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Apples
Apricots
Artichokes, Globe
Artichokes, Jerusalem, see Addendum, Fruits
and Vegetables
Asparagus
Asparagus Roots
Avocados

B
Bacon, see Meats
Bakery Products
Bananas
Basil, see Addendum, Fruits and Vegetables
Batteries, Lead/Acid
Bean Sprouts, see Addendum, Fruits and
Vegetables
Beans, Snap (Green or Wax)
Beef, see Meats
Beer
Beets
Belgian Endive, see Addendum, Fruits and
Vegetables
Bell Peppers, see Peppers, Bell Green

Berries, Black-, Boysen-, Dew-, Logan-, Rasp-,
Red and Black, and YoungBerries, Blue- and HuckleBerries, Cran-, see Cranberries
Berries, Goose- and Currants
Berries, Straw-, see Strawberries
Biscuits, see Bakery Products
Bittermelon, Bittergoul, see Addendum, Fruits
and Vegetables
Blackberries, see Berries, Black-, etc.
Blueberries, see Berries, Blue- and HuckleBok choy, see Addendum, Fruits and Vegetables
Boysenberries, see Berries, Black-, etc
Brazil Nuts, see Nuts and Nutmeats
Breads, see Bakery Products
Broccoli
Brussels Sprouts
Butter

C
Cabbage
Cactus Leaves and Fruit, see Addendum, Fruits
and Vegetables
Cake Batters, see Bakery Products
Cake, see Bakery Products
Calamondin Oranges, see Addendum, Fruits and
Vegetables
Candy
Canned Foods
Cantaloupes, see Melons and Cantaloupes
Carambola (Starfruit), see Addendum, Fruits and
Vegetables
Carrots
Casaba Melons, see Melons and Cantaloupes
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Cashew Nuts, see Nuts and Nutmeats

Cod, see Fish, Frozen

Cassava (Yucca Root), see Addendum, Fruits
and Vegetables

Coffee, see Addendum

Cauliflower
Celeriac (Celery Root)
Celery
Chard, Swiss, see Addendum, Fruits and
Vegetables
Chayote, see Addendum, Fruits and Vegetables
Cheese
Cherimoya, see Addendum, Fruits and
Vegetables
Cherries, Sour, see Addendum, Fruits and
Vegetables
Cherries, Sweet
Chestnuts, see Nuts and Nutmeats

Collards, see Addendum, Fruits and Vegetables
Condensation Control
Cookies, see Bakery Products
Corn, Sweet
Cough Drops, see Candy
Crabmeat, Pasteurized, see Addendum
Crabs, see Addendum
Cranberries
Cream, Fresh, Sour, Sweetened, see Addendum
Croissants, see Bakery Products
Cucumbers
Currants, see Berries, Goose- and Currants

Chicken, see Poultry, Meats

Custard Apple (Cherimoya), see Addendum,
Fruits and Vegetables

Chicory, Witloof (Belgian Endive), see
Addendum, Fruits and Vegetables

D

Chili Peppers, see Peppers, Dry Chili
Chinese Cabbage, see Addendum, Fruits and
Vegetables
Chinese Dates (Jujubes), see Addendum, Fruits
and Vegetables

Danish, see Bakery Products
Dasheens, see Addendum, Fruits and Vegetables
Dates
Dewberries, see Berries, Black-, etc.

Chives, see Addendum, Fruits and Vegetables

Dough, see Bakery Products

Chocolate, see Candy

Doughnuts, see Bakery Products

Cigarettes, see Tobacco and Tobacco Products

Duck, see Poultry

Cigars, see Tobacco and Tobacco Products
Cilantro, see Addendum, Fruits and Vegetables

E

Citron (Citrus Medica), see Addendum, Fruits
and Vegetables

Eggplant

Citrus Juices, Frozen and Canned

Eggs, Dried

Clams, see Addendum
Clementines, see Addendum, Fruits and
Vegetables
Cocoa and Cocoa Beans
Coconuts, Whole and Shredded
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Elderberries, see Addendum, Fruits and
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Endive and Escarole
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Escarole, see Endive and Escarole

G

F

Garlic

Figs
Filberts, see Nuts and Nutmeats
Film, Photographic, see Photographic Film
Fish, Comminuted, Deboned, and Minced
Fish, Frozen
Floral and Nursery Stock
Flour, see Addendum
Flowers, see Floral and Nursery Stock
Freezing Injury
French Fries, see Potatoes, French Fries
Frozen Foods Handling and Storage
Frozen Yogurt, see Yogurt and Yogurt Products
Fruit Juice: Apple, Concentrate
Fruit Juice: Apple, Single Strength
Fruit Juice: Banana Puree, Aseptic
Fruit Juice: Citrus, see Citrus Juices, Lemons,
Lemonade

Ginger, see Addendum, Fruits and Vegetables
Globe Artichokes, see Artichokes
Gooseberries, see Berries, Goose- and Currants
Grapefruit
Grapes (American and European Types)
Grapes, Fumigation with Sulfur Dioxide
Green Peppers, see Peppers, Bell Green
Greenery, see Floral and Nursery Stock
Guava, see Addendum, Fruits and Vegetables

H
Ham, Cured
Ham, Fresh, Chilled and Frozen
Ham, see also Meats
Hamburger, see Meats
Hazelnuts, see Nuts and Nutmeats
Hides

Fruit Juice: Flavors, Natural and Artificial

Honey, Comb and Strained, see Addendum

Fruit Juice: Fruit Essence

Honeydew Melons, see Melons and Cantaloupes

Fruit Juice: Grape (Red), California-Type

Hops

Fruit Juice: Grape (Red-Purple), Concentrate

Horseradish

Fruit Juice: Grape (Red-Purple), Concord-Puree

Huckleberries, see Berries, Blue- and Huckle-I

Fruit Juice: Grape (Red-Purple), Single

Ice

Fruit Juice: Grape (White), Concentrate

Ice Cream and Other Frozen Desserts

Fruit Juice: Mixed Fruits (Blends)

Insect ControlJ

Fruit Juice: Packaging, Drums, Concentrates

Jicama, see Addendum, Fruits and Vegetables

Fruit Juice: Peach, Concentrate

Juices, Citrus, see Citrus Juices, Lemons,
Lemonade

Fruit Juice: Pear, Concentrate
Fruits, Dried
Furs and Fur Garments
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K
Kale, see Addendum, Fruits and Vegetables

Meats, Variety
Melons and Cantaloupes

Kiwano, see Addendum, Fruits and Vegetables

Melon, Horned, see Addendum, Fruits and
Vegetables

Kiwifruit

Milk, Condensed and Evaporated

Kohlrabi

Milk, Non-Fat Dry

Kumquats, see Addendum, Fruits and
Vegetables

Mistletoe

L

Mushrooms

Lamb, see Meats

N

Leeks, Green
Lemons, Fresh, Concentrate, and Lemonade
Lettuce
Limes
Liver, see Meats
Lobster, see Addendum
Loganberries, see Berries, Black-, etc.
Loquats, see Addendum, Fruits and Vegetables
Lychees, see Addendum, Fruits and Vegetables

M
Macadamia Nuts, see Nuts and Nutmeats
Mandarin Oranges, see Addendum, Fruits and
Vegetables

Muffins, see Bakery Products

Nectarines
Nursery Stock, see Floral and Nursery Stock
Nuts and Nutmeats
Nuts, Sugar Coated, see Candy

O
Odor Control
Okra
Olives, Fresh and Salted
Onions and Onion Sets
Oranges, Valencia and Other Round Oranges
Ostrich, see Poultry
Oysters

Mangos

P

Mangosteen, see Addendum, Fruits and
Vegetables

Papaya

Margarine

Parsley, see Addendum, Fruits and Vegetables

Marshmallows, see Candy

Parsnips

Meats, Canned

Passionfruit, see Addendum, Fruits and
Vegetables

Meats, Frozen
Meats, Inedible, see Pet Foods
Meats, Mechanically Separated (Comminuted,
Deboned, Minced, Separated)
Meats, Restructured
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Peas, Green and Other Types

Rancidity and Antioxidants

Pecans, see Nuts and Nutmeats

Raisins, see Fruits Dried

Peppers, Bell Green

Raspberries, see Berries, Black-, etc.

Peppers, Dry Chili

Rhubarb

Persian Melons, see Melons and Cantaloupes

Rutabagas

Persimmon, Japanese, see Addendum, Fruits and
Vegetables

S

Pet Foods
Photographic Film
Pickles, see Cucumbers
Pies, see Bakery Products
Pineapples
Pistachio Nuts, see Nuts and Nutmeats
Plants, see Floral and Nursery Stock
Plants, Tomato, see Tomato Plants
Plums
Pomegranates, see Addendum, Fruits and
Vegetables
Popcorn
Pork, see Meats and Trichinella Larvae
Destruction

Salmon, see Fish, Frozen
Salsify (Vegetable Oyster)
Sapota, Turning, see Addendum, Fruits and
Vegetables
Sapota, Ripe, see Addendum, Fruits and
Vegetables
Sausage, Pork, see Meats
Seafood, see Fish, Shrimp, Oysters
Seeds, Vegetable
Sherbet, see Ice Cream and Other Frozen
Desserts
Shrimp
Snuff, see Tobacco and Tobacco Products
Spinach

Potatoes, French Fries

Squash, Summer

Potatoes, Irish

Squash, Winter, see Pumpkins and Squash,
Winter

Potatoes, Sweet, see Sweet Potatoes
Poultry Products
Prunes, Italian
Puff Paste, see Bakery Products
Pumpkins and Squash, Winter

Starfruit (Carambola), see Addendum, Fruits and
Vegetables
Strawberries
Sugars
Surimi, see Fish, Frozen

Q

Sweet Potatoes

Quinces

T

R

Tamarillo, see Addendum, Fruits and Vegetables

Radicchio, see Addendum, Fruits and
Vegetables
Radishes
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Tangerines, see Addendum, Fruits and
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Taro (Dasheen), see Addendum, Fruits and
Vegetables
Thawing and Tempering
Tobacco and Tobacco Products
Tomatillos, see Addendum, Fruits and
Vegetables
Tomatoes and Tomato Products
Tomato Plants
Trichinella Larvae Destruction
Turkey, see Poultry, Meats
Turnips

V
Variety Meats, see Meats, Variety
Veal, see Meats

W
Waffles, see Bakery Products
Walnuts, see Nuts and Nutmeats
Water Chestnuts, see Addendum, Fruits and
Vegetables
Watercress, see Addendum, Fruits and
Vegetables
Watermelons, see Melons and Cantaloupes
Wheat Germ and Wheat Germ Oil
Wines

Y
Yams, see Addendum, Fruits and Vegetables
Yeast, Dry and Fresh, see Addendum
Yogurt and Yogurt Products
Youngberries, see Berries, Black-, etc.
Yucca Root (Cassava), see Addendum, Fruits
and Vegetables
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Addendum
Revised 1999
Commodity

Temperature Relative Humidity Freezing
Point
°F

Clams, shucked clam meats

32

Coffee Beans**
Green (normally only green
coffee standards are
refrigerated)

°C
0

%

°C

--

--

7 days*

35-40 1.74.4

-40-60
(protectively
packaged to avoid
odor absorption)

--

2-3 months, minimal
change; 6 months,
noticeable change begins;
12 months, noticeable
change has occurred

Crabmeat, pasteurized

32-34 0-1.1

--

--

--

Maximum 6 months*

Crabs, cooked and frozen
whole or sections

0

--

28 -2.2 12 months for King crab or
Snow crab; 3-6 months for
Dungeness crab*

-18

85-90

°F

Storage Period

Cream
32-36 0-2.2 -Fresh,
(See also Q
pasteurized
and A Manual Sour
28-32 -2 to 0 -#1112)
Sweetened,
<10 <23
-condensed milk

--

--

Not to exceed 2 weeks

--

--

3 months

--

--

Up to 4 weeks

Flour (See also Q and A
Manual #1008 and #1119)

32-40 0-4.4

--

--

--

1 year

Honey***

Processed

64-75 18-24 --

--

--

2 years

Unprocessed

<50

--

--

Variable

Fresh meat

30-32 -1.1 to 85-90
0

--

--

3-5 days*

Lobster,
American

Frozen in shell, 0
blanched

<10

-18

--

--

Fresh cooked 30-32 -1.1 to 85-90
packaged meat
0

28 -2.2 3-6 months*
--

--

6-9 months*

Lobster, Spiny, whole

0

-18

--

28 -2.2 10-12 months*

Yeast

Dry

<39

<3.9

60-70

--

--

6-12 months

Fresh

30-32 -1.1 to 80-90
0

--

--

1-2 weeks (with proper air
circulation)

* For fresh and frozen products, the high quality shelf life may be 25-30% of the storage period.
** Green coffees are normally stored, shipped, and handled at ambient temperatures. Storage warehouses tend to be high
ventilated structures with sufficient air circulation to prevent mold growth and that keeps the temperature at 80°F (26.67°C) or
below. If the relative humidity is above 50%, refrigeration may be employed when necessary and is economically justified.
*** Sealed containers are recommended.
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Addendum, Fruits and Vegetables
Revised 1998

Storage Recommendations for Minor Fruits and Vegetables
Commodity

Temperature
°F

°C

Relative
Humidity

Storage
Period

%

weeks

Artichokes, Jerusalem

31-32

-0.5 to 0 90-95

4-5 months

Basil

50

10

90-95

1

Bean Sprouts

32

0

95-100

½-1

Bittermelon, Bittergoul

50

10

85-90

1-2

Bok choy

32

0

95-100

2-

Cactus Leaves

41-50

5-10

90-95

2-3

Cactus Fruit, prickly pears

41

5

85-90

2-3

Calamondin orange

48-50

9-10

85-90

2-3

Carambola (starfruit)

41-50

5-10

85-90

3-4

Cassava (Yucca root)

32-41

0-5

85-90

4-8

Chard, Swiss

32

0

95-100

1-2

Chayote

45

7

85-90

85-90

Cherimoya (custard apple)

48-50

9-10

85-90

1-2

Cherries, Sour

32

0

90-95

½-1

Chicory, Witloof (Belgian Endive)

32

0

95-100

2-4

Chinese Cabbage

32

0

95-100

6-10

Chinese Dates(Jujubes)

50

10

85-90

8-10

Chives

32

0

90-95

2-3

Cilantro, Chinese parsley

32

0

95-100

2

Citron Citrus (Medica)

55

13

85-90

6-8

Clementines

41-45

5-7

85-90

6-8

Collards

32

0

95-100

1-2

Dasheen (Taro)

45-50

7-10

85-90

16-20

Elderberries

32

0

90-95

1-2

Ginger

55

13

65-75

16-24

Guava

45-50

7-10

85-90

2-3

Addendum, Fruits and Vegetables
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Jicama

55-65

13-18

65-70

4-8

Kale

32

0

90-95

2-3

Kiwano (horned melon)

50-55

10-13

85-90

85-90

Kumquats

39-41

4-5

85-90

2-4

Loquats

32

0

85-90

2-3

Lychees

34-36

1-2

90-95

3-5

Mandarin Oranges

38-40

3-4

85-95

2-4

Mangosteen

55

13

85-90

2-4

Parsley

32

0

90-95

2-3

Passionfruit

45-50

7-10

90-95

3-4

Persimmon, Japanese

32-35

0-2

90-95

7-16

Pomegranates

41-50

5-10

90-95

8-10

Radicchio

32-34

0-1

90-95

3-4

Sapota, Turning

60-68

15-20

85-90

2-3

Sapota, Ripe

32-36

0-2

85-90

1-2

Tamarillo

37-40

3-4

85-90

6-8

Tamarind

36-45

2-7

90-95

3-4

Tangerines

38-40

3-4

85-95

2-4

Tomatillos, husk tomato

41

5

90

2-3

Water Chestnuts

34-36

1-2

90-98

4-8

Watercress

32-34

0-1

90-95

2-3

Yams (Dioscoreu sp.) Not to be confused with sweet
potatoe.

61

16

70-80

12-24
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Apples, Controlled Atmosphere Storage
Revised 2008
Controlled atmosphere (CA) storage may be used to extend the storage life of apples. Varieties such as
McIntosh are CA stored at 36°F (2°C) to control flesh browning and physiological flesh breakdown
caused by chilling injury which develops in storage. Chilling insensitive varieties, such as Delicious and
Rome, are CA stored at 30 to 32°F (-1 to 0°C). State Agricultural Experiment Station or cooperative
extension specialists should be consulted for recommended concentrations of carbon dioxide (1 to 5%)
and oxygen (1 to 3%) because recommended gas mixtures vary with the variety and the geographic area
in which the variety is grown. In general, temperatures are increased 1-2°F or oxygen is decreased. CA
recommendations for apples grown in one area may cause injury to the same variety grown in another
area.

Lowering the Oxygen Concentration
An air-tight door is sealed in place after the air-tight CA room has been filled with apples. The oxygen in
the room is lowered to the desired concentration generally by flushing the room with nitrogen gas from an
external tank or from an air separator (hollow-fiber-membrane or pressure-swing-adsorption), which
separates the oxygen from the nitrogen air. Most apple growing areas report that the more quickly the low
oxygen atmosphere is attained after harvest and cooling, the better will be the condition of the CA apples
after storage. Rarely, oxygen is lowered by fruit respiration by a fossil fueled atmosphere generator.

Maintaining the Desired Gas Concentrations
The desired oxygen concentration is maintained by adding some air to the CA room when needed. Excess
carbon dioxide is removed from the atmosphere by chemical reaction with lime, adsorption onto activated
carbon, permeation through silicone elastomer or hollow fiber membranes, or by slow flushing of the CA
room with nitrogen gas. Removal of ethylene gas from the storage atmosphere by chemisorption or by
catalytic oxidation has found limited commercial application for firmness retention of Empire apples and
control of storage scald on Bramley's Seedling apples.

Technology
The technology for establishing and maintaining the desired atmospheres has changed significantly in the
last 20 years or so. There has been a rapid increase in the use of air separators for quick establishment of
the low oxygen atmosphere. Systems for automatic analysis and computer control of oxygen and carbon
dioxide are are commonly been used nowadays. Before proceeding with construction of a new CA
warehouse facility, the latest advances in CA technology should be appraised by visiting the nearest stateof-the-art CA facility.

Apples, Controlled Atmosphere Storage
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Storage Characteristics of Several Apple Varieties in Air and CA
Temperature
control
Cultivar
(°C)

Cooling
rate *

Air storage
life
(months)

CA
CO2
%

O2
%

Storage life
(months)

Rapid CA
availability *

CO2
sensitivity
Sensitive

Braeburn

1

Stepwise

3-4

0.5

1.52

8-10

Slow

Delicious

0

Rapid

3

2

0.72

12

Rapid to
Moderate **

Empire

2

Slow

2-3

2-3

2

5-10

Slow

Fuji

0-1

Stepwise

4

0.5

1.52

12

Slow

Gala

0-1

Rapid

2-3

2-3

1-2

5-6

Rapid

Golden
Delicious

0-1

Rapid

3-4

2-3

1-2

8-10

Rapid

Granny
Smith

1

Rapid

3-4

0.5

1.52

10-11

Slow

Jonagold

0

Rapid

2

2-3

11.5

5-7

Rapid

Pink Lady

1

Slow

3-4

1

2

9

Slow

Sensitive

Sensitive

* Cooling rate and rapid CA availability (O2 pulldown rates): Rapid = within 3 days; Slow = 5 to 7 days; Stepwise = 2-3 °C
during loading, 2°C at sealing, and 1°C after 2 to 3 weeks of CA establishment.
** Fruit for long term CA are recommended to use rapid CA, but water-cored fruit should be stored at high oxygen (2-2.5%) to
prevent internal breakdown.
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1-methylcyclopropene (1-MCP), an ethylene inhibitor, can delay fruit softening, yellowing, respiration,
loss of titratable acidity, and sometimes the reduction in soluble solids, as well as development of some
physiological disorders, although volatile aroma compounds can also be inhibited. The U.S. EPA in 2002
approved this compound. The use of 1-MCP in combination with CA can further improve storability of
fruits.

Precautions
Only apples of good quality and long storage potential should be cold-stored in controlled atmospheres.
Immature or over mature apples should not be held in this manner. Rapid cooling and quick filling of the
room are essential. Use storage scald control methods practiced in your area.
The atmospheres used in CA apple storage will not support human life. If inspection or repair is needed,
aerate the room and then quickly reestablish the atmosphere after making the inspection and/or repairs.

CA Storage Disorders
Irregular, sunken, dry, pebbly patches of brown on the green skin of apples indicates the
carbon dioxide was too high early in the CA season. This skin injury is aggravated by the
presence of water on the fruit. There are also three forms of flesh carbon dioxide injury. One
often begins as a discrete milk-chocolate browning between the core and the skin. The
brown tissue is firm, but not necessarily moist. Another form of carbon dioxide injury
CO2 Injury appears as cavities, sometimes surrounded by patches of discolored tissue. Finally, in
Delicious apples there is often very premature mealiness without tissue browning.
Control: Follow recommendations of the local State Agricultural Experiment Station because
varietal susceptibility to carbon dioxide injury varies with the fruit growing region and the
recommended oxygen concentration used in CA.

