
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Figure 12.
A MUM (Modular, Unitized,
Metric) load.

of transport vehicle and warehousing
space. Food products are packed in
hundreds of different sizes and types
of containers. Only a few of these

sizes can be stacked evenly on a
pallet or unit base so as to maximize
the space. Containers that overhang a
pallet or that do not stack evenly are
25

Side-loaded
V////////////////^^^^^^^

11
Ï

1
1
1
1
1
Ï

V///////////M////^^^^^^
151 cartons
Side-loaded

LETTUCE ON SLIP-SHEETS

Center-loaded

'fwyyyyyy^^^^^^^

1
1
1
1
1
1
i

I

1 ^
i

LETTUCE ON PALLETS

50 cartons
Center-loaded

1
113 cartons

0 cartons

Figure 13.
Effect of different unit load
patterns on the number of
cartons contacting the
floor and wails in a typical
load of lettuce.

highly susceptible to collapse or
toppling which subsequently damage
the product load.
To help alleviate these problems,
several industry associations and
Government agencies have advocated
or sponsored "Project MUM."
MUM is the acronym for
Modularization, Unitization, and
Metrication. Basically this project,
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through voluntary cooperation,
encourages the development of
standard shipping container sizes that
will modularly stack on a 48- by
40-in or 120- by 100-cm pallet base
with 90- to 100-percent surface
utilization and no overhang.
Examples of modular unit loads and
suggested standard sizes for fresh
fruit and vegetable products are
shown in figure 12 and table 3.

L
Bulkhead wall

1"

Bulkhead wall
Figure 14.
Overhead view of the three
basic pallet or unit load
patterns in a highway
trailer or container (a)
Pinwheel, (b) straight-in
with open space along the
units, and (c) straight-in
with space down the
center.

A good unit load uses 90 to 100
percent of the load base surface
are used to stabilize some unit loads,
but care should be taken to use
perforated film with fresh produce
loads to assure ventilation.
Shipping containers used in unit loads
should be strong enough to resist
bulging when packed. Often, unit
loads with bulging containers have to
be forced in place during loading,
resulting in container and product
damage. Sometimes, product will
settíe from vibration during transit
and create substantial container bulge.
If the containers bulge excessively,
mechanical equipment cannot remove
the unit loads resulting in manual

unloading.

Unit Load Patterns
Unit load patterns should be designed
to reduce the contact of the product
shows the effect of unit and pallet
load patterns on the amount of
product exposed to contact with wall
and floor surfaces. Reducing the
amount of surface contact will
improve product arrival temperatures
and reduce the chance of the product
with the walls and the floor of the
trailer, especially if the vehicle is not
equipped with inverted ribbed walls,
and a floor with T-rail channels at
least 2-l/4in (6cm) deep. Figure 13
warming or freezing in extreme
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Nominal 1x4
(approx. 19x89mm)
Figure 15.
Example of method for
bracing a load at the rear
doors.

weather conditions.
Pallet or unit loads are limited to
about three basic patterns which are
illustrated in figure 14. The
dimensions of the unit base and the
interior dimensions of the vehicle will
have the most influence on the
pattern used. The amount of bulge,
overhang, and ventilation
requirements will be other
determining factors in selecting load
patterns for unit loads.

Bracing is extremely important for
unit loads as they are highly
susceptible to shifting. An easily
constructed wooden brace to prevent
load shifting against the rear door is
illustrated in figure 15. An example
of strapping a unit load is shown in
figure 16.
Corner
Boards

Spot gluing or glue pads may be used
between layers of the containers in
lieu of strapping. Net wraps and
stretch or shrink plastic film wraps
which consists of little or no
underhang and no overhang. The
containers are stacked in register and
tied to the base with vertical
strapping. The use of horizontal
strapping and cornerboards will
further stabilize and protect the load.

Vertical
Straps

In some instances, the top two or
three layers of the unit load are
cross-stacked to stabilize the load.

Figure 16.
Example of strapping on a
unit load.
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Horizontal
Strap

V. Regulatory Considerations for Truck
Construction Materials and Cleaning
Compounds
Questions concerning the approval of
construction materials and cleaning
compounds used in trucks hauling
food products are often received by
the USD A. The few regulations that
exist do not address vehicle
construction explicitly, but are more
directed at food processing
equipment, facility construction, and
packaging. A truck is considered
equipment, and baskets, crates,
boxes, and plastic or paper wrapping
materials are considered packaging.
Carcass meats and bulk loads of
fruits and vegetables are products
most likely to contact the interior
surfaces of vehicles.
As a general rule, a material needs to
be approved if it will be in direct or
incidental contact with a food product
and there is a chance that the material
will impart a toxic substance, cause
off colors, or otherwise contaminate
the food. Examples of materials
needing approval are plywood,
fiberglass and plastic wall panels, and
coating materials, such as paints,
used on interior surfaces. Also wood
preservatives and plastics used in
pallet bins hauling fresh fruits and
vegetables or meats must be of food
grade or approved or regulated for
contact with food. Furthermore,
sanitizing and cleansing agents used
in cleaning the interior surfaces of

vehicles or pallet bins must be of
food grade quality.
Approval of materials, packaging,
and cleaning agents coming in contact
with meat and poultry products is
obtained through the USDA's Food
Safety and Inspection Service (FSIS).
THE FSIS's Food Ingredient
Assessment Division rules on the
suitability of cleaning compounds,
paints, and other coating materials,
packaging materials, and lubricants
having direct or indirect contact with
meat and poultry products. A listing
of such authorized products is
published annually as Miscellaneous
Publication number 1419 entitled
"List of Proprietary Substances and
Nonfood Compounds—Authorized for
Use Under USDA Inspection and
Grading Programs" is available from
the Superintendent of Documents,
U.S. Government Printing Office,
Washington, D.C. 20402. The
telephone number is Area Code (202)
783-3238.
For all other types of food products,
the Food and Drug Administration's
(FDA) Division of Regulatory
Guidance should be contacted to find
out whether there is an existing regulation authorizing a food grade rating
for a specific compound or material.
The FDA address is 200 C. St. SW,
Washington, D.C. 20204.
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VI. Commodity Requirements
Fresh Fruits and Vegetables

Apples
Recommended transport conditions:
• Desired transit temperature:
Most varieties: 30° to
32°F(-1.1 toO.O°C)
Cortland, Mclntosh, and Yellow
Newtown:
38°to40°F(3.3°to4.4°C)
• Desired relative humidity:
90 to 95 percent
• Highest freezing point:
30.0°F(-1.1°C)
After harvest, most apples are held in
bulk bins in cold storage until they
are sold. They are then packed in
ñill-telescope corrugated fiberboard
boxes for shipment as orders are
received. After packing, the apples
are palletized for handling to the
loading dock where they may remain
on the pallets for loading or removed
from the pallets and hand-stacked in
the trucks.
Apples ripen steadily at temperatures
above 40°F (4.4 °C); therefore, they
should be refrigerated inmiediately after harvest. Most varieties should be
held and transported in the 30° to
32 °F (-1.1 °to 0.0°) temperature
range. Some varieties, such as Mclntosh, are subject to chilling injury at
long exposure to temperatures below
38° (3.3°).
Apples taken from cold storage
should be transported at the same
temperature in which they were
stored. Since most apples are shipped
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at temperatures near their freezing
point, they are quite susceptible to
freezing injury. Thermostatically controlled heating should be used to prevent both freezing and overheating in
extremely cold weather.
Mature apples coming from cold
storage bruise more easily than those
recently harvested and require more
careful handling. Apples absorb odors
quite readily. They should not be
shipped in mixed loads of commodities like onions or cabbage, nor in
trucks harboring strong odors. Apples
also produce ethylene, and they
should not be shipped with products
sensitive to this gas.
Recommended loading methods:
• Fiberboard ¿70jc^5—Nearly all apples are shipped in fiberboard boxes.
The apples may be packed in the
boxes loose, in polyethylene bags, or
in molded trays. The boxes may be
stacked either lengthwise or crosswise
in the vehicle.
Shipments of warm fruit should be
loaded with provision for air circulation between rows of the boxes as
shown in figure 7. If the fruit is
shipped from cold storage, the boxes
may be stowed tightly together. In
shipments that will travel through extremely hot or cold weather, the boxes should be loaded so as to reduce
contact with the sidewalls and floor
area and lessen the chance of overheating or freezing damage from heat
or cold conducted through the walls.
This may be accomplished by using

the loading pattern shown in figure
5a and placing pallets on the floor to
allow air circulation under the load.
Palletized loads should not be loaded
directly against the walls unless the
walls are grooved to facilitate air circulation and reduce the surface contact area (see the section on *'Unit
Load Patterns" for more information
on palletized loading).

Apricots
Recommended transport conditions:
• Desired transit temperature:
32 °F (0°C)
• Desired relative humidity:
90 to 95 percent
• Highest freezing point:
30.1°F (-1.1 °C)

32 °F (0°C)
• Desired relative humidity:
95 to 100 percent
• Highest freezing point:
29.9 °F (-1.2°C)
Artichokes should be precooled as
soon as possible after harvest to
reduce wilting, weight loss, discoloration, and decay during marketing.
Top ice may be used to prevent wilting or loss of turgidity and to keep
the buds near the desired transit temperature for added shelf life. The
marketability of artichokes is reduced
by bruising or freezing. Severe freezing turns the buds black and slight
freezing causes skin breaks and
blisters. Artichokes are packed by
count (16-66) in waxed corrugated
fiberboard boxes.

Apricots should be firm when
shipped, so they will have a 1- to
2-week shelf life. They should be
precooled to the desired transit temperature. Some shippers use forcedair coolers, while others room cool
their fruit. Apricots may be shipped
with other tree fruit commodities
from the same or nearby packing
houses. If apricots are shipped in
mixed loads that are top iced, ice
should not contact the apricots.

Recommended loading methods:

Recommended loading methods:

• Desired transit temperature:
32° to 35° F (0.0° to 1.7°C)

• Fiberboard ¿70jc^5—Apricots are
volume filled to the proper weight
and then unitized on disposable wooden pallets. They may be secured
with straps or plastic netting. If the
apricots are not precooled to the transit temperature, fiberboard strips may
be placed between the stacks of boxes
on the pallet so that cold air may be
circulated freely around them. During
very hot weather, the pallets should
be center loaded (see figure 14b) if
the trailer has flat side walls to prevent heating of the fruit next to the
wall.
Artichokes
Recommended transport conditions:
• Desired transit temperature:

• Fiberboard boxes—Mo^i artichokes
are packed in waxed fiberboard boxes
and stacked on bottoms either lengthwise or crosswise on pallets. See the
Unit Load Patterns section for loading palletized units.

Asparagus
Recommended transport conditions:

• Desired relative humidity:
95 to 100 percent
• Highest freezing point:
30.9° F (-0.6°C)
Asparagus is highly perishable. Speed
and care are required during handling
and transit to prevent excessive loss of
quality. As soon as asparagus is cut,
its natural sugars, flavor, and vitamin
C begin to diminish rapidly,
particularly at temperatures above
36° F (2.2°C). Hydrocooling is the
most desirable method of precooling.
Asparagus is usually packed in
bunches and set upright in the
shipping container to prevent bruising
of the tender tops. To prevent
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moisture loss and preserve crispness
during transit, pressed paperboard or
other water-retaining material is
placed in the bottom of the pyramidshaped wooden box or waxed
corrugated fiberboard box. Both the
wooden box or fiberboard box are
packed with either 15 or 30 lb (6.8 or
13.6 kg) of asparagus.
A modified atmosphere of about 7
percent CO2 is beneficial in preventing
decay and toughening of fresh
asparagus. This is especially true if
temperature control cannot be
brought below 41°F(5°C).
Recommended loading method:
• Nailed wooden boxes (pyramidshaped)—Lengthv/ise on bottoms and
stacked in register. The slope of the
pyramid allows open space for
continuous lengthwise air channels on
each layer. Some shippers palletize
their boxes. See the Unit Load
Patterns section for loading of
palletized units.
• Fiberboard boxes (waxed corrugated)—Lengthwise or crosswise on
bottoms and palletized. See the Unit
Load Patterns section for loading
palletized units.
Avocados
Recommended transport conditions:
• Desired transit temperature:
Cold-tolerant varieties: 40° F
(4.4° C)
Cold-intolerant varieties: 55° F
(12.8° C)
• Desired relative humidity:
85 to 90 percent
• Highest freezing point:
31.5°F (-0.3 °C)
The optimum transit temperature for
cold-tolerant varieties, such as Lula
and Booth No. 8, is 40°F (4.4°C).
All West Indian varieties, which include Fuchs, Pollack, and Waiden,
are cold-intolerant and should be
shipped at 55°F (12.8°C). A few
varieties, such as Fuerte, are best
shipped at 45°F (7.2 °C). Gradual
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ripening of avocados may occur at
temperatures as low as 45 °F (7.2 °C).
Above the recommended transit temperature for the various varieties, the
rate of ripening and softening of the
fruit increases as the temperature
rises. Therefore, it is important that
avocados be precooled before they
are loaded. Below recommended temperatures, avocados are susceptible to
chilling injury. Common symptoms of
chilling injury are a grayish-brown
discoloration of the flesh, scalding
and/or pitting of the skin, and failure
of the fruit to ripen satisfactorily after
storage or transit. At temperatures
higher than recommended, anthracnose or black spot can become serious disorders.
Recommended loading methods:
• Fiberboard boxes—Both California
and Florida shippers use fiberboard
boxes for packing their avocados.
Both areas use predominantly a 1- or
2-layer box, and both areas generally
palletize their avocados. A few shippers do not palletize, but use an airflow pattern similar to that shown in
figure 10. See Unit Load Patterns
section for palletized loading.

Bananas
Recommended transport conditions:
• Desired transit temperature:
56°to58°F (13.3° to 14.4°C)
• Desired relative humidity:
90 to 95 percent
• Highest freezing point:
30.6°F (-0.8°C)
Bananas are imported into this country and are available year round. The
primary exporting countries are Honduras, Costa Rica, Ecuador, Colombia, Guatemala, and Panama. The
Cavendish is the variety most commonly imported. Bananas are very
temperature sensitive and should be
transported at temperatures between
56° to 58°F (13.3° to 14.4°C) and a
relative humidity of 90 to 95 percent.
Exposure of bananas to lower temperatures can cause chilling injury.
Higher temperatures may cause rapid

and improper ripening. Proper air
circulation is required to maintain
uniform temperatures throughout the
load, since fluctuating temperatures
are detrimental to bananas. A fresh
air vent should be provided to prevent ethylene gas buildup inside the
trailer which will cause premature
ripening. Also, bananas should not be
shipped in mixed loads of other
produce that are not temperature
compatible or with prcxiucts that
produce high amounts of ethylene.
Recommended loading methods:
• Corrugated fiberboard boxes—
Bananas are easily bruised and require special handling and packaging
for transport. Bananas are transported
while still green. They are placed in
heavy-duty, film-lined fiberboard
boxes with a gross weight of 40 lbs
(18 kg) at the country of origin. They
are then transported to the United
States in refrigerated containers or on
break-bulk ships under carefully controlled temperature and humidity conditions. Bananas transported by
break-bulk ships are unloaded and
transferred to over-the-road refrigerated trailers for inland transport when
they reach the United States.
Boxes should not be thrown or
dropped during handling. Boxes
should be placed on their bottoms and
not inverted or stacked on their sides.
If not palletized, the boxes may be
loaded crosswise or lengthwise and
stacked tightíy together to get a dense
load. In extremely cold weather,
floor racks should be used in vehicles
without deep T-rail floors to prevent
freezing or chilling injury. If the
walls are not grooved, pallet loads
should not touch the walls. Handstacked loads should be loaded as
shown in figure 5a to reduce the
product contact with the walls.
Beans (green, snap or pole)
Recommended transport conditions:
• Desired transit temperature:
40° to45°F (4.4° to 7.2 °C)
• Desired relative humidity:

95 percent
• Highest freezing point:
30.7 °F (-0.7°C)
Green or snap beans are readily attacked by a number of decay organisms during storage and transit.
Transit temperatures near 45 °F
(7.2 °C) will give reasonable protection against decay. To prevent chilling injury, which predisposes beans
to russeting and other discoloration,
they should not be shipped at temperatures below 40°F (4.4 °C). At temperatures above 50°F (10.0°C), beans
will decay rapidly. Beans should be
precooled before shipment but should
not be packed wet as russeting and
decay can be a problem. Beans
should not be top-iced.
Recommended loading methods:
• Wirebound crates—Mo^i beans are
packed in one of three wirebound
crate sizes. These crates generally
have the same length and width
dimensions but vary in height. Wirebound crates should be loaded lengthwise on bottoms in an airflow pattern
as shown in figure 9.
• Fiberboard boxes—Vxhcvho^ra boxes of beans should be loaded in an
airflow pattern similar to figure 7. Increasingly, fiberboard boxes of beans
are palletized with about 10 boxes per
layer and 5 to 7 boxes high per
pallet. See Unit Load Patterns section
for loading palletized units.
• Bushel hampers—\]x)v'\g\\i on tops
and bottoms or alternately inverted.
Hampers in each stack should be
loaded tightly against those in the
preceding stack to prevent the hampers from tilting. One version of this
type of load is called the winter load.
In this, the hampers are inverted in
every other row, layer, and stack and
loaded in close contact with each
other. This gives a solid and compact
load with very small openings between hampers (figure 17).
The second version is the summer, or
warm-weather load, in which the
hampers are alternately inverted in
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• Bushel hampers—Lima beans
shipped in bushel hampers should be
loaded as shown in figures 17 or 18.
• Wirebound cra/^5—Wirebound
crates of lima beans should be loaded
as shown in figure 9.

Beets
Recommended protective services:
• Desired transit temperature:
32 °F (0.0 °C)
• Desired relative humidity:
98 to 100 percent
• Highest freezing point:
Tops, 31.3 °F (-0.4 °C)
Roots, 30.3 °F (-0.9 °C)
• Top-ice preferable
Beets are shipped bunched with tops
or loosely packed without tops. Those
shipped in bunches are highly perishFigure 17.
A winter load of beans in
1 -bushel hampers loaded
in an alternately inverted
by layer, row, and stack
pattern.

each layer and stack. The containers
in the rows are loaded with half the
rows inverted one way and half
another, thus allowing continuous
lengthway air passages between rows
(figure 18).

Beans (lima, in pods)
Recommended transport conditions:
• Desired transit temperature:
37° to 41 °F (2.8° to 5.0°C)
• Desired relative humidity:
95 percent
• Highest freezing point:
31.0°F (-0.6°C)
Fresh lima beans will keep from 5 to
7 days if held and shipped within the
desired temperature range. Higher
holding temperatures will greatly
reduce the market life of the beans.
Recommended loading methods:
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nTri______
Figure 18.
Summer, or warm weather,
loading pattern for 1 bushel hampers of beans.
Note space between rows
for air circulation.

able because of the heat generated by
the tops. They should be both
package- and top-iced for maximum
refrigeration and moisture retention.
The leaves of bunched beets are especially susceptible to bacterial soft rot.
Transit and marketing losses caused
by this disease can be controlled by
rapid precooling and maintenance of
temperatures between 32° and 40 °F.
Late-crop beets are topped and may
be shipped immediately or stored for
later shipment. They are fairly decayresistant as long as their skins are not
broken and cool temperatures are
maintained. However, it is desirable
to top-ice long-distance shipments in
hot weather.
Recommended loading methods:
• Bunched in wirebound crates—
Lengthwise on sides. These containers should be loaded on the sides so
that no overhead weight will be borne
by the product under tiie top and bottom bulge of the crate. Each stack of
containers should be loaded tightly
against the preceding stack to prevent
buildup of slack space. At least 1
inch of space should be left between
rows, and sidewall space should be
left to fill with top-ice.
• Topped in wirebound crates—
Topped beets shipped in wirebound
crates and not thoroughly precooled
should be loaded in an airflow pattern
as shown in figure 9.

Beet tops
Recommended transport conditions:

ing loading and transportation to prevent physical damage that causes
broken or bruised leaves or stems and
provides an entry point for disease.
Beet tops are handled essentially the
same as fresh spinach during marketing and distribution. Beet tops may
be shipped with package-ice and/or
top-ice.
Recommended loading methods:
• Wirebound crar^5—When loaded in
the transport vehicle, crates may be
placed lengthwise or crosswise on
bottoms. They should be stacked in
straight rows with space between
each row for top ice. If top-ice is not
used, the boxes should be stacked in
an airflow pattern (figure 9) to provide adequate air circulation. Adjacent layers of wirebound crates
should not be crossed over each other
since wirebound crates were not
designed to support weight over the
midsection.
• Baskets or hampers—Baskets and
hampers should be alternately inverted in an offset by layers pattern to
provide a dense load with protection
against crushing (figure 19). Basket
lids should be fastened securely so
weight is borne by the basket, not the
produce.
• Palletized loads—Whtn boxes are
palletized, the unit loads should be
loaded away from the walls unless
the walls are corrugated or ribbed to
reduce surface contact and reduce
heat transfer through the vehicle
walls into the product.

Blackberries

• Desired transit temperature:
32 °F (0°C)

Recommended transport conditions:

• Desired relative humidity:
95 to 100 percent

• Desired transit temperature:
31° to 32°F (-0.6° toO°C)

• Highest freezing point:
31.3°F (-0.4 °C)

• Desired relative humidity:
90 to 95 percent

• Top-ice and package-ice desired

• Highest freezing point:
30.5 °F (-0.8 °C)

Beet tops, like other leafy vegetables,
are delicate and highly perishable.
They must be handled with care dur-

Fresh blackberries are highly perishable and are usually not shipped over
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long distances. Maintaining temperatures near 32 °F (0°C) is very important. An atmosphere of 10 to 20
percent carbon dioxide (CO^) will
help to retard decay.
Recommended loading methods:
• Fiberboard trays—Tht corrugated
fiberboard trays usually interlock with
the tray above and loaded on bottoms
in an airflow pattern with wood strips
placed crosswise about every fourth
layer for stabilization (figure 20).
Trays are frequently palletized to
minimize handling. The trays of berries should be strapped securely to
the pallet as in figure 16. The pallets
should be loaded in the center of the
truck, two-wide, and braced away
from the wall so that air can circulate, eliminating the conduction of
heat from the trailer walls to the fruit
(see figure 14b).
Figure 20.
Trays of berries loaded
with continuous air
channels between rows
and with wooden strips
across every fourth layer
for load stability.

Blueberries
Recommended transport conditions:
• Desired transit temperature:
31° to 32 °F (-0.6toO°C)
• Desired relative humidity:
90 to 95 percent
• Highest freezing point:
29.7 °F (-1.3°C)

Figure 19.
Bushel tub-baskets shown
loaded by the alternately
-inverted and -crosswise
-offset method.
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The three most important commercial
varieties of blueberries produced in
the United States are the highbush,
lowbush, and the rabbit eye. Blueberries are very temperature sensitive.
Temperatures much above the desired
transit temperatures cause overripening, shriveling, and loss of shelf
life. Moisture on berries in transit
caused by condensation or other
sources is detrimental to quality and
should be avoided. A minimum of

handling, close temperature control,
and expedited shipment and marketing are essential for successful sales
since blueberries have a shelf life of
only about 2 weeks if held under optimum conditions. Holding for longer
periods usually results in lower quality. Modifying the atmosphere with
CO^, in conjunction with refrigeration
is effective in retarding decay in
blueberries but may result in off
flavors.
Recommended loading methods:
• Fiberboard 7r«y^—Blueberries are
generally packed in film covered pint
(0.47-1) size containers. A plastic
film cap is tightly secured on each
container by a rubberband. Twelve
containers of berries are packed in a
fiberboard tray. The trays are nearly
always palletized for shipment. The
pallets should be loaded in the center
of the truck, and braced away from
the wall, eliminating the conduction
of heat from the trailer walls into the
fruit (see figure 14b).

loaded, crushed or liquid ice also
may be placed over the top of the
load.
Recommended loading methods:
• Fiberboard boxes—htngihWis^ on
bottoms. Rows should be in good
alignment with channels for air circulation and ice. When the boxes have
bottom and top ventilation slots, the
boxes should be stacked in register so
that the melted water from the ice
can run down directly through the
product. When broccoli is loaded
with other commodities, care should
be taken in top-icing to prevent the
ice from coming in contact with icesensitive commodities.

Cabbage
Recommended transport conditions:
• Desired transit temperature:
32 °F (0°C)
• Desired relative humidity:
98 to 100 percent

Broccoli

• Highest freezing point:
30.4 °F (-0.9 °C)

Recommended transport conditions:

Cabbage is less perishable than many
other leafy vegetables. However, new
cabbage will wilt easily with moisture
loss and, therefore, should be
precooled as soon as possible after
harvest by hydrocooling or vacuum
cooling. Wilting is the major cause of
damage during handling and transporting. Stored cabbage is less likely
to wilt during transit than new cabbage. Except for a few new crop
shippers, most shippers do not top-ice
cabbage. Stored cabbage should not
be top-iced. Several types of decay,
such as bacterial soft rot and watery
soft rot, may damage cabbage during
transit if the desired temperature is
not maintained.

• Desired transit temperature:
32 °F (0°C)
• Desired relative humidity:
95 to 100 percent
• Highest freezing point:
30.9 °F (-0.6 °C)
• Top-ice
The respiration rate of broccoli is
among the highest for vegetables.
Therefore, refrigeration at or just
above the desired transit temperature
is required at all times. Exposing
broccoli buds to temperatures above
50 °F (10 °C) for only a short while
will result in yellowing and reduced
marketability. Fresh air exchange in
the trailer is necessary to prevent
anaerobic respiration and undersirable
odors. Broccoli is usually packed in
waxed fiberboard boxes with crushed
or liquid ice. After the boxes are

Recommended loading methods:
• Wirebound ¿?ojc^5—Lengthwise on
bottoms, unless the crate is badly
bulged, then they may be stacked on
their sides. At the time of packing,
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bulging of crates should be eliminated; bulging causes bruising to the
cabbage. Most shippers offset the
crates by layers in the trailers to take
up slack space and stabilize the load.
An airflow pattern (figure 9) should
be used for crates of new cabbage
that are not top-iced.
• Fiberboard boxes—Load lengthwise
on bottoms in an airflow pattern
(figure 7). The boxes should not be
packed with buldges, and the boxes
should never be stacked on their sides
as maximum strength is realized
when boxes are stacked on their bottoms. A few shippers palletize their
cabbage four or six boxes per layer
and five or six layers high. See Unit
Loading Patterns section for loading
palletized units.

Cantaloups
Recommended transport conditions:
• Desired transit temperature:
36° to 41 °F (2.2° to 5.0°C)
• Desired relative humidity:
95 percent
• Highest freezing point:
29.9 °F (-1.2°C)
After harvest, most cantaloups are
room or forced-air cooled to prevent
them from becoming soft during
long-distance transport. Up to 10 lbs
(4.5 kg) of crushed ice may be
placed in each box after it is packed.
Cantaloups picked at the hard-ripe
stage of maturity are subject to chilling if held at temperatures below
36°F (2.2°C) for longer than 1 week.
For normal truck shipments of less
than 1 week, temperatures between
32° and 34 °F (0° to 1.1 °C) will not
be harmftil. Cantaloups packed in
moisture-resistant fiberboard boxes
may be top-iced.
Cantaloups produce ethylene and
should not be shipped in mixed loads
with ethylene sensitive products such
as green leafy vegetables.
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Recommended loading methods:
• Corrugated Fiberboard boxes—
These moisture-resistant boxes, holding from 9 to 23 cantaloups each, are
usually stacked six or seven layers
high on pallets. The pallets are loaded by a forklift truck, two pallets
across the width of the truck. Drain
holes should be clear so that melting
ice water will not accumulate on the
trailer floor.

Carrots
Recommended transport conditions:
• Desired transit temperature:
32 °F (0°C)
• Desired relative humidity:
98 to 100 percent
• Highest freezing point:
29.5 °F (-1.4°C)
Top-icing is desirable for topped carrots for moisture retention. Carrots
are shipped to market loose in bulk
bags or fiberboard boxes or prepared
in consumer size plastic bags that are
in mesh bags or in fiberboard boxes.
Carrots should be promptly
hydrocooled after harvest to ensure
an adequate shelf life.
Recommended loading methods:
• Open mesh or plastic film bags—
Carrots in bags are usually stacked so
that, when loaded, the carrots are in
a vertical position. The bags should
not be stacked so tightly that top-ice
cannot infiltrate the load.
• Corrugated fiberboard boxes
(wox^i/j—When hand-loaded, fiberboard boxes are loaded lengthwise.
Fiberboard boxes also may be stacked
on pallets or slipsheets, and loaded
by forklift truck. The lower layers of
these boxes should be column-stacked
to retain the strength, while the upper
layers may be cross-stacked to provide stability. Carrots in fiberboard
boxes are loaded so that they are in
horizontal position.

Cauliflower
Recommended transport conditions:
• Desired transit temperature:
32 °F (0°C)
• Desired relative humidity:
95 to 98 percent
• Highest freezing point:
30.6 °F (-0.8°C)
Cauliflower should be cooled to the
desired transit temperature before
loading. Cauliflower may be field or
shed-packed, and may be individually
wrapped or packed with a plastic
film. Some cauliflower is
hydrocooled, and some is vacuumcooled. To control decay, cauliflower
should be kept below 40°F (4.4°C).
If cauliflower is packed in moistureresistant boxes, it can be top-iced.
Recommended loading methods:
• Corrugated fiberboard boxes—Mosi
cauliflower is palletized for ease of
handling. Although it is usually
packed in single layer boxes, the boxes are stacked quite high so that a
proper load density can be realized.
Care should be taken so that the top
layer of boxes does not touch and
compress the air-delivery chute,
which could restrict airflow and result
in freezing damage.
Celery
Recommended transport conditions:
• Desired transit temperature:
32 °F (0°C)
• Desired relative humidity:
98 to 100 percent
• Highest freezing point:
31.1 °F (-0.5 °C)
• Top-ice desirable
Celery is a highly perishable vegetable. Soon after harvest it should be
precooled to below 40 °F (4.4 °C) by
either hydrocooling or vacuumcooling. Development of decay is
limited by keeping temperatures be-

low 40°F (4.4 °C). After harvest,
celery continues to grow and should
be packed in the container in such a
way that, when the container is filled
and closed, the celery is in the upright position. Sometimes celery is
sleeved or bagged at the shipping
point. Many shippers also prepare
celery hearts which are packed one to
three stalks per bag or sleeve. A few
shippers, who use wirebound crates,
may top-ice their celery, but this is
not a common practice and is not required if the celery is sleeved.
Recommended loading patterns:
• Wirebound crai^5—Lengthwise on
sides to protect the stalks from
damage and allow the celery to continue to grow straight. Most celery is
hydrocooled or vacuum-cooled before
loading. Most shippers stack wirebound crates of celery with some
space between rows of the crates for
top-ice to fill. A few shippers load
their celery in an airflow pattern with
continuous lengthwise air channels
between rows as shown in figure 9.
• Fiberboard boxes—Most celery that
is packed in fiberboard boxes is
vacuum-cooled and not top-iced.
Most shippers load their celery
lengthwise on the box side, seven
wide and six or seven layers high. A
few shippers load their celery in an
airflow pattern as shown in figure 7.
Most sleeved celery and celery hearts
are packed in fiberboard boxes.
Sleeved celery packed in fiberboard
boxes is usually loaded in an airflow
pattern. Celery hearts are usually
packed in fiberboard boxes on their
bottoms and loaded lengthwise in the
trucks in an airflow type pattern.
Some shippers palletize boxes of
celery six per layer and six or seven
layers high. Celery hearts are palletized 10 per layer and 6 or 7 layers
high. See the Unit Load Pattern section for more information on pallet
loading.
Cherries
Recommended transport conditions:
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• Desired transit temperature:
Sweet cherries: 30° to 31 °F
(-1.1° to -0.6 °C)
Sour cherries: 32 °F (0°C)
• Desired relative humidity:
90 to 95 percent
• Highest freezing point:
Sweet cherries: 28.8 °F (-1.8°C)
Sour cherries: 29.0°F (-1.7°C)
Cherries are highly perishable, and
should be refrigerated to 32° to 36 °F
(0° to 2.2°C) before loading. Carbon
dioxide gas (COJ is beneficial in low
concentrations and retards decay of
sweet cherries during transit.
Washington and Oregon cherry shippers place a polyethylene bag liner in
the box. Respiration of the fruit in
the bag will build up a sufficient concentration of CO^ to retard decay and
help maintain a fresh appearance.
California shippers do not use box
liners.
Recommended loading methods:
• Wooden lugs—Most cherries are
volume-filled. Cherries packed in
wooden lugs are unitized on disposable wooden pallets and are secured
by either strapping or plastic netting.
• Corrugated fiberboard boxes—An
increasing amount of cherries are
shipped in these boxes. Like the wooden lugs, they may be strapped with
vertical and horizontal bands, or plastic netting may be used to secure the
boxes to the pallets. See the Unit and
Load Patterns sections for more information on pallet loading.

Corn (sweet)
Recommended transport conditions:
• Desired transit temperature:
32 °F (0°C)
• Desired relative humidity:
95 to 98 percent
• Highest freezing point:
30.9 °F (°0.6°C)
• Top-icing very desirable
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The sugar in freshly harvested sweet
corn will turn to starch rapidly unless
field heat is removed quickly. At
room temperature, corn can lose 50
percent of its sugar in 24 hours.
However, if the temperature is lowered to 32 °F (0°C) soon after harvest, only 24 percent is lost in 4
days. Many of the newer varieties retain their sugar content for longer
periods than the older varieties. In
most growing areas, corn is
hydrocooled, and in some areas, it is
vacuum cooled.
Corn has a high respiration rate.
Maximum refrigeration is required
during transit. In addition, top-ice is
very desirable to retain moisture and
maintain quality during transit. Topicing is especially desirable to replace
moisture lost from the husks during
vacuum-cooling process. The top ice
should be applied in three windrows,
running lengthwise of the trailer. The
thermostat should be set at 36 °F
(2.2 °C) so that the ice will melt and
the water will run down through the
load. If the thermostat is set at or below freezing, the ice will crust on top
of the load, block air circulation, and
corn in the bottom of the load will
heat up.
Recommended loading methods:
• Wirebound crates—The majority of
Florida sweet corn is shipped in wirebound crates loaded lengthwise on
their sides. Good row alignment
should be kept with adequate space
between rows to allow for top-ice.
Another variation for loading wirebound crates, used successfully by
some shippers, is to load the containers lengthwise on sides with no space
between rows in the first two or three
layers. The upper layers have one
less row and are offset over the bottom layers with several inches of
space between rows. Wooden strips
are placed horizontally across the top
of each layer to prevent the containers from toppling and blocking the
space between rows. This method of
loading allows a large volume of top-

ice to get in between the rows in the
upper layers and the melted water to
run direcdy through the bottom
layers.
• Fiberboard boxes (waxed)—
Lengthwise on bottoms. Fiberboard
boxes do not have side or end openings. However, they have top and
bottom openings that allow melted
water from top-ice or package-ice to
run downward through the layers.
These containers should be stacked in
register or squarely over one another
throughout the load to allow the melted water to run through the boxes
and for maximum strength of the
container.

Cranberries
Recommended transit conditions:
• Desired transit temperature:
36°to40°F (2.2° to 4.4°C)
• Desired relative humidity:
90 to 95 percent
• Highest freezing point:
30.4 °F (-0.9 °C)
Cranberries are primarily grown in
the Northern States of Wisconsin,
Massachusetts, New Jersey, Oregon,
and Washington, and are harvested
and available for fresh distribution
from September through December.
Cranberries can be held at temperatures of 36° to 40°F (2.2° to 4.4°C)
up to 4 months. Cranberries will
tolerate temperatures as low as 32 °F
(0°C) for periods up to 2 weeks;
however, exposure for longer periods
could cause chilling damage resulting
in discoloration and rubbery texture.
They must be handled with care since
they are susceptable to bruising injury
that results in flattened or depressed
areas on the fruit surface. Cranberries
should be precooled to near 40 °F
(4.4 °C) before loading because the
insulation effect of the packaging
makes it difficult to lower temperature during transit.
Recommended loading methods:
• Fiberboard master cartons—Stack

lengthwise on bottoms. Cranberries
for the fresh market are packed in
1-lb film bags or window boxes and
shipped in master fiberboard containers that will hold 24 1-lb (0.45-kg)
packages. The master fiberboard cartons should be stacked lengthwise on
bottoms in an airflow type pattern
(see figure 7).