Low
Oxygen
Injury

Symptoms of low oxygen injury include: skin lesions which are similar in appearance to soft
scald; a purplish or bluish cast to red areas of the skin; clearly defined chocolate brown areas
in the flesh; apples become very soft and split open. If the tainted flavor associated with low
oxygen injury is not present, it may be difficult to distinguish low oxygen injury from high
carbon dioxide injury.
Control: Follow recommendations of the local State Agricultural Experiment Station because
varietal susceptibility to low oxygen injury varies with the fruit growing region and the
recommended CA temperature.

NOTE: CO2-related disorders have caused severe commercial losses in Braeburn and Empire apples
when kept under poor circulation (e.g., in packed cartons) within a few weeks of harvest.

WFLO is indebted to Dr. Chris Watkins, Cornell University, Ithaca, New York, and Dr. Elhadi Yahia, Universidad Autonoma de
Queretaro, for the review and revision of this topic.
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Apples
Revised 2008

Thermal Properties
Fresh
English

Dried
Metric

English

Metric

Moisture, %

83.93

--

31.76

--

Protein, %

0.19

--

0.93

--

Fat, %

0.36

--

0.32

--

Carbohydrate, %

15.25

--

65.89

--

Fiber, %

2.70

--

8.70

--

Ash, %

0.26

--

1.10

--

Specific Heat Above Freezing

.91 Btu/lb*°F

3.81 kJ/(kg*K)

0.61 Btu/lb*°F

2.57 kJ/(kg*K)

Specific Heat Below Freezing

.47 Btu/lb*°F

1.98 kJ/(kg*K)

0.68 Btu/lb*°F

2.84 kJ/(kg*K)

Latent Heat of Fusion

120 Btu/lb

280 kJ/kg

46 Btu/lb

106 kJ/kg

Storage Conditions
Temperature

30-32°F (-1 to 0°C), with exceptions

Relative Humidity

90% - 95%

Freezing Point

Approximately 29°F (-1.7°C)

U.S. federal grades for apples, based primarily on color requirements, but also on freedom from decay,
disorders and blemishes, as well as firmness of fruit, are “U.S. Extra Fancy”, “U.S. Fancy”, and “U.S. No.
1”.
Most apples in the U.S. are packed into bushel cartons, usually 40 lb (18.2 kg), depending on variety, and
sold by fruit count. Fruit are commonly packed on 4 to 5 soft fiberboard trays made of soft polystyrene or
from recycled newspaper, and cartons are often un-vented. Venting to improve cooling velocity is
important. A two-layer carton that is wider, known as the 60 x 40 pack, is becoming more common in the
U.S. and for export to Europe. It has the advantage of minimizing fruit handling as the cartons are placed
directly onto display racks at retail.
Most apples are sold loose, although fruit are increasingly packed in polyethylene bags of 3, 5, or 10 lb
(1.4, 2.3, or 4.5 kg). Consumer packages of different combinations and sizes are also becoming popular in
some retail outlets. These packages reduce the time consumers spend in the produce section, and also
reduce losses caused by consumer sorting and handling of individual fruit.
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Most apples maintain their quality best when held between 30 and 32°F (-1.8 and 0°C), although some
varieties are cold-sensitive at this lower temperature and have to be held at 38 to 40°F (3.3 to 4.4°C).
Internal browning of the flesh is the most common indication of cold sensitivity. The local State
Agricultural Experiment Station will usually have data on what varieties in the area are cold-sensitive.
Maintaining the proper relative humidity around stored apples is very important. Apples have
approximately 84% moisture at the time of harvest, and to maintain this water content and prevent
shriveling of the skin, the storage relative humidity should be 90% or higher. With good air circulation, a
higher relative humidity (95 to 98%) may be maintained without mold formation.
The freezing point of apples varies considerably, but most types will not freeze until the flesh is below
29°F (-1.7°C). Freezing discolors the surface and browning can occur internally. To prevent unnecessary
injury, apples should not be handled while frozen.

Storage with Other Commodities
Other temperate climate tree fruits can be stored with apples if they have the same temperature and
relative humidity requirements, and if they are not sensitive to the ethylene produced by the apples. Odor
from celery, cabbage, carrots, potatoes and onions will be absorbed by apples and should therefore not be
stored in the same room with apples. Also, odors from apples are readily absorbed by meat, eggs and
dairy products, which should be stored in other rooms.
Apples produce ethylene gas as a natural product. Commodities sensitive to ethylene at 32°F (0°C) should
not be stored with apples. Commodities that are adversely affected by ethylene at 32°F (0°C) include:
asparagus, cabbage, carrots, lettuce and other salad greens, watermelons, kiwifruit, nursery stock, and
some kinds of cut flowers, potted plants and florist greens. When an apple storage room and other storage
rooms holding ethylene sensitive commodities open onto a common corridor, it may be necessary to
continuously flush the corridor with outside air to prevent transfer of the ethylene from the apple storage
room to the other rooms.

Ammonia Damage
Ammonia fumes that have escaped from refrigeration systems can cause damage to apples exposed to a
low concentration for a long time or a high concentration for a short time. The first visible symptoms
occur at the lenticles (dots) on the skin. Red changes to blue-black and yellow or green changes to brown.
Normal skin color will be restored when the ammonia has been removed from the room, if the exposure
has not been long and the concentration of ammonia has not been high. Prolonged exposure to low
concentrations or short exposure to high concentrations will cause death of the tissue adjacent to the
lenticles (dots). The dead tissue turns brown, becomes sunken and is likely to be infected with fungus
diseases.
The human nose is very sensitive to ammonia. It detects less than 20 ppm (ul/l) ammonia in the air. 100
ppm (ul/l) ammonia is hazardous to humans exposed for 8 hours or longer. More than 8 hours is required
for permanent damage to apples to occur when exposed to 500 ppm (ul/l) ammonia.
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Electronic ammonia detectors should be installed in warehouses which use ammonia as the refrigerant, if
24-hour human surveillance is not practiced.
An ammonia leak should be isolated by shutting valves and then the escaped ammonia fumes can be
removed from the building by aeration and water washing of the ammonia from the air. Refrigeration
coils should be deiced, because ammonia dissolved in ice will be slowly released into the room over a
long period of time.

Storage Period
The good quality storage life of apples is influenced by fruit maturity when picked, delays before cold
storage, storage temperature, and the presence of other foods in the room. Varieties differ widely in their
inherent length of keeping. Some, such as McIntosh, ripen quite rapidly at 32°F (0°C) and therefore have
a relatively short storage life. Others, such as Rome, ripen more slowly at 32°F (0°C) and therefore keep
longer. Some varieties are susceptible to storage diseases and disorders and therefore have a short storage
life.
Orchard culture and climate influence storage life. Less than ideal soil conditions influence the
composition of apples and thus their storage life. Cool, cloudy growing seasons result in a shorter life.
Fruit size and pre-handling procedures also influence storage life. Large, over-sized fruit have a shorter
life than normal ones. Rough handling shortens the expected storage period.
Potential months of storage at 32°F
(0°C)

Variety

Potential months of storage in
Controlled Atmosphere (CA*)

Cortland

2 to 3

4-6

Delicious

3

8-12

Empire

2 to 3

5-10

Fuji

4

8-10

Gala

2 to 3

5-6

Golden Delicious

3 to 4

8-10

Idared

3-4

7-9

Jonagold

2

5-7

Jonamac

2

3

Law Rome

3-4

7-9

Macoun

3

5-7

McIntosh

2-3

5-7

Mutsu

3-4

6-8

Spartan

3-4

6-8

Stayman

2-3

5-7

*The potential months for storage are for rapid CA and range from those obtained with standard CA to those obtained with low
oxygen storage.
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Pre-storage Treatment
Apples may be stored "orchard run" or packed in boxes or cartons. Some storages supply a service of
treating the orchard run apples with diphenylamine for prevention of storage scald. This is done by
drenching bulk bins with the storage scald inhibitor. Packed boxes or cartons should have already had
some such treatment if the variety is scald susceptible.
Some varieties, such as Golden Delicious, are very subject to water loss. The fruit boxes or bulk bins may
be covered with polyethylene film. These covers should not be sealed or the fruit may develop an off
flavor. The tops of bins should be covered with film after field heat has been removed.
Many apples are waxed after storage and before packing for market. The wax is applied to improve the
cosmetic appeal of the apples.

Diseases, Disorders and Injuries
Diseases in stored apples are caused by fungi, which penetrate the fruit in the orchard and/or after harvest.
Diseases may frequently be distinguished from disorders and injuries by the presence of fungal spores
which usually develop on the surface of the fruit at the center of the lesion. Disorders develop over a
period of time when the normal biological processes are changed by conditions which may be present in
the orchard or in storage. Injuries are caused by a single traumatic event in the orchard or after harvest.
Colored pictures of many apple diseases, disorders, and injuries have been printed in two publications.
Market Diseases of Apples, Pears, and Quinces, Agricultural Handbook No. 376, may be obtained from
the Superintendent of Documents, U.S. Government Printing Office, Washington, DC 20402. Postharvest
Disorders of Apples and Pears, Publication 1737/E, may be obtained from Communications Branch,
Agriculture Canada, Ottawa, K1A OC7, Canada.
Diseases

Alternaria
Rot

Universal, small, firm, slightly sunken spots, brown around the edges but mostly with rough
black rust. At higher temperatures, spots may enlarge to brown or grayish rotted areas.
Often develops by mid-season in cold storage on apples showing sun-scald, bruising or
chemical injury and frequently follows storage scald, soft scald and Jonathan Spot. Rot does
not spread from one fruit to another.
Control: Careful handling and prevention of mechanical injury or storage disorders; prompt
cooling and storage.

Bitter Rot

Occurs in areas east of Great Plains, especially in hot, humid districts. Appears in orchard
but may also affect apples in storage and after removal. Firm and uniform brown color,
somewhat sunken and often shows wet pink or cream-colored spores; does not spread
from one fruit to another, dormant below 50°F (10°C).
Control: No warehouse control. Orchard control involves removing old bitter rot
mummified apples and spray program; cold storage at 32°F (0°C) will check, but rot
resumes growth on removal.

Black Rot
Apples

East of Rocky Mountains. Brown, irregular spots, later dark brown or black, firm with
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scattered black pimples containing spore masses; on removal from storage rotted areas
become soft and mushy.
Control: No warehouse control. Spray program in orchard. Prevention of insect and
mechanical injuries to fruit and proper storage and transit refrigeration will hold it in check.

Blotch

Middle West. Mostly on McIntosh, Maiden, Blush, North-Western Greening, Rome Beauty,
Yellow Newtown and Yellow Transparent; light-brown fan-shaped areas with fringed
margins, later nearly black and markedly sunken, subsequently cracking.
Control: No warehouse control. Spray program in orchard.

Blue Mold
Rot

Bull's Eye
Rot

Universal and very common: soft watery spots sharply defined from sound tissue, rotted
portion can readily be scooped from sound tissue; in a moist environment white fungus
and later blue spore masses appear, accompanied by musty odor and flesh tastes musty.
Control: Maintain proper storage temperatures, careful handling, packinghouse sanitation,
avoiding chemical injury during washing, use of approved fungicides such as benomyl or
thiabendazole (TBZ) in wash water, and prompt refrigeration.
Primarily in the Pacific Northwest. Rot develops slowly in cold storage from spores on
apples when harvested, does not spread from one fruit to another; most frequent on
Winesap, Yellow Newtown, and Delicious. Spots of various sizes, singly or in groups, may be
pale yellowish or brown, but often spot is brown with a pale center. Rotted tissue is firm
and somewhat mealy and does not separate readily from healthy tissue, shallow or deep.
Control: Usually worse after rainy harvest period and if fruit cooling is delayed. Best control
is orchard spray.

Core Rot

Sometimes apples that seem sound externally are found to be internally decayed, following
infection through an open calyx tube. This infection may occur in the orchard and has been
known to occur when apples were submerged during washing.
Control: No warehouse control.

In Pacific Northwest, resembles Bull's Eye Rot, spongy and stringy; infected tissue does not
separate easily from healthy tissue. This disease is associated with wet harvest seasons. It
can develop at 30 to 32°F (-1 to 0°C) but is usually found late in season in stored apples;
Fisheye Rot
does not spread.
Control: No warehouse control.

Brooks
Fruit Spot

Usually in Northeast United States. Deep red or black on red areas and dark green on green
or yellow areas; spot later becomes black in center; later slightly sunken and in over-ripe
fruit, surrounded by brown band. Fruit looks speckled. Affected areas are shallow, change
little in cold storage.
Control: No warehouse control. Controlled by spray program.

Quite universal. Initially pale, translucent, watery appearing but firm with light brown to
Gray Mold
brown areas; later softening and with freckled appearance. Spreads from decayed to
Rot
healthy apples, causing "nests" in stored fruit. Gray mold develops faster in cold storage
Apples
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than any other decay.
Control: Source of infection is in the orchard. Orchard sanitation and fungicides like
benomyl or thiabendazole (TBZ) in fruit wash or drencher help control.

Scab

Occurs widely in areas where there is considerable rainfall during growing season.
Development in storage is due to large infections in orchard. Irregular circular dark spots
with definite borders, sometimes smooth, but also roughened or russeted surface; can
enlarge slightly in cold storage.
Control: No warehouse control. Controlled by spray program in orchard.

Flyspeck

Appears as clusters of small, slightly raised, black specks on the fruit surface. This
superficial fungus disease is present on the fruit at harvest.
Control: No warehouse control. Controlled by orchard sprays, only.

Sooty
Blotch

Common in Central and Eastern United States. Irregular sooty patches or spots, easily
removed by scraping or moistening and wiping fruit; does not develop or spread in transit
or storage.
Control: No warehouse control. By orchard spray program.

Orchard Related Storage Disorders

Bitter Pit

Sunken spots often distributed over calyx end of apple, resembling small bruises or hail
injury, initially appearing water-soaked, with intensified green or red color, finally becoming
brown, gray or sometimes black. When fruit is peeled or cut, numerous brown areas
appear, mostly just beneath skin but also may be deep in flesh. Affected tissue sometimes
has a bitter taste. Appearance varies somewhat on different varieties. Spots may increase in
numbers and intensity upon removal from cold storage. Worse on large fruit from light
crops and young trees.
Control: Related to orchard practices, especially irregular heavy irrigation or rainfall or
heavy nitrogen fertilization. Calcium deficiency, light cropping and early harvest aggravate
it. A pre-storage drench with 2 to 4% calcium chloride will reduce its development during
storage.

Cork Spot

Widely distributed and often confused with other disorders producing corky spots. Due to
boron deficiency in soil; usually fruit lacks characteristic shape, ripens earlier with dull color.
Irregular corky spots frequently in core tissue. Present on fruit at harvest. Any corky-type
disorder on apples should be diagnosed by a fruit specialist if there is any claim against the
warehouse.
Control: No warehouse control.

Water
Core
Apples

Water-soaked areas in flesh, more often near core and around core "dots." When only core
area is involved, disorder cannot be detected without cutting fruit. Visible water often
accompanies sunburn, caused by high heat and intense sunshine. Does not develop or
6
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spread in transit or storage and if slight in degree, may actually disappear in apples while in
storage. When large portions of apple are involved, especially in Delicious, Jonathan, Rome
Beauty and Stayman, internal breakdown may follow. Fuji appears relatively resistant to
damage from water core.
Control: Harvest before extensive water core develops. Most susceptible varieties are
Delicious, Fuji, Winesap, and Stayman.
If water core in apples is serious it may eventually cause breakdown of the flesh. With this
type of breakdown remnants of the severe water core or water soaked flesh can often be
seen. However, some studies indicated that water core breakdown may appear even
though the water cored areas have disappeared. Slight water core usually, if not always,
disappears in storage. In the late stages of this breakdown, affected fruit may have a dull
skin and the fruit is spongy. Severely affected fruits may smell and taste fermented. When
Water
the breakdown is near the surface of the fruit, the soft area can be detected by touch of the
Core
Breakdown points at the calyx end of Delicious.
Control: It is worse in large, late picked fruit and is aggravated by delayed storage. The
problem is delayed by CA storage. Among the susceptible cultivars are: Delicious, Stayman,
Jonathan, Winesap, Cox's Orange Pippin, Miller's Seedling, James Grieve, Bramley Seedling,
Worcester, Braeburn and Holstein Cox.

Storage Chilling Disorders
Occurs principally on apples from New York and New England. Most serious on McIntosh,
but also found on Empire, Idared, and others. No external symptoms. When fruit is cut,
core is first brown between seed cavities, then in whole core area and brown streaks may
extend into flesh. Associated with too low storage temperature, appearing late in season
Brown Core and increases after fruit is removed from storage. Tendency to brown is in fruit before it is
stored. Cloudy, rainy weather, when apples are maturing, aggravates disorder.
Control: Hold apples with brown core tendency at 36°F (2°C) and market in 2-3 months,
or put them in controlled atmosphere storage at 36°F (2°C).

Internal
Browning

Affects only certain apples in certain regions, notably Yellow Newtown and Bellflower
grown where weather is cool and foggy, as in the Watsonville area of California. Detected
only by cutting fruit. Mostly browning in the core; worse on larger fruit; tendency is
inherent in fruit but is aggravated by storage at 30 to 32°F (-1 to 0°C) and increases with
longer storage period.
Control: Store at 38 to 40°F (3 to 4.4°C) in CA storage.

Tissue affected by this disorder is likely to be firmer and more moist than tissue affected
Low
by senescent breakdown. In the earlier stages fruit must be cut for the discolored areas to
Temperature be seen.
Breakdown There are a variety of symptoms, even in one sample of fruit. The normal syndrome is
markedly brown vascular bundles ("core dots"), browning of the flesh and a clear halo of
Apples
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unaffected tissue beneath the skin. Low temperature breakdown develops before the
apples are senescent. Jonathan may show the trouble within 12 weeks at 30°F (-1°C) and
Cox's Orange Pippin sooner at 32°F (0°C). The disorder is found in Twenty Ounce,
Northern Spy, Jonathan, Cox's Orange Pippin and Bramley Seedling and several others.
Control: Store at 38 to 40°F (3 to 4.4°C) in CA. With Jonathan it has been reduced by
postharvest calcium treatments.

Soft Scald

Distinguished by round or ribbon-like browned areas of skin and possibly underlying flesh
with sharp line of separation of healthy and diseased tissue. Becomes progressively worse
when apples removed from storage. Most common on Jonathan, but also on other
varieties, such as Honeycrisp; favored by storage below 36°F (2°C) during early part of
storage season. Possibly an expression of Soggy Breakdown.
Control: Avoid storage at low temperatures (30-32°F/-1 to 0°C) during first 2 months of
storage.

Soggy
Breakdown

Different from internal breakdown. Light brown areas in outer fleshy part of apple,
sharply defined from healthy tissues, initially moist and soggy. Adjacent sound areas have
fermented taste, fruit may seem to be spongy, more prevalent in apples stored at 30 to
32°F (-1 to 0°C), generally increased greatly by delaying storage of fruit.
Control: Store at 36 to 40°F (2 to 4.4°C) or store at 32°F (0°C) in CA storage. Varieties most
susceptible are Golden Delicious, Grimes Golden, Jonathan, Northwest Greening and
Wealthy. Soggy breakdown doesn't appear in CA storage with Jonathan even when the
temperature is this low.

Senescent Breakdown Disorders

Senescent
Breakdown

With slight variations among varieties, symptom development is usually: flesh becomes
very soft, first on one side then on entire fruit; apple is easily punctured with thumb and
is easily bruised; flesh becomes dry, mealy and lacks aroma and flavor; browning of the
fruit flesh and vascular strands in the flesh; skin becomes dull, dark, or water-soaked in
appearance; fruit splits open. Although it is most common on McIntosh, almost all apple
varieties are susceptible to some type of senescent breakdown. Senescent breakdown
has been aggravated by low calcium levels in the fruit, very hot and dry weather before
harvest, delayed harvest, slow cooling in storage, delayed establishment of low O2 in CA,
high storage temperature, prolonged storage, and for McIntosh, CA storage with low CO2
(1% or lower).
Control: Senescent breakdown can be controlled or alleviated by drenching the apples
with 2 to 4% food grade calcium chloride, rapid cooling, rapid establishment of the
proper CA atmosphere, and sale of the apples soon after CA rooms have been opened.

Other Storage Disorders
Other Storage Disorders
Superficial
Apples

Very common, widespread and serious disease, affects the skin of the apple, mostly on
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Scald or
the green side. Superficial browning of skin, but in severe cases, decay follows. Usually
Storage Scald not severe while apples are in storage. When moved out of storage, scald develops
rapidly. Worse on fruit that was immature at harvest and after a warm harvest period.
Control: Pre-storage drenching of bins of apples with diphenylamine. Varieties most
seriously affected are Cortland, Delicious, Law Rome, Granny Smith, Stayman, Winesap,
and York Imperial. McIntosh develops scald in some seasons.
Initially appears as bluish-black circular spots in the skin, then becomes brown and
sharply sunken, later becoming lobed and more sunken. Spots may be irregular in
outline on Idared. Tends to develop in transit or storage on fruit that seemed to be
sound when shipped. It is aggravated by late harvest, delayed storage, high storage
Jonathan Spot
temperature, and CO2 levels below 1% in CA.
Control: Prompt refrigeration after harvest, avoiding delays at ordinary temperatures.
Store in CA with adequate CO2.
Injuries

Bruising

Bruises on fruit at harvest time, in the packing operation and in transit, may influence
adversely the storage life of apples. While the warehouseman has no control over such
bruising, he should be aware of the significance of mechanical injury on the ripening and
deterioration of apples in storage, especially if some claim is made regarding the condition
of the apples while in storage. One of the types of bruises that may be confused with
freezing injury is that found in apples at the lower side of the bottom layer of boxes in a
reefer car or trailer. If such bruises are not detected when the fruit is accepted for storage,
claims may be made later that the apples were frozen in the warehouse. This type of bruise
is flat, water-soaked and darkened in appearance, generally firm. In cross section, the bruise
is usually water-soaked and glassy and may be shallow or deep and wedge-shaped. Hence, a
glassy, water-soaked bruise is not necessarily a sign that freezing has occurred. The transit
bruises are caused by pressure and the jolting of the transport vehicle in motion. Bruise
breakdown, which is seen as brown tissue radiating into the flesh from a bruise may develop
on any apple variety, but is most common on soft fleshed varieties as McIntosh and Golden
Delicious.

Chemical
Injury

Reference will be made merely to the fact that chemical injury may occur from orchard
sprays, postharvest drenches with storage scald inhibitors and calcium chloride, during the
washing of apples before packing, and when fruit comes in contact with salt or fertilizer. If
fruit delivered to the warehouse is suspected to be chemically injured, the diagnosis is best
made by a fruit inspector or qualified pathologist.

Freezing
Injury

Slight freezing injury may not be noticeable externally, or even internally, although such
apples will be softer and not keep as well after defrosting. But, if severe, the surface is
discolored and darkened in irregular-shaped areas, and is water-soaked. In frozen condition,
apple skins show network of wrinkles and, of course, apple has "hard feel." Best indication
of freezing found is when defrosted apples are cut. Core "dots" will be brown as well as
strands in flesh if freezing has been severe. In extreme cases, flesh has solid discoloration,
shades of brown or even black with water-soaked appearance. Frozen apples usually decay if
left in storage. Slightly frozen apples will defrost with no apparent after-effect except slight

Apples
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softening, if thawed slowly. It is best not to move or handle apples when frozen because
bruising injures frozen apples severely. Sometimes internal breakdown is mistaken for
freezing injury. If there is any question about cause where claims are made, a fruit inspector
or qualified pathologist should diagnose the problem.
Control: Prevent cold "pockets" in storage by air movement and do not allow temperature
to drop below 30°F (-1°C).
Usually on one side of fruit, sunken spots with brown, corky, dry tissue beneath which do
not tend to decay. Fruit may grow distorted. Injury near harvest may result in increased
Hail Injury decay incidence.
Control: None.

Heat
Injury

On slightly injured apples, isolated spots of brown spongy tissue; if severe, whole apple may
seem to be baked due to excessively high temperatures in orchard. Skin may look
sunburned, even if not brown, with collapsed tissue beneath, which may lead to fruit
becoming distorted. Sun scald cannot be controlled by diphenylamine.
Control: Surround™ is being used in the northwest to reduce sun scald.

Freezing
Not all varieties of apples give the most desired finished frozen product, whether for the bakery trade or
other purposes. Most State Agricultural Experiment Stations have information on what varieties in the
area freeze well and are useful to bakery or other processing industries.
The apples are washed, peeled, cored, and sliced with specialized pieces of equipment. Inhibiting the
browning reaction of the slices when exposed to air is the most important step in preparation for freezing.
Also, removing the air from within the apple slices themselves inhibits internal browning.
There are several complicated patented processes for inhibiting the browning reaction, but most
commercial processors rely on salt brining, sulfuring sulfur replacements, blanching, sugar solutions, or a
combination of these procedures.
Soaking the slices in a 1% salt solution sufficiently long for the salt to penetrate and force out some of the
intercellular air is probably the more common procedure. Soaking in a solution of 0.2 to 0.25% sulfur
dioxide for 1 minute is a more efficient procedure but requires constant control of the strength of the
solution. Sodium sulfite, sodium bisulfate, or sodium metabisulfite, are alternates for sulfur dioxide,
requiring a longer soaking period, but are less corrosive.
Replacements for sulfite use in browning inhibition are constantly being developed and studied. One of
the most common replacements for this purpose now is a blend of ascorbic acid, citric acid and calcium
chloride.
Blanching the slices in steam or boiling water to inactivate the enzymes, that are part of the browning
reaction, is practical. However, it leaves a softer slice than is desired for some uses. Sugar solutions are
used in place of the salt brine, but this sometimes limits the use to which the apples can be put. Ascorbic
Apples
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acid (vitamin C) is sometimes sprinkled on the surface to inhibit browning, but it is an expensive
procedure.
Soft slices can be firmed somewhat by soaking in a 0.05 to 0.50% calcium chloride brine for from 5 to 30
minutes, depending on the strength of the brine.
Dry sugar and fruit in the ratio of 5 parts fruit to one of sugar, is usually added to the 30 to 50 lb.
fiberboard, plastic or metal containers used for apples. If sulfur has been used to inhibit browning, a can
with a lacquered lining is needed to prevent a black discoloration from occurring, in a reaction between
the container and the residual sulfur.
Freezing should be as rapid as possible and is usually accomplished, with cans in a staggered position to
permit good air circulation, in a blast freezer at from -10 to -30°F (-23 to -34°C).

Dehydrofreezing
Dehydrofrozen apple slices are ones that have had water removed by controlled dehydration procedures to
about 50% of their original weight. The slices are dehydrated by standard belt or rotary drying equipment
after the apples have been washed, peeled, cored, sliced and treated to prevent browning. They are then
packaged and frozen in the same manner as regular slices.
The advantages of dehydrofrozen slices are: more pieces to the space, less weight per unit, and they
reconstitute readily to any degree of moisture level desired in the finished product.

WFLO is indebted to Dr. Chris Watkins, Cornell University, Ithaca, New York, and Dr. Elhadi Yahia, Universidad Autonoma de
Queretaro, for the review and revision of this topic.
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Apricots
Revised 2008

Thermal Properties
English

Metric

Moisture, %

86.35

--

Protein, %

1.40

--

Fat, %

0.39

--

Carbohydrate, %

11.12

--

Fiber, %

2.40

--

Ash, %

0.75

--

Specific Heat Above Freezing

0.92 Btu/lb*°F

3.87 kJ/(kg*K)

Specific Heat Below Freezing

0.47 Btu/lb*°F

1.95 kJ/(kg*K)

Latent Heat of Fusion

124 Btu/lb

288 kJ/kg

Storage Conditions
Fresh

Frozen

Canned

Dried

31-32°F
(-0.5 to 0°C)

0 to -5°F
(-18 to -21°C)

60°F (16°C)

32-40°F
(0-4°C)

1-2 weeks

1 year +

1 year +

1 year

Relative Humidity
(or Packaging)

90-95%

In moisture-proof,
air-tight container

Highest Freezing
Point

30.1°F (-1°C)

Temperature
Storage Period

In moistureproof,
air-tight
container

Fresh Storage
Fully ripe apricots do not store or ship well and are easily bruised. For fresh market use, therefore, they
are harvested before they are fully ripe. If they are sound and are promptly cooled to below 36°F (2°C),
they can be held in good condition at 31-32°F (-0.5 to 0°C) for 1 to 3 weeks. If stored at 40-45°F (4-7°C),
they will have less flavor and a more mealy texture when ripened. Some cultivars stored for processing
benefit from controlled atmosphere (CA) storage in 2-5% oxygen and 10-15% carbon dioxide for up to 34 weeks, depending on the cultivar and maturity stage. CA storage of apricots for the fresh market is not
recommended because it is not cost-effective. A ripening temperature of 65-75°F (18-24°C) is
Apricots
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satisfactory; the higher the temperature the faster the ripening. The most important cause of deterioration
during handling or shipping apricots is decay, primarily by brown rot.

Diseases and Injuries

Blue Mold Rot

Not so common on apricots, except very soft over-ripe ones: tissue becomes
watery, soft and light brown; decayed mass separates readily from sound tissues;
blue spores eventually appear on white, tufted fungus growth; skin easily
separates from sound tissue.
Control: Prevention of skin punctures and injuries is of prime importance. Rapid
cooling to 32°F (0°C) is very helpful.
Initially small, circular, light brown spots, which under favorable conditions (60 to
80°F = 16 to 27°C) enlarge very rapidly; spots never sunken and flesh remains
firm; eventually yellowish-gray spore masses appear on surface.

Brown Rot

Internal
Breakdown

Control: Orchard spraying and sanitation are very important. Pre-cooling before
loading for transport is very desirable. Refrigeration is the most commonly used
method of control. A storage temperature of 32°F (0°C) is markedly better than
40°F (4°C) in retarding development of brown rot.
Internal breakdown (chilling injury) in apricots appears as a browning around the
seed and a softening of the flesh, much like that seen in peaches. It is likely to
appear after 2 to 3 weeks at 31 to 32°F (-1 to 0°C) or 1 to 2 weeks at 36 to 40°F (2
to 4°C). A brown gel-like breakdown has been observed in apricots held in polylined boxes at high temperatures which were attributed to carbon dioxide levels
above 5%.
Control: Do not store beyond 2 -3 weeks at optimum temperature and avoid
high (>5%) CO2 concentrations.

Freezing
Some apricots are now frozen whole for processing at a later time. Apricots are usually frozen as peeled
halves; hence, if blanching or sulfuring has not been done, it is advisable to add ascorbic acid in the
amount of 0.1% of weight of fruit to prevent browning. Sugar may also be added as a 40° Brix syrup or
dry at a ratio of 3:1 or 4:1 of fruit to sugar. If dry sugar is used, adequate time should be allowed for the
sugar to extract juice from the fruit to form its own syrup prior to freezing. It should be noted that the
riper the fruit the better the flavor and color, and the higher the drained weight of the processed product.
Overripe fruit is too mushy and may lack wholeness.
Apricots may be frozen in the package or before packaging on trays or wire mesh belts. Most of the
apricots are packed in barrels or 30-lb. (13.6 kg) pails. To obtain good quality, these fruits should be
frozen before packing.
Frozen apricots can discolor readily if exposed to elevated temperatures. Although a modest source of
many nutrients, apricots are good sources of vitamins A and C. A storage temperature below 0°F (-18°C)
Apricots
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is sufficient to prevent discoloration for a year and longer, but can result in 25% loss of vitamin C in 6
months. To retain 75% of vitamin C for 12 months, frozen storage temperature must be reduced to -20°F
(-29°C).

Canning
Preparation of apricots for canning is generally similar to their preparation for freezing. If they are
handled promptly, and particularly if peeling is done by hot-lye or steam, blanching may be dispensed
with. In contrast to the frozen product, most of the canned apricots are packed in small consumer-size
containers.
Although canned apricots will not brown at elevated temperatures, the yellow pigments tend to fade with
prolonged storage. These same pigments (carotenoids) are also the source of the major nutrient
contribution of apricots (vitamin A). To assure not more than a 10% loss of this vitamin, canned apricots
should be stored at temperatures below 60°F (16°C), if they are to be held for a year or longer.

Drying
Apricots are among the more popular dehydrated fruits. The usual drying method involves sulfuring and
drying on trays in the sun or by hot air blast. They are then packed into flexible, moisture-proof film
packages or coated boxes.
Although the high temperature drying process tends to destroy some nutrients, the sulfuring preserves
most of them so that dried apricots are a good source of a number of nutrients. Thus, a 4-oz (113-g)
serving of dried apricots can be expected to provide 10% of the daily requirements of calories, protein,
calcium and riboflavin; 20% of the niacin and vitamin C, 50% of the iron and more than 100% of the
recommended dietary allowance of vitamin A. To retain 90% of the nutrients in available form, dried
apricots should be packaged in sealed, air-tight containers, preferably evacuated, and kept at temperatures
below 60°F (16°C). If storage of longer than 6 months is contemplated, lower storage temperatures are
needed. Dried apricots are easy to keep in refrigerated storage at 32-40°F (0-4°C) with 55 to 65% relative
humidity. They remain in excellent condition for 1 year or more. Although low humidity is preferred,
dried apricots can withstand 80% relative humidity at 32°F (0°C) if packed in moisture-proof containers.

WFLO is indebted to Dr. Adel Kader and Dr. Carlos H. Crisosto, Department of Plant Sciences, University of California, Davis,
for reviewing and revising this topic.
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Artichokes, Globe
Revised 2008

Thermal Properties
English

Metric

Moisture, %

84.94

--

Protein, %

3.27

--

Fat, %

0.15

--

Carbohydrate, %

10.51

--

Fiber, %

5.40

--

Ash, %

1.13

--

Specific Heat Above Freezing

0.93 Btu/lb*°F

3.90 kJ/(kg*K)

Specific Heat Below Freezing

0.48 Btu/lb*°F

2.02 kJ/(kg*K)

Latent Heat of Fusion

122 Btu/lb

284 kJ/kg

Storage Conditions
Fresh

Frozen

Pickled

Temperature

32°F (0°C)

32°F (0°C)

32°F (0°C)

Relative Humidity

95-100%

NA

NA

Storage Period

2-3 weeks

To be updated

To be updated

Freezing Point

39.9°F (-1.2°C)

To be updated

To be updated

The artichoke is an important article of commerce that is used fresh, frozen, or pickled. It consists mainly
of bracts with fleshy edible bases that are attached to a fleshy edible central portion.
Artichokes should be cooled to below 41°F (5°C) within 24 hours after harvest. Hydrocooling, forced-air
cooling, and package icing are all effective cooling methods for retarding decay, weight loss, and
Artichokes, Globe
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discoloration of the buds. Top icing of crates and cartons also serves as a source of moisture. It is
recommended that ice be manufactured only from potable water chlorinated at 50 ppm, or pH 7, in order
to avoid transfer of decay and pathogenic organisms to the products. Artichokes should be handled
carefully since rough handling causes bruises, scratches, and split bracts, which detract from appearance
and quality.
Globe artichokes can be stored at 32°F (0°C) for up to 3 weeks if the edible buds are uninjured when
stored and water loss is prevented. Quality is lost twice as fast at 50°F (10°C) as at 32-35°F (0-2°C). In
one study, storage life, based on maintenance of good bud appearance, was 2 weeks at 32°F (0°C), about
10 days at 41°F (5°C), and only 5 days at 50°F (10°C).
Artichokes are subject to wilting unless held at high relative humidities (greater than 95%). Waxed
cartons or perforated polyethylene liners with 24 to 48, 1/4-inch (6-mm) holes per square foot (0.09
square meters) will retard moisture loss. The artichoke will readily develop mold if kept at very high
humidity at warmer temperatures (40°F/4.4°C or higher). The mold is seen as a gray, whiskery growth
(Botrytis rot). Decay organisms enter through injuries. To control Botrytis, practice sanitation in packing
and storing. Keep storage temperature at 32°F (0°C), since this mold grows slowly at low temperature.
Preharvest frost can cause artichoke buds to take on a white or bronzed, blistered appearance that may be
referred to as “frost kissed.” This is a cosmetic defect that does not detract from eating quality, and
factually imparts a nutty flavor that is preferred by some consumers. However, artichokes with freezing
injury at harvest deteriorate about 1.5 times as rapidly as sound buds, especially if held at 41°F (5°C) or
above.
Controlled atmosphere storage (CA) has been shown to offer little advantage for artichokes during usual
marketing periods. However, if stored for 1 month at 35°F (1.7°C) artichokes keep better in an
atmosphere containing about 3% CO2 and 3% O2 than in air. Reduction of browning of the bracts is the
chief advantage gained. At higher temperatures, CA can cause internal discoloration and stimulates bud
opening.

Diseases and Injuries

Bacterial
Soft Rot

Gray Mold
Rot

Appears as water soaked or greasy spots on bracts. Often develops on bruises, cracks or
other injuries.
Control: Use care in handling to avoid cuts, bruises and other injuries. Store at 32°F (0°C),
not above 35°F (2°C), and avoid freezing temperatures.
Water-soaked areas with white surface mold; later grayish-brown mold growth and
granular spore masses. Usually lesions begin on wounds and spread to the rest of the bud.
Control: Field sanitation. Cool and refrigerate buds promptly to below 40°F (4.4°C); store at
32°F (0°C), not above 35°F (2°C).
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Freezing

The effects of field frost appear first on the outer bracts as blistering and white or bronze
blistered appearance. More severe freezing injury ay occur in the field or in storage and
makes the bracts appear water-soaked and the heart turn brown to black and gelatinous.

Freezing
The Globe artichoke is frozen after removing the green outer leaves. Only the part containing the light
yellow or white bracts is frozen. They need to be blanched to inactivate the enzymes responsible for color
and flavor changes. Blanching can be done in 0.7% boiling citric acid solution for 5-7 minutes followed
by cooling in cold water. Packaging and freezing is done by the usual procedures.

WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Asparagus
Revised 2008

Thermal Properties
English

Metric

Moisture, %

93.22

--

Protein, %

2.20

--

Fat, %

0.12

--

Carbohydrate, %

3.88

--

Fiber, %

2.10

--

Ash, %

0.58

--

Specific Heat Above Freezing

0.96 Btu/lb*°F

4.03 kJ/(kg*K)

Specific Heat Below Freezing

0.43 Btu/lb*°F

1.79 kJ/(kg*K)

Latent Heat of Fusion

133 Btu/lb

309 kJ/kg

Storage Conditions
Fresh

Frozen

Canned

Temperature

32-36°F
(0-2°C)

-10 to 0°F
(-23 to -18°C)

32-40°F
(0-5°C)

Relative Humidity

95-99%

Vapor-proof packaging

Storage Period

2-3 weeks

1 year +

Highest Freezing Point

30.9°F (-0.6°C)

1 year +

Storage of Fresh Asparagus
Fresh asparagus can be stored a maximum of two to three weeks under ideal conditions of 36°F (2°C)
with 95 to 99% relative humidity. The storage period is usually limited by water loss or spear
toughening. The actual storage life depends on various factors, such as: 1) degree of openness of the tips
at harvest; those with tightly closed tips keep better than those with even slightly "feathered" tips; 2)
duration of exposure to warm conditions and prevailing temperature between harvest and cooling or
processing; 3) adequacy of cooling; and 4) temperature during storage. If asparagus is to be stored 10
days or less, 32°F (0°C) is recommended. For longer storage, 36°F (2°C) is recommended because
asparagus is susceptible to chilling injury (CI) during prolonged storage at 32°F (0°C).
Growth and geotropic curvature, loss of tenderness, loss of flavor, loss of vitamin C content, and
development of decay take place more rapidly at higher temperatures, particularly those above 40°F
Asparagus
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(4.4°C). A delay of 4 hours between harvest and cooling can increase shear force due to toughening by
40%; hence, asparagus should be cooled immediately after harvest. This is usually done by hydrocooling,
which should be done long enough to cool the spears at the center of each container to as close to 32°F
(0°C) as possible. It is recommended that ice be manufactured only from potable water chlorinated at 50
ppm, or pH 7, in order to avoid transfer of decay and pathogenic organisms to the products.
Controlled atmosphere (CA) storage is beneficial to asparagus even for short periods because it retards
decay, toughening, and loss of green color. If the temperature is maintained at 32 to 37°F (0 to 3°C), a
CO2 level of 10-14% in air is recommended. Less than 10% O2 causes spear discoloration and higher CO2
levels cause pitting, usually just below the spear tips. Commercially, this is used more during transit than
in storage.
Packaged asparagus spears should stand upright on wet, absorbent material to prevent drying out in
storage. Alternatively, packaging in perforated plastic bags also is feasible. At temperatures higher than
36°F (2°C), the spears can continue to grow. To avoid curvature, asparagus spears should never be packed
horizontally. Setting spears in water, as is often done at retail, is undesirable even if they are sold by the
bunch because the water makes an ideal medium for the propagation of bacteria. This is particularly true
when the spears are not in refrigerated displays and when the water is not frequently changed. Instead,
they can be sprinkled with cold water.

Diseases and Injuries

Bacterial Soft Rot

Soft, mushy decay; develops an offensive odor at temperatures above 40°F (4.4°C).
Affects the tips and cut ends of injuries. There may be more decay problems with
green butt asparagus than with white butt asparagus.
Control: Discard all badly bruised or crushed stalks and refrigerate promptly. Store
only spears with tightly closed heads; spears with feathered tips decay more quickly.

Fusarium Rot

White, fluffy mold on tips, later becoming slightly pink. Affected tissues are watersoaked at first, later becoming yellow or brown. No odor, but final stage is soft and
watery.
Control: Prompt cooling and refrigeration to below 40°F (4.4°C); the lower the
better.
Water-soaked areas with white surface mold; later grayish-brown mold growth and
granular spore masses.

Gray Mold Rot
Control: Field sanitation. Cool and refrigerate promptly to below 40°F (4.4°C); the
lower the better.

Chilling Injury

Chilling injury occurs in about 10 days at 32°F (0°C), but not at all at 36°F (2°C).
Symptoms are a dull, limp, wilted appearance and grayish discoloration of the spear
tips; more sever chilling may cause darkened spots or streaks near the spear tips.
Control: Do not hold asparagus below 36°F (2°C) except for short term storage.