Cucumbers
Recommended transport conditions:
• Desired transit temperatures:
50° to 55°F (10.0° to 12.8°C)
• Desired relative humidity:
95 percent
• Highest freezing point:
31.1 °F (-0.5 °C)
Generally, cucumbers do not require
precooling before transit. However,
they should be stored so that excess
field heat will be removed within 24
hour after harvest, or yellowing will
occur. Yellowing also may occur if
cucumbers are shipped in mixed loads
with tomatoes or other ethylene
producing products. Cucumbers are
subject to chilling injury if held or
transported for longer than 2 days at
temperatures below 45 °F (7.2 °C).
Decay of cucumbers is controlled by
maintaining transit temperatures near
desired levels; however, at higher
temperatures bacterial diseases can be
a problem. Cucumbers are very susceptible to shriveling, hence, the humidity during storage and transit
should be kept high. Also, cucumbers
are generally waxed to prevent
shriveling.
Recommended loading methods:
• Fiberboard boxes—Mo^i cucumbers
are packed in fiberboard boxes of
several different sizes. If the boxes
are hand-stacked, they are loaded
lengthwise on bottoms in an airflow
pattern as shown in figure 7. Many
shippers also palletize their cucumbers. See the Unit Load Patterns section for pallet loading details.
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Eggplant
Recommended transport conditions:
• Desired transit temperatures:
46° to 54 °F (8.0° to 12.2 °C)
• Desired relative humidity:
90 to 95 percent
• Highest freezing point:
30.6°F (-0.8°C)
Eggplants that are shipped or stored
at temperatures below 46°F (8.0°C)
may be subjected to chilling injury.
Surface scald or bronzing and pitting
are symptoms of chilling injury. Eggplants that have been subjected to
chilling temperatures are subject to
Alternaria rot when removed from
storage and/or transit. Mature eggplants harvested midsummer are highly susceptible to decay at
temperatures higher than 54 °F
(12.2 °C). Eggplants shrivel very easily during transport and storage if
relative humidity is not maintained at
90 percent.
Recommended loading patterns:
• Fiberboard boxes—Mosi eggplants
are packed in fiberboard boxes.
Generally, boxes of eggplants are
loaded lengthwise on bottoms in an
airflow pattern as shown in figure 7.
Many shippers palletize their eggplant
boxes eight per layer and five to six
layers high. See the Unit Load Patterns section for loading of palletized
units.
Endive and Escarole

lettuce which require maximum
refrigeration during transit. They
have a high rate of respiration, and it
is imperative that they are precooled
immediately after harvest by vacuumcooling or hydrocooling. Endive and
escarole often are shipped in mixed
loads with other products, because
most orders for these products are for
less than truckload lots. Top-ice or
package-ice is desirable. In full truck
load shipments, the top-ice should be
applied on top of the load in three
lengthwise windrows. The thermostat
on the refrigeration unit should be set
at 36°F (2.2 °C) so that the ice will
melt slowly and run down through
the load.
Recommended loading methods:
• Fiberboard boxes (waxed)—
Lengthwise on bottoms in an airflow
pattern if not top-iced (figure 7). If
top-iced, the boxes may be loaded
lengthwise or crosswise, but should
be stacked in register directly on top
of each other so that the melted water
can run straight down through the
holes in the tops and bottoms of the
boxes.
• Wirebound crar^5—Lengthwise on
bottoms. Some shippers use an airflow pattern (figure 9). If top-iced,
most shippers stack the crates with
slack space evenly divided between
the rows for top-ice to fill.
Garlic (dry)
Recommended transport conditions:

Recommended transport conditions:

• Desired transit temperature:
32° to 34°F (0° to 1.1 °C)

• Desired transit temperatures:
32 °F (0°C)

• Desired relative humidity:
65 to 75 percent

• Desired relative humidity:
95 to 100 percent

• Highest freezing point:
30.5 °F (-0.8 °C)

• Highest freezing point:
31.9°F (-O.rC)

Garlic is usually shipped from storage
at 32 °F (0°C). In warm weather,
care should be taken to load the
garlic promptly to reduce moisture
condensation on the product. Airflow
loading patterns should be used to re-

• Top-ice desirable
Endive and escarole are highly
perishable leafy vegetables similar to
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move any condensation that does occur. Garlic cloves sprout rapidly at
temperatures above 40°F (4.4°C) and
should not be shipped in mixed loads
with odor adsorbing commodities. Ice
should not come in contact with
garlic.
Recommended loading methods
• Fiberboard boxes—Th^ boxes
should be loaded lengthwise on bottoms in an airflow pattern as shown
in figure 7. This pattern assures good
ventilation in the load to remove condensation and maintenance of the
desired transit temperature.

Grapefruit
Recommended transport conditions:
• Desired transit temperatures:
Arizona and California: 58° to
60°F (14.4° to 15.6°C)
Florida and Texas:
Before January 1, 60 °F
(15.6°C)
After January 1, 50°F (10°C)
• Desired relative humidity:
85 to 95 percent
• Highest freezing point:
30.0 °F (-1.1 °C)
Grapefruit is very susceptible to chilling injury, particularly early in the
season. Chilling injury symptoms are
pitting or physiological breakdown of
the surface of the fruit which can be
a means of entry for decay organisms. Many types of decay organisms
can attack grapefruit, particularly during early- and late-season shipments.
Most shippers treat their grapefruit
with approved fungicides. Curing of
grapefruit can counteract some of the
adverse effects of low temperature.
Curing is accomplished by storing the
grapefruit at 60°F (15.6°C) for 1
week before storing and shipping
grapefruit at low temperatures of 32 °
to 34 °F (°C to 1.1 °C). This also can
be used as an insect quarantine treatment. Grapefruit loads may be ventilated during transit in cool weather.

but during warm weather, the loads
should be refrigerated. Caution: The
most injurious temperature to ship
grapefruit for chilling injury is 41 °F
(5.0 °C).
Recommended loading methods:
• Fiberboard boxes (loose filled)—
Lengthwise or crosswise on bottoms.
Most shippers use an airflow pattern
(see figure 7). Florida shippers mainly unitize their shipments on slipsheets with nine boxes per layer and
six to seven layers high per slipsheet
in a chimney stack. Many California,
Arizona, and Texas shippers unitize
their shipments on pallets, with seven
boxes per layer and seven layers
high. See the Unit Load Patterns section for unit load patterns.
• Fiberboard box (bag master)—
Lengthwise or crosswise on bottoms.
Most shippers use an airflow pattern
for their bag master containers. In
Florida, most shippers unitize their
shipments on slipsheets with seven
boxes per layer and seven layers high
(figure 21). Since most shippers do
not precool their fruit, extreme care
should be exercised in transporting
fruit packed in bag masters. The fruit
is packed in polyethylene film or
open mesh bags and packed in fiberboard boxes which makes it difficult
to cool during transport.

Grapes
Recommended transport conditions:
American type:
• Desired transit temperatures:
32 °F (0°C)
• Desired relative humidity:
85 percent
• Highest freezing point:
29.7°F (°1.3°C)
European type (vinifera):
• Desired transit temperature:
30° to 31 °F (-1.1° to -0.6°C)
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Figure 21.
Fiberboard boxes of
prepackaged grapefruit
loaded in a trailer. Note
that the boxes are stacked
on slip-sheets for unitized
handling.

• Desired relative humidity:
90 to 95 percent
• Highest freezing point:
28.1°F (-2.2°C)

Caution! When using SO, gas, caution must be taken to prevent injury
to workers and equipment. SO, fumes
are toxic to humans and will corrode
certain metals.
Recommended loading methods:

Grapes should be prec(X)led to near
the desired transit temperature before
loading, and the temperature should
be maintained near 32 °F (0°C) during the transit period. Vinifera grapes
are usually fumigated with sulphur dioxide gas (SO) during storage and
before shipment to control the spread
of Botrytis (gray mold) and
Cladosporium decays. This fumigation will not kill infections that started before harvest. For grapes that are
packed for the export market, top
cushion pads may be used that contain .sodium bisulphite which will be
slowly released during transportation.
Grapes should not be shipped with
green onions.
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• Wo(xi and krafl veneer boxes
(/M^íJ—Lengthwise on bottoms.
Grape boxes are palletized and secured with straps or plastic netting.
• Fiherhound ¿ttx«—Lengthwise on
bottoms. These boxes also are palletized for shipment.
• Expanded polystyrene foam
/7í«í'j—Lengthwise on bottoms. Some
shippers pack their grapes in plastic
polystyrene foam boxes, which are
then palletized for shipment. Grapes
in these foam boxes may take slightly
longer to cool than in wood-veneer
boxes. Their rate of warmup during
loading and after unloading also may

be slower. See the Unit Load Patterns
section for details on palletized
loading.
Kale
Recommended transport conditions:
• Desired transit temperature:
32 °F (0.0°C)
• Desired relative humidity:
95 to 100 percent
• Desired freezing point:
31.1 °F (-0.5 °C)
• Top-ice and package ice desired
Kale, a leafy vegetable, has a high
rate of respiration. It requires maximum refrigeration during handling
and transit to maintain its quality.
When kale is transported or kept at
temperatures above 32 °F (0°C), it
may temporarily appear to be in good
condition. However, the higher temperatures will reduce its resistance to
decay and yellowing of the leaves,
and it will breakdown rapidly when
displayed in stores.

can be placed lengthwise or crosswise
on bottoms. Waxed boxes packed
with loose kale should be loaded in
straight rows with stack space divided
between the rows for top-ice to fill.
Boxes with prepackaged kale need
cold air circulated to each box. This
can be accomplished by using airflow
pattern as shown in figure 7.
When palletized, the unit loads
should not touch the trailer walls unless the walls are corrugated or
ribbed to allow air circulation. In the
wider trailers, a pinwheel pattern may
allow for more complete air circulation. See the Unit Load Patterns section for pallet load diagrams.
• Bushel baskets—Baskets with
package-ice should be alternately inverted and offset by layers (figure
19). This allows a dense load with
good protection against crushing. If
the load is top-iced, the baskets
should be loaded in a non-offset,
bottom-to-bottom and top-to-top, alternately inverted pattern (figure 22).

Kiwi Fruit

For precooling and to maintain crispness, crushed or liquid ice usually is
packed in each container of kale.
Liberal amount of top-ice should be
placed over nonprepackaged loads.

Recommended transit conditions:

Recommended loading methods:

• Desired relative humidity:
90 to 95 percent

• Wirebound crates—^h^n floor
loaded, the crates can be loaded
lengthwise or crosswise on bottoms.
The containers should be loaded in
good row alinement with the stack
space divided between rows for topice to fill. All the crates should be set
squarely one on top of the other, and
all crates in each row should be loaded in the same way. Wirebound
crates should not be crossed over
each other, because the crates are not
built to support weight over the midsection. Loads not top-iced should be
loaded in an airflow pattern as shown
in figure 9.

• Highest freezing point:
29.0°F (-1.7°C)

• Fiberboard boxes (waxed & unwaxed)—When floor loaded boxes

• Desired transit temperature:
32 °F (OT)

Kiwi fruit should be cooled to 32 °F
(0°C) as soon after harvest as possible, and it should be maintained at
that level during the transit period.
Caution should be taken to prevent
kiwi fruit from being exposed to
ethylene gas. Electric forktrucks
should be used when handling kiwi
fruit, and these fruits should not be
shipped in mixed loads with products
that generate ethylene, such as apples
and other tree fruit.
Recommended loading methods:
• Wood rra>75—Lengthwise on bot45

Figure 22.
Bushel Baskets
loaded in a nonoffset
botfom-to-bottom and topto-top, alternately inverted
pattern and top-iced.

toms. Kiwi fruit are packed in single
layer preformed plastic trays, covered
with plastic film to prevent ethylene
contamination, and packed in wood
trays. The wood trays are stacked on
disposable wooden pallets which are
secured with straps or netting
material.

resistance. These fiberboard boxes
also are palletized. See the Unit Load
Patterns section for information on
palletized loading.

• Corrugated fiberboard boxes—
Lengthwise on bottoms, kiwi fruit,
packed in preformed plastic trays,
may be packed in single layer corrugated fiberboard boxes with covers,
or three fiberboard trays may be
packed in a single corrugated fiberboard master container. The boxes
usually are treated for moisture

Recommended transport conditions:
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Lemons

Desired transit temperature:
50 to 55°F (10° to 12.8°C)
Desired relative humidity:
85 to 90 percent
Highest freezing point:
29.4°F(-1.4°Q

Lemons are subject to chilling injury
(pitting and physiological breakdown)
if stored for long periods at
temperatures below 58° F (14.4°C).
However, during domestic transit
periods of several days, decay by rot
and mold is more likely to damage the
lemons than cold. Transit
temperatures between 50° to 55° F
(10° to 12.87°C) will effectively
protect against decay without
endangering the product with chilling
injury. Lemons usually are shipped
from cold storage and are near the
desired transit temperature when
loaded. They may be ventilated if
outside temperatures fall within the
desired temperature range.
Recommended loading methods:
• Corrugated flberboard box—
Lengthwise or crosswise on bottoms.
The boxes may be loaded tightly
together if the fruit is near the desired
transit temperature. However, if the
fruit is not precooled, an air flow
loading pattern with lengthwise air
channels should be used, see figure 7.
See the Unit Load Patterns section for
information on loading palletized
loads.

Lettuce (head)
Recommended transport conditions:

to cool lettuce in transit, truckers
should take several product temperatures during loading to be assured
that the lettuce is near the desired
transport temperature. Lettuce also is
sensitive to ethylene gas, and should
not be loaded with ethylene producing
commodities. In extremely hot or
cold weather, lettuce should be loaded up off the floor on pallets or racks
and away from the side walls of the
trailer to prevent warming or freezing. Lettuce should not be iced.
Recommended loading methods:
• Fiberboard boxes—L^Viuct boxes
are usually loaded mechanically by
forktrucks in the Western United
States. Many different types of load
patterns are used, depending on individual shippers equipment. Since
lettuce heads are of low density and
high cube, there is a tendency to load
it extremely tight without air channels. The trailer width should be
measured to make sure it will accommodate the intended width of the
load. Extremely tight loads, especially in trailers with flat walls, may experience overheating or freezing in
hot or cold weather respecfively. The
prevailing practice during hot weather
is to load the lettuce on disposable
wooden floor racks to allow additional air flow under the load. See the
Unit Load Patterns section for information on palletized loading.

• Desired transit temperature:
32 T (0.0 °C)
• Desired relative humidity:
98 to 100 percent

Lettuce (leaf)
Recommended transport conditions:

• Highest freezing point:
31.7°F ( 0.2 °C)

• Desired transit temperature:
32 °F (0.0°C)

Lettuce is one of the most perishable
and easily damaged of all commercial
vegetables. Individual lettuce heads
usually are field packed unwrapped
or wrapped in plastic film in fiberboard boxes. The field packed lettuce
may be vacuum cooled and placed in
cold rooms until ready for loading, or
it may be vacuum cooled immediately
before loading. Because it is difficult

• Desired relative humidity:
98 to 100 percent
• Highest freezing point:
31.7°F (-0.2 °C)
There are many types of leaf lettuce
including Bibb, Boston, Butter, etc.
All of these varieties are very perishable and easily damaged. Leaf lettuce
should be precooled immediately after
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harvest by either vacuum or
hydrocooHng. Once lettuce is
precooled, it should be shipped at
temperatures as near to 32 °F (0.0 °C)
as possible and at a high relative humidity. At higher temperatures, the
rate of respiration is high and bruised
areas will disease rapidly. Bacterial
soft rot is the most serious disease of
lettuce.
Recommended loading methods:
• Fiberboard boxes (waxed)—
Lengthwise on bottom in an airflow
pattern (figure 7). There are many
kinds and sizes of fiberboard boxes
used for shipping leaf lettuce.
However, most shippers pack 12 or
24 bunches per box.
• Wirebound crates—^Lengthwise on
bottoms in an air flow pattern as
shown in figure 9.

Limes
Recommended transport conditions:
• Desired transit temperature:
48° to 50 °F (8.9° to 10.0 °C)
• Desired relative humidity:
85 to 90 percent
• Average freezing point:
29.1°F (-1.6°C)

• Fiberboard boxes—LtngihWi^Q on
bottoms. Most limes are packed in a
fiberboard box containing 10 pounds,
but a few are still shipped in a
4/5-bushel fiberboard box. The
4/5-bushel box is usually loaded in an
airflow pattern (figure 7) or palletized
9 per layer and 6 layers high. The
smaller box is usually palletized 18
per layer and 10 layers high. See the
Unit Load Patterns section for palletized loading.

Mangoes
Recommended transport conditions:
• Desired transit temperature:
55 °F (12.8 °C)
• Desired relative humidity:
85 to 90 percent
• Highest freezing point:
30.3 °F (-0.9°C)
Generally, the best transit temperature for mangoes is 55°F (12.8°C).
Some varieties can be shipped at lower temperatures of 50 °F (10.0 °C);
however, other varieties are susceptible to chilling injury at 55 °F
(12.8 °C). At temperatures below
50 °F (12.8 °C) all mangoes are highly
susceptible to chilling injury. This is
manifested as a grayish scald-like discoloration of the skin often accompanied by pitting, uneven ripening, and
poor flavor and color development.

Limes are picked green and should
remain green during marketing for
best quality. After harvest, limes are
sorted, packed and precooled to
around 50 °F (10.0 °C) in refrigerated
rooms. Limes are subject to attack by
blue- and green-mold and stem-end
rot. Limes picked when over-mature
may develop stylar-end breakdown
during transit. Green color is maintained better at lower temperatures,
but pitting (chilling injury) may occur
when limes are held at temperatures
below 45 °F (7.2°C). Most limes are
shipped in mixed loads particularly
with avocados, because they usually
are produced and shipped from the
same areas.

Recommended transport conditions:

Recommended loading methods:

• Desired transit temperature:
45°to50F (7.2° to 10.0 °C)
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Recommended loading method:
• Fiberboard boxes—hodiá lengthwise
on bottoms in an airflow pattern having unobstructed lengthwise air channels as shown figure 7. However,
most Florida shippers palletize their
mangoes 9 per layer and 12 to 14
high. See Unit Load Patterns section
for palletized loading information.
Melons (Honeydew, Casaba,
Crenshaw, Persian)

• Desired relative humidity:
90 to 95 percent
• Highest freezing point:
30.5 °F (-0.8°C)
Melons are very sensitive to chilling
injury (pitting and physiological
breakdown), and are easily bruised.
Temperatures below 45 °F (7.2 °C)
may result in sunken areas on the
skin and result in decay.
Note: Recent research has shown
that honeydew melons may be
transported at 36-41 °F
(2.2-5.0°C) if they are treated
with 1,000 p/m ethylene gas for
24 hours immediately after harvest and then cooled to these
temperatures.
Honeydew melons do not need to be
precooled before loading, but may be
cooled by the trailer refrigeration
during transit to market.
Recommended loading methods:
•Corrugated fiberboard boxes—
Melons usually are packed with from
4 to 8 melons per box, which are
separated from each other by a corrugated fiberboard divider to protect
them from bruising. Most melon boxes are unitized on disposable wooden
pallets. See the Unit Load Patterns
section for information on pallet loading methods.
If the boxes are hand stacked in the
trailer, the boxes may be loaded
lengthwise or crosswise. Most vehicles will accommodate five rows
crosswise on bottoms, with some remaining slack space. This extra space
may be used by offsetting the container in alternate layers of the third
or middle row, thus creating a continuous lengthwise air channel on
each layer of the middle row (See
figure 23).
Mushrooms
Recommended transit conditions:
• Desired transit temperatures:
32 °F (0°C)
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Figure 23.
A method of loading
fiberboard boxes of
honeydew melons in a
trailer with provision for
lengthwise air channels
through the middle of the
load.