Senescence
Asparagus

Asparagus spears that are harvested too mature or that are stored at above optimal
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(Toughening and
Feathering)

temperatures age rapidly and develop symptoms of senescence including
toughening that develops from the butt end up, and feathering, which is opening of
the bracts at the spear tip due to outgrowth of underlying buds.
Control: Do not store asparagus that do not have very tight bracts at the tip and
avoid exposure to storage temperatures greater than 40°F (4.4°C). Spears with
narrower diameter tend to more prone to toughening than spears with thicker
diameter because for a given length, a narrower diameter denotes slower growth
and greater spear maturity.

Freezing
Blanching is advisable for retention of color during storage. Blanching for 2 to 3 minutes in steam or hot
water, depending on the diameter of the stalks, is usually sufficient. A moisture-vapor-proof package is
necessary to prevent desiccation.
Frozen asparagus loses its brilliant green color rather rapidly when stored at temperatures above 0°F (18°C). The chlorophyll changes to a brownish color. Exposure to elevated temperatures for short periods
of time is not critical but repeated exposures do damage the color and cause water vapor to transpire from
spears and condense as ice crystals within the package. As with most frozen products, asparagus should
be frozen as rapidly as possible.

WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Asparagus Roots
Revised 2008

Storage Conditions
Temperature

30-32°F (-1.1 to 0°C)

Relative Humidity

95-98%

Storage Period

3-4 months

Asparagus roots, called rhizomes or ‘crowns’, are stored for later planting, not for eating. Asparagus roots
are like horseradish roots; they respire and heat up during storage. Consequently, they should not be held
in large bulk containers such as tote boxes, because the center material can heat up to a damaging level.
Trimming the roots to an 8-inch (20 cm) length from the crown will save space and reduce shipping
weight. Trimming should be done prior to storage. The cut should be clean and not ragged.
Asparagus roots are quite susceptible to water loss, which results in limp texture and compromised
sprouting and growing vigor when re-planted. For best results, asparagus roots should be stored at 3032°F (-1.1 to 0°C) with a relative humidity as near to saturation as possible to prevent loss of moisture.
Holding the roots in rather small, closely woven burlap bags works best, as there is some ventilation to
keep them cool and moist. Small perforated polyethylene bags are also satisfactory for storage if the
temperature is held at the recommended level. Fungicide dips of the roots have not been effective in
controlling mold growth. Mold is best controlled by maintaining commodity temperature at 30-32°F (-1
to 0°C).
Asparagus roots are sensitive to exposure to ethylene, which causes the asparagus buds to remain
dormant. Asparagus roots must never be stored with fruits that produce substantial quantities of ethylene,
including but not limited to apples, pears and peaches.

WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Avocados
Revised 2008

Thermal Properties
English

Metric

Moisture, %

74.27

--

Protein, %

1.98

--

Fat, %

15.32

--

Carbohydrate, %

7.39

--

Fiber, %

5.00

--

Ash, %

1.04

--

Specific Heat Above Freezing

0.88 Btu/lb*°F

3.67 kJ/(kg*K)

Specific Heat Below Freezing

0.47 Btu/lb*°F

1.98 kJ/(kg*K)

Latent Heat of Fusion

107 Btu/lb

248 kJ/kg

Storage Conditions
Fresh

Frozen (Puree)

Temperature

45-55°F (7-13°C)

40-50°F (4.4-10°C)

0°F (-18°C)

Storage Period

2-4 weeks

4-8 weeks

1 year

Atmosphere

Air

2-5% O2 + 3-5% CO2 (Fuerte and Hass)
1-2% O2 + 9-10% CO2 (Lula)

----

Relative Humidity

85-90%

85-90%

Air-tight
container

Highest Freezing
Point

31°F (-0.5°C)

31°F (-0.5°C)

----

The optimum transport and storage temperature depends upon the cultivar due to variable sensitivity of
cultivars to chilling injury (CI). The chilling-tolerant cultivars such as Lula, Booth 1, Booth 8, and Taylor
store best at 40°F (4.4°C). These chilling-tolerant cultivars can be held 4 to 8 weeks in storage. All West
Indian cultivars, which include Fuchs, Pollock, and Waldin, are chilling sensitive and store best at 55°F
(13°C) and for a maximum period of 2 weeks. A few cultivars such as Fuerte, Hass, and Booth 7 are
intermediate in sensitivity and store best at 45°F (7.2°C). Hass is the leading cultivar grown in California
and Chile. Cultivars with intermediate chilling sensitivity can be held only about 2-3 weeks in storage
Avocados
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because they ripen slowly even at 45°F (7.2°C), which can cause chilling injury after about 5 weeks.
Chilling of these California cultivars may not show on removal from 4 weeks at 41°F (5°C) but develops
later at warm temperatures.
Controlled atmosphere storage (CA) decrease chilling sensitivity of avocados, thus allowing storage at a
lower temperature and for a longer period. An atmosphere containing 2-5% oxygen and 3-5% carbon
dioxide delays the softening of Fuerte and Hass avocados held at 40 or 45°F (4.4 or 7.2°C) and reduces
the rate at which they ripen when transferred to air at 59°F (15°C). An atmosphere containing 1% oxygen
and 9% carbon dioxide at 50°F (10°C) maintains Lula avocados in acceptable eating quality and
appearance for up to 9 weeks. Maintaining ethylene concentration below 1 ppm in the storage atmosphere
is recommended because ethylene can enhance chilling injury symptoms. Fully-ripe (ready to eat)
avocados can be kept at 36°F (2°C) to delay further ripening and softening without danger of chilling
injury.

Diseases and Injuries
Circular black spots, 1/8" to 1" (3-25 mm) in diameter, covered with pinkish spore masses
in later stages. Decay-causing fungi penetrate through the flesh to the seed. Affected flesh
Anthracnose is greenish-black or brown, firm and rancid.
Control: Copper and/or fungicide sprays in field; careful handling; postharvest hot water
treatment.

Chilling
Injury

Small to large sunken pits in skin, becoming brown or black in color: frequently
accompanied by general browning of skin; light, smoky streaks in flesh often develop
independently. Taste is bitter and rancid.
Control: Avoid temperatures below 50°F (10°C) for susceptible cultivars.

Stem End
Rot

Principally caused by Diplodia spp., but may include other organisms. Decay begins at the
stem and advances toward the blossom end, finally involving the whole fruit. Causes dark
brown to black discoloration of the surface and flesh. Affected flesh is soft and spongy at
first, and later becomes firm. A short felt-like fungal growth develops on surface in
advanced stages.
Control: None known; discard fruit showing symptoms before storage.

Ripening
The best ripening temperatures for avocados are from 60 to 70°F (15.5 to 21°C), with 60°F (15.5°C)
being ideal for best quality. At 60°F (15.5°C), however, ripening is comparatively slow. Ripening
avocados at temperatures of 77°F (25°C) or higher can potentially result in accelerated softening,
excessive decay, discoloration, and off-flavors. Ethylene may be used to stimulate faster and more
uniform ripening. Ethylene gas should be at a concentration of approximately 100 ppm for 24 to 48
Avocados
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hours. Accumulation of carbon dioxide above 1% should be avoided because it negates the effects of
ethylene on ripening avocados.

Freezing
The high oil content of avocados can lead to the onset of oxidative rancidity during freezing and highly
active polyphenol oxidase in the products can cause rapid enzymatic browning. As a result, avocados are
difficult to freeze properly, and are generally only frozen as a commercial pureed product.
Avocado halves and slices have been successfully frozen experimentally by 1) dipping the halves in a
solution of citric and ascorbic acids (at least 0.05% citric and 1% ascorbic), and 2) freezing as rapidly as
possible in a cryogenic or a rapid blast freezer. It is also recommended to use an air tight film or container
with vacuum or with nitrogen in the headspace. Also the use of cultivars that are relatively low in fat and
do not brown rapidly will further increase success of freezing. Storage time will depend on the control of
the factors discussed and could vary from a few months to over 1 year.
Avocado puree has been held for at least 1 year in frozen storage when the product was modified by
acidifying to a pH of 4.5 by adding larger amounts of lemon or lime juice and extra salt. It is also
recommended to pack the puree in air tight containers under vacuum or with nitrogen in the headspace.

WFLO is indebted to Dr. Adel Kader, Department of Plant Sciences, University of California at Davis, for the review and
revision of this topic.
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Bakery Products
Revised 2008

Storage Conditions
Temperature

0°F or below
(-18°C)

Relative Humidity

As high as possible

Storage Period
Breads, yeast

Storage Life at 0°F (-18°C)

Baked

2 - 3 months

Partly baked (Brown 'n Serve)

2 - 3 months

Unbaked, not proofed

2 - 3 months

Unbaked, proofed

4 - 6 weeks

Dinner rolls, baked

2 - 3 months

Cinnamon rolls, baked

1 - 2 months

Bagels

6 months

Breads, quick
Baking Powder Biscuits, Baked or
Unbaked

2 - 3 months

Muffins, Baked

2 - 6 months

Muffins, Unbaked

2 - 3 months

Nut Bread, Baked

2 - 6 months

Nut Bread, Unbaked

2 - 3 months

Buns, Hamburger and Hot Dog

3 - 4 months

Waffles

2 - 6 months

Cakes
Cake Batters

2 - 4 months

Baked Cakes, Frosted or Unfrosted,
including: White or yellow layer cake,
4 - 6 months
Chocolate layer cake, Butter cake, Sponge

Bakery Products
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cake, Spice cake, Angel food cake, Pound
cake, and Chiffon cake
Fruit cake

12 months or longer

Cookies
Refrigerator, Unbaked

4 - 6 months

Refrigerator, Baked

6 - 12 months

Sugar Cookies, Unbaked

4 - 6 months

Sugar Cookies, Baked

6 - 12 months

Croissants
Croissants, Baked

3 - 4 months

Croissants, Unbaked

2 - 3 months

Pastries, Cream-Filled

2 - 3 months

Danish Pastry

2 - 3 months

Dough

3 - 4 months

Doughnuts
Doughnuts, Cake type

6 - 9 months

Doughnuts, Yeast-raised type

6 - 9 months

Pies
Fruit pies, Baked

3 - 4 months

Fruit pies, Unbaked

8 - 12 months

Mince pies, Baked

4 - 6 months

Mince pies, Unbaked

4 - 6 months

Quality losses in many frozen bakery products occur rapidly when held or exposed to temperatures above
0°F (-18°C). Because of their low moisture and generally high sugar content, they have a low freezing
point, between 5°F (-15°C) for layer cakes and 14 to 18°F (-10 to -8°C) for fruit pies. Therefore, if they
are exposed to temperatures much above 10°F (-12°C), they are not frozen anymore and quality losses are
accelerated.
Cakes and pastries lose their good texture and become gummy. There is no tendency to develop offflavors, but there is a loss of flavor, leaving just a sweet taste.
Bread, rolls and doughnuts deteriorate in quality rapidly at temperatures above 0°F (-18°C). Bread and
rolls are particularly sensitive to staling between 20 and 50°F (-7 and 10°C), even more so than at either
higher or lower temperatures.
Bread may develop an opaque white ring beneath the crust which extends to the center rather rapidly
when held at temperatures above 0°F (-18°C), particularly when poorly packaged. This phenomenon is
Bakery Products

2

WFLO Commodity Storage Manual

comparable to "freezer burn" on poultry, and is due to the evaporation of moisture of the surface of the
food, or movement from the moist center to the drier regions near the crust.
There are a number of bakery products being introduced which are considered "lite" or "fat-free." These
products have been specially formulated to reduce calories, remove or reduce fat, or meet other consumer
demands for healthier bakery foods. Manufacturers of these products have primary responsibility to
ensure that they are formulated and packaged to meet the requirements for frozen storage and distribution.
In general, these products should require no special handling by the warehouseman, unless specific
instructions are issued by the manufacturer.
Effect of Time and Temperature on Quality Loss in Storage
Temperature

Bakery Products

0°F (-18°C)

10 weeks or more

10°F (-12°C)

5 weeks

15°F (-9°C)

Approximately 2 weeks

Handling
Bakery products do not have a very long “good quality” storage life and need to be carefully protected
from quality loss due to elevated temperatures or temperature fluctuations. They should be handled
hurriedly when being either moved into or out of the freezer, as they warm up very rapidly. The rate of
the temperature rise of frozen bakery products when exposed to warm temperatures is exemplified by
pound cakes and bread; fruit pies act like other frozen foods, as is indicated in the graph below.
From these temperature curves and from the information obtained by taking the temperature of the frozen
bakery products as received, it can be determined how rapidly the commodity should be moved into
freezer storage and whether or not blast or other rapid freezing procedures should be applied to inhibit
quality loss.

Effects of Temperature Fluctuation
Bakery products in general, and frozen dough and cream-filled pastries in particular, are quite sensitive to
temperature fluctuations during frozen storage, especially when stored above 0°F (-18°C).
Normal defrost cycles of the freezer and introduction of new production into the freezer are the main
contributors to temperature fluctuation in the storage freezer. It is for this reason that the American
Institute of Baking suggest a holding temperature of 0°F (-18°C) or below, since it has been observed that
the effects of these slight fluctuations are less degrading to product quality at the lower storage
temperature.
Some of the quality deteriorations which have been noted are: 1) greater moisture migration towards the
outer portion of the product, with a tendency towards reduced yeast survival in frozen dough and freezer
Bakery Products
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burn (white ring) in baked frozen production; 2) cream fillings may exhibit a tendency to separate or
breakdown, releasing moisture into the surrounding pastry crust causing it to become soggy upon thawing
and tempering to room temperature.

Freezing and Thawing
I. Bread, Rolls, and Buns
Production. Bread for freezing should go into the freezer as soon after wrapping as possible. This time
interval should be no more than 6 hours and the quicker the product is frozen, the better the quality will
be. Bread should be properly cooled to near room temperature for about 1 hour after baking and prior to
packaging to minimize separation of the crust from the crumb during frozen storage and thawing.
Results of recent research on hamburger buns indicate that separation of the crust from the crumb may
occur during frozen storage and thawing if the buns are frozen too quickly after baking and before
moisture differences between the crust and crumb have decreased through equilibration. Therefore, it is
recommended that hamburger buns be held at room temperature for a minimum of 1 hour after cooling
and packaging prior to freezing. Freezing should be as rapid as possible to minimize the time the product
is exposed to temperatures between 20 and 50°F (-7 and 10°C) which accelerate the staling process.
Packaging. Moisture-vapor-proof packaging is a must. The material should be odorless and afford
protection from odor transfer. Currently used materials, such as polypropylene, are adequate except for
odor transfer; some products, however, require packaging that is specifically designed for the intended
use.
Freezing. During freezing, thawing and tempering of baked bread or rolls, the temperature of the product
must pass very rapidly through the range of 50 to 20°F (10 to -7°C), as staling is more rapid in this
temperature range than at either higher or lower temperatures. Temperatures should preferably be at -10
to -15°F (-23 to -26°C), or lower, and never higher than 0°F (-18°C) during freezing of bakery foods.
Air movement during freezing is essential. Forced air freezing is desirable, although air velocities above
400-600 linear ft/min have no particular advantage. The ideal method for freezing bread is to freeze the
individual loaves before putting them into the master carton. If the bread must be frozen in cartons, the
loaves and cartons should be stacked so that as much surface as possible is exposed to the cold air.
Wooden strips an inch or more thick should be used between the layers of cartons.
Thawing and Tempering. It is essential for baked bread and roll items to pass through the 20 to +70°F (7 to 21°C) temperature zone as rapidly as possible to hold staling to a minimum. If possible, products
should be taken from cartons at normal room temperatures or, preferably, in a room with air heated to
between 100 and 120°F (38 and 49°C), and placed in air moving at least 200 ft/min. The relative humidity
of the air in the chamber room should be maintained at a low level to minimize the condensation of water
on the products and to keep wrappers and bags in good condition. If the product must be thawed and
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tempered in cartons, a strong movement of heated air around the cartons should be maintained until the
temperature of the products is near ordinary room temperature.
II. Cakes, Cookies & Doughnuts
Production. Baked products of these types are well adapted to frozen preservation, and no particular
precautions are necessary during production except that freezing as soon as possible after baking is highly
desirable. The fresher the product when frozen, the fresher it will be when thawed. Boiled and flat icings
do not freeze well so should be avoided unless trial tests for particular formulas show them to be
satisfactory. Cake batters and cookie dough must be cooled to below 40°F (4.4°C) as soon as possible to
avoid enzymatic and other losses of the leavening components. No more than 20 minutes should elapse
between mixing of batter or dough and commencement of rapid cooling.
Packaging. Moisture-vapor-proof and odor-proof packaging is a must. Moisture loss during freezing of
unpackaged bakery products of all types is seldom serious, but the slow continuing loss during storage
and thawing makes it absolutely essential to have the protection of adequate packages. All bakery
products are very susceptible to rapid pick-up of foreign odors and flavors, even at sub-zero (under 18°C) temperatures, so that care in this regard is also essential. The tender, delicate structure and texture
of cakes, cake doughnuts, and many other items require packaging that will protect them from damage
during handling and transport.
Freezing. The very rapid freezing required by bread and other lean items is not so necessary with the
richer items such as cakes, cake doughnuts, and the like, but freezer temperatures should not be above 0°F
(-18°C) in any case.
Air movement of at least 200 linear ft/min is desirable, and spacing strips must be used between stacked
cartons. Best results with Danish pastries, cinnamon rolls, and similar items will be obtained by freezing
individual packages before they are placed in any master carton that may be used.
Thawing and Tempering. In keeping with their tolerance to slower rates of freezing than bread items,
these richer products also may be thawed less rapidly without harmful effects. Nevertheless, thawing with
low humidity air warmed to between 100 and 120°F (38 and 49°C) and moving at least 200 ft/min is
highly desirable for maintenance of high product quality and to keep wrappers and packages in good
condition.
III. Pies
Production. Technical requirements in the production of pies for freezing are important, and it must not
be assumed that any successful formula for unfrozen pies will succeed for frozen pies. To avoid soggy
under-crusts, use a very thin paper plate (not over 1/32" thick) or tin or aluminum-foil plates with black
colored bottom. Make deep dish pies with no under-crusts. Loose frozen fruits need not be defrosted
when placed in a pie shell; other frozen fruits do not require complete thawing. Pour off some of the syrup
if frozen fruit used has too much. Use thickeners especially developed for frozen pies and available from
all of the major starch and bakery supply companies.
Bakery Products
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Among light colored fruits (apples, peaches, apricots and others), those that have been treated with
ascorbic acid or have been sulfited or scalded (blanched) should be used. Sprinkling lemon juice or
ascorbic acid solution on the filling may help.
A strong soft wheat flour and from 55 to 65% shortening (based on weight of flour) are recommended to
provide enough flakiness or tenderness in the crusts or shells. Lard, hydrogenated or rearranged lard, and
hydrogenated vegetable oil shortening are probably equally successful. To avoid rims that bake too fast
and darken, use a fairly thick rim crust. Brush the center with milk or milk and egg so that it will brown
readily.
Mince pies, meat pies, many fruit pies, and pumpkin pies may all be frozen successfully. Custard and
most cream pies are regarded as very difficult to freeze because fillings may become grainy and
meringues toughen.
Packaging. Since the freshly made pie is delicate and easily marred, the package should offer strong
protection. Good protection against moisture loss and odor transfer is also necessary.
Freezing. Rapid freezing is desirable for best texture of fruits in both baked and unbaked pies. Most
unbaked fruit pies freeze between 14 and 18°F (-10 and -8°C). Any method that is reasonably fast and
economical would seem to be successful, but a freezer temperature of -10 to -15°F (-23 to -26°C) and air
moving several hundred ft/min are recommended for best results.
Thawing. Adequate directions for thawing and baking of unbaked pies, or for thawing and warming of
baked pies, should be displayed prominently on the package to guide retailers and consumers. It must be
emphasized that the most successful commercial ventures will be those in which consumers handle the
product in a manner predetermined by the producer through thorough tests.
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Typical temperature curves of corner packages of a single case of frozen bakery products in still air at
temperatures between 65 and 80°F (18 and 27°C)

* Corner loaf of foil-wrapped 1-lb. pound cake in a single carton of 12 loaves.
** Corner loaf of wax wrapped 1½-lb. white bread in a single carton of 20 loaves.
*** Average of corner package of single case of retail sized frozen fruit pies.

WFLO is indebted to the research staff at the American Institute of Baking, Manhattan, Kansas, and Dr. Maureen Olewnik, for
the review and revision of this topic.
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Bananas
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Thermal Properties
English

Metric

Moisture, %

74.26

--

Protein, %

1.03

--

Fat, %

0.48

--

Carbohydrate, %

23.43

--

Fiber, %

2.40

--

Ash, %

0.80

--

Specific Heat Above Freezing

0.85 Btu/lb*°F

3.56 kJ/(kg*K)

Specific Heat Below Freezing

0.48 Btu/lb*°F

2.03 kJ/(kg*K)

Latent Heat of Fusion

107 Btu/lb

248 kJ/kg

Storage Conditions
Temperature

Relative Humidity

Holding Room:

56 to 58°F
(13 to 14°C)

Ripening Room:

58 to 68°F
(14 to 20°C)

Green or Turning Fruit:

90-95%

Ripe Fruit:

85-90%

Atmosphere

2-5% oxygen and 2-5% carbon dioxide can be used to supplement temperature and
humidity management during transport and storage. Postharvest life of mature
green bananas can be extended by maintaining ethylene concentration below 1
ppm using ethylene scrubbers.

Storage Period

Mature-green bananas can be stored for up to 4 weeks in ethylene-free air or up to
6 weeks in a controlled atmosphere at 58°F (14°C)

Highest Freezing Point

30.6°F
(-0.5°C)

Bananas are chilling-sensitive and very specialized methods of handling have been developed for this
fruit to avoid exposure to temperatures below 56°F (13°C) even for a few hours.
Bananas
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Most bananas are now removed from the stem in the tropics and hands or clusters are shipped in
corrugated boxes with perforated polyethylene liners. Boxing has eliminated many sources of handling
damage previously encountered in shipping stems. Green bananas are shipped at a pulp temperature range
of 56 to 58°F (13 to 14°C); temperatures below 56°F (13°C) may cause chilling injury within 2 to 24
hours, depending on the cultivar, maturity stage, and temperature (the lower the temperature, the faster
chilling injury will occur). Under-skin tissue browning is an early symptom of chilling injury.

Ripening
Bananas are shipped from the tropics in the mature-green stage in specially designed refrigerated vessels
or marine containers and upon arrival are usually ripened at temperatures between 58 and 65°F (14 to
18°C) with 90 to 95% relative humidity. Within certain limits, the period required for ripening green fruit
can be extended or shortened to meet trade requirements by adjusting the temperature. Under average
conditions, ripening may be in as short a time as 4 days with higher temperatures or may be extended to 8
to 10 days with lower temperatures. Ripening room temperatures for bananas are varied frequently as
compared to other produce coolers. Automatic temperature controllers or programmers are used in most
facilities.
It is recommended that air circulating fans be operated continuously when ripening boxed fruit. This is
necessary to insure uniform pulp temperatures throughout the room. Forced-air ripening systems are
strongly recommended for new facilities.
Stacking to allow adequate air circulation is essential for uniform ripening of boxed bananas. Ideally
boxes should be stacked in rows leaving a 4-inch (100 mm) air channel between adjacent rows.
Many ripening rooms are now being modified to use forced-air ripening, commonly called a Pressurized
Ripening System, which provides more uniform temperatures and ethylene concentration throughout the
room. In this system, the boxes are palletized in the tropics and are left on the pallets throughout
distribution. No hand stacking in ripening rooms to improve circulation is needed. However, the boxes
have additional holes to improve circulation of air and ethylene. In the room, pallets are often stacked 2 or
3 tiers high and the top and outside ends of the pallet rows are covered by tarps. The tarps restrict air
movement in the room so that it is forced through the banana boxes. The pressurized ripening system uses
fans mounted high on the back wall with intakes below that pull air from the room.
The addition of ethylene gas to ripening rooms for 24-48 hours is recommended to stimulate uniform
ripening of mature-green bananas, regardless of ripening schedule. A concentration of only 100 ppm
(0.01 per cent) ethylene is needed, which is 0.1 cu. ft. of ethylene per 1,000 cu. ft. of room volume. The
recommended pulp temperature for gassing boxed bananas is 58-65°F (14-18°C), depending on desired
ripening time. Ethylene is explosive in air at a concentration between 2.8 and 28.6%. Carbon dioxide
concentration should be kept below 1% to minimize its antagonistic effects on ethylene in inducing
banana ripening.
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The average highest freezing point of the banana fruit is 30.2°F (-1°C) for mature-green and 26.0°F (3°C) for ripening fruit. The highest freezing point of the peel is 30.6°F (-0.5°C).
An ammonia concentration of 0.8% causes rather severe injury to bananas. Ammonia fumes are best
removed from storage rooms by aeration and washing the contaminated atmosphere with water if this is
possible.
Controlled atmosphere transport and/or storage in 2-5% O2 with 2-5% CO2 at 58°F (14°C) is also
feasible for up to 6 weeks. Bananas stored in controlled atmosphere should be ventilated with fresh air
when ripening is desired. Maintaining high humidity (90-95%) during storage is recommended to avoid
water loss which leads to brown discoloration of mechanically-damaged areas on the bananas.
As with all produce warehouses, banana ripening rooms should be maintained under a well planned,
regularly executed sanitation program.

Diseases and Injuries
Shallow brown or black spots on stems and skin as fruit ripens, possibly with whitishhoary appearance and pink spore masses. Eventually, the flesh also decays. Anthracnose
differs from simple bruising in that it has pink spores, whitish surface mold and the decay
Anthracnose extends into the edible part of the fruit.
Control: Handle fruit carefully and keep ripening rooms clean, treating walls and floors
with disinfectant. Postharvest hot water treatment can be effective.

Black Rot

The pathogen (Thielaviopsis) is transmitted by the fibrovascular system of the plant from
wounds to the fruit and then into the crowns and stem ends of fingers. Produces
brownish-black areas in peel at fruit ends. As fruit ripens, skin becomes grayish-black and
water soaked. Pulp rarely affected.
Control: Paint freshly cut butts of fruit stalks with fungicide or dip in 100 ppm chlorinated
water in the tropics.

Chilling
Injury

Both green and ripe bananas are susceptible to chilling injury, but green fruit is more
susceptible. Chilling is mainly a peel injury in which certain cells are killed. The dead cells
darken and give the peel a characteristic smoky or dull-yellow appearance after ripening
rather than a bright-yellow color. Ripe fruit, if chilled, develops a dull-brown color when
later exposed to higher temperatures and is very susceptible to handling marks. The
lowest temperature at which green bananas can safely be held to delay ripening is about
56°F (13°C) pulp temperature. The minimum temperatures causing chilling are not sharply
defined and vary with the condition of the fruit, the cultivar, and duration of exposure. A
few hours at 50°F (10°C) may cause slight peel dulling, and 12 hours at 45°F (7°C) generally
causes enough chilling injury to affect salability of the fruit.
Control: Avoid temperatures below 56°F (13°C).
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Fruit Spot

Circular, reddish-brown or black spots with a green halo, also has very small rust-colored
specks or irregular brown pits, showing up after fruit turns yellow. Seasonal in nature,
apparently physiological in character.
Control: Cull out medium or heavily spotted fruit. Not due to storage conditions.

Rhizopus
Rot

Extensive soft rot of split and broken fruits with rapid development of course mold
bearing white and black spore cases. Commonly observed in ripening rooms.
Control: Handle carefully to avoid skin breaks and bruising.

WFLO is indebted to Dr. Adel Kader, Department of Plant Sciences, University of California at Davis, for the review and
revision of this topic.

Bananas

4

WFLO Commodity Storage Manual

Batteries, Lead/Acid
Revised 2008

Introduction
Batteries held at ambient temperatures, without refrigeration, lose moisture in storage which must be
replenished. There is no loss under refrigerated storage. Commercial experience indicates recharging
every 3 months is necessary with storage temperatures from ambient to 90°F (32°C). Refrigerated storage
makes this unnecessary within desired practical time limits of storing. True dry-charged batteries show no
self-discharge at temperatures up to 90°F (32°C). Wet charged batteries maintained with proper charging
frequency and stored at 80°F (27°C) or below should be placed in service within a year after manufacture.
Continuous storage at lower temperatures would moderately extend this maximum storage life. However,
maintenance of battery quality extends beyond the mere requirement to maintain specific gravity. Grid
corrosion and active material integrity are both vital time and temperature dependent parameters that
drastically affect battery performance and life. In addition, the extreme variations of battery design make
it virtually impossible to arrive at a simple storage life-battery temperature relationship.
Refrigerated storage rooms should provide for adequate air exchange and circulation to avoid the
accumulation of highly explosive hydrogen gas.

Battery Types
A. Battery Type by Construction or Application
1. Wet Charged. Wet charged batteries are the most common type of battery. These batteries are
fully charged with an observable reservoir of acid about the plates. Wet charged automotive
starting batteries manufactured in the U.S. have grid antimony contents of 0-3%.
2. Moist Charged. A moist charged battery is essentially a wet charged battery that has been
dumped of acid and has had the vents sealed or semi-sealed for the purpose of storage. Because of
the low acid to paste ratio of these batteries, they should be placed in service within a year no
matter how optimum were the storage conditions. The specific gravity loss as a function of
storage time of the residual acid in this type of battery is considerably greater than a wet charged
battery. Because of this, moist charged batteries should not be stored below 32°F (0°C). Moist
charged batteries normally have a positive grid alloy content in the 1.5-3.0% range. Moist
charged batteries are often inadvertently misrepresented as "dry charged" batteries.
3. Dry Charged. In dry charge batteries, the plates have been formed, washed, and dried prior to
battery construction. No acid remains inside of a dry charged battery. This type of battery is the
most stable during storage. The military stores them in war storage for a minimum of 5 years.
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4. Deep Cycle. Deep cycle batteries are specially constructed designs that permit consecutive deep
cycling with minimum damage to the battery. These batteries normally use higher levels of
antimony in both the positive and negative grids (3-6%) to permit continuous deep cycling.
However, there are some special application antimony-free, immobilized electrolyte deep cycle
batteries currently available in the U.S. market. However, the greater antimony levels of most
deep cycle batteries cause them to self-discharge at a faster rate than starting batteries. Examples
of batteries that fall into this category would be marine deep cycle and golf cart batteries.
5. Immobilized Electrolyte/Recombination/Absorptive Glass Mat (AGM) Batteries or Gelled
Batteries. This type of battery uses either absorptive separators between the plates which hold up
to 95% of their volume in acid or the electrolyte is "gelled." Gases generated by the battery
during charging are consumed by the battery's active material. This allows the battery to be
completely sealed. Batteries of this type are very sensitive to proper charging and storage
conditions. For this reason, antimony-free grids are usually used. Batteries of this type have the
advantage of the absence of acid spills. However, if improperly recharged or operated in a high
temperature, they may experience abbreviated life.

B. Battery Types Characterized by Electrolysis Rate of Acid
1. Maintenance Free. A maintenance-free battery contains non-antimonial positive and negative
grids, or may contain positive grids with antimonial content less than 2%. Separators could be
either of the leaf or envelope variety. The low antimony content of these batteries provides a low
electrolysis rate of the electrolyte at the applied potentials and temperatures seen in starting
service. It is normally implied that water need not be added during the life of a maintenance-free
battery. The electrolyte may or may not be accessible.
2. Hybrid. A hybrid battery implies a specific arrangement of grid alloy composition. The positive
grid is normally 1-3% antimonial alloy for cycling and charging. The negative grid is normally a
non-antimonial alloy for low electrolyte electrolysis. If the positive grid antimony content is less
than 2%, the battery is normally considered maintenance free. If the positive grid contains
between 2-3% antimony, the battery is normally considered low maintenance, a term coined to
indicate a battery is not quite up to the low electrolysis capability of a maintenance-free battery.
3. Standard. A standard battery normally uses antimony contents of about 3% or higher in both
positive and negative grids. If the antimony content of both grids is dropped below 2%, this type
battery might be termed low maintenance. This standard battery type has been reduced to a
minority status in the U.S.

Self-Discharge of Wet Batteries
All automotive wet batteries will slowly discharge on standing and will discharge much faster when warm
than when cold. They may discharge faster when fully charged than when only partially charged. At
normal temperatures of 80°F (26.7°C) losses averaging between 0.0014 and 0.0020 volts per day are
typical. The effect of temperature on self-discharge for the average fully charged new battery in good
condition may be about as follows:

Batteries, Lead/Acid

2

WFLO Commodity Storage Manual

Maximum Discharge Rate for Hybrid and Calcium Batteries
At 100°F (37.8°C)

0.0025 Sp. Gr. per day

At 80°F (26.7°C)

0.0010 Sp. Gr. per day

At 50°F (10°C)

0.0003 Sp. Gr. per day

The above values are approximate for about the first 10 days of standing after being fully charged. Some
makes of batteries will have a higher and some a lower rate of self-discharge than the above, depending
upon the methods of manufacture and the purity of materials used. To minimize the extent of selfdischarge, store batteries in as cool a place as possible, away from hot air ducts or radiators in winter and
shielded from direct sunlight in summer.
The usual period of storage for automotive batteries starts in February, March, and April which are
historically the slow months for marketing. Battery stock would start decreasing in August through
October as seasonal demand increases. From the above, it can be seen that much is gained by storing wet
charged batteries in a refrigerated warehouse during the summer months. Practically no loss would take
place in most new unused batteries kept at 20°F (-7°C) over a 6 or 7 month period of time.

Storage Temperatures and Recharging Requirements
The extreme variations of battery design make it difficult to arrive at a simple battery temperature
relationship.
Storage Temperature

Months Until Recharging Required

°F

°C

30

-1

16

50

10

12

70

27

9

80

27

6

90

32

4

100

39

2.5

110

43

1.5

120

49

1

Tolerance for Temperature Changes
Hard-rubber cased and plastic cased batteries are not adversely affected by refrigerated storage.
Experiments of a battery manufacturer indicate that batteries can be cooled to -65°F (-54°C) without
freezing or damage providing they are fully charged. The hard rubber or plastic cases become more brittle
and are more easily broken at low temperatures so use greater care in handling. Moist charged batteries
Batteries, Lead/Acid
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should not be stored at less than 32°F (0°C) due to the possibility of a low specific gravity residual acid in
the battery.
Avoid storing in rooms where relative humidity (RH) is high. Absorption of moisture in the paperboard
may cause softening, crushing and distortion. Storage experience suggests that maintenance of an RH of
60-70% during storage will keep the cartons dry enough. At 80-85% RH, they may soften and become
easily crushed.
It is likely also that with a relatively dry dust cover due to proper humidity in storage the effect of a slight
amount of condensation due to dew-point effects on the cover, when the batteries are removed from
storage at 28 to 32°F (-2 to 0°C), will not be significant.
Batteries stored at 32°F (0°C) are affected very little by condensation, either on the case or carton, when
removed from cold storage except in very humid and/or warm weather. Batteries held at 0°F (-18°C) or
lower do show considerable condensation on the case and carton, but no significant damage is likely to
occur.

Inspection at Receiving
It is recommended that each battery be inspected at receiving for cracks, breakage, leakage, or spillage.
Damage should be noted and reported and damaged batteries set aside for disposal as instructed by owner.
It is important to note evidence of damage before the batteries are stored since leakage will soften and
stain dust covers and create a disagreeable problem of clean up. Clothing, floors and equipment are also
damaged by the sulfuric acid electrolyte.

Spillage or Leakage of Battery Electrolyte
Battery electrolyte is very acid and corrosive. Warehouse personnel should be properly cautioned. If the
battery solution gets on the hands or skin, it should be removed at once by washing with plenty of fresh,
clean water. Acid splashed in the eyes should be removed in the same manner. A doctor should be
consulted to be certain that possible dangerous injury is properly cared for. Use of a plastic face shield to
avoid splashing eyes and face is recommended.
Soda ash should be on hand to neutralize acid spillage, as well as clean rags or waste for mopping up
small amounts of acid. If battery electrolyte is spilled on a battery, it should be removed at once. For this
purpose, use clean rags with a water solution of soda ash at the mixture concentration of 0.5 lb of soda ash
to 1 gal of water, followed by washing with fresh clean water. Soda ash is caustic especially when wet.
Precautions must be taken to prevent soda ash from contacting eyes or skin or from being inhaled.
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Stacking and Palletizing
Batteries palletize readily due to their regular cubical dimensions. Batteries are palletized during
manufacture, but the customary pallet dimensions seem to differ from those usually used in refrigerated
warehouses.
Batteries are usually shipped in trucks in 1 to 3 layers on the bed of the truck body. In any type of
warehousing they should be on shelves if stacked more than 2 layers high for long periods of time.
Batteries should not be stacked on pallets higher than received from the manufacturer or distributor.
Great care must be taken to prevent batteries from being shorted out or shorted together. If the posts of a
battery are inadvertently bridged by a conductor such as a wrench, pipe or metal rack, the posts can melt
and splatter molten metal that is capable of causing burns or igniting fires. Wet cardboard can also act as a
conductor capable of discharging batteries.

Cartons or Dust Covers
When delivered to a warehouse, batteries will probably have bottomless cardboard dust covers which are
not moisture-vapor-proof. These covers merely protect the batteries from external marring or
discoloration. Warehouse personnel should be cautioned not to try to lift batteries by the sides of their
dust covers because they have no bottoms. Take hold underneath of the battery and dust cover as a unit.
While these dust covers have cardboard rims or folded and perforated supports underneath their tops to
support them on the battery case, they are not designed to support heavy weights. However, these covers
have been observed standing up without crushing in a 4-high stack of batteries where only heavy
cardboard sheets (and with no vertical board supports) was used.
It is important that batteries never be stored on their sides or stood on end.
If the battery electrolyte level seems to be lower than normal in cold batteries, in storage or just removed
from storage, let the batteries come up to atmospheric temperature before rechecking the solution level or
adding water.

Racks for Storage
Simple racks for temporary battery storage can be made from loose flat boards supported by the batteries
themselves. No nails are required. All boards are cut from 3/4" stock. Uprights may be 10" high, with the
grain, and about 12" wide. Shelf boards can be 4" wide and 38" long, the lumber to be free from unsound
knots. Eight uprights and 10 shelf boards will permit stacking 25 batteries, 5 batteries per row and 5 tiers
high, if desired. The stack is built up as follows:
Lay parallel on a smooth flat floor two shelf boards spaced so that the bottom ends of the batteries are
supported by them. Place 5 batteries side by side in a row and insert one upright between batteries - nos. 1
and 2 and one between Nos. 4 and 5, pushing the batteries up snugly together so as to support the upright
Batteries, Lead/Acid
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pieces. When not in use, the rack boards can be compactly stored. The above rack is only for compact,
temporary storage.

Automobile Battery Density
Automobile batteries usually average between 40 and 50 pounds each, although the full range of weight
extends from 28 to 57 pounds depending on the types of batteries. Batteries are often estimated to be
about 93 pounds per square foot. Larger size truck and bus batteries may weigh over 100 pounds each and
be 100 or more pounds per square foot.
On a 36 x 48 pallet, it is possible to stack 18 batteries of the Group 24 type which is the most popular
size. About 85% of the industry's output of from 35 to 40 million batteries each year is 12-Volt sizes and
this percentage is increasing yearly.

Recharging Batteries
The following guidelines must be adhered to when recharging lead acid storage batteries:
1. Batteries should not be recharged until their voltage drops below 12.4 volts.
2. All batteries must be recharged at temperatures (batteries and ambient) between 70 to 90°F (21 to
32°C).
3. Proper ventilation must be provided in areas where batteries are being recharged due to hydrogen
evolved during charging.
4. No sparks, open flames or smoking can be in the area where batteries are being recharged.
5. All personnel involved in recharging batteries should wear a face shield, rubber gloves and a
protective apron.
6. Follow all guidelines and instructions provided by the charger manufacturer. Pay particular
attention to matching the battery voltage (6 or 12) to the proper charger setting.
7. Follow specific charging instructions indicated on the battery.
8. Only wet charged batteries should be recharged prior to being placed into service.
9. Moist charged and dry charged batteries should not be recharged until placed into service.
Recharging of immobilized, recombination or absorptive glass mat type batteries must follow the
manufacturer's recommended procedures. No general charging instructions for these types of batteries
will provide adequate recharging without danger of damaging overcharge.
There are three basic types of battery chargers available and therefore three different basic guidelines for
recharging batteries. With any of these charging schemes, if the battery becomes hot to the touch or starts
to produce a rotten odor, discontinue charging immediately.
1. Tapered Charges - Usually has a few operator adjustments, a switch for 12 or 6-volt batteries
and possibly a switch to set the maximum charging current. To recharge batteries whose voltage
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has dropped to 12.40 volts or lower, set this type charger to the proper battery voltage, to a
current of no more than 10 amps and charge the battery for approximately 8 hours.
2. Fixed Voltage Charger - Has adjustments for current and voltage. To recharge batteries whose
voltage has dropped to 12.40 volts or lower, set this type charger to 15.5 volts with a maximum of
20 amps and charge the batteries for approximately 8 hours.
3. Constant Current Chargers - Has adjustments for current only. To recharge batteries whose
voltage has dropped to 12.40 volts or lower, set this type charger to 5 amps/charge for
approximately 8 hours.

Storage Compatibility
It is advisable not to store wet charged batteries with food products or any items that would react quickly
with acids, particularly sulfuric acid, that could escape from the batteries. Acids could react rapidly with
most caustic and/or chemical base compounds. Caution must also be used in storing wet charged batteries
with materials that could be damaged in the event of an acid spill if the battery containers are
inadvertently broken, or overturned. Sulfuric acid can react with many metals, including galvanized steel
and aluminum, rapidly producing large volumes of explosive hydrogen gas. Such a reaction may cause
the acid to splatter and strong fumes to be generated.

Safety Precautions
Batteries contain sulfuric acid and produce explosive mixtures of hydrogen and oxygen. Because selfdischarge action generates hydrogen gas, even when the battery is not in operation, make sure batteries
are stored and worked on in a well-ventilated area. ALWAYS wear ANSI Z87.1 (U.S. standard) approved
safety glasses and face shield or splash proof goggles when working on or near batteries.
•
•
•
•
•
•
•

Always wear proper eye, face and hand protection.
Keep all sparks, flames and cigarettes away from the battery.
Never try to open a battery with non-removable vents.
Keep removable vents tight and level except when servicing electrolyte.
Make sure work area is well ventilated.
Never lean over battery while boosting, testing or charging.
Exercise caution when working with metallic tools or conductors to prevent short circuits and
sparks.