• Desired relative humidity:
95 percent
• Highest freezing point:
30.4 °F (-0.9 °C)
Fresh mushrooms are highly perishable with a shelf life of about 1 week
under optimum conditions. Prompt
cooling after harvest and close temperature control during transit are essential. Mushrooms are easily bruised
and should be handled carefully.
They have a high respiration rate and
require adequate air circulation.
Moisture from condensation or other
sources should be avoided.
Mushrooms are sensitive to water and
may develop brown spots and decay
rapidly if wet. Fresh mushrooms are
generally prepacked in 8-, 12-, and
16- ounce (0.23, 0.34, and 0.45 kg)
consumer packages overwrapped with
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plastic film. These, in turn, are
packed in fiberboard master trays for
shipping. Some mushrooms are bulk
packed in the fiberboard master trays.
A 10- pound (4.5 kg) bulk pack is
the most popular size. Nearly all
mushrooms are palletized for
shipment. See the Unit Load Patterns
section for details.

• Desired relative humidity:
95 to 100 percent
• Highest freezing point:
Onions (bunch or spring):
30.4 °F (-0.9 °C)
Shallots (white leaf bare):
31.6°F (-0.2 °C)
Leeks (blanched stalks):
30.7°F (-0.7°C)

Okra

• Top-ice and/or package-ice

Recommended transport conditions:

Green onions (scallions) and shallots
are highly perishable, and should be
precooled soon after harvest. Crushed
ice in the package and top icing will
help to retain moisture and crispness,
and reduce yellowing of these
products. Leeks should not be loaded
with figs or grapes.

• Desired transit temperature:
45° to 50°F (7.2° to 10.0°C)
• Desired relative humidity:
90 to 95 percent
• Average freezing point:
28.7°F (-1.8°C)
Okra deteriorates rapidly and has a
very high rate of respiration at warm
temperatures. Okra has a market life
of about 10 days. It should not be
top-iced, because this will cause
water spotting at all temperatures. At
temperatures below 45 °F (7.7 °C),
okra is susceptible to chilling injury
which is manifested by surface discoloration, pitting, and decay. Okra
is also easily bruised and bruised
areas will blacken rapidly.

Recommended loading methods:
• Fiberboard boxes (moisture resistant)—LQngthwise or crosswise on
bottoms. Usually they are loaded with
other commodities that require topicing and space should be left between the rows of boxes or pallets
for top-ice to fill.
• Wirebound crates—Sâmc as for
fiberboard boxes above.
Onions (dry)

Recommended loading methods:
• Wirebound crai^5—Lengthwise on
bottoms in an airflow pattern as
shown in figure 9.
• Fiberboard ¿70jc^5—Lengthwise on
bottoms in an airflow pattern similar
to figure 7.
• Bushel hampers—A few shippers
still ship their okra in bushel hampers. Figures 17 and 18 show how to
load hampers of okra for the winter
and summer seasons respectively.
Onions (green), Shallots and
Leeks
Recommended transport conditions:
• Desired transit temperature:
32 °F (0°C)
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Recommended Transport Conditions:
• Desired transit temperature:
32 °F (0°C)
• Desired relative humidity:
65 to 70 percent
• Highest freezing point:
30.6°F (-0.8°C)
Dry onions store well if held at the
proper temperature and humidity and
are kept dry after they are cured.
Higher temperatures will cause
sprouting and decay. Onions removed
from cold storage for shipment during
warm weather tend to sweat on contact with the warm air. This condition
should be avoided when possible by
minimizing exposure of cold product
to warm, humid air. Pre-cooling of

the vehicle and adequate air circulation inside the transport vehicle during transit will help minimize
condensation of moisture on the
product. Dry onions are transported
in a variety of ways including 25and 50- pound (11.3 and 22.7 kg)
mesh or plastic bags, 40- pound (18.1
kg) fiberboard cartons and various
consumer-size mesh and plastic bags
in shipping cartons.
Recommended loading methods:
• Open mesh or plastic bags—
Lengthwise or crosswise on bottoms
on floor or pallets. Hand-stacked
loads should use an airflow pattern as
shown in figure 8.
• Fiberboard Z7ö;C^5—Lengthwise on
bottoms in an airflow pattern as
shown in figure 7. The boxes may be
loaded lengthwise or crosswise on
pallets.

Oranges
Recommended transport conditions:
• Desired transit temperature:
Florida and Texas: 32° to 34°F
(0.0° to 1.1 °C)
California and Arizona: 38° to
48°F (3.3° to 8.8°C)
• Desired relative humidity:
85 to 90 percent
• Highest Freezing point:
Peel 29.7°F (-1.3°C)
Flesh 30.6°F (-0.8 °C)
The preshipment handling of oranges
varies by production area and season.
Generally, the fruit is washed,
waxed, treated, and packaged for
shipment. Most shippers do not
precool their oranges; therefore, fruit
temperature depends on ambient temperature. Some shippers do precool
their fruit, particularly in California.
All prepackaged oranges in polyethylene or open mesh should be
precooled, because the bags and
fiberboard master shipping box make
cooling in transit very difficult.

California and Arizona oranges
shipped at temperatures below 38 °F
(3.3 °C) are susceptible to chilling injury and other rind disorders.
Oranges from all citrus-producing
areas are subject to decay by bluemold and green-mold rots. In addition, Florida and Texas fruit are susceptible to stem-end rot. Losses from
decays can be reduced by decay inhibitors, careful handling to prevent
skin breaks, and proper refrigeration.
Recommended loading methods:
• Fiberboard /?ojc^5—Lengthwise or
crosswise on bottoms. When handstacked an airflow loading pattern
should be used for shipping citrus
(see figure 7). Shipments may also be
unitized on slipsheets or pallets. See
the Unit Load Patterns section for
more information on palletized
loading.
• Bins-—A few shippers may pack
oranges in various types of bins
which may be constructed of fiberboard, wood, or wire mesh. These
bins are generally stacked two high.
Some shippers may also pack polyethylene or open mesh bags of citrus
in bins, particularly in the wire mesh
bin. Bin loading patterns are the same
as the pallet patterns shown in the
Unit Load Patterns section for pallet
load arrangements.
Parsley
Recommended transport conditions:
• Desired transit temperature:
32 °F (0.0 °C)
• Desired relative humidity:
95 to 100 percent
• Highest freezing point:
30°F (-1.1 °C)
• Top-ice or package-ice desirable
Parsley, a green, leafy herb, keeps
well at 32 °F (0.0 °C) in combination
with high humidity. Like all leaiy
plants, parsley has a high rate of
respiration, and its temperature must
be lowered quickly to retard respira51

tion and spoilage. Usually, parsley is
hydrocooled, but some shippers may
vacuum-cool. Top-ice and/or
package-ice may be used by some
shippers to help maintain the natural
crispness and appearance of the
product. Parsley is normally shipped
in less-than-truckload lots.
Recommended loading methods:
• Fiberboard boxes (waxed) and
Wirebound crates—These types of
containers should be loaded lengthwise on bottoms. They are normally
loaded in rows across the trailer with
slack space divided between rows for
top-ice. If top-ice is not used, an airflow pattern as shown in figures 7
and 9 should be used.

boxes are loaded lengthwise. They
should be stacked in register so that
the ice melt water can filter down
through the stack through the top and
bottom vent slots in the boxes. The
slack space should be evenly divided
between the rows for top-ice to fill.
When boxes of parsnips are palletized, the boxes in the lower layer
should be column stacked to retain
their strength, the upper layers may
be cross-stacked to stabilize the pallet
load.

Peaches and Nectarines
Recommended transport conditions:
• Desired transit temperature:
31 to 32 °F (-0.6° toO°C)

Parsnips

• Desired relative humidity:
90 to 95 percent

Recommended transport conditions:

• Highest freezing point:
30.4 °F (-0.9 °C)

• Desired transport temperature:
32 °F (0°C)
• Desired relative humidity:
98 to 100 percent
• Highest freezing point:
30.4 °F (-0.9 °C)
• Top-ice or package-ice desirable
Parsnips have transit and storage requirements similar to carrots. They
are topped after harvest and will keep
up to 4 months if held at 32 °F (0°C)
and a high relative humidity. Parsnips
have a tendency to shrivel from lack
of moisture.
Recommended loading methods:
• Open mesh or plastic film bags—
The general practice is to package
parsnips in a plastic film bag and
ship with ice. Parsnips in bags are
usually stacked so that when loaded
the parsnips are in a vertical position.
The bags should not be stacked so
tightly that top-ice cannot infiltrate
the load. Bagged parsnips are often
palletized and top-iced.
• Fiberboard boxes (wax impregnated)—^\\en handloaded, fiberboard
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Peaches and nectarines are relatively
tender fruits and bruise easily. They
are usually harvested and shipped
while still firm so that physical injury
will be minimized during transit and
marketing. To delay ripening and
retard decay, these fruits should be
promptly cooled to the desired temperature before loading.
Recommended loading methods:
• Corrugated fiberboard boxes—
Lengthwise on bottoms. These boxes
are usually volume filled with 25 or
30 pounds (11.3 or 15.9 kg), and
more than 60 percent are unitized on
disposable wooden pallets. Various
methods of securing the boxes to the
pallets are used.
• Wooden /w^5—Lengthwide on bottoms. The fruit is often packed in
plastic trays, in either one or two layers. In turn, the trays are packed in
wooden lugs. These lugs are palletized. Since peaches and nectarines
are a dense product, caution should
be exercised that the truck is not
overloaded.

It is essential that pears be cooled as
soon after harvest as possible to protect their shelf life. The storage life
of pears ranges from 2 to 8 months,
depending on variety. Extensive
wanning of the fruits starts the ripening process which cannot be
reversed. It is, therefore, advisable to
transport pears as close to the storage
temperature as possible.

Hand stacked loads of fruit that are
not thoroughly precooled should be
loaded using an airflow pattern as
shown in figure 24. See the Unit
Load Patterns section for instructions
on palletized loading.
Pears
Recommended transport conditions:
• Desired transit temperature:
32 °F (0°C)

Recommend loading method:
• Corrugated fiherboard boxes—
Fiberboard boxes may be volume
filled, place packed, or tight filled
(vibration settled in the box with the
cover tightly secured to the body with

• Desired relative humidity:
90 to 95 percent
• Highest freezing point:
29.2°F (-1.6°C)
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Figure 24.
An end-view of an airflow
loading pattern for
commodities packed in
wooden lugs. Note: Each
stack must be the same to
maintain continuous
lenghtwise air channels;
and crosswise stripping
stabilizes the load.
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strapping material or staples). The
boxes also may be unitized on disposable wooden pallets and secured by
straps or netting, or they may be
loaded directly on the trailer floor,
either by hand or by fork truck. A
tight hand stack pattern may be used
if the pears are precooled to the
recommended transit temperature. If
the pears are not throughly precooled,
an airflow pattern as in figure 7 is
recommended.
The gross weight of containers of
pears may vary considerably, so care
should be taken to prevent overloading.
• Wooden boxes—Lengihv/ise on
sides in continuous rows tightly
together. Some shippers may pack
some of their crop in this box which
is stacked on its side. Care should be
taken not to place any weight on the
bulge-packed cover.

Peas (green and snow peas in
pods)
Recommended transport conditions:
• Desired transit temperature:
32 °F (0°C)
• Desired relative humidity:
95 to 98 percent
• Highest freezing point:
Pods: 30.9°F (-0.6°C)
Shelled peas: 29.9 °F (-1.2 °C)
• Top-ice required
Fresh green peas are extremely
perishable and require the utmost care
to keep them in salable condition. To
retard the sugar in peas from turning
to starch, it is essential that their temperature be lowered and held near
32 °F (0°C) immediately after harvest. Either hydrocooling or vacuum
coohng is desirable. Top-icing after
loading is required to help maintain a
low temperature and the fresh appearance of the pods. With less-thantruckload shipments of peas and
where top-icing is not feasible, the
peas should be packed with crushed
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Recommended loading methods:
• One bushel tub-baskets or
hampers—When floorloaded, baskets
are stacked alternately bottom-tobottom and top-to-top (figure 22).
This produces a compact load capable
of supporting a liberal amount of topice with minimum crushing of the
product. The baskets should be
stowed tightly together to prevent
load shifting. Top-ice shold be applied so that it fills all spaces between the baskets in the load.
• Wirebound crates—When floorloaded, the crates should be loaded
lengthwise or crosswise on bottoms.
Good row alinement should be kept
with space between rows distributed
evenly for top-ice to fill. All crates
should be stacked squarely one on top
of the other. Wirebound crates should
not be crossed over each other, because the crates are not built to support weight over the midsection.
When palletized, the loads should not
be placed against the trailer walls unless the walls are corrugated or
ribbed to allow air circulation.
• Fiberboard boxes (waxed)—Some
peas are packed in wax-coated fiberboard containers that are well ventilated with holes on all faces. Crushed
ice is often packed in with the peas.
Floor and pallet loading is the same
as for wirebound crates.

Peppers (sweet)
Recommended transport conditions:
• Desired transit temperature:
45° to 55°F (7.2° to 12.8°C)
• Desired relative humidity:
90 to 95 percent
• Highest freezing point:
30.7 °F (-0.7 °C)
Mature-green peppers held at temperatures below 45 °F (7.2 °C) will incur
chilling injury. Peppers stored at
chilling temperatures develop pitting,
scalds, and various decays, and at
temperatures above 55 °F (12.8 °C)
peppers can develop decay quite

rapidly. Generally, peppers are
packed in corrugated fiberboard boxes but sometimes wirebound crates
are used.
Recommended loading methods:
• Fiberboard ¿?ojc^5—Lengthwise on
bottoms. The boxes are usually
stacked in an airflow pattern (figure
7). However, many shipments of peppers are palletized. See the Unit Load
Patterns section for information on
loading palletized units.
• Wirebound cra/^5—Wirebound
crates of peppers are loaded in an
airflow pattern as shown in figure 9.

Pineapple
Recommended transport conditions:
• Desired transport temperature:
Mature-green fruit 50° to 55 °F
(10° to 13°C)
Ripe fruit 45 °F (7.2 °C)
• Desired relative humidity:
85 to 90 percent
• Highest freezing point:
30.0 °F (-1.1 °C)
Cooling and heating temperature control may be required.
Mature-green pineapples are susceptible to chilling damage if exposed to
temperatures below 50°F (10°C).
Symptoms of chilling injury are impaired ripening, brown or dull shell
color, water soaked flesh, wilting of
the crown, green spotting, and failure
to develop a good flavor. Chilled
fruit is particularly subject to decay if
not kept refrigerated.
Recommended loading methods:
• Fiberboard boxes are loaded
lengthwise or crosswise on bottoms.
Boxes often have fiberboard inserts
placed between individual fruit to
prevent bruising during transit. In extremely cold weather, boxes of
pineapples should be loaded as shown
in figure 5 a to reduce product contact
with the vehicle walls and possible
chilling or freezing injury.

Plums and Fresh Prunes
Recommended transport conditions:
• Desired transit temperature:
32 °F (0°C)
• Desired relative humidity:
90 to 95 percent
• Highest freezing point:
30.5 °F (-0.8 °C)
Plums and fresh prunes should be
thoroughly precooled soon after harvest. Generally, plums and prunes are
packed and placed in cold-storage
rooms for precooling before shipment. Careful handling is very important because bruising and skin breaks
may result in decay and a loss of
quahty.
Recommended loading method:
• Corrugated fiberboard boxes—
Lengthwise or crosswise on bottoms.
A considerable amount of this fruit is
tight filled (vibration settled in the
box with the cover tightly secured to
the body with strapping material or
staples), which reduces roller bruising
and subsequent discoloration to the
skin. The boxes are unitized on disposable wooden pallets and secured
with straps or netting material.
Potatoes
Recommended transport conditions:
• Desired transport temperature:
Early crop—for table 50° to
60°F (10° to 15.6°C) for
chipping—65° to 70 °F
(18.3° to 21.1°C)
Late crop—for table 40° to
50°F (4.4° to 10°C), for
chipping—50° to 60 °F
(10° to 15.6°C)
• Desired relative humidity:
90 percent
• Highest freezing point:
30.9 °F (-0.6 °C)
Ventilation, heating, or cooling may
be required in transit depending on
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time of year and outside temperature
conditions.
Early crop or new potatoes are harvested and shipped from the Southern
States during the winter, spring, and
early summer. Because these potatoes
are shipped before their skin has time
to set or mature, they are easily
skinned and bruised. Broken skins
open the way for decay organisms
and tissue browning at the surface
and lower the market value of the
product. Potatoes, fortunately, have
the inherent ability to seal skin breaks
by producing suberin and wound
periderm, which are essentially new
skin. This self-healing process proceeds best at a high humidity and
temperatures of 60° to 70°F, (15.6°
to21.1°C).
As a rule, early-crop potatoes may be
shipped satisfactorily if they are ventilated. Ventilation will aid in drying
if weather permits. Airflow loading
patterns should be used to take full
advantage of the ventilation.
Late-crop potatoes are harvested during the summer and fall. They are allowed a longer time to mature before
being dug; therefore, their skins are
set and less prone to injury from handling. Because of their tougher skins,
they do not need the higher temperature and humidity for healing required by early-crop potatoes.
Most late-crop potatoes are grown
and stored in the Northern States.
They are shipped from storage late in
the fall, winter, and early spring.
Since many shipments move through
areas with subfreezing temperatures,
heat is often needed when transporting potatoes. Fans should be operated
with the heating system to circulate
the warm air around the load.
Freezing damage is most likely in
bags on the floor and against the bottom sidewalls. Cushioning or padding
material on the floor will help insulate the product in the bottom layers,
and protect against bruising from
overhead weight. However, any
material that will fill the floor
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grooves, such as straw, should not be
used because it will block warm-air
circulation under the load. Several
types of suitable floor padding
materials are available from commercial sources. Loading potatoes on
wood pallets with the stringers running lengthwise also provides a means to protect potatoes from freezing
at floor level by allowing circulating
air under the load.
Loads of late-crop potatoes may be
ventilated when outside temperatures
range between 40° (4.4°C) and 50°F
(10°C). At temperatures below or
above this range, the vent doors
should be closed.
Recommended loading methods:
• Burlap and paper bags—Most potatoes are packed in consumer bags of
plastic film holding 5 or 10 pounds
(2.3 or 4.5 kg). These in turn are
packed in master paper bags holding
50 pounds (22.7 kg) and palletized.
Recent research found that most handling bruising occurs to potatoes
when the bags or boxes are dropped
on hard floor or pallet surfaces during loading. Significant increases in
bruising damage were found when the
drop heights exceeded 30 inches (76
cm). See the Unit Load Patterns section for pallet loading in the vehicle.
• Hand-stacked bags of early-crop or
new potatoes should be loaded in an
airflow pattern as shown in figure 8.
Bags of late-crop potatoes may be
stacked as shown in figure 5a. It is
important to keep the potatoes from
directly contacting the walls and floor
in extremely cold weather to prevent
freezing.
• Corrugated fiberboard boxesBoxes are stacked lengthwise or
crosswise on bottoms on floor or unitized on pallets. New potatoes in boxes should be loaded in an airflow
pattern as shown in figure 7 to allow
intransit drying.
• Bulk potatoes for chipping—Most
potatoes for chipping are shipped
from storage in bulk loads. The pota-

toes should always be loaded and
transported at the same or slightly
warmer temperature than the storage
temperature, but never at colder temperatures. The potatoes should be
handled as gently as possible. Rough
handling and improper temperatures
may cause adverse chemical reactions
which increase the sugar content of
the potatoes. This subsequentíy
results in undesirable dark colored
chips. Truckers should carry an accurate thermometer for checking pulp
temperatures of the potatoes. Bulk
chipping potatoes usually are loaded
with a bin-piler conveyor with a
telescoping boom. They are unloaded
with an industrial truck or by gravity
flow.
Bulkheads of plywood or bags of
potatoes are constructed 2 to 4 feet
(0.61 to 1.23 m) from the rear doors
of the trailers to contain the loose
potatoes. Heaters, when required,
usually are placed in this open space.
A great amount of chipping potaotes
are shipped from Far Northern States
in the winter and require heating.
Propane gas heaters are preferred and
predominantly used. The fans need to
be operated at all times to circulate
the heated air over and under the
load.
A buildup of carbon dioxide (CO^)
also may result in off-colored chips.
Therefore, it is important to allow a
small amount of outside air or oxygen to ventilate to the chipping potatoes at all times. Since heaters
produce extra CO^, the doors of the
vehicle should be opened about every
3 hours for a few minutes to allow a
fresh air exchange in the vehicle
when heaters are operating. Fan operation is necessary to circulate fresh
air to all parts of the load. Chipping
potatoes should be processed as soon
as possible after unloading.