Safe Charging
Never attempt to charge a battery without first reviewing the instructions for the charger being used. In
addition to the charger manufacturer's instructions, these general precautions should be followed:
•
•

Always wear proper eye, face and hand protection.
Always charge batteries in a well-ventilated area.

Batteries, Lead/Acid
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•
•
•
•

•
•
•
•

Keep vents tight and level.
Turn the charger and timer "OFF" before connecting the leads to the battery to avoid dangerous
sparks.
Never try to charge a visibly damaged or frozen battery.
Connect the charger leads to the battery; red positive (+) lead to the positive (+) terminal and
black negative (-) lead to the negative (-) terminal. If the battery is still in the vehicle, connect the
negative lead to the engine block to serve as a ground. Be sure the ignition and all electrical
accessories are turned off. (If the vehicle has a positive ground, connect the positive lead to the
engine block.)
Make sure that the charger leads to the battery are not broken, frayed or loose.
Set the timer, turn the charger on and slowly increase the charging rate until the desired ampere
value is reached.
If the battery becomes hot, or if violent gassing or spewing of electrolyte occurs, reduce the
charging rate or turn off the charger temporarily.
Always turn the charger "OFF" before removing charger leads from the battery to avoid
dangerous sparks.

Handling Battery Acid
Battery acid, or electrolyte, is a solution of sulfuric acid and water that can destroy clothing and burn the
skin. Use extreme caution when handling electrolyte and keep an acid neutralizing solution, such as
baking soda or household ammonia mixer with water, readily available. When handling batteries:
•
•
•
•

Always wear proper eye, face and hand protection.
If the electrolyte is splashed into an eye, immediately force the eye open and flood it with clean,
cool water for at least 15 minutes. Get prompt medical attention.
If electrolyte is taken internally, drink large quantities of water or milk. DO NOT induce
vomiting. Get prompt medical attention.
Neutralize with baking soda any electrolyte that spills on a vehicle or in the work area. After
neutralizing, rinse contaminated area clean with water.

To prepare electrolyte of a specific gravity, always pour the concentrated acid slowly into the water. DO
NOT pour water into the acid. Always stir the water while adding small amounts of acid. If noticeable
heat develops, allow the solution to cool before continuing to add acid.

WFLO is indebted to the Battery Council International Technical Committee, East Penn Manufacturing Company, Lyon Station,
Pennsylvania, for the review and revision of this topic.
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Beans, Snap
Also applies to Green Beans and Wax Beans
Revised 2008

Thermal Properties
English

Metric

Moisture, %

90.27

--

Protein, %

1.82

--

Fat, %

0.12

--

Carbohydrate, %

7.13

--

Fiber, %

3.40

--

Ash, %

0.66

--

Specific Heat Above Freezing

0.95 Btu/lb*°F

3.99 kJ/(kg*K)

Specific Heat Below Freezing

0.44 Btu/lb*°F

1.85 kJ/(kg*K)

Latent Heat of Fusion

130 Btu/lb

302 kJ/kg

Storage Conditions
Fresh

Frozen

Canned

Dehydrated

Temperature

40-45°F
(4.4-7°C)

-5°F (-20°C)
or below

40 to 45°F
(4.4 to 7°C)

40°F or below
(4.4°C)

Storage Period

8 to 12 days

1 year

1 year +

1 year +

Highest Freezing
Point

30.7°F
(-0.7°C)

Relative Humidity

95-100%

Vapor-tight
packaging

Air-tight vacuum
packaging

Fresh Storage
Snap beans, including green beans and wax beans, are occasionally cold-stored for processing or
favorable markets. Snap beans can be held about 12 days at 40°F (4.4°C) if they are utilized immediately
after storage, as for processing. Longer storage or higher temperatures hasten yellowing, seed

Beans, Snap

1

WFLO Commodity Storage Manual

development, and toughening of the pods. At 45°F (7°C), snap beans in sound condition and refrigerated
promptly should store satisfactorily for about 8 days.
Snap beans are susceptible to wilting, so the relative humidity should be maintained at 95-100%. Even
free moisture is harmless unless the beans are exposed to unfavorably high temperatures. The danger of
wilting due to lack of moisture exceeds that of discoloration attributable to free moisture. However, in
consumer packages, the humidity around beans approaches saturation, so temperatures above 45°F (7°C)
must be avoided or decay will likely be serious within a few days.
Snap beans should be hydro cooled rapidly after harvest, preferably to about 40°F (4.4°C). Water used for
hydro cooling beans should contain 100-150 ppm free chlorine at pH 7, which minimizes transfer of
decay and pathogenic microorganisms and reduces brown discoloration. Beans can also be effectively
vacuum cooled and forced-air cooled, but hydro cooling is preferable because water not only cools more
rapidly but the moisture helps prevent shriveling, especially for beans packed in wire-bound wooden
crates, which tend to otherwise draw moisture from the bean pods. Hydro cooled beans packed in waxed
fiberboard cartons had less mechanical damage when evaluated after 1 week storage than beans packed in
wire-bound crates.
Snap beans may be severely chilled in a few days at temperatures below 37°F (3°C). Even the
recommended 40 to 45°F (4.4 to 7°C) temperature may cause chilling injury on some varieties after 7 to
10 days. When snap beans are stored below 37°F (3°C) for 3 days or longer, chilling injury will cause
surface pitting and russet discoloration to appear, especially in 1-2 days after removal to room
temperature. Russeting usually is not apparent while beans are in cold storage. It is aggravated by free
moisture and is especially noticeable in the centers of containers, where condensed moisture remains.
Beans should not be top iced if they are to be held at higher temperatures later.
Snap beans are likely to heat in the hampers, crates, or sacks unless the containers are stacked so as to
provide good aeration. If there is heating, there is likely to be loss of green color and increased decay. If
beans are held in storage too long, or if they overheat, they may become slimy and moldy.
Snap beans do not benefit greatly from controlled atmosphere (CA) storage. The principal benefits that
accrues from a combination of low O2 (2-3%) and high CO2 (5-10%) are retardation of yellowing and
reduced brown discoloration and decay on damaged pods at 45°F (7°C). Air enriched with 20-30% CO2
has been shown to be effective in inhibiting browning and decay of green beans during brief (24-hour)
preprocessing storage periods.
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Diseases and Injuries

Bacterial or Halo
Blight

Small watery spots, gradually enlarging to irregular blotches varying in color from
amber yellow to almost brick red around the margin. The centers of the diseased
spots show an oozing of a greasy yellowish slime.
Control: Refrigerate beans promptly to at least 45°F (7°C).

Less frequent on snap beans than on other vegetables. Beans become affected only
Bacterial Soft Rot when wet and warm. Disease behavior and control similar to that of cabbage and
celery.

Cottony Leak

Found especially on beans from Florida and the South, and especially during rainy
weather. Large, water-soaked spots with much cottony, white mold, sometimes
causing matting or nesting of beans.
Control: Remove all beans showing damage or disease at time of packing. Reduce
temperature promptly to at least 45°F (7°C).

Rhizopus Soft Rot

Favored by moisture and high temperatures. Diseased tissues are soft and watery,
losing moisture rapidly. White, stringy fungus growth, with shiny beads later turning
black, which cause matting or nesting as it spreads.
Control: Discard all damaged and diseased beans before storage. Prompt cooling
and refrigeration to at least 45°F (7°C).
Small brown spots, later with broken skin appearing as rusty-brown pustules, 1/16
to 1/8 inch (1.5 to 3 mm) in diameter.

Rust

Control: Selection of rust-resistant cultivars. Occurs only when humidity is high
(95% or higher) and persists for at least 8 hours. Prompt refrigeration to at least
45°F (7°C) helps control.
Chestnut-brown surface discoloration that often develops in 1 or 2 days at room
temperatures after 5 to 10 days storage at 32 to 40°F (0 to 4.4°C), not sunken and
sometimes streaked.

Russeting (Chilling
Control: Moist warm beans develop russeting more rapidly, so prompt and
Injury)
adequate refrigeration helps control. Chilling injury can be minimized by holding
beans at 45°F (7°C) after harvest, although general deterioration will be slower at
40°F (4.4°C).
Slight freezing causes water-soaked mottling. Severely frozen beans are completely
water-soaked and limp and dry out quickly.
Freezing Injury
Control: Do not expose beans to temperatures below the highest freezing point of
30.7°F (-0.7°C).
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Freezing
Snap beans may be frozen after packing in small consumer-size (9 to 16 oz; 0.25 to 0.45 kg) cartons or
pouches. For bulk packaging, cut beans can be frozen loose, preferably individually quick frozen (IQF).
The more rapid the freezing, the better the quality. However, there is little added value in cryogenic liquid
immersion freezing over fluidized bed freezing, which gives definitely better results than the slower blast
or contact freezing. Packaging should consist of material that is a good water vapor barrier. Small-size
packages consist of a heavy gauge heat-sealed poly bag, or a carton overwrapped with heat sealed film.
Bulk containers usually consist of cartons with inner film liners. If properly packaged, original quality
level can be maintained for a year or longer in freezer storage at a temperature below -5°F (-20°C), and
relative humidity in the freezer can be ignored. Frozen beans held at -13°F (-25°C) have a storage life of 2
years.

Dehydration
The best quality of dehydrated green beans are obtainable by freeze-drying, which is also the most
expensive method. In addition to maintaining organoleptic quality and ease of reconstitution, freeze-dried
snap beans also retain nutrients almost as well as the frozen product, while air-dried snap beans lose more
nutrients than frozen or canned snap beans.
As for other dehydrated products, snap beans must be packaged in water-vapor tight containers,
preferably in vacuum, unless stored in freezer storage. Even if well packaged, however, to retain 90% of
the original post-drying nutrients for 1 year, they must be stored in cooler storage at 40°F (4.4°C) or
lower.

WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this release.
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Beer
Revised 2008

Storage Conditions
Pasteurized

Non-Pasteurized

Packaged

Packaged

Kegs

Temperature

40°F (4.4°C)

38°F (3.3°C)

38°F (3.3°C)

Relative Humidity

65% or less

65% or less

Approximate Storage Period,
from time of packaging

8-12 weeks

8-12 weeks

6 weeks

Pasteurized
The ideal temperature for the storage of most pasteurized beer in bottles or cans is a minimum of 40°F
(4.4°C). The storage temperature should never exceed 60°F (16°C).
Bottled beer is sensitive to direct sunlight as well as certain types of artificial light, including fluorescent
light sources. Potential damage to beer products as a result of over-exposure to light sources includes
oxidation, cloudiness and/or a "musky" flavor. As a result, it is recommended that bottled beer be kept in
dark storage conditions.
Most beer will become cloudy and unattractive if held at storage conditions too cold. It is estimated that
the critical cold-sensitivity temperature is approximately 35°F (2°C) but this lower quality threshold
depends on the beer formula. As a result, the manufacturer should be consulted with regard to minimum
temperatures for storage, along with accurate duration of holding or maximum storage period.
Packaged and keg beer should not be allowed to freeze. It is estimated that most beer products will freeze
at approximately 30°F (-1°C), depending upon beer formula. It is important to have an even temperature
around each case of bottled or canned beer so that undue variations of cold do not cause cloudiness.

Non-Pasteurized
Most draft (keg) beer and some brands (Coors, Millers, Imports) of packaged beers are not pasteurized.
The objective behind avoiding the pasteurization process is to avoid the heat associated with flash
pasteurization. Heat is believed to induce or accelerate the flavor and physical changes in the product,
and inhibits or alters the natural aging process. The avoidance of heat is usually extended to include
refrigerated transportation, storage and, in some rare cases, in-package refrigerated maturation (aging).
Non-pasteurized beers are expected to be of commercial sterility quality and do not require refrigeration
Beer
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for microbiological stability purposes. However, refrigeration is desirable for flavor and physical stability
purposes to overcome the same chemical forces active in pasteurized products. As a result, most nonpasteurized beer products are stored and transported under refrigeration.
Non-pasteurized beer systems have the following standards:
Process

Temperature Range

Packaging

32 to 36°F (0 to 2.2°C)

Shipping Load Out

32 to 38°F (0 to 3.3°C)

Transportation, En Route

33 to 60°F (0.6 to 15.6°C)

Distributor Processing or Warehousing-Acceptance

33 to 38°F (0.6 to 3.3°C)

Maintained Temperature

33 to 38°F (0.6 to 3.3°C)

Delivery to Retailer

<60°F (<15.6°C)

Retailer

<45°F (<7.2°C)

Shelf Life - Packaged Beer, Pasteurized and Non
Pasteurized

60-90 days (from time of packaging)

Shelf Life - Keg Beer

45 days (from time of racking)

Environmental conditions of humidity, radiation, sanitation, vibration, uniform temperature, air
circulation, and stock rotation apply equally to unpasteurized and pasteurized beers.
The un-pasteurized beers normally retain natural biochemical components in an active state whose effects
on beer aging are controlled or reduced in direct relation to the temperature of the product. As a result, the
lower the storage temperature the slower the rate of change, thereby resulting in longer product stability.

Handling
Low relative humidity should be maintained so that fiber and chipboard packaging materials do not
absorb moisture and weaken the strength of the packaging materials during stacking and handling
throughout distribution. However, in high humidity areas, beer should be stored no less than 3°F (1.6°C)
over the dew point. This is recommended to minimize moisture absorption into the packaging materials
when removing product from cold storage to ambient air.
Pallets or skids simplify handling and storage. Air space must be left between loaded pallets or skids to
permit free air circulation. Most cases of bottles and/or cans cannot be stacked more than 3 pallets high
(12 layers each). It is recommended that at least 2 feet between stacks and walls be maintained for proper
air flow. A brick or row pallet pattern should be used to provide stability and an even distribution of
weight.
The exterior case surfaces of pallets of canned beer should be periodically examined for any evidence of
leakage. If any wet cases are observed, all cases wet with product should be removed from the pallet.
There should be no attempt to segregate non-leaking cans or bottles from the wet cases and return them to
Beer
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usable inventory. Experience with canned beer, especially beer packaged in aluminum cans, indicate that
leakage occurring during the distribution and/or storage can result in secondary corrosion, which causes
outside-in perforations initiating a leakage/corrosion/leakage cycle which ultimately causes very high
levels of leakage.
It is important to allow space for rotation of stock. It is imperative that the older beer always be removed
first. Provide floor plan of storage room and mark the various bays in order to keep a systematic record of
the beer movements. Also, keep a record of the age code on the various lots. Each carload or truckload
shipment to cold storage may comprise an individual lot.
NOTE: In order to store beer in a refrigerated warehouse, some states require a license. Contact your
state Alcoholic Beverage and Tobacco office for details.

WFLO is indebted to Mike Babb, Seibel Institute of Technology, Chicago, Illinois, and Dr. Stephen Neel, World Food Logistics
Organization, for review and revision of this topic.
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Beets
Revised 2008

Thermal Properties
English
Roots

Metric
Greens

Moisture, %

87.58

91.02

--

Protein, %

1.61

2.20

--

Fat, %

0.17

0.13

--

Carbohydrate, %

9.56

4.33

--

Fiber, %

2.80

3.70

--

Ash, %

1.08

2.33

--

Specific Heat Above Freezing

0.93 Btu/lb*°F

3.91 kJ/(kg*K)

Specific Heat Below Freezing

0.46 Btu/lb*°F

1.94 kJ/(kg*K)

Latent Heat of Fusion

126 Btu/lb

293 kJ/kg

Storage Conditions
Fresh

Frozen

Temperature

32°F (0°C)

0°F
(-18°C)

Relative Humidity

98 to 100%

Vapor proof packaging

Storage Period

Topped beets

4 to 6 months

Bunched beets

10 to 14 days

Topped beets
Bunched beets

30.3°F (-0.9°C)
31.3°F (-0.6°C)

Highest Freezing Point

1 year

Beets are handled either as topped roots or bunched beets, with bunched beets being much more
perishable than topped beets. Before storage, beet roots should be well sorted after topping to remove
those that are diseased and/or mechanically damaged. Bunched beets should be hydro-cooled within 4 to
6 hours after harvest to reduce leaf discoloration, weight loss, and decay during storage. If precooling
equipment is not available, bunched beets may be packed in crushed ice. Topped beets should be cooled
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to below 41°F (5°C) within 24 hours after harvest, which may be accomplished by forced-air cooling or
room cooling if adequate air circulation is provided.
Beet roots may be stored in common storage if the temperature can be maintained above their highest
freezing point of 30.3°F (-0.9°C) and below 41°F (5°C), While common storage is sometimes used in
cooler areas, the temperatures during some seasons make it impossible to get suitably low temperatures
soon enough after the beets are stored. Therefore, storage in refrigerated warehouses is much safer if late
marketing or processing is planned. Do not store beets in large bulk; use ventilated bin boxes or slatted
crates. Air circulation in storage must be adequate to remove respiratory heat. Air velocity of about 14 to
20 ft. per minute (4 to 6 m per minute) should be adequate.
Topped red beet roots stored at 32°F (0°C) for fresh market can be expected to keep 4 to 6 months if high
humidity is maintained. A relative humidity of 98 to 100% is beneficial for beets, as long as temperature
near 32°F (0°C) is maintained. However, if storage is above 34°F (1°C), the relative humidity should be
no more than 95% to avoid condensation of liquid water, or decay may be substantial. Beets shrivel
readily so they should be kept where excessive evaporation can be minimized. Small beets soften and
shrivel earlier than larger beets.
Sprouting and rooting of beets may be serious during prolonged storage if higher than recommended
temperatures are maintained. Decay can cause substantial losses during even a week to 10 days if beets
are held above 41°F (5°C). Beets stored for processing may be held up to 8 months at 32°F (0°C).
Bunched beets should be stored rather loosely so that air can circulate; otherwise, there will be heating
and discoloration of the tops. Bunched beets can be stored 10-14 days at 32°F (0°C) but only half as long
at 41°F (5°C).

Diseases and Injuries
Chief cause of loss in beets, especially in leaves and stems of bunched beets. Soft rot
appears as darkened water-soaked areas that tend to increase rapidly in size, tissues
becoming soft and slimy and often accompanied by disagreeable odor.

Bacterial
Soft Rot Control: Very careful handling, avoiding bruising of beets and cutting of leaf stalks when
bunching. Evidence of disease should be watched for during inspection of beets before
storage. Refrigerate promptly to 32°F (0°C). Use sanitary practices during handling and
storage to reduce contamination.
Causes water soaked, brown lesions mostly at the root tip that become black.
Black Rot Control: Adequate air circulation and maintenance of recommended storage temperature
retards Black Rot development.
Occasionally infects beet tops and develops during distribution, including storage. Under
Gray Mold
moist conditions, decay is moist or even wet with definite borders, slightly water-soaked.
Rot
Under dry conditions, diseased tissues are not water-soaked, but appear dark brown, firm,
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and dry and discolor more deeply than bruises. May have a grayish appearance with velvety,
grayish-brown spore masses.
Control: Fungus grows even at 32°F (0°C) although very slowly. Decay can penetrate
unbroken skin of beets, but wounding or killing of tissues, as by freezing, facilitates spread
of decay. Field sanitation is essential for proper control, but maintenance of refrigeration
temperatures near 32°F (0°C) will retard spreading.
Beets should never be held below 30.3°F (-0.9°C) for topped beets or 31.3°F (-0.6°C) for
bunched beets, otherwise they may freeze within a few hours. Severe freezing of beet roots
causes external and internal water-soaking and sometimes blackening of the ring and rays of
Freezing conducting tissue. Partially frozen beets also become soft and susceptible to decay.
Injury Control: Avoid holding beets where they may cool below their freezing point for more than
a few hours. Slightly frozen beets can be salvaged if they are thawed slowly and then used
within 1-2 days. During such delays, they must be held at between 32°F (0°C) and 40°F
(4.4°C) to prevent decay.

Freezing
Beets up to 2 inches (5 cm) in diameter can be frozen as a cooked or fresh vegetable and packed whole,
sliced or diced. Since betanin, the red pigment that colors beets, is water soluble, washing, blanching and
cutting should be done in a minimum of time and with minimal water. Blanching should be done in a
steam blancher to preserve color. Beets are also subject to discoloration by a combination of oxidation
and enzyme activity. Blanching to a center temperature of 165°F (74°C) helps prevent this discoloration.
Iron will also produce darkened areas, thus iron equipment should be avoided during the preparation
process.
Blanching before steaming, slicing, or dicing will 1) minimize loss of the water soluble pigment; 2)
inactivate enzymes to prevent blackening of cut surfaces upon exposure to air; and 3) result in a smooth
cut surface as well as better uniformity in size and shape of pieces. Size grading of beets before blanching
helps assure a uniform blanch. The larger sizes can then be adequately blanched without overcooking the
smaller sizes. There is less color loss with steam blanching than water blanching.

Handling
Exposure of frozen beets to elevated temperatures results in some draining of the juice to the bottom of
the package with less color in the vegetable. No appreciable flavor change is noted with this product.

WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Berries, Goose- and Currants
Revised 2000

Thermal Properties
Currants (red and white) Currants (European black)
English

Metric

English

Metric

Gooseberries
English

Metric

Moisture, %

83.95

--

81.96

--

87.87

--

Protein, %

1.40

--

1.40

--

0.88

--

Fat, %

0.20

--

0.41

--

0.58

--

Carbohydrate, %

13.80

--

15.38

--

10.18

--

Fiber, %

4.30

--

0.00

--

4.30

--

Ash, %

0.66

--

0.86

--

0.49

--

Specific Heat Above 0.92
Freezing
Btu/lb*°F

3.85
kJ/(kg*K)

0.89
Btu/lb*°F

3.71 kJ/(kg*K)

0.94
Btu/lb*°F

3.95 kJ/(kg*K)

Specific Heat Below
Freezing

0.47
Btu/lb*°F

1.98
kJ/(kg*K)

0.47
Btu/lb*°F

1.95 kJ/(kg*K)

0.47
Btu/lb*°F

1.96 kJ/(kg*K)

Latent Heat of
Fusion

120 Btu/lb 280 kJ/kg

118 Btu/lb 274 kJ/kg

126 Btu/lb 293 kJ/kg

Storage Conditions
Fresh
Temperature

31 to 32°F (-0.6 to 0°C)

Relative Humidity

90-95%

Storage Period:
Currants
Gooseberries

1-2 weeks
2-4 weeks

Frozen
0°F (-18°C)

-10°F (-23°C)

18 months with sugar
24 months with sugar
12 months without sugar 18 months without sugar

Highest Freezing Point 30.2°F (-1.1°C)

Fresh Berries
Fresh currants and gooseberries should be firm, bright, and free of mechanical injury and incipient decay.
There are no United States grade standards for these fruits. Currants and gooseberries are not stored
except when it is necessary to hold them for processing. Both types of berries should be cooled to 32°F
(0°C) soon after picking to retard deterioration. A temperature of 31 to 32°F (-0.6 to 0°C) is
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recommended for both currants and gooseberries with a relative humidity of 90-95%. Currants in good
condition can be stored 1 to 2 weeks. Black currants, which are different in character from red and white
currants, have been stored up to 4 weeks in air + 40% CO2 in the United Kingdom. Gooseberries in good
condition may have a storage life of 2 to 4 weeks, but eventually there will be some collapsing berries.
Gooseberries stored for as long as 3 to 4 weeks at the recommended temperature should be processed
immediately after removal from storage. Storage of hard-green gooseberries for longer periods at 32°F
(0°C) in perforated polyethylene bags is possible if some CO2 is allowed to accumulate. They are not
injured by 8% CO2.
Since their implication as hosts to the white pine blister rust, currants and gooseberry production in the
US has all but disappeared, only to be increased in the UK and other north European countries where
much of the fruit goes into the manufacture of juice. Only small quantities of currants or gooseberries are
frozen as whole berries. Red currants are processed largely for juice concentrate to be used for jelly and
bakery filling jellies within the US.

Diseases
Cladosporium
Mold

Olive green color, superficial on outside of berry, causing little or no flesh decay, but
makes the fruit unacceptable for marketing.
Control: Careful handling and prompt cooling and shipment at as close to 32°F (0°C)
as possible.

Gray Mold Rot
(Botrytis)

The fungus at first forms small brown spots usually on one side of the fruit which
enlarge and become soft. The fruit becomes covered with the characteristic gray
spore mass.
Control: Preharvest sprays with fungicides. Field and packinghouse sanitation. Prompt
cooling after harvest with storage at 32°F (0°C). Elevated CO2 atmospheres are
fungistatic to Botrytis.

WFLO is indebted to Adel Kader, Department of Pomology, University of California at Davis, for his review and revision of this
topic.
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Blackberries & Raspberries
Also applies to Boysenberries, Dewberries, Loganberries, and Youngberries
Revised 2008

Thermal Properties
Blackberries
English

Raspberries

Metric

English

Metric

Moisture, %

85.64

--

86.57

--

Protein, %

0.72

--

0.91

--

Fat, %

0.39

--

0.55

--

Carbohydrate, %

12.76

--

11.57

--

Fiber, %

5.30

--

6.80

--

Ash, %

0.48

--

0.40

--

Specific Heat Above Freezing

0.93
Btu/lb*°F

3.91 kJ/(kg*K)

0.95 Btu/lb*°F 3.96 kJ/(kg*K)

Specific Heat Below Freezing

0.46
Btu/lb*°F

1.94 kJ/(kg*K)

0.46 Btu/lb*°F 1.91 kJ/(kg*K)

Latent Heat of Fusion

123 Btu/lb

286 kJ/kg

124 Btu/lb

289 (kJ/kg)

Storage Conditions
Fresh

Frozen

Temperature

31 to 32°F
(-0.6 to 0°C)

0°F
(-18°C)

-10°F
(-23°C)

Relative Humidity

90-95%

NA

NA

18 months with
sugar
12 months
without sugar

24 months with
sugar
18 months
without sugar

NA

NA

Storage Period

Raspberries

2-5 days

Blackberries
2-5 days
Highest Freezing Point

Blackberries & Raspberries

30.5°F
(-0.8°C)
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Fresh Berries
Raspberries and blackberries are highly perishable and are not adaptable to prolonged cold storage.
Limited quantities of berries are now machine harvested for processing. Removal of field heat from the
berries immediately after harvest is essential. If left in the sun they may rapidly soften and red raspberries
may scald or bleach. Post harvest cooling, ideally within one hour of harvest, should be to 32°F (0°C) and
refrigeration should then be continuous from producer to consumer. Rhizopus and Botrytis can cause
complete decay in a few days when berries are held at 45°F (7°C) or above.
Blackberries and red, black or purple raspberries can be held only 2 to 5 days at 31 to 32°F (-0.6 to 0°C)
with 90 to 95% relative humidity. Red raspberries gradually darken and become bluer if stored 8 days. It
should be noted that storage at 32°F (0°C) results in less color change than at 40°F (4°C). All handling
and transport must be extremely gentle to avoid damage. Some pallets of berries after forced-air cooling
are now enclosed in 5-mil polyethylene pallet cover and gassed with carbon dioxide before shipment to
market. About 15-20% CO2 is recommended for raspberries and blackberries to retard softening and
decay during refrigerated transport by air or truck or during holding for subsequent processing.
Sometimes dry ice is used to supply the CO2 gas. If CO2 exceeds 25%, off-flavors and loss of red color in
internal tissues can develop in these berries.

Diseases and Injuries

Cladosporium
Mold

Gray Mold Rot
(Botrytis)

Olive-green color, superficial on either inside cup of berry or outside, causing little or
no flesh decay, but makes the fruit unacceptable for marketing.
Control: Careful handling and prompt cooling and shipment at as close to 32°F (0°C) as
possible.
Decayed berries are soft and watery; decay occurs during storage or transit rather
than in the field. Nesting of berries is characteristic with grayish brown spore masses.
Control: Careful handling, culling out decayed berries before packing. Prompt cooling
to 32°F (0°C) and storage at a temperature as near 31 to 32°F (-0.6 to 0°C) as possible.
Mushy, leaky collapse of berries associated with black mycelium. Extensive red
staining of containers from leaking juice.

Rhizopus Rot
Control: Reduce temperature promptly to 32°F (0°C). Handle carefully to prevent skin
breaks.

Frozen Berries
Red raspberries packed for the retail trade are packed in a 50-60% syrup at the rate of 6 oz (168 mL) of
berries to 4 oz (112 mL) of syrup. Ten and 16 oz (275 and 448 mL) containers are used for this trade.

Blackberries & Raspberries
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Packaged fruit may be tray-frozen on carts, which are put into the freezing tunnel, case frozen, or in some
instances, pallet frozen.
For the bakery and preserve trade, the berries are packed in 30 lb. (13.6 kg) plastic containers or tins, or
55 gal (250 L) drums with and without sugar according to the specifications of the purchaser. The filled
containers are frozen by air blast and are stored at 0°F (-18°C).
Black raspberries are almost entirely packed in 30 lb. (13.6 kg) plastic containers or tins, or larger
containers. Following are some guidelines for handling and freezing berries in large containers for the
baking and preserve industry.
1. Field heat removed so that temperature of fruit fill will not exceed 40°F (4.4°C); although lower
temperatures would be better.
2. Containers should be moved to freezing and storage as quickly as possible, preferably within 1
hour after being filled.
3. Product should arrive at the freezing location at temperature of 40°F (4.4°C) or lower and be
unloaded and moved to the designated freezing area within 30 minutes.
4. Quick-freeze at -15°F (-26°C) or lower with high air flow so as to attain 32°F (0°C) or less at
center of container within 2 days (48 hours).
5. The product should remain in freezing area until a core temperature of 0°F (-18°C) is reached and
this should not take longer than 2 to 5 days depending on container size and freezing load
capability.
6. Subsequent storage should be at 0 to -10°F (-18 to -23°C).
7. Storage period normally does not exceed 14 months at 0°F (-18°C) for top quality berries packed
and handled in large containers.
These practices are adhered to for the following purposes, listed in order of importance:
1. Microbiological population - It is very important to keep these counts (mainly yeast, mold, and
lactobacilli bacteria) as low as possible in that they will affect grade (Howard mold count) and
quality, such as flavor.
2. Texture - Rapid freezing reduces the size of the ice crystals formed which helps greatly in
maintaining the integrity of the fruit and reduces enzyme activity on pectins. Integrity of the fruit
is very important in the production of high quality jams and preserves.
3. Flavor - Quick freezing gives a more normal, typical flavor and greatly reduces the risk of offflavors due to microbial or enzymatic activity or loss of volatile esters.
4. Color - Retention of color is enhanced by faster cooling and freezing by reducing enzymatic color
degradation.
5. Nutrition - Loss of vitamins (mainly vitamin C) is reduced by quick cooling and freezing.
Added sugar will influence the freezing rate and quality in two ways. First, if the sugar draws out
moisture to form a liquid medium around the berries, the freezing rate would be faster since heat transfer
is faster through a semi-liquid medium than it would be through air spaces surrounding dry berries.
Blackberries & Raspberries
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Secondly, the freezing point would be lowered and ice crystal formation would be delayed and reduced in
size, thereby reducing the time required to reach temperatures below 28 to 32°F (-2.2 to 0°C) This is
because the high energy requirement needed to pass through the Latent-Heat Zone (liquid to solid-ice
crystal formation) would be delayed until after the product is below temperatures conducive to microbial
growth. Thus, the reduced size of the crystals would have a favorable influence on wholeness and the
reduced microbial growth would improve the other quality parameters discussed.
Some companies are using liquid high fructose corn syrup (HFCS) rather than dry sugar for freezing their
fruit stock. High fructose has 71-80º Brix and may be used at a ratio of 4 parts fruit to 1 part HFCS. The
HFCS may be rapidly absorbed by the fruit, and may result in improved firmness, wholeness and color
during freezing and storage.

WFLO is indebted to Dr. Adel Kader, Department of Plant Sciences, University of California at Davis, for the review and
revision of this topic.
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Blueberries and Huckleberries
Revised 2008

Thermal Properties
Blueberries
English

Metric

Moisture, %

84.61

--

Protein, %

0.67

--

Fat, %

0.38

--

Carbohydrate, %

14.13

--

Fiber, %

2.70

--

Ash, %

0.21

--

Specific Heat Above Freezing

0.91 Btu/lb*°F

3.83 kJ/(kg*K)

Specific Heat Below Freezing

0.49 Btu/lb*°F

2.06 kJ/(kg*K)

Latent Heat of Fusion

122 Btu/lb

283 kJ/(kg*K)

Storage Conditions
Fresh

Frozen
Sealed Bulk Packages

Temperature

31 to 32°F
(-0.6 to 0°C)

Plastic Overlap, Not Sealed

0 to -10°F
(-18 to -23°C)

0 to -10°F
(-18 to -23°C)

1st Harvest,
12-15 days

18 months at 0°F
(-18°C)

12 months at 0°F
(-18°C)

Late Harvest,
7-10 days

24 months at -10°F (-23°C)

18 months at -10°F
(-23°C)

Relative Humidity 90-95%
Storage Period*

Highest Freezing
Point

29.7°F
(-1.1°C)

* See below on the Rabbiteye variety.
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Fresh Berries
For an acceptable shelf life after storage, blueberries must be hand-harvested and stored at temperatures
between 31 and 35°F (-0.6 to 1.7°C). First pickings of certain hand-harvested cultivars, if rapidly cooled
immediately after harvest, can be cold-stored up to 15 days. Carbon dioxide atmospheres of 10 to 15%
can prolong the shelf life of most berries in cold storage. Machine harvesting has increased for blueberries
destined for processing. Mechanically-harvested berries should not be cold-stored for more than a few
days, because such berries deteriorate rapidly after removal from storage. Injuries caused by the
harvesting machines predispose the blueberries to excessive softening and decay.

Frozen Berries
Blueberries are quick frozen at -25 to -40°F (-32 to -40°C) and usually packaged in 20-pound (9.1 kg) or
30-pound (13.6 kg) containers which are sealed with special care to eliminate air contact with the fruit.
The frozen berries are subsequently stored at 0 to -10°F (-18 to -23°C). Many handlers try for no more
than a 12-month storage period of frozen blueberries for economic reasons, since the price can fluctuate
from year to year.
The Rabbiteye blueberry cultivar has increased greatly in plantings in the Southern and Southeastern
United States (Texas extending to Georgia). The Rabbiteye blueberries have good keeping quality, as they
have a stem scar that helps keep them relatively decay-free. The Rabbiteye cultivar reportedly could
develop a tougher skin texture in frozen storage if held 6 to 8 months.

Diseases and Injuries
Occurs during marketing, affecting any part of the berry, eventually causing soft water
decay. A grayish-brown sporulating mold is diagnostic for this disease which can also
Gray Mold Rot spread by nesting.
(Botrytis)
Control: Best controlled by careful handling, proper sanitation procedures, rapid
cooling and refrigeration at low temperatures, and use of CO2 enriched atmospheres.

Alternaria Rot

Occurs during marketing principally affecting the stem end of the berry. The aerial mold
is olive-green to dark olivaceous and produces a semi-firm decay. Characteristically the
disease affects only individual berries and rarely nests.
Control: Best controlled by careful handling, proper sanitation procedures, rapid
cooling and refrigeration at low temperatures, and use of CO2 enriched atmospheres.

Anthracnose

Principally a field disease but does occur during marketing. Causes a fairly firm rot and
some shriveling of the affected areas. Characteristically produces glistening salmon to
orange colored spore masses on severely rotted berries.
Control: Limited warehouse control, although careful handling, proper sanitation
procedures, rapid cooling and refrigeration at low temperatures, and use of CO2
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enriched atmospheres can minimize damage.
A small number of minor decays occur, chief of which are Rhizopus, Pestalotia,
Aspergillus, Phomopsis, Yeast and Blossom-end rots.
Miscellaneous
Control: Currently all postharvest diseases are best controlled by careful handling,
Rots
proper sanitation procedures, rapid cooling and refrigeration at low temperatures, and
use of CO2 enriched atmospheres.

WFLO is indebted to Dr. Adel Kader, Department of Plant Sciences, University of California at Davis, for the review and
revision of this topic.

Blueberries and Huckleberries

3

WFLO Commodity Storage Manual

This page is intentionally left blank.

WFLO Commodity Storage Manual

Broccoli
Revised 2008

Thermal Properties
English

Metric

Moisture, %

89.30

--

Protein, %

2. 82

--

Fat, %

0.37

--

Carbohydrate, %

6.64

--

Fiber, %

2.60

--

Ash, %

0.87

--

Specific Heat Above Freezing

0.96 Btu/lb*°F

4.01 kJ/(kg*K)

Specific Heat Below Freezing

0.43 Btu/lb*°F

1.82 kJ/(kg*K)

Latent Heat of Fusion

130 Btu/lb

303 kJ/kg

Storage Conditions
Fresh

Frozen

Temperature

32°F
(0°C)

0 to -10°F
(-18 to -23.3°C)

Relative Humidity

98-100%

Vapor proof packaging

Storage Period

2 to 3 weeks

10 to 15 months

Highest Freezing Point

30.9°F
(-0.6°C)

Italian or sprouting broccoli is highly perishable and is usually stored for only brief periods as needed for
orderly marketing. Good salable condition, fresh green color, and the vitamin C content are maintained
best at 32°F (0°C). If in good condition and stored with adequate air circulation and spacing between
containers to avoid heating, broccoli should keep satisfactorily up to 3 weeks at 32°F (0°C). Longer
storage or storage at higher temperatures is undesirable because the heads and leaves wilt and turn yellow,
florets (buds) may drop off, and tissues soften. Large differences in storage potential have been noted
among broccoli cultivars. Any opening of flower buds indicates end of shelf life.
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Traditional methods for field packing broccoli included packing in waxed cartons and then cooled by
palletized liquid icing. The ice-water slurry provided cooling, and the ice remaining after water drainage
(about equal to the broccoli weight) provided protection during distribution. However, package icing of
broccoli is only necessary if it is not possible to maintain the proper temperature and humidity conditions.
In recent years, the cost to transport the ice has led to greater use of”iceless broccoli” packs in which
hydro-cooling or rapid forced-air cooling are used. Perforated plastic liners or bags help reduce water loss
and maintain freshness. Thorough precooling of iceless broccoli to less than 34°F (1°C) is critical because
broccoli is one of the highest heat producers of all vegetables.
Some shelf life extension can be achieved by controlled atmosphere (CA) storage. Atmospheres of 1-2%
O2 and/or 5 to 10% CO2 allow broccoli green color, flavor, and appearance to remain in excellent
condition for at least 4 weeks if the broccoli is held between 32 and 36°F (0 and 2°C). If CO2 is between 8
and 10%, results are almost as good with near normal O2 (21%) as with low O2. This also avoids the
potential risk of strong off-odor development with the low O2 atmosphere. For 3 weeks or less in storage,
there is no need for CA if the temperature is kept near 32°F (0°C).
Storage in 10% CO2-enriched air may also be beneficial to broccoli for processing. It has a marked
tenderizing effect on heads and stems, and this is evident after cooking. Modified atmosphere (MA)
consumer packaging is gaining some acceptance. These packages have a beneficial gas mixture inserted
and a gas-permeable membrane as part of the film overwrap. Good refrigeration of these consumer packs
of broccoli florets is still essential.
Broccoli is extremely sensitive to exposure to ethylene, which causes yellowing and floret opening.
Broccoli must never be stored with fruits that produce substantial quantities of ethylene, especially apples,
pears and peaches.
Diseases of broccoli closely resemble those of cauliflower. Bacterial Soft Rot causes most of the spoilage.
Other decays reported on broccoli are downy and powdery mildews and Alternaria leaf spots. Brown
Heart, commonly called internal browning, is a physiological defect, and is probably due to boron
deficiency.

Freezing
Broccoli may be blanched in hot water or steam before freezing. However, steam blanching will improve
color, retain solids, and improve product recovery.
Most commercial broccoli is packed into 8 oz. to 3 lb. (0.2 to 1.4 kg) cartons, boil-in bags, or poly-bags,
then blast frozen on trays or contact plate frozen. If packed in bulk, it is preferable to individually quick
freeze by fluidized bed technique before packing in 20 to 60 lb. (9 to 27 kg) cartons or tote bins. Although
quality is improved with more rapid freezing, cryogenic immersion freezing is not necessary.
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Frozen broccoli loses its brilliant green color rather rapidly when stored at temperatures above 0°F (18°C). The chlorophyll changes to a brownish color. If stored below 0°F (-18°C), good quality is
maintained for 10 months and, if stored at -10°F (-23°C), for 1 year and longer.

WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Brussels Sprouts
Revised 2008

Thermal Properties
English

Metric

Moisture, %

86.00

--

Protein, %

3.38

--

Fat, %

0.30

--

Carbohydrate, %

8.95

--

Fiber, %

3.80

--

Ash, %

1.37

--

Specific Heat Above Freezing

0.93 Btu/lb*°F

3.90 kJ/(kg*K)

Specific Heat Below Freezing

0.46 Btu/lb*°F

1.91 kJ/(kg*K)

Latent Heat of Fusion

123 Btu/lb

287 kJ/kg

Storage Conditions
Fresh

Frozen

Temperature

32°F
(0°C)

0°F
(-18°C)

-10°F
(-23°C)

Relative Humidity

95 to 100%

Vapor proof
packaging

Vapor proof
packaging

Storage Period

3 to 5 weeks

10 months

1 year +

Highest Freezing Point

30.5°F
(-0.8°C)

Brussels sprouts may be cold-stored for processing or favorable markets. Sometimes Brussels sprouts are
stored in large containers, although this is not advisable since they pack rather closely and have a
tendency to heat, discolor, and develop mold, especially in the center of the mass. Prompt refrigeration,
good aeration, and high relative humidity are essential for successful storage.
The maximum storage life for Brussels sprouts is 3 to 5 weeks at 32°F (0°C) with 95 to 100% relative
humidity and depends on sound, clean, mold-free sprouts being stored. Storage life is only half as long at
41°F (5°C) as at 32°F (0°C), and only 10 days at 50°F (10°C). Deterioration in the form of yellowing and
discoloration of the stem end is rapid at temperatures of 50°F (10°C) and above. As with broccoli,
Brussels Sprouts
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sufficient air circulation and spacing between packages is desirable to allow good heat removal and to
prevent yellowing and decay.
Brussels sprouts may be cooled rapidly by vacuum cooling or hydro-cooling. Vacuum cooling is most
effective if the sprouts are wetted prior to cooling in order to minimize wilting. Bulk shipments usually
are package-iced and top-iced to ensure maintenance of desirable low temperature and high humidity.
After precooling, shelf life can be extended by the use of perforated polyethylene liners, which prevent
moisture loss. Non-perforated poly liners can lead to accumulation of injurious CO2 levels or depletion of
O2, leading to off-odors.
Controlled atmosphere (CA) storage benefits Brussels sprouts, retarding yellowing and decay, if storage
conditions are higher than 32°F (0°C). Brussels sprouts are tolerant of up to 10% CO2 and down to 1% O2
levels. At 41 to 45°F (5 to 7°C) the best CA for quality preservation is 1 to 2% O2 with 5 to 10% CO2. CA
storage can extend storage at 41°F (5°C) to about 4 weeks, but is not beneficial at 32°F (0°C).
Brussels sprouts are extremely sensitive to exposure to ethylene, which causes rapid leaf yellowing and
leaf abscission. Brussels sprouts must never be stored with fruits that produce substantial quantities of
ethylene, especially apples, pears and peaches.
Essentially the same diseases that affect cabbage also invade Brussels sprouts. The most important
diseases that affect storage life are Bacterial Soft Rot and Alternaria Rot. Additional information is
located elsewhere in this manual, in the Cabbage topic.