• Desired relative humidity:
95 to 100 percent
• Highest freezing point:
30.7 °F (-0.7 °C)
Radishes should be precooled to remove field heat and preserve their
natural crispness. Most radishes are
topped and packed in consumer-size
plastic-film packages which are
shipped in waxed corrugated fiberboard boxes. Some radishes are
shipped with their tops on and to
keep them fresh, these radishes must
have top-ice or package-ice placed in
the containers. Topped radishes
packed in consumer bags keep well in
transit and storage for several weeks,
provided the recommended temperature and humidity are maintained.
Black spotting is a major market disease of radishes, but this is controlled
effectively at temperatures below
50°F (10°C).
Recommended loading methods:
• Waxed fiberboard boxes (consumer
packages)—Wtry few straight loads of
radishes are shipped, but when they
are, an airflow type pattern (figure 7)
should be used to allow uniform circulation of refrigerated air throughout
the load.
• Wirebound crates or fiberboard
boxes (bunched radishes with tops)—
Lengthwise on bottoms. Good row
alignment should be maintained, with
the stack space divided between rows
for top-ice to fill. Sometimes wood
slats are placed crosswise between
every fourth or fifth layer to maintain
row alignment.

Radishes

• Polyethylene bags (bulk radishes)—BsLggQÚ radishes also are loaded
in an airflow type pattern. This pattern provides lengthwise air channels
for the circulating air. If a full load
of bagged radishes is loaded, a header stack must be used (see figure 8).

Recommended transport conditions:

Raspberries

• Desired transit temperature:
32 °F (0°C)

Recommended transport conditions:
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• Desired transit temperature:
32 °F (0°C)
• Desired relative humidity:
90 to 95 percent
• Highest freezing point:
black-30.0°F (-1.1 °C)
red-30.9°F (-0.6 °C)
Fresh raspberries are highly perishable and are usually not shipped over
long distances nor in full truckloads.
It is imperative that they be precooled
immediately after harvest and maintained at temperatures near 32 °F
(0°C) to prevent mold decay. An atmosphere of 10 to 20 percent carbon
dioxide (CO ) will help to retard
decay.
Recommended loading method:
• Corrugated fiberboard trays—
Lengthwise on bottoms. Trays are
palletized to minimize handling. The
pallets should be loaded in the center
of the truck, two wide, and braced
away from the walls so that air can
circulate between the walls and the
product and prevent conduction of
heat from the trailer walls to the fruit
(see figure 14b). Hand-loaded trays
should be stacked as shown in figure
20.
Rhubarb
Recommended transport conditions:
• Desired transit temperature:
32 °F (0°C)
• Desired relative humidity:
95 to 100 percent
• Highest freezing point, stalks:
30.3 °F (-0.9°C)
Fresh rhubarb should be kept at 32 °F
(0°C) and at a high humidity to prevent wilting and shriveling. Bunches
or loose stalks of rhubarb usually are
wrapped in polyethylene film liners in
the shipping containers to prevent
moisture loss. The liners should not
be sealed.
Recommended loading methods:
58

• Fiberboard /?6>x^5—Lengthwise or
crosswise on pallets. Floor stacked
boxes should be lengthwise on bottoms and in an airflow pattern as
shown in figure 7.

Romaine
Recommended transport conditions:
• Desired transit temperature:
32 °F (0°C)
• Desired relative humidity:
95 percent
• Highest freezing point:
31.7°F (-0.2 °C)
• Top-ice desirable
Romaine is a type of lettuce. Being a
leafy vegetable, it is highly perishable
and requires maximum refrigeration
during transit. It should be either
vacuum-cooled or hydrocooled before
shipment, depending on the shipper's
facilities. Romaine often is shipped in
mixed loads with other products, because most orders for this product are
for less-than-truckload lots.
Recommended loading methods:
• Fiberboard boxes (waxed)—
Lengthwise on bottoms in an airflow
pattern (figure 7). Palletized boxes
may be tight stacked if adequately
precooled and refrigerated during
transit. The pallets should be loaded
to the center of the vehicle. The
crates are stacked in register with the
stack space between rows evenly distributed for top-ice to fill. Wood
strips placed crosswise between layers
may be used to stabilize the load and
maintain stack alignment. If top-ice is
not used, an airflow load pattern
should be used (see figure 9).

Spinach
Recommended transit conditions:
• Desired transit temperature:
32 °F (0°C)
• Desired relative humidity:
95 to 100 percent

• Highest freezing point:
31.5°F (-0.3 °C)

Summer squash (yellow crookneck,
straightneck, and zucchini):

• Top-ice and package-ice desired

• Desired transit temperature:
41° to 50°F (5° to 10°C)

Fresh spinach is delicate and highly
perishable. It must be carefully handled to prevent mechanical damage to
the leaf which would present a potential point for disease entry. Fresh
spinach must be held at a temperature
near 32°F(0°C) and packed with ice
to preserve its shelf life of about 10
to 14 days. Spinach should be cooled
as soon as possible after harvesting
and kept from dehydrating to prevent
wilting.
Recommended loading methods:
• Wirebound crates—V^h^n top-iced,
the crates of spinach should be loaded
lengthwise on bottoms and stacked in
straight rows. The slack space should
be evenly distributed between rows
for top-ice to fill. All top-ice is not
used then an airflow stacking pattern
as shown in figure 9 should be used.
• Fiberboard ¿70jc^5—Spinach packed
in plastic film consumer packs in
fiberboard boxes should be loaded in
an airflow pattern as in figure 7.
Palletized boxes of consumer packs
should be stacked in register and secured with strapping to prevent bruising of the tender leaves.
Waxed boxes of loose packed spinach
should be loaded lengthwise in rows
with the slack space evenly divided
between rows for top-ice to fill. The
boxes should be stacked in register so
that melt water can run downward
through all containers in the stack.

Squash and Pumpkins
Recommended transport conditions:
Winter squash (Hubbard and
Acorn) and pumpkins:
• Desired transit temperature:
50° to 55°F (10° to 12.8°C)
• Desired relative humidity:
50 to 70 percent
• Highest freezing point:
30.5°F (-0.8°C)

• Desired relative humidity:
95 percent
• Highest freezing point:
31.1 °F (-0.5 °C)
After harvest, winter squash and
pumpkins should be allowed to cure
at temperatures between 80° and
85 °F (26.7° to 29.4 °C) for 10 to 20
days to allow healing of mechanical
cuts. Cured squash have a storage life
of 2 to 6 months. However, they are
subject to chilling injury and should
not be kept or shipped at temperatures below 50oF (lOoC) for any
length of time. They require low humidity.
Summer squash are harvested and
shipped at an immature stage. They
are more perishable than winter
squash. Their storage life is shorter,
and they require lower temperatures
and higher humidity during transit.
The skin of summer squash is very
tender and easily wounded during
handling. Summer squash can withstand 32° to 40°F (0° to 4.4 °C) temperatures up to 4 days with little
danger of chilling injury.
Recommended loading methods:
• Wirebound crai^5—Crates of summer squash should be loaded lengthwise on bottoms in an air flow
pattern as shown in figure 9. Crates
of winter squash may be tight stacked
either lengthwise or crosswise on bottoms. The crates should be stacked in
vertical alignment and never be
crossed over each other since the
crates are designed to support the
overhead weight on their corners.
When palletized, the crates should
also be stacked in vertical alinement
and strapped to the pallet. Unit loads
should not touch the trailer walls unless the walls are corrugated or
ribbed to allow air circulation between the load and walls and prevent
freezing in cold weather.
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• Fiherboard ¿7é>JC^5—Fiberboard boxes of winter squash may be loaded
crosswise or lengthwise on bottoms.
Boxes of summer squash should be
loaded in an airflow pattern as shown
in figure 7.
• Bw/A:-¿?/«5—Pumpkins often are
shipped in bulk bins. If the bins are
double stacked, care should be taken
not to over fill the bins on the bottom
layer or crushing will occur.

Strawberries
Recommended transport conditions:
• Desired transit temperature:
32 °F (0°C)
• Desired relative humidity:
90 to 95 percent
• Highest freezing point:
30.6°F (-0.8°C)
Strawberries are extrememly perishable. Even under ideal handling conditions, they rarely keep more than 10
days after harvest. Low temperatures
near to 32 °F (0°C) are essential to
control both decay and ripening.
Most shippers precool their berries
immediately after harvest and before
shipment by forced-air cooling to at
least 40°F (4.4 °C). Strawberries are
generally packed 12 pints to an opentop fiberboard tray box. Most boxes
are constructed in such a manner that
two-tray boxes are connected together
with wires and each box is connected
to the box below with tabs protruding
up into the box above for load stability.
Most California strawberry shippers
palletize their shipments. In some
cases a sealed bag is placed over
each palletized unit and filled with a
modified atmosphere containing about
14 percent CO^ gas. The CO^ atmosphere helps to control decay and
retard ripening.
The principal decay likely to affect
strawberries in transit are gray-mold
and Rhizopus rots. Only sound fruit
should be shipped, because decay
fungi can easily spread throughout
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each shipping container. Strawberries
require extra careful handling since
they are so easily bruised and bruised
berries are very susceptible to decay.
Recommended loading methods:
• Open-top fiberboard tray boxes—
Lengthwise and crosswire on bottoms. Most strawberry shippers palletize their shipments because
strawberries are very perishable and
susceptible to bruising. Generally,
strawberries are palletized 6 per layer
and 16 layers high per pallet. Extreme care should be taken to prevent
container shifting on the pallet by using strapping and corner boards.
Also, extreme care must be exercised
in loading palletized units to prevent
shifting during transit. Proper bracing
is a must for palletized strawberry
shipments. The pallet units should be
loaded away from the walls to prevent outside heat from transferring
directly into the berries. See the Unit
Load Patterns section for information
on loading palletized units. Handstacked trays should be loaded in
trailers as shown in figure 20.
Strawberry Plants
Recommended transport conditions:
• Desired transit temperature:
30° to 32°F (-1.1° to 0.0°C)
• Desired relative humidity:
90 to 95 percent
Strawberry plants can be dug in late
fall or early winter when fully dormant, and stored bare-rooted at temperatures of 30° to 32 °F (-1.1 ° to
0.0 °C) in wirebound crates lined with
polyethylene film. Temperatures below 30°F (-1.1 °C) will injure strawberry crowns resulting in poor field
performance. Temperature above
32 °F (0.0 °C) may cause top and root
growth. Many strawberry plants are
harvested in one part of the country
and shipped to another part of the
country for immediate planting.
These strawberry plants can be
shipped at slighdy higher tempera-

tures of 32° to 34 °F (0.0° to 1.1 °C)
if transit and delay before planting is
less than a week. Strawberry plants
are generally packed bare-rooted,
predominantly in wirebound crates,
polyethylene-lined and precooled before shipment. Most strawberry plants
are packed in bundles of 25 plants,
however, a few growers are packing
plants in fiberboard boxes.
Recommended loading methods:
• Wirebound craf^5—Lengthwise on
bottoms, five crates across with air
channels between one and the next
two crates, and the other three crates
tight against each other. The next layer is reversed and so forth up to the
top layer which is placed on its side
to form a tight layer. This pattern allows lengthwise air channels from the
rear of the trailer to the front.
• Fiberboard /^ojces—Lengthwise on
bottoms in an airflow pattern. This
pattern provides continuous air channels from the rear to the front of the
trailer (figure 7).
Sweet Potatoes
Recommended transport conditions:
• Desired transit temperature:
55° to 60°F (12.8° to 15.6°C)
• Desired relative humidity:
85 to 90 percent
• Highest freezing point:
29.7°F (-1.3°C)
Sweet potatoes are harvested in late
summer and fall. Some are shipped
immediately to market in the
"green" state, noncured. The rest
are cured and shipped from storage
throughout the year. They are
washed, sorted, and sometimes treated with a decay preventive before being shipped to market. Also, many
shippers wax sweet potatoes and dye
them red.
Uncured sweet potatoes require careful handling to prevent skin breaks
and decay. Cured sweet potatoes are
easier to handle. Sweet potatoes are

subject to chilling injury at temperatues below 50°F (10°C), even if
only for a few hours, which may impair their appearance and culinary
qualities. Sprouting may be encouraged at temperatures above 60 °F
(15.6°C); and at temperatures above
70 °F (21.1 °C), growth of decay organisms may prevail.
Sweet potatoes are predominantly
shipped in fiberboard boxes containing 50 pounds; however, some are
packed in smaller fiberboard boxes,
and some are packed in wirebound
crates, baskets, or bags.
Recommended loading methods:
• Fiberboard /JOJC^^—Lengthwise on
bottoms and offset by layers in an air
flow loading pattern as shown in
figure 7. This pattern allows for continuous lengthwise air channels in alternate layers for air circulation. A
few shippers palletize their shipments
with eight boxes per layer and five or
seven layers high. See the Unit Load
Patterns section for loading palletized
units.
Tangerines
Recommended transit conditions:
• Desired transit temperature:
40°F (4.4°C)
• Desired relative humidity:
90 to 95 percent
• Highest freezing point:
30.1°F (-1.1 °C)
Tangerines are highly perishable.
During marketing they are very susceptible to decay by various decay
organisms, particularly green- and
blue-mold rots. Careful handling from
tree to table helps to prevent bruising
and skin breaks that provide ready
entrance for decay organisms. Other
citrus varieties, such as tangelos and
Honey tangerines (Murcott) also need
to be handled carefully, because all
of these varieties are thin skinned.
Most of these varieties can be
shipped at near 32 °F (0°C), but
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Temple oranges and Orlando tangelos
should be shipped at 40°F (4.4 °C),
because they are susceptible to chilling injury at lower temperatures.
Tangerines should be precooled before shipment to assure delivery of
tangerines at their desirable temperature.

these boxes should be loaded in an
airflow pattern similar to that shown
in figure 25. However, most shippers
palletize their tomato shipments. See
the Unit Load Patterns section.

Recommended loading methods:

Recommended transport conditions:

• Fiberboard ¿?öJC^5—Lengthwise on
bottoms in an airflow pattern (figure
7). Some shippers unitize the boxes
on slipsheets, nine per layer and six
or seven layers high. See the Unit
Load Patterns section for loading
palletized units.

• Desired transit temperature:
46° to 50 °F (7.2° to 10°C)

• Wirebound craí^í—Lengthwise on
bottoms in an airflow pattern (figure
9).

Tomatoes (mature-green)
Recommended transport conditions:
• Desired transit temperature:
55° to 70°F (12.8° to 21.1 °C)

Tomatoes (pink)

• Desired relative humidity:
90 to 95 percent
• Highest freezing point:
31.1 °F (-0.5 °C)
Tomatoes harvested soon after their
color begins to redden are called pink
tomatoes, but are sometimes erroneously called "vine-ripened" tomatoes. Pink tomatoes are not as
sensitive to chilling injury as maturegreen fruit. Pink tomatoes should be
handled carefully to avoid mechanical

• Desired relative humidity:
90 to 95 percent
• Highest freezing point:
31.0°F (-0.6°C)
Mature-green tomatoes are harvested
in the green stage and are washed in
chlorinated water, graded, and packed
immediately after harvest. After packing, the tomatoes are placed in ethylene degreening rooms at 70 °F
(21.1 °C) for about 48 to 72 hours to
initiate ripening. After ethylene
degreening, the best temperature for
transport and storage of tomatoes is
between 55° to 70°F (12.8° to
21.1 °C). At temperatures lower than
50 °F (10 °C) mature-green tomatoes
may be subjected to chilling injury
and poor internal quality. At temperatures above 70 °F (21.1°C), tomatoes
may ripen too rapidly and may be
subject to extensive decay.
Recommended loading methods:
• Fiberboard boxes—Most tomatoes
are shipped in partial telescope fiberboard boxes. When hand stacked.
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Figure 25.
A crosswise-offset-bylayers airflow loading
pattern for tomatoes
packed in partial telescope
fiberboard boxes.

injury. External and internal bruising
may affect appearance, color, or
flavor, thus reducing quality. Shipping temperatures for pink tomatoes
will depend largely on the number of
days in transit and the degree of ripeness which the receiver may desire.
Many shippers precool their pink
tomatoes to the desired transit temperature to maintain desired color
level. Pink tomatoes are generally
packed in fiberboard boxes with two
or three layers per box. Some shippers tray pack their pink tomatoes in
pulp or foam trays.
Recommended loading methods:
• Fiberboard /70jce5—Lengthwise on
bottoms in a crosswire offset by layers air flow pattern as shown in
figure 25. Most shippers palletize
their shiments of pink tomatoes. See
the Unit Load Patterns section for
loading palletized units.

Recommended loading methods:
• Wirebound crates—The keystoneshaped, wirebound crates are loaded
lengthwise on their bottoms and
directly on top of each other. If all
stacks are the same, the shape of the
crates allow for lengthwise air channels throughout the load. Crosswise
loading of one or two stacks to complete loading at the rear of the trailer
should not be done, because this will
prevent air circulation by blocking
the air channels between the crates.
Most truckers will use their vents in
addition to refrigeration for cooling,
particularly the first night of transit.
If vents are used, the truck should be
equipped with a bulkhead which will
force the air down to the floor and
then through the load.

Watermelons
Recommended protective services:

Tomato Transplants

• Desired transit temperature:
50°to60°F (10° to 15.6°C)

Recommended transport conditions:

• Desired relative humidity:
90 percent

• Desired transit temperature:
50° to 55 °F (10° to 12.8 °C)
• Desired relative humidity:
85 to 90 percent
• Highest freezing point:
31.0°F (-0.6 °C)
Tomato transplants are generally
loose-packed in wirebound crates.
Depending on ambient temperature at
the time of field packing, plant temperatures may range from 60° to
100°F (15.6° to 37.9°C). Temperatures may actually increase from
respiration without good refrigeration,
when the plants are packed tightly
within the crate. Transit and storage
temperatures below 50 °F (10 °C)
reduce survival of the tomato plant,
and temperatures above 60 °F
(15.6°C) reduce plant vigor and may
result in yellowing and droppage of
leaves, and the plant may eventually
decay. Free moisture should not be
allowed because it will cause decay,
particularly at high temperatures.

• Highest freezing point:
31.3°F (-0.4 °C)
Watermelons are generally shipped in
bulk under ventilation. Refrigeration
is not required for normal transit
periods. At temperatures below 50°F
(10°C) melons may lose color, and at
lower temperatures pitting may occur.
Improved flavor and intensified color
have been obtained by holding
watermelons up to 7 days at room
temperature. However, if the melons
are to be in transit for longer than 1
week they should be refrigerated at
50° to 60°F (10° to 15.6°C).
Watermelons also are sensitive to
ethylene and, therefore, should not be
shipped with ethylene-producing
products.
Serious transit losses may result when
watermelons are cracked and bruised
by improper handling and loading
methods. Bruising makes the melons
more susceptible to decay. When
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loading bulk melons, cushioning
material should be placed on the floor
and along the side walls of trailers to
protect the melons from bruising.
Various types of cushioning material
are available to shippers: excelsior,
polystyrene foam, straw, etc.
Although straw is commonly used, it
is not recommended in trailers with
floor grooves because it tends to
block the air circulation under the
load and fill the desired void spaces
between melons.
In recent years, watermelons also are
shipped in fiberboard boxes with two
to six melons per box depending on
the size of the watermelon and in
fiberboard or wooden bins containing
800 to 1,200 pounds (363 to 544 kg)
of watermelons. However, over 50
percent of the watermelons are still
shipped in bulk.
Recommended loading methods:
• Bulk—Boûi the long-type and
round-type melons are loaded length-
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wise of the trailer. In this type of
load, each even-numbered layer will
be one row less in width than in the
odd-numbered layers. The number of
layers in a particular load depends on
the size and weight of trailer, highway weight limitations and the carrying quality of the melons.
• Fiberboard ¿7öJC^5—Lengthwise on
bottoms generally one directly on top
of another either 4 or 5 boxes wide
depending on the size of trailer and
the boxes. Any slack space across the
width of the trailer is divided between the boxes providing lengthwise
air channels between each row.
Fiberboard boxes of watermelons are
frequently palletized.
• Bulk bins—Bulk bins of watermelons are generally stacked two high
with the lower bin containing fewer
watermelons than the upper bin to
prevent crushing of melons in the
lower bin. The bins are palletized.
See the Unit Load Patterns section
for loading of palletized units.

Canned Foods

Damage claims for canned goods cost
carriers millions of dollars annually.
A small percentage of damage losses
to canned foods in distribution channels is caused by rusting of cans or
freezing of contents. But, most
damage is caused by breaking or
denting of the cans during handling
by improper contact between the
product and other products or objects.
There are many ways canned goods
can be damaged. Some of the more
important factors of concern to truckers are:
• Poorly sealed cases
• Careless handling of cans during
processing and warehousing
• Improper stacking on pallets
• Careless handling with mechanicallift trucks
• Loose or slack loading in the
vehicle
• Improper bracing
• Failure to brace remainder of load
after a drop-off
Poorly sealed cases may let cans or
jars fall out during handling. The
trucker should check cases of canned
goods periodically during loading for
indications of damage to be sure he is
not accepting a load that was heavily
damaged before it became his responsibility.
Most of the canned goods today are
unitized for warehousing and shipment. Mishandling of pallets with
mechanical-lift trucks and poor stack-

ing of the cases on the pallets are important sources of damage. The cases
should be stacked on the pallets so
that they are flush with the edges of
the pallet. If the cases overlap the
edges of the pallet, then the
mechanical-lift trucks may push
against the canned goods instead of
the pallet during handling. If the outside edge of the stack is inward from
the pallet edges, considerable slack
space will be left between the pallets
after they are loaded in the vehicle.
This will allow the cases to shift
about during transit. Another source
of damage may be loose pallet
boards. A loose edge board will allow pressure to be exerted on the
cases in the bottom layer when the
pallet is lifted with a fork-lift truck.
Pallets should be kept in good repair
at all times.
Currently, most pallet loads of
canned-goods are stretch or shrink
wrapped with plastic film before shipment. This assures integrity of the
pallet loads and reduces damage
claims.
Tight loading is important, whether
the shipment is unitized or handloaded. Any slack space that lets the
cases shift or fall will result in
damaged goods. The cases or pallet
units should be loaded snugly
together, and adequate bracing should
be placed at the end of the last stack.
Should the shipment be split, the end
of the last stack should be well
braced and blocked before moving to
the next drop-off. Spacers or inflatable dunnage should be used to fíU out
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crosswise slack. All pallets or stacks
should be the same height, unless
precautions are taken by bracing or
otherwise, to prevent the uneven top
layer from shifting.
The trucker cannot control all damage
that may occur before and during
loading. However, he may reduce the
chance of being blamed for damage
beyond his control by being alert for
damaged material before accepting it
for loading. He also can control the
damage to his shipment by closely su-

pervising the loading of his vehicle.
A good slogan for shippers of canned
goods is, "The only right load is a
tight load."
The canned food itself is not likely to
be damaged by freezing. However,
the freezing of the product will endanger the container. Freezing of the
canned product may break glass containers. Table 4 gives the freezing
points of some canned foods. To protect canned foods against freezing
damage to the containers, shipments

Table 4.--Freezing Temperature of Selected Canned Foods
Freezing
Point
Product
Applesauce
Asparagus
Beans, green stringless
Beans, lima
Beans, with pork
Beans, strained
Beans, wax, cans
Beans, wax, glass jars .
Beets
Carrots
Catsup
Chili sauce
Corn, creamed
Corn, in brine
Corn, vacuum packed .
Cranberrry sauce
Grapefruit juice
Milk, evaporated
Mushrooms
Peaches, heavy syrup..
Peaches, light syrup. . .
Pears
Peas, Alaska
Peas, sweet
Pea soup
Potted meat
Pumpkin
Salmon
Sardines
Spiced meat
Spinach
Succotash
Sweetpotatoes
Tomatoes
Tomato juice
Tomato soup
Tunafish
Vinegar
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°F

(°C)

27.6
30.2
30.3
29.6
28.8
30.6
30.3
30.2
30.4
30.3
19.4
23.7
29.6
29.4
29.7
16.3
30.2
29.4
29.8
28.6
27.6
27.6
31.0
29.3
27.7
26.0
30.7
27.2
28.2
22.2
30.8
29.9
29.2
30.8
29.8
27.4
26.3
28.7

^-2.4)
-1.0)
1 -0.9)
( -1.3)
( -1.8)
{ -0.8)
( -0.9)
( -1.0)
( -0.9)
( -0.9)
( -7.0)
( -4.6)
( -1.3)
( -1-4)
( -1.3)
( -8.7)
( -1.0)
( -1.4)
( -1.2)
( -1.9)
( -2.4)
( -2.4)
( -0.6)
( -1.5)
( -2.4)
( -3.3)
( -0.7)
( -2.7)
( -2.1)
( -5.4)
( -0.7)
( -1.2)
( -1.6)
( -0.7)
( -1.2)
( -2.6)
( -3.2)
( -1.8)

through areas of intense cold should
be heated with thermostatically controlled heaters.
Moisture may condense on cans when
they are removed from a lowtemperature environment to one with
a high temperature. Condensation will
cause rust spots on the cans and
wrinkling of labels. After a period of

storage, rust spots may pinhole the
cans with leaks and allow the product
to spoil. After arrival at destination,
canned foods subjected to low temperatures should not be unloaded in
warm warehouse areas until they
have had time to warm up to 50 °F.
(10°C) or above, or moisture may
condense on the cans when they are
removed to a warm area.
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Dairy Products

Butter and Margarine
Recommended transport conditions:
• Desired transit temperature:
Butter (fresh), 39°F (3.9°C)
Butter (frozen), -10°F
(-23.3 °C)
Margarine, 35 °F (1.7°C)
• Desired relative humidity:
Butter, 75 to 85 percent.
Margarine, 60 to 70 percent.
Butter and margarine usually are
shipped from cold storage and are at
the desired transit temperature when
loaded. They are packed in fiberboard boxes that provide some insulation and allow the product to be
exposed to room temperatures for
short periods during loading and unloading, without risk of serious
damage. However, during shipment
the products must be refrigerated at
the recommended temperatures to
prevent softening and quality deterioration.
Butter and margarine absorb odors
very easily. Trucks or trailers previously used for hauling odorous
products such as fish, cabbage, or
onions should be well cleaned and
aired before being loaded with butter
or margarine.
Recommended loading methods:
Fiberboard boxes of butter or margarine may be loaded either crosswise
or lengthwise on bottoms. If the
products are at the desired transit
temperature when loaded, the boxes
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should be stacked as tightly together
as possible to retain the refrigeration
already in the product.
Air should circulate around the load
to remove heat conducted through the
walls and floor. Wooden strips can
be attached to the interior sidewalls,
if the vehicle is not equipped with
ribbed walls. Heat from the road bed
may reflect up and into the floor and
melt butter or margarine loaded on
the bottom layers. Therefore, precautions should be taken in hot weather
to keep the product off the floor by
using pallets or floor racks if the vehicle does not have deep grooved
floor channels.

Cheeses
Recommended transport conditions:
• Desired transit temperature:
34° to 40 °F (1 to4°C)
• Desired relative humidity:
65 to 70 percent
• Highest freezing point:
(see text)
Cheeses need to be protected both
from heat and from cold. Most
cheese tend to oil off at 68 °F
(20.0°C) and above. During oiling
off, the fat leaks from the body, and
rancidity develops rapidly.
On the other hand, subjecting some
types of cheeses to low freezing temperatures will result in texture
changes that may not be acceptable to

certain consumers. As a general rule.
i be held at temperacheese should not
1
'înoT-/
1 I °C)
OÍ-.X or above
u
tures ubelow
30
F (-1.1
50 °F (10.0 °C)

Recommended loading methods:
^ „
r u **
^
• Same as •'for butter and margarine.
*

Table 5.—Ideal Temperatures for Transporting Cheese (from
ASHRAE Refrigeration Handbook, 1986)

Cheese
Brick
Camembert
Cheddar
Cottage
Cream
Limburger
Neufchatel
Process American .
Process brick
Process Limburger
Process Swiss ....
Roquefort
Swiss
Cheese foods

Ideal Transit
Temperature
30
30
30
30
32
30
32
40
40
40
40
30
30
40

°F
to 34
to 34
to 34
to 34
to 34
to 34
to 34
to 45
to 45
to 45
to 45
to 34
to 34
to 45

-1.1
-1.1
-1.1
-1.1
0.0
-l.l
0.0
4.4
4.4
4.4
4.4
-1.1
-1.1
4.4

°C
to
to
to
to
to
to
to
to
to
to
to
to
to
to

1.1
1.1
1.1
1.1
1.1
1.1
1.1
7.2
7.2
7.2
7.2
1.1
1.1
7.2
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Fresh and Cured Meat and Fresh Seafood

Utmost attention should be given to
protecting meat products because of
their high perishability and value.
Growth of microorganisms inherent
on meat carcasses are the major cause
of deterioration. Proper refrigeration
is necessary to retard the growth of
these microorganisms and preserve
the fresh physical appearance of the
products. Dehydration is another factor affecting the appearance and marketability of fresh beef. Table 6 gives
the recommended temperatures and
humidities for fresh meat and some
processed meat and seafood products
during transport.
Fresh meats absorb odors readily and
should not be loaded in vehicles retaining strong residual odors from
other products. Meats should not be
shipped in mixed loads with strong
odor-producing products such as fish,
apples, or onions (see ''Load Compatibility*' Appendix II).

Boxed Meats
Currently in the United States, 80
percent of the beef and most other
meat animal carcasses are broken into
wholesale or retail cuts and packed in
corrugated fiberboard boxes before
shipment. Most beef cuts are vacuum
packaged in plastic film. Nonvacuum
packed cuts usually are individually
wrapped before boxing or packed in a
plastic bag liner inside the boxes. The
packaging materials greatly reduce
the chance of microbial contamination
and dehydration of the meat during
transport.
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It is important that boxed meats be at
the desired transit temperature when
packed and loaded (table 6) because
the insulating effect of the boxes will
retard any in-transit cooling by the
trailers refrigeration system.
Boxed meat products, if at the correct
transit temperature when loaded, may
be stacked tightly together, since
meat does not produce respiration
heat. The same principle applies here
as with frozen foods. Provisions must
be made to keep a blanket of cold air
circulating around the load to absorb
the heat penetrating the walls and
floor of the trailer. If the trailer does
not have ribbed walls, in hot weather
the boxes should be loaded in a
crosswise offset pattern (figure 5) to
reduce contact of the load with the
walls. A grooved floor or floor racks
with 2 inches (5cm) or more space
for air circulation under the floor
should be provided. In trucks with
overhead air delivery, 4 inches
(10cm) of space should be left between the load and the rear doors.
Palletized loads should be loaded
away from the walls and toward the
center as shown in figure 14b.

Carcass Meats
Since carcass meats generally are not
protected by packaging, extra precautions are needed to protect the carcasses from additional contamination
by unsanitary handling, dirt, and
strong odors. The interior of the vehicle must be constructed of or coated with materials approved for

Table 6.—Recommended Temperatures and Humidities for Protecting Fresh, Cured, and Processed Meat and Seafood During Transit
(from ASHRAE Refrigeration Handbook, 1986)
Relative
Humidity

Temperature

Commodity

Percent
Fresh meats:
Beef
Lamb
Pork
Poultry
Rabbits
Veal
Cured and processed meats:
Bacon:
Cured, farm style
Cured, packer style
Dried beef (chipped)
Frankfurters
Hams:
Light cure
Country cure
Pork Sausages (bulk or link
country and Polish)
Fresh fish:
Haddock, Cod, Perch
Hake, Whiting
Halibut
Herring:
Kippered
Smoked
Mackerel
Menhaden
Salmon
Tuna
Shellfish:
Scallop meat
Shrimp
Lobster (American)
Oyster, clams
(meat and liquid)
Oyster in shell

32 to 34
32 to 34
32 to 34
32
32 to 34
32 to 34

0.0 to
0.0 to
0.0 to
0.0
0.0 to
0.0 to

1.1
1.1
1.1
1.1
1.1

88
85
85
85
90

to
to
to
to
to
90

92
90
90
90
95

61 to 64
34 to 39
50 to 59
32

16.0 to 18.0
LOto 4.0
10.0 to 15.0
0.0

85
85
15
85

37 to 41
50 to 59

3.0 to 5.0
10.0 to 15.0

80 to 85
65 to 70

32

0.0

85

31 to 34
32 to 34
31 to 34

-0.6 to LI
0.0 to 1.1
-0.6 to 1.1

95 to 100
95 to 100
95 to 100

32
32
32
34
31
32

0.0
0.0
0.0
1.1
-0.6
0.0

80 to 90
80 to 90
95 to 100
95 to 100
95 to 100
95 to 100

to
to
to
to
to
to

36
36
34
41
34
36

to
to
to
to
to
to

2.2
2.2
1.1
5.0
1.1
2.2

32 to 34
31 to 34
41 to 50

0.0 to LI
-0.6 to 1.1
5.0 to 10.0

95 to 100
95 to 100
In sea water

32 to 36
41 to 50

0.0 to 2.2
5.0 to 10.0

100
95 to 100

contact with meat by the USDA's
Food Safety and Inspection Service
(FSIS). See the section on "Regulatory Considerations for Truck Construction Materials and Cleaning
Compounds."
All interior surfaces should be kept in
good repair. Broken places in the
walls and floor harbor dirt and are
difficult to clean.

Trailers and meat hooks used for
hauling meat should be cleaned and
inspected before loading. It is recommended that the wash water be at
least 180°F (82 °C) to reduce the
number of microorganisms present
and to dissolve fat particles adhering
to the interior surfaces. Sanitizing
agents may be used but they must be
compounds approved for cleaning
meat equipment by the FSIS.
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Faulty or missing door gaskets and
missing floor-drain caps should be
replaced to prevent dirt and dust from
entering the vehicles. Meat hooks and
rails must be free from corrosion or
rust that could work loose and fall on
the carcasses.
Trailers hauling meat carcasses
should be precooled before loading in
warm weather to prevent moisture
from condensing on cold carcasses as
they are loaded from refrigerated
storage. This creates conditions
favorable for the growth of shmeforming microorganisms. Moisture
also will condense on cold carcasses
when doors are opened for delivery
stops in warm weather. If at all possible, all loading and unloading
should be in refrigerated areas.

Loading Fresh Beef Carcasses
There are many variations in methods
for loading fresh beef carcasses in
trailers, depending on whether the
meat rails run crosswise or lengthwise, the size of the quarters, the
number of quarters to be loaded, etc.
Usually the quarters of beef are hung
by metal hooks on overhead rails.
The forequarters are hung with long
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hooks inserted through the inside of
the rib cavity, usually between the
4th and 5th ribs about 11 inches from
the backbone, so the quarters will
balance and hang straight. Hindquarters are hung with short hooks, the
hook being inserted through the opening in the gambrel cord of the shank.
Generally, loading is started by hanging a quarter of beef on each side of
the trailer with the bone side against
the wall. Other quarters are hung beside these until the crosswise space is
filled. An extra quarter may be
wedged into any remaining slack
space to tighten the load and to prevent the quarters from swinging and
bouncing off the rails. To get maximum use of available space, the
quarters are nested by loading rightside quarters against right-side quarters and left-side against left-side.
Usually, several crosswise rows of
forequarters are loaded and then alternated with several crosswise rows
of hindquarters (figure 26). Sometimes, quarters are placed on the
floor under the hanging quarters. The
carcasses should be loaded with the
bone side against the floor to prevent
misshaping. Clean wrapping paper
should always be placed between the
floor and the meat.

Figure 26.
Side and end views of a
mixed load of hanging
forequarters and
hindquarters of beef.
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Frozen Foods

z:
IS
Frozen foods should be kept at 0°F
(-18°C) or lower from the time they
are first frozen until readied for consumption. This is supported in the
"Code of Recommended Practices for
the Handling and Merchandising of
Frozen Foods," available from the
Frozen Food Roundtable, 1055 Thomas Jefferson St., NW., Washington,
D.C. 20007. The "Roundtable"
represents the major trade associations of the frozen food industry.
Trucks transporting frozen food
should be equipped with adequate insulation and refrigeration capacity to
maintain an air and product temperature of 0°F (-18°C) or lower. To assist in this, the vehicle also should be
equipped with tight-fitting door seals
and suitable closures for drain holes
to prevent air leakage.
Frozen foods should be at or below
the desired transit temperature of 0 °F
(-18°C) when loaded. Since frozen
foods do not produce respiration heat,
the containers should be loaded in a
solid block with minimum contact
with the walls. Free air circulation all
around the load is essential. It is
desirable to have floor channels or
floor racks at least 2-1/4-in (6-cm)
deep for air circulation under the
load.
At least 4 in (10 cm) of space should
be provided between the load and the
rear doors to let air flow freely
around the rear of the load. For vehicles without ribbed walls, some type
of stripping on the sidewalls is
recommended to allow air circulation
74

<=^
between the wall and load. At least
10 in (25 cm) of space should be left
between the ceiling and the top of the
load for unobstructed airflow over the
load. In general, with frozen foods,
the goal is to keep the heat that penetrates the vehicle from reaching the
cargo by keeping the load encircled
with an envelope of cold air. It also
should be remembered that any
frozen product in contact with the
walls will act as a heat sink and absorb any heat conducted through the
wall.
Fluctuating temperatures during distribution are very detrimental to the
market quality of frozen foods.
Recooling frozen foods to the thermostat set point after even a slight
temperature rise causes moisture to
migrate from the product to the
colder surfaces of the packaging
materials. This results in product dehydration and undesired frost build
up inside the packages. Product quality losses will increase with the
amount of temperature rise and frequency of recooling. Thawing takes
place between 15° and 32 °F (°9° and
0°C). Although the changes are not
easily recognized, even at temperatures as low as 0°F (-18°°C), frozen
foods may deteriorate from fat oxidation and enzymatic changes. Certain
microorganisms also may develop at
temperatures around 20 °F (-7°C) and
above, adding to deterioration and
contamination of the food. The higher
the temperature, the greater the rate
of deterioration.
To prevent warm up or thawing of

frozen food during loading, the vehicle should be precooled by setting the
thermostat at 0°F (-18°C) and letting
the refrigeration unit operate for at
least one-half hour before loading.
Truck drivers should be careful to
schedule enough time for thorough
precooling in warm weather.
It is recommended that frozen foods
be loaded and unloaded in enclosed
areas that do not allow the product to
warm up. If enclosed refrigerated
loading or unloading areas are not
available, the frozen foods should be
handled quickly and not allowed to

remain in unprotected areas for any
length of time. Also, the vehicles
should be equipped with curtains or
flap doors in the doorway area to
conserve refrigeration while the main
doors are open.
If supplemental or emergency
refrigeration is required for frozen
food shipments, blocks of dry ice
(solid CO ) or CO^ snow may be
placed on top of the load. The fans
should be kept running at low speed
to uniformly distribute cold air
around the load.
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Poultry and Eggs

Poultry (Fresh ice-packed and
Fresh-chilled)
Recommended transport conditions:
• Desired transit temperatures:
Fresh ice-packed,
32°to34°F(0°to 1.1 °C)
Fresh chilled,
28°to32°F(-2.2°toO°C)
• Desired relative humidity:
90 to 95 percent
• Average freezing point:
27.0°F (-2.8 °C)
Fresh poultry is shipped by two
methods, ice-packed and chilled. After the birds are dressed they are
chilled to 40°F (4.4. °C) or below in
cold water. Ice-packed carcasses or
parts are placed in wax-treated fiberboard cartons with about 15 pounds
(7 kg) of crushed ice. In addition to
the refrigeration provided, the direct
contact of the ice keeps the poultry
fresh by contracting the cell and
preventing tissue *'weepage."
Fresh-chilled poultry is broken down
into cuts after the initial cold-water
chilling and packed in consumer-size
packages. The packages are placed in
a forced air chilling room until the
product is slightly above its freezing
point. The low temperature assures
cell contraction and reduced tissue
weepage.
Recommended loading methods:
• Wax-treated fiberboard boxes—
Lengthwise or crosswise on bottoms.
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The containers should be stacked
squarely on each other. Each stack
should be tight against the preceding
stack. If containers are top-iced,
however, space should be left between rows for the top-ice fill.
Chill-packed poultry should be at the
desired transit temperature 28 ° to
33 °F (2.2° to 0.6°C), when it is
loaded. The containers should be
stacked tightly together, and provision
made for refrigerated air to circulate
around the load and remove the heat
leaking through walls of the vehicle.
Handstacked loads should be crosswise offset by layers to reduce the
contact area of the product with the
sidewalls (see figure 5). Palletized
loads should be loaded off the walls
as shown in figure 14b.

Shell Eggs
Recommended transport conditions:
• Desired transit temperature:
40°F to 45°F (4.4° to 7.2 °C)
• Desired relative humidity:
80 to 85 percent
• Average freezing point:
28.0°F (-2.2°C)
Shell eggs are both fragile and highly
perishable. Even though not outwardly visible, egg quality deteriorates
rapidly under poor environmental
conditions.
The truck or trailer should be
thoroughly cleaned and precooled to
45 °F (7.2 °C) before eggs are loaded.
Since eggs absorb odors, the vehicle

should be free of residual odors.
Eggs should not be shipped in mixed
loads with other products, especially
citrus fruits, onions, or potatoes.
Because of their perishability and the
insulating effect of the fiberboard
boxes and cartons in which they are
shipped, eggs should be cooled to at
least 45°F (7.2 °C) before they are
loaded. The fiberboard egg boxes do
not have vent holes and are taped
closed. Also, because the boxes are
loaded tightly together in the vehicle
to prevent cargo shifting, there is little air circulation through the load.
This makes it difficult to remove heat
from the product in transit.
Since air does not move through the
load, it is necessary to provide for
perimeter cooling or airflow around
the load. Space must be left between
the last stack and the rear door.
Either grooved floors, pallets, or
floor racks must be used to allow airflow under the load.

Loading and bracing to prevent cargo
shifting are essential because of the
fragility of eggs. To prevent forward
shifting, the first stack should be
loaded snugly against the bulkhead,
and each succeeding stack should be
tight against the other to leave no
lengthwise slack.
There are two critical bracing points.
The first is at the rear face of the last
stack. Here crosswise load-locking
devices are needed to prevent the
load from shifting backward. The second point is the top layers at the
rear of the load. Boxes in this area,
directly over the rear wheels, are
subject to severe up-and-down vibrations and bouncing. To tie down the
load in this area, some truckers place
thin sheets of plywood or similar
material between several of the layers
in the last two stacks. Crosswise
load-locking devices may be placed
across the middle of the cases in the
top layer of stacks at the rear of the
vehicle (figure 27).

l,^
1 I Tí
Figure 27.
Rearview of a truck load of
eggs in fiberboard boxes.
Note the bracing used to
secure the load In the area
over the rear wheels.
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Recommended loading methods:
• 30-dozen fiberboard boxes—
Lengthwise on bottoms. Nearly all
eggs are shipped to market in
30-dozen boxes. These containers
should be loaded lengthwise of the
vehicle. All containers in each stack
must be tight against those in the
preceding stack to prevent forward
shifting.
If the boxes do not use up all the
crosswise space in the trailer or
truck, and if the leftover space or
slack is less than one-half the width
of a box, it is recommended that all
the slack be concentrated on one
wall. Slack should be alternated from
sidewall to sidewall by layers. This
crosswise-offset-by-layers loading pat-
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tern creates continuous lengthwise air
channels along a sidewall in each layer (figure 5).
• Palletized—Many egg shipments
are palletized. Generally the cartons
of eggs are cross stacked on the
pallets for stability. The cartons
should be secured to the pallets by
both crosswise and vertical strapping
or by plastic stretch film. Generally,
the pallets are loaded in two lengthwise rows with each row against a
sidewall. Then a row of cartons is
hand-stacked in the open space between the two rows of pallets. Load
locks or other bracing should be
placed across the top of the last stack
and between the end of the load and
the rear doors.

Appendix I

Estimating Mobil
Refrigeration
Requirements
The number of B.t.u.'s of heatload
should be estimated when there is any
question as to whether the truck's
refrigeration system has adequate capacity. This is particularly important
in hot weather, if the pulp temperature of the product at loading is considerably above the desired transit
temperature. Shippers who often
receive claims of loss from decay
should make calculations to determine
if the refrigeration capacity is adequate for each load.
Three factors should be considered in
estimating the heatload or amount of
refrigeration needed to obtain and
maintain the proper temperature during transit:
• the field or sensible heat (H^) left
in the commodity and package,
• the heat of respiration (H ), and
• the amount of heat leakage (H^)
through the walls of the trailer.
Add these three factors to get the total number of B.t.u.'s that must be
absorbed by the refrigeration system.
Field heat (H ) is the amount of heat
that has to be removed from the
product and the containers before the
desired transit temperature is reached.
In practice, most products have not
been precooled to the desired transit
temperature. This extra refrigeration
requirement must be allowed for. To
calculate field heat load, use the
specific heat (Sp.ht.) of the product
(table 7) and container, the weight
(Wt.) of the product and container,
and the temperature differential (TD)

as shown in the following formula:
H t = SP.ht X Wt. X TD = B.t.u.
Heat of respiration (H ) may be determined by using the information in table 4, which gives the amount of heat
generated by one ton of a product in
24 hours at different temperatures.
To calculate the respiration heat, the
following formula can be used:
H = Respiration rate (at average
transit temperature) x time (no. of
days) X Wt. (tons) = B.t.u.
Heat leakage (H^) through the trailer
body is estimated by determining:
• the coefficient of heat transfer (U
factor) of the trailer body,
• the temperature differential between
the thermostat setting and the average
expected outside temperature, and
• the number of hours the product
will be in the vehicle.
The U factor for a particular trailer
body depends on many variablestype and thickness of insulation, air
leakage, differential between the outside and inside air temperatures, and
others. Therefore, for the purpose of
estimating heat leakage it is impractical to give the details of all calculation needed to determine the U
factor. However, the U factor based
on a standard method of rating can be
supplied by the manufacturers of
some trailers. If the U factor is not
readily available, the following may
be used for general estimation of
heatload:
• A factor U = 140 BJ.u.rFfhr.
may be used for a modem 48-foot
trailer with 2-1/2 inches of plastic
foam sidewall insulation.
• If the trailer has been in service
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over 3 years, then a factor of 180
B.t.u./°F/hr. should be used to account for aging or deterioration of the

insulation and door seals.
H| = U X TD X time (hours) =
B.t.u.

Table 7.—Specific Heat Above and Below Freezing of Certain
Perishable Products, (from ASHRAE Refrigeration Handbook, 1986)
Fruits and
vegetables
Apples
Apricots
Artichokes (globe) .
Asparagus
Avocados
Bananas
Beans:
Green snap
Lima
Beets (roots)
Blackberries
Blueberries
Broccoli
Brussels sprouts ...
Cabbage
Cantaloups
Carrots
Casaba and
Crenshaw
melons
Cauliflower
Celery
Cherries
Corn (sweet)
Cranberries
Cucumbers
Eggplant
Endive and Escarole
Figs (fresh)
Garlic (dry)
Gooseberries
Grapefruit
Grapes
Honey dew melons..
Kale
Leeks
Lemons
Lettuce (head)
Limes
Mangoes
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B.t.u./lb./°F.
Above Below
0.87
88
.87
94
72
80

0.45
.46
.45
.48
.40
.42

91
73
90
88
86
92
.88
94
93
90

.47
.40
.46
.46
.45
.47
.46
.47
.48
.46

94
93
95
87
79
90
97
94
.94
82
69
90
90
86
.94
89
88
91
96
89
85

.48
.47
.48
.45
.42
.46
.49
.48
.48
.43
.40
.46
.46
.45
.48
.46
.46
.46
.48
.46
.44

Fruits and
vegetables
Mushrooms
Nectarines
Okra
Onions (dry)
Oranges
Parsley
Parsnips
Peaches
Pears
Peas
Peppers
Pineapples
Plums and fresh
Prunes
Potatoes:
Early-crop
Late-crop
Sweet (see
Sweet potatoes) ..
Prunes (see Plums) .
Pumpkins
Radishes
Raspberries:
Black
Red
Rhubarb
Romaine
(see Lettuce)
Spinach
Squash:
Summer
Winter
Strawberries
Sweetpotatoes
Tangerines
Tomatoes
Watermelons

B.t.u./lb./°F.
Above Below
.93
.86
.92
.90
.90
.88
.84
.91
.86
.79
.94
.88

.47
.44
.46
.46
.46
.45
.44
.46
.45
.42
.47
.45

.88

.45

.85
.82

.44
.43

.92
.95

.47
.48

.84
.87
.95

.44
.45
.48

.94

.48

.95
.88
.92
.76
.90
.95
.97

.48
.45
.47
.41
.46
.48
.48

Table 7.—Specific Heat Above and Below Freezing of Certain
Perishable Products.—Continued
Dairy, meat, and
poultry products

Bacon
Beef (fresh)
Butter
Cheese
Eggs (shell)
Egg solids (whole) .
Egg yolk solids
Ice Cream
Hams:
Cured
Fresh

B.t.u./lb./°F
Above Below

38
77
36
52
73
.22
23
70

.26
.41
.25
.31
.40
.21
.21
.39

67
53

.37
.31

Dairy, meat and
poultry products

B.t.u./lb./°F
Above
Below

Lamb (fresh)
Milk
Oleomargarine
Pork (fresh)
Poultry (fresh)
Smoked sausage ...
Veal (fresh)

72
93
32
53
80
.62
74

.40
.46
.25
.31
.42
.35
.40

Table 8.—Approximate Amount of Respiration Heat Produced by
Certain Fruits and Vegetables at the Temperatures Indicated"*"
COMMODITIY

Apples
Apricots
Artichokes
Asparagus
Avocados
Bananas (green)
Beans:
Green snap
Lima (in pod)
Beets
Blackberries
Blueberries
Broccoli, sprouting ..
Brussels sprouts
Cabbage
Carrots

B.T.U. PER TON PER 24 HOURS
32 °F.

40 °F.

60 °F.

70 °F.

700

1,350
5,050
10,450
18,050
5,500

4,900
11,700
26,400
38,500
24,050
4,850

5,700
20,350
40,700
48,750
46,250
7,400

38,100
24,700
7,200

49,200
34,300

—

38,350
15,300
68,100
28,350
8,450
15,500

—
7,700
9,700

—
—
7,250
4,450
2,700
4,100
1,400
4,400
4,400
1,200
3,300

—
10,300
6,100
4,100
7,950
2,350
21,400
7,700
2,200
4,300

10,550
56,500
22,000
4,900
8,750

80 °F.

—
50,050
93,250
60,050

—
—

—
—
22,250
158,400

—
12,350

—

Table 8.—Approximate Amount of Respiration Heat Produced by
Certain Fruits and Vegetables at the Temperatures Indicated*
COMMODITIY

Cauliflower (trimmed)
Celery
Cherries:
Sour
Sweet
Corn (sweet)
Cranberries
Cucumbers
Endive and Escarole
(see Leaf lettuce).
Figs (fresh)
Gooseberries
Grapefruit
Grapes:
American
European
Kale (whole leaves)..
Leeks
Lemons
Lettuce:
Head
Leaf
Limes
Mangoes
Melons:
Cantaloups
Honeydew
Watermelons
Mushrooms
Nectarines (see
Peaches).
Okra
Onions:
Dry
Green
Oranges
Parsnips
Peaches
Pears:
Bartlett
Kieffer
Peas:
(green, in the pod).
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B.T.U. PER TON PER 24 HOURS
32 °F.

40°F.

60°F.

70 °F.

80 °F.

3,900
1,600

4,500
2,400

10,100
8,200

17,700
14,200

24,650
—

2,100
1,050
8,950
650
—

2,850
2,600
13,850
950
—

8,500
7,700
35,850
—
5,300

9,800
—
63,700
3,200
6,850

13,650
—
78,900
—
8,050

—
1,700
—

2,650
2,850
1,000

12,350
5,950
3,100

16,700
—
4,250

21,000
—
—

600
400
4,700
2,900
700

1,200
1,000
8,900
5,350
1,250

3,500
2,400
30,250
21,950
3,650

7,200
—
46,900
—
4,850

8,500
6,050
—
24,850
5,350

2,500
5,100
—
—

3,650
6,450
800
3,500

8,450
13,800
1,800
9,900

12,200
22,100
2,800
24,900

18,100
32,200
6,650
26,400

1,200
—
—
7,900

2,050
900
800
15,600

7,950
3,050
—
46,000

12,000
5,150
4,650
63,800

14,700
6,700
—
—

—

12,250

32,050

57,400

75,900

650
3,600
750
3,000
1,150

750
9,400
1,200
2,900
1,700

2,400
17,950
4,000
8,250
8,300

3,650
25,800
6,200

6,200
33,800
7,150

17,750

22,350

1,100
450

1,650

8,250
3,850

11,000
4,750

5,300

8,500

14,450

41,900

66,750

79,200

Table 8.—Approximate Amount of Respiration Heat Produced by
Certain Fruits and Vegetables at the Temperatures Indicated*
COMMODITIY

Peppers (sweet)
Pineapples
Plums (including
fresh Prunes)
Potatoes:
Uncured
Cured
Prunes (see Plums).
Radishes (topped) .. .
Raspberries
Rhubarb (without
leaves)
Romaine
Spinach
Squash:
Butternut
Yellow straightneck
Strawberries
Sweetpotatoes:
Cured
Uncured
Tomatoes:
Mature-green
Pink
Turnips
Watercress

B.T.U. PER TON PER 24 HOURS
32 °F.

40 °F.

60 °F.

70 °F.

80 °F.

—
—

2,900
400

8,500
3,450

9,650
7,050

12,100
10,800

550

1,450

2,700

4,700

10,900

—

2,600
1,250

4,850
1,950

6,950
2,650

—

1,400
4,700

2,100
7,650

7,100
20,200

11,250
—

16,400
—

2,350
—
4,550

3,200
4,550
10,150

8,700
9,750
39,350

10,650
15,100
50,550

—
23,850
—

—

—

—

—

20,650

2,700
3,300

3,600
5,450

18,250
17,950

20,050
32,800

41,800

—
—

—
—

4,800
6,300

—
—

—
14,000

—
1,900
5,050

1,450
1,300
2,150
10,150

4,900
5,850
5,000
40,700

7,650
7,500
5,400
-

9,400
9,050
—
-

* Source: USDA Handbook No. 66, 1968
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Sample Refrigeration
Requirement Calculation ^
Assume that a trailer is loaded with
plums in 30-pound fiberboard boxes:
Load=

1,200 boxes

Net wt. of fruit =

30 pounds per box

Total pounds =

36,000 pounds total (18 tons)

Net wt. of boxes =

2 pounds each

Total pounds =

2,400 pounds total

Sp. ht. of the fruit=

0.88 B.t.u./lb./°F (Table 7)

Sp. ht. box =

0.40 B.t.u./lb./°F ^

1. Refrigeration needed to remove the remaining field heat in load:
Assumptions:
Loading temperature = T = 52°F
Desired transit temperature = T^ = 32 °F
Temperature differential = T^ - T = TD = 52° - 32° = 20°
then,
Field heat (H^) = Wt. X Sp. ht X TD
H^ product - 36,000 lb. X 0.88 x 20° = 633,000 B.t.u.
H boxes = 2,400 lb. X 0.40X20° = 19,200 B.t.u.
f

Total field heat = 633,600 + 19,200 - 652,800 B.t.u.
2. Transit refrigeration requirement for the heat of respiration:
Assumptions:
If loading temperature = 52° and arrival temperature = 32 °F.
then.
Average temperature of product during transit = 40 °F.
Transit time = 3 days
then.
Heat of respiration (H ) = Respiration rate at average transit temperature
X time (days) X wt. (tons)
H = 1,450 X 3 X 18 = 78,300 B.t.u.
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3. Refrigeration needed for heat leakage through the trailer body:
Assumptions:
A 48-foot trailer with a U factor = 140 B.t.u./°F/hr.
Average outside air temperature = T 1 = 75 °F
Thermostat setting = T^ = 34°F ^
Temperature differential = TD = T^ — T^ = 75°F — 34°F = 41°F
thus,
Heat leakage (H^) = U X TD (avg. outside air—thermostat setting)
X time (Hours) = B.t.u.
H = 140 X 41 X 72 = 413,280 B.t.u.
4. To get the total number of B.t.u.'s the refrigeration must remove in 3 days:
H + H + H = 652,800 + 78,300 + 413,280 = 1,144,380 B.t.u.

5. To determine the amount of refrigeration or refrigerant needed:
Mechanical capacity needed = 1,144,380 B.t.u.-^72 hrs. = 15,894 B.t.u.
hr.
Ice = total pounds needed for 3-day trip = 1,144,380 B.t.u.
- 144 5 = 7,947 lb.
Liquid nitrogen (N ) = total pounds needed for 3-day trip
= 1,144,380 B.t.u. ^ 175 6 = 6,539 lb.
• This calculation does not take into account the following factors: (1) the amount of refrigeration
needed to precool the vehicle body; (2) air inside the vehicle; and (3) refrigeration needed to counteract air leakage around doors and other places in the body.
2 This figure approximates the specific heat of most wood and fiberboard containers.
' See Table 4, plums at 40 °F.
* For products with a desired transport temperature near 32 °F, the thermostat should be set several
degrees higher to decrease the chance of freezing damage.
^ One pound of ice will absorb 144 B.t.u.'s of heat.
^ One pound of liquid nitrogen will absorb approximately 175 B.t.u. of heat at temperatures above
32 °F.
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Appendix II

Load Compatibility Groups ^
Group 1
Recommended Transit Conditions:
• Temperature:

32°Fto34°F. (0°to 1.5°C.)
• Relative humidity:
90 to 95 percent
• Atmosphere:
Normally used on berries and cherries
only—10 to 20 percent CO^
• Ice:
Never in contact with commodity
Note: Most members of this group not compatible with group 6a or 6b
because ethylene production by group 1 can be high, and thus harmful to
members of group 6a or 6b.
• Apples
• Apricots
• Berries (except cranberries)
• Cherries
• Figs (not with apples, danger of odor transfer to figs; also see Group 6a)
• Grapes (see 2, also see Group 6a)
• Peaches
• Pears
• Persimmons
• Plums and prunes
• Pomegranates
• Quinces
• Taken from USDA Marketing Research Report No. 1070; "Compatibility of Fruits and Vegetables
during Transport in Mixed Loads" by W. J. Lipton and J.M. Harvey, 1977.
2 Grapes: Compatible with other commodities only if the grapes are not fumigated with sulftir
dioxide (SO^) in vehicle and if no chemicals that release SO^ are included in packages.

Group 2
Recommended Transit Conditions:
• Temperature:

55°to65°(13°to 18°)
• Relative humidity:
85 to 95 percent
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• Ice:
Never in contact with commodity
• Avocados
• Bananas
• Eggplant (also see Group V)
• Grapefruit (see ^)
^ Citrus Fruits: Biphenyl, which is used as a ftingicide on citrus fruits, may impart off-odors to other
commodities. Oranges and Tangerines-compatibihty depends on source. Florida- or Texas-grown
oranges are shipped at 32° TO 34° F. (0.0° to 1.1 ° C), but oranges grown in California and
Arizona are shipped at 38° to 48° F. (3.3° to 8.8° C).

•
•
•
•

•
•
•
•
•
•

Guava
Limes
Mangoes
Muskmelons, other than cantaloupes
Casaba
Crenshaw
Honey Dew
Persian
Olive, fresh
Papayas
Pineapples (not with avocados, danger of avocados' odor absorption)
Tomatoes, green
Tomatoes, pink (also see Group 4)
Watermelons (also see Groups 4 and 5

Group 3
Recommended Transit Conditions:
• Temperature:
36° to 41° F. (2.5° to 5.0° C.)
• Relative humidity:
90 to 95 percent; cantaloupes about 95 percent
• Ice:
In contact only with cantaloupes
• Cantaloupes
• Cranberries
• Lemons (adjust temperature to other commodity)
• Lychees (also see Group 4)
• Oranges
• Tangerines

Group 4
Recommended Transit Conditions:
• Temperature:
40° to 45° F. (4.5° to 7.5° C);
beans 38° to 42° F. (3.5° to 5.5° C.)
• Relative humidity:
About 95 percent
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• Ice:
Never in contact with commodity
• Beans, snap
• Lychees (also see Groupe 3)
• Okra
• Peppers, green (not with beans)
• Peppers, red (if with green peppers, temperature adjusted toward top of
range)
• Squash, summer
• Tomatoes, pink (also see Group 2)
• Watermelons (also see Groups 2 and 5)
Group 5
Recommended Transit Conditions:
• Temperature:
40° to 55° F (4.4° to 13 °C); ginger not below 55 °F
• Relative humudity:
85 to 90 percent
• Ice:
Never in contact with commodity
• Cucumbers
• Eggplant (also see Group 2)
• Ginger (not with eggplant, also see Group 7)
• Grapefruit, Florida (after January 1) and Texas
• Potatoes (late crop)
• Pumpkin and squashes, winter
• Watermelons (temperature adjusted for other members of groups; also see
Groups 2 and 4)

Group 6a
This group, except for figs, grapes, and mushrooms is compatible with Group
6b.
Recommended Transit Conditions:
• Temperature:
32° to 34° F. (0°to 1.5° C.)
• Relative humidity:
95 to 100 percent
• Ice:
Never in contact with asparagus, figs, grape and mushrooms
•
•
•
•
•
•
•
•
•
88

Artichokes
Asparagus
Beets, red
Carrots
Endive and escarole
Figs (also see Group 1)
Grapes (also see Group 1)
Greens
Leek (not with figs or grapes)

•
•
•
•
•
•
•
•
•
•

Lettuce
Mushrooms
Parsley
Parsnips
Peas
Rhubarb
Salsify
Spinach
Sweet corn
Watercress

Group 6b
This group is compatible with Group 6a, except for figs, grapes, and
mushrooms.
Recommended Transit Conditions:
• Temperature:
32° to 34° F. (0° to 1.1 °C.)
• Relative humidity:
95 to 100 percent
• Ice:
Contact acceptable for all.
•
•
•
•
•
•
•
•

Broccoli
Brussels sprouts
Cabbage
Cauliflower
Celeriac
Horseradish
Kohlrabi
Onions, green (not with rhubarb, figs, or grapes, probably not with
mushrooms or sweet com)
• Radishes
• Rutabagas
• Turnips

Group 7
Recommended Transit Conditions:
• Temperature:
55° to 65° F. (13° to 18° C.)
• Relative humidity:
85 to 90 percent
• Ice:
Never in contact with commodity.
• Ginger (also see Group 5)
• Potatoes, early crop (temperatures adjusted for others)
• Sweetpotatoes
Group 8
Recommended Transit Conditions:
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• Temperature:
32° to 34° F. (0° to 1.5° C.)
• Relative humidity:
65 to 75 percent.
• Ice:
Never in contact with commodity.
• Garlic
• Onions, dry
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Appendix III

Table 9.—Recommended Protective Services for Perishable Foods
During Transit

Product

Recommended
Transit
Temperature
°F

°C

Desired
Relative
Humidity
Percent

Highest
Freezing
Point

Top-ice
and/or '
Package-ice
Preferable

°F

«C

30.0

-1.1

No

30.1
29.9
30.9

-1.1
-1.2
-0.6

No
Yes
No

85 to 90

31.5

-0.3

No

55
56 to 58

12.8
85 to 90
13.3 to 14.4 90 to 95

31.5
30.6

-0.3
-0.8

No
No

40 to 45
37 to 41
32
32
31 to 32
31 to 32
32
32
36 to 41
32
32
32

4.4 to 7.2
2.8 to 5.0
0.0
0.0
-0.6 to 0.0
-0.6 to 0.0
0.0
0.0
2.2 to 5.0
0.0
0.0
0.0

95
95
98 to 100
95 to 100
90 to 95
90 to 95
95 to 100
98 to 100
95
98 to 100
90 to 98
98 to 100

30.7
31.0
30.3
31.3
30.5
29.7
30.9
30.4
29.9
29.5
30.6
31.1

-0.7
-0.6
-0.9
-0.4
-0.8
-1.3
-0.6
-0.9
-1.2
-1.4
-0.8
-0.5

No
No
Yes
Yes
No
No
Yes
Yes
No
Yes
Yes
Yes

90
90
95
90

to 95
to 95
to 98
to 95
95
90 to 95
90 to 95
65 to 75

28.8
29.0
30.9
30.4
31.1
30.6
31.9
30.5

-1.8
-1.7
-0.6
-0.9
-0.5
-0.8
-0.1
-0.8

No
No
Yes
No
No
No
Yes
No

14.0 to 15.6 85 to 90

30.0

-1.1

No

Fresh fruits and
vegetables:
Apples

Apricots
Artichokes (globe) . .
Asparagus
Avocados:
Cold-tolerant
varieties
Cold-intolerant
varieties
Bananas
Beans:
Green or snap ....
Lima, in pods
Beets
Beet tops
Blackberries
Blueberries
Broccoli
Cabbage
Cantaloups
Carrots
Cauliflower
Celery
Cherries:
Sweet
Sour
Com (sweet)
Cranberries
Cucumbers
Eggplants
Endive (escarole) ...
Gariic (dry)
Grapefruit:
Arizona and
California

30 to 40 -1.1 to 4.4 90 to 95
(depending on
variety)
32
0.0
90 to 95
32
0.0
95 to 100
32 to 35 0.0 to 1.7 95 to 100

40

4.4

30 to 31 -1.1 to-0.6
32
0.0
32
0.0
36 to 40 2.2 to 4.4
50 to 55 10.0 to 12.8
46 to 54 8.0 to 12.2
32
0.0
32 to 34 0.0 to 1.1
58 to 60
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Table 9.—Recommended Protective Services for Perishable Foods
During Transit—Continued
Recommended
Transit
Temperature

Product

Desired
Relative
Humidity

op

Highest
Freezing
Point

Top-ice
and/or *
Package-ice
Preferable

»C

Percent

Fresh fruits and
vegetables : —Continued
Florida and Texas.
Grapes:
American type....
European type
(Vinifera)
Kale
Kiwi Fruit
Lemons
Lettuce
Limes
Mangoes
Melons:
Honey dew, Casaba,
Crenshaw, and
Persian
Mushrooms
Okra
Onions (dry)
Onions (green)
Shallots
Leeks
Oranges
^

50 to 60
32

92

0.0
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30 to 31 -1.1 to -0.6 90 to 95
95 to 100
0.0
32
90 to 95
0.0
32
50 to 55 10.0 to 12.8 85 to 90
98 to 100
0.0
32
48 to 50 8.9 to 10.0 85 to 90
85 to 90
12.8
55

30.0

-1.1

No

29.7

-1.3

No

28.1
31.1
29.0
29.4
31.7
29.1
30.3

-2.2
-0.5
-1.7
-1.4
-0.2
-1.6
-0.9

No
Yes
No
No
No
No
No

No
No
No
No
Yes
Yes
Yes
No

0.0
0.0

95 to 100
98 to 100

30.5
-0.8
30.4
-0.9
-1.8
28.7
-0.8
30.6
30.4
-0.9
-0.2
31.6
-0.7
30.7
-0.8
30.6
(flesh)
29.7
-1.3
(peel)
-1.1
30.0
30.4
-0.9

-0.6 to 0.0
0.0

90 to 95
90 to 95

30.4
29.2

-0.9
-1.6

No
No

0.0

95 to 98

Yes

45 to

7.2 to 12.8

90 to 95

-0.6
30.9
(pods)
-1.2
29.9
(shelled)
-0.7
30.7

50 to
45

10.0 to 13.0 85 to 90
85 to 90
7.2

30.0
30.0

-1.1
-1.1

No
No

45 to 50
32
45 to 50
32
32
32
32
32 to 48

Parsley
32
Parsnips
32
Peaches and
Nectarines
31 to 32
Pears
^
32
Peas
(green, in pods) . .
32

Peppers (sweet) ....
Pineapples:
Mature-green fruit
Ripe fruit
Plums and fresh
prunes
Potatoes:
Early-crop for
table
Potatoes (continued)
Early-crop for
chipping
Late-crop for table
Late-crop for
chipping
Radishes
Raspberries

10.0 to 15.6 85 to 90

7.2 to 10.0 90 to 95
95
0.0
7.2. to 10.0 90 to 95
65 to 70
0.0
95 to 100
0.0
95 to 100
0.0
95 to 100
0.0
85 to 90
0.0 to 8.8

Yes
Yes

No

32

0.0

90 to 95

30.5

-0.8

No

50 to 60

10.0 to 15.6

90

30.9

-0.6

No

65 to 70
40 to 50

18.3 to 21.1
4.4 to 10.0

90
90

30.9
30.9

-0.6
-0.6

No
No

50 to 60
32
32

10.0 to 15.6
90
0.0
95 to 100
0.0
90 to 95

30.9
-0.6
30.7
-0.7
30.0
-1.1
(black)
30.9
-0.6
(red)

No
Yes
No

Table 9.—Recommended Protective Services for Perishable Foods
During Transit—Continued
Recommended
Transit
Temperature

Product

Desired
Relative
Humidity

op

Highest
Freezing
Point

Percent

Top-ice
and/or *
Package-ice
Preferable

«C

Fresh fruits and
vegetables : —Continued
Rhubarb
Romaine
Spinach
Squash and
Pumpkins:
Winter and
pumpkins
Summer
Strawberries
Strawberry plants ...
Sweet potatoes
Tangerines
Tomatoes:
Mature-green
Pink
Tomato transplants ..
Watermelons
Canned Foods
"^
Dairy Products:
Butter:
Fresh
Frozen
Margarine
Cheeses

32
32
32

0.0
0.0
0.0

95 to 100
95
95 to 100

30.3
31.7
31.5

-0.9
-0.2
-0.3

No
Yes
Yes

50 to 55
41 to 50
32
30 to 32
55 to 60
40

10,0 to 12.8
5.0 to 10.0
0.0
-1.1 to 0.0
12.8 to 15.6
4.4

50 to 70
95
90 to 95
90 to 95
85 to 90
90 to 95

30.5
31.1
30.6

-0.8
-0.5
-0.8

29.7
30.1

1-1.3
-1.1

No
No
No
No
No
No

55
46
50
50

12.8 to 21.1 90 to 95
7.2 to 10.0 90 to 95
10.0 to 12.8 85 to 90
10.0 to 15.6
90

31.0
31.1
31.0
31.3

-0.6
-0.5
-0.6
-0.4

No
No
No
No

to
to
to
to

70
50
55
60

39
-10
35
^ 34 to 40

3.9
-23.3
1.7
1 to 4

75 to 85
60 to 70
65 to 70

Oto 1.1
-2.2 to 0.0
4.4 to 7.2

90 to 95
90 to 95
80 to 85

No
No
No
No

Fresh and Cured Meat and
Fresh Seafood . . . ^
Frozen Foods

^

Poultry and Eggs:
Fresh, ice-packed .
Fresh, chilled ....
Eggs

32 to 34
28 to 32
40 to 45

27.0
27.0
28.0

-2.8
-2.8
-2.2

Yes
No
No

' Make sure products are packed in moisture resistant containers before applying top- or package-ice.
2 Florida and Texas oranges shipped from cold storage or those that will be in transit for more than
5 days should be held at 32-34°F *)0.o°- to 1.1 °C). Arizona and California oranges should be
shipped at 38° to 48 °F.
3 Early Bartlett pears that are ripened in transit should be shipped at 55-60 °F
■* See text page 65 and table 4.
^ See text page 68 and table 5.
^ See text page 70 and table 6.
^ All frozen foods should be shipped at 0°F (-18°C) or colder.
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