Freezing
Brussels sprouts may be blast frozen after packing on trays or individually quick frozen (IQF). If packed
in bulk in 20 to 60 lb. (9 to 27 kg) cartons or tote bins, it is advisable to IQF the product, preferably by
fluidized bed technique before packing. Sometimes Brussels sprouts are ’shocked’ with dry ice (CO2) to
enable them to be frozen by IQF.
Frozen Brussels sprouts lose their brilliant green color and become soggy when stored at temperatures
above 0°F (-18°C). The chlorophyll changes to a brown color. Exposure to elevated temperatures for
short periods of time is not critical, but repeated exposures do damage quality. If stored at 0°F (-18°C),
good quality is maintained for 10 months and, if stored at -10°F (-23°C), for 1 year or longer.

WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Butter
Revised 2008

Thermal Properties
English

Metric

Moisture, %

17.94

--

Protein, %

0.85

--

Fat, %

81.11

--

Carbohydrate, %

0.06

--

Fiber, %

0.00

--

Ash, %

0.04

--

Specific Heat Above Freezing

0.57 Btu/lb*°F

2.40 kJ/(kg*K)

Specific Heat Below Freezing

0.63 Btu/lb*°F

2.65 kJ/(kg*K)

Latent Heat of Fusion

26 Btu/lb

60 kJ/kg

Storage Conditions
Temperature

Storage Period

°F

°C

32

0

1 month or less

15

-9

8 weeks or less

0

-18

6 months

-10 or
below

-23 or
below

1 year, seldom over this

At 32°F (0°C), the relative humidity should be not less than 70% to prevent shrinkage
Relative Humidity and not over 75% to reduce the possibility of mold growth. At temperatures of 15°F
(-9°C) or below, the relative humidity is of no known significance.
Freezing Point

Varies with salt concentration in brine and approximates 22°F (-5°C).

Storage Recommendations
Only high quality butter with good workmanship should be stored for extended periods of time. Good
workmanship should never be under emphasized.
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Butter is customarily stored in fiber cartons which are usually lined with "parchment," but laminated
aluminum foil may also be used. Common weight is in the neighborhood of 60 to 68 pounds. Parchment
liners must be heat treated in a 212°F (100°C) 15% to saturated butter grade salt solution to prevent mold
growth. For overseas shipment to tropical countries, lacquered tin containers may be used. Any breaks in
the enamel such as at seams or underneath raised letters are likely to result in severe local oxidation.
Butter may also be stored in properly wrapped (aluminum foil) retail-size packages which, in turn, are
placed in fiber boxes of the desirable commercial size.
Improper packaging and low relative humidity in the storage room will cause weight loss in storage.

Defects During Storage
Surface defects in flavor may come from containers with inferior linings or large headspaces with enough
air to start oxidation.
Flavor changes throughout the butter may come from holding it too long in storage; this is most apt to
occur if any inferior grade of butter is stored. Low grade cream, metallic contamination, overneutralization, improper salting, high acidity and psychrophilic bacteria in the wash water are common
causes of inferior butter.
Because of changes in handling of milk and cream, a flavor defect referred to as rancidity may develop in
storage butter. Therefore, all butter used for storage should be made from cream that is pasteurized
immediately after separation and has not been subjected to prolonged storage before or after
pasteurization. Also, the Acid Degree Value (ADV) on this cream should not be above 0.8.
Foreign odors are readily absorbed by butter, particularly those of apples, citrus fruit, vegetables having a
strong odor, cheese and fish.
Color changes, particularly on the surface, may be due to drying, surface oxidation or chlorine solution on
liners. Molds or bacteria can produce surface discoloration.
Weight loss is caused by improper packaging or low relative humidity in the storage room. When butter is
manufactured properly, the water is dispersed in small droplets. Water can leak out and evaporate from
the leaky butter which is improperly worked. This is the chief cause of weight losses.

Freezing
There is no problem in freezing butter of good quality. Leaky butter, the result of inferior workmanship,
will lose weight after thawing and may result in surface discoloration.
Rapid freezing to 15°F (-9°C) and below is an especially effective method of improving the spreadability
of butter, providing the butter is worked, printed at once, and then immediately frozen.
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Handling
Do not store butter with apples, citrus fruits, vegetables, cheeses or any materials with strong odor.

WFLO is indebted to Dr. Virginia H. Holsinger, USDA-ARS, Philadelphia, Pennsylvania; and Dr. Charles White, Mississippi
State University, for review and revision of this topic.
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Cabbage
Revised 2008

Thermal Properties
English

Metric

Moisture, %

92.18

--

Protein, %

1.28

--

Fat, %

0.10

--

Carbohydrate, %

5.80

--

Fiber, %

2.50

--

Ash, %

0.64

--

Specific Heat Above Freezing

0.96 Btu/lb*°F

4.02 kJ/(kg*K)

Specific Heat Below Freezing

0.44 Btu/lb*°F

1.85 kJ/(kg*K)

Latent Heat of Fusion

132 Btu/lb

308 kJ/kg

Storage Conditions
Refrigeration

Controlled
Atmosphere (CA)

Temperature

32°F
(0°C)

32°F
(0°C)

Relative Humidity

98-100%

95-98%

Storage Period

Highest Freezing Point

early crop

3 to 6
weeks

late crop

5 to 6
months

Chinese

2 to 3
months

7 to 9 months

Frozen
-5°F
(-20.6°C)

1 to 4 years

30.4°F
(-0.9°C)

Mature or late crop cabbage can be stored for many months at 32°F (0°C). Since it is not overly
perishable and is usually harvested in cool weather, late crop cabbage does not require precooling before
being placed into storage. Early crop cabbage and Chinese cabbage containing a high degree of field heat
benefit from hydro-cooling and forced-air cooling prior to storage, and top icing before shipping. It is
Cabbage
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now common practice to place a layer of crushed ice over car or truck loads of sacked or crated cabbage
to maintain desired low temperatures.
Cabbage should be handled carefully from field to storage, and only solid heads with no yellowing, decay
or mechanical injuries should be stored. Before storage, all loose leaves should be trimmed away, leaving
heads with 3 to 6 tight wrapper leaves. Loose leaves interfere with ventilation between heads which is
essential for successful storage. On being removed from storage, the heads should be trimmed again to
remove loose and damaged leaves. Cabbage in mesh bags is easily damaged unless carefully handled.
Crates or bins are the best storage containers. Many growers now use pallet boxes as both field containers
and for storage so that there is no handling of the cabbage from the time of harvest until preparation for
shipment. Some of the larger storages stack these pallet boxes five high.
Care should be used in loading pallet boxes in the field to see that no single head is above the plane of the
stacking points of the boxes. When cabbage heads are piled above the plane of the crate they can lead to
damage during stacking of crates. The placement of another pallet on top forces the exposed head
downward into the load. Since cabbage heads are quite firm, the dispersal of the crushing forces bruises
every head below and adjacent to the exposed head. These bruised places leak cell sap and are ideal focal
points for the initiation of storage diseases, particularly Botrytis gray mold, whose spores seem to be ever
present.
Cabbage wilts quickly if held under storage conditions that are too dry. The relative humidity (RH)
should be nearly saturated at 98-100% RH to keep the leaves fresh and turgid, reduce decay development,
and minimize trimming losses. Air circulation must be adequate to remove respiratory heat. Under some
storage conditions, use of perforated polyethylene liners or pallet box covers to prevent desiccation may
prove desirable. When rubbed against each other, the heads should squeak, indicating crispness.
Late crop cabbage under proper refrigeration at 32°F (0°C) should keep for 5 to 6 months in storage. Late
crop cabbage is also successfully held in common storage in the northern regions, where a fairly uniform
inside temperature of 32 to 35°F (0 to 2°C) can be maintained. Care must be taken so that stored cabbage
is not exposed to air below its highest freezing point 30.4°F (-0.9°C).
Early crop cabbage, especially southern-grown, has a limited storage life of 3-6 weeks at 32°F (0°C) with
98-100% RH. Savoy cabbage and Chinese cabbage will not store as long as the regular smooth leaf types,
generally not more than a maximum of 2 to 3 months.
Late crop cabbage can be stored for 7 to 9 months in controlled atmosphere (CA) at 32°F (0°C) with 2 to
3% O2 and 4 to 5% CO2. CA inhibits decay, root growth, and sprouting, and generally retards senescence,
resulting in less yellowing or bleaching of the leaves, more succulence, and greater retention of flavor.
Usually trimming is less with CA. Storage disorders such as gray speck disease and vein streaking are
reduced or eliminated in some cultivars when stored in CA. Chinese cabbage stored in 1% O2 at 32°F
(0°C) has kept in good condition for 5 months.
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2

WFLO Commodity Storage Manual

Sanitizing of pallet boxes will reduce fungal infections when cabbage is stored in the same pallet boxes
year after year. The boxes should be first cleaned, then sanitized using labeled products such as a 10%
solution of NaOCl (household bleach). Prepare fresh chlorine solutions frequently as organic debris and
soil quickly tie up active chlorine, and water pH should not go above 7.5.
Cabbage is sensitive to ethylene exposure, more so in air storage than in CA. Ethylene concentrations as
low as 1 ppm have been shown to cause some cabbage leaf abscission and color loss after several months
of storage. Concentrations of 10 to 100 ppm of ethylene are known to cause leaf abscission (fall-off) and
loss of green color in as little as 5 weeks. Adequate ventilation or the use of an ethylene scrubber system
is recommended for long term cabbage storage in refrigeration. Cabbage should never be stored with
apples or any other fruit or vegetable known to give off ethylene (C2H4) in cold storage. Disease
organisms also cause so-called wound ethylene in cabbage, and an excessive amount of disease in a store
can cause considerable ethylene damage.
Cabbage shredded into coleslaw is very perishable and should be distributed from the processor to food
service or retail channels under good refrigeration at 40°F (4.4°C) or below. Coleslaw has only a few days
shelf life. Sanitation in processing is extremely important.

Diseases and Injuries

Alternaria
Leaf Spot

At first grayish to black spots most conspicuous on outer leaves. Spots enlarge to 1 inch
or more in diameter - are usually brown-black and may have concentric rings of infected
tissue, producing "target board" effect. When infection is severe, leaves become yellow
or drop from the head.
Control: Avoid bruises. Trimming of infected leaves before shipment. Transit
temperatures maintained near 40°F (4.4°C) and storage at 32-33°F (0 to 0.6°C) but not
above 35°F (2°C).

Bacterial Soft
Rot

Bacterial
Zonate Spot

First seen as water soaked or greasy spots on leaves. Often follows bruises, cracks or
other injuries. In later stages, infected areas turn brown to black, often with a foul odor.
Disease spreads rapidly in warm, humid weather.
Control: Care in handling to avoid cuts, bruises and other injuries. Store at 32-33°F (0 to
0.6°C), not above 35°F (2°C), and avoid freezing temperatures. Aeration to increase
drying of infected areas may partially prevent spread of decay.
Potentially important market disease sometimes confused with Alternaria. First
symptom to appear is irregular lesions, 1/16 to 1/2 inch (2 to 13 mm) in diameter, light
brown at first, later turning darker brown. Infected areas are firm and pliable but only
slightly soft.
Control: Low temperature storage.

Cabbage
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Sharply sunken brown or black specks occurring chiefly on wrapper leaves, but may
occur on leaves throughout the head. Mid veins and small leaf veins may be discolored a
gray-blue and are soft to mushy. Disease in Florida reported to be associated with high
copper content of soils, or may be physiological in nature. Normally symptoms do not
appear until after field chilling, or the cabbage is held in refrigerated storage or transit.

Black Leaf
Speck, Pepper
Pepper Spot symptoms are similar to those for Black Leaf Speck. The disease may be
Spot
caused by several viruses including cauliflower or turnip mosaic virus introduced by
aphids in the field. Development of the physiological Pepper Spot symptoms on Chinese
cabbage in storage is faster at 41°F (5°C) than at either 32°F (0°C) or 50°F (10°C).
Control: Maintaining storage at 32°F (0°C) may slow symptom development.

Blackleg

This disease has always been a threat because of the seed borne nature of the
pathogen. The fungus attacks the plant stem causing it to decay from the surface of the
ground downward. The decay is a dry rot or girdle that leaves a dead brown stub below
ground. Tiny black dots, the fungus fruiting bodies, develop within the lesions and these
contain numerous spores. Heads from late infected plants may appear healthy at
harvest but may later in storage develop sunken black spots around their base.
Control: Seed treatment of cabbage seed includes hot water and chemical.
Field disease characterized by darkening of vascular elements forming black network of
leaves. Yellowing and brown-black spots may occur at margins of leaves during early
stages. Infected head may remain firm, but vascular elements of stem discolored.
Bacterial soft rot may rapidly invade infected tissue.

Black Rot

Botrytis Fray
(Leaf) Mold

Control: Little storage operator can do after harvest other than careful grading to
remove heads showing infected outer leaves. Unlike bacterial soft rot, black rot does
not spread or develop appreciably in storage under refrigeration. Control of black rot
relies on a comprehensive program to prevent or eliminate the spread of bacteria from
season to season, and the use of disease-free seed.
This fungus disease causes serious losses to cabbage in storage. Small, brown or gray
fluffy fungus patches develop on old or damaged leaves. Botrytis cinerea prefers
senescent tissues, so it becomes an increasingly important cause of rot as stored
cabbage ages.
Control: Use maximum care to reduce bruising of heads because Botrytis is typically a
wound parasite. The best control appears to be high relative humidity and low
temperature, which keeps leaf tissues green and viable, hence less susceptible to attack.
Maintain good circulation of the storage air.

This fungus disease can cause losses in the field, in storage, and under transit and
market conditions. Most plants are infected in the field after mid season with tan,
Sclerotinia Rot
water-soaked, circular areas caused by white, cottony fungal growth appearing at the
or White Mold
top or on the sides of cabbage heads. The fungus can colonize the entire head and
produce large, black, seed like structures called sclerotia on the diseased tissue.

Cabbage

4

WFLO Commodity Storage Manual

Control: There are no fungicides registered for use on cabbage to control white mold.
Thus, growers must rely upon sound cultural practices for control. Avoid planting in
fields that will restrict air circulation. Continuous cropping of susceptible crops will
result in a buildup of the fungus in the soil. Nonsusceptible crops include corn, rye,
wheat, etc., which should be used in rotation. Because the fungus will also infect weeds
(ragweed, dandelion, and wild clover), good weed control is important. Avoid
mechanical injuries to cabbage heads as wounds are readily colonized by the white mold
fungus. In storage, an infected, wounded head will provide inoculum for infection of
healthy cabbage heads that are in contact with the diseased tissues.

Downy
Mildew

First pale greenish-yellow angular spots later covered with white downy growth on
underside of leaves. Older spots enlarge and become yellowish brown. Older infected
leaves may be shed. Grayish-black discoloration may occur in the stalk and extend to
innermost bud leaves.
Control: Use fungicides to control fungus Peronospora parasitica in the field. Carefully
sort heads at the packing shed. Store cabbage at 32 to 33°F (0 to 0.6°C) but not over
35°F (2°C).

Watery Soft
Rot

During transit and storage, infected produce may leak, but have no disagreeable odor. In
moist air, the lesions may be water soaked or have a pinkish border and yellow to light
brown center. Eventually, the entire head of cabbage may be covered with the white
cottony growth of the fungus, containing at first white, and later, black, mustard seedlike bodies. Such infected heads in moist air may be completely liquefied. In dry air they
may become brown mummies. The disease appears most often at the base of the heads
and spreads rapidly during storage. Nesting is common.
Control: Careful sorting of infected heads. Maintain temperature as near 32°F (0°C) as
practical because rot progresses even at 32°F (0°C).

Thrips

Brown to black spots of leaves resembling black speck. Larvae and adult thrips may be
found in interior leaves. Insects puncture leaves and may cause edema or raised
pustules. Leaves may have silvery sheen between areas of discolored tissue.
Control: No warehouse control measures.

May occur at 30.4°F (-0.9°C). Heads may freeze without apparent injury, but injury
noticed when leaves thaw. After thawing, tissue appears water soaked, or slightly
shriveled or wilted. Frozen tissues may become pithy or spongy and tough with loss of
flavor. Frozen tissues are very susceptible to invasion by bacterial soft rot organisms.
When cabbage is held below 31°F (-0.6°C) for any extended period in refrigerated
Freezing Injury storage, there can be an internal breakdown of the non-green tissues, especially over
the top of the core. This condition is not readily apparent until the head is cut. The
damaged tissues become rusty red in color when exposed to air and eventually collapse.
Some cabbage growers who store also have termed this condition as "red heart".
Control: Avoid temperatures below 31°F (-0.6°C).

Cabbage
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Freezing
Cooked cabbage in the form of stuffed cabbage and the like are frozen prepared items that freeze well.
Uncooked cabbage loses its crispness on freezing.
A report from an IARW member in Canada says that one customer freezes and stores 1 million pounds
per year of whole fresh cabbage for later processing. The cabbage is delivered to the freezer in 1,000 lb.
bins. Storage life is 1 to 4 years, although 5 years is not uncommon. The thawing process by the processor
is accomplished by soaking the product in hot water for 24 hours.

WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Candy
Revised 2008

Thermal Properties
Fudge, Vanilla
English

Marshmallows

Metric

English

Metric

Moisture, %

10.90

--

16.40

--

Protein, %

1.10

--

1.80

--

Fat, %

5.40

--

0.20

--

Carbohydrate, %

82.30

--

81.30

--

Fiber, %

0.00

--

0.10

--

Ash, %

0.40

--

0.30

--

Specific Heat Above Freezing

0.45 Btu/lb*°F

1.90 kJ/(kg*K)

0.48 Btu/lb*°F

2.02 kJ/(kg*K)

Latent Heat of Fusion

15 Btu/lb

36 kJ/kg

24 Btu/lb

55 kJ/kg

Milk Chocolate
English

Peanut Brittle

Metric

English

Metric

Moisture, %

1.30

--

1.80

--

Protein, %

6.90

--

7.50

--

Fat, %

30.70

--

19.10

--

Carbohydrate, %

59.20

--

69.30

--

Fiber, %

3.40

--

2.00

--

Ash, %

1.50

--

1.50

--

Specific Heat Above Freezing

0.44 Btu/lb*°F

1.83 kJ/(kg*K)

0.42 Btu/lb*°F

1.77 kJ/(kg*K)

Specific Heat Below Freezing

--

--

--

--

Latent Heat of Fusion

2 Btu/lb

4 kJ/kg

3 Btu/lb

6 kJ/kg

Storage Conditions
Relative
Humidity

Candy

Candies must be stored in rooms where the relative humidity (RH) can be accurately
controlled and should at no time be higher than 65% RH. Each type of candy keeps best
at a specific relative humidity range related to the moisture content of the specific
candy. If the humidity is too low the candy will dry out and crack, if too high the candy
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will become sticky. If held at unsuitable humidity, candies of the hard type become
sticky; nut bars and bonbons lose their texture; and chocolate bars lose their glossy
finish.
There are no critical temperatures at which any type of candy must or must not be held.
The temperature at which candies should be held depends in general on the length of
storage desired and the kind of candy. Like all other foods, the lower the temperature,
Temperature
the longer the period of time of good quality life before staleness, darkening, and loss of
flavor occur. Candies containing butter, cream, nuts, chocolate, or other fatty material
need colder temperatures for storage to prevent rancidity from developing.

Storage Periods
Since candy held at unsuitable conditions of relative humidity has poor quality storage life, the data on
storage periods for each type of candy are presented under the three relative humidity ranges suitable for
the respective kinds. In general, the percent of moisture in the candies and the hygroscopicity of the
ingredients dictate the relative humidity range for good holding conditions.
The expected storage periods cited are based on candies made of fresh ingredients, good commercial
production techniques, and stored shortly after manufacture. Poor quality merchandise will have a shorter
expected storage life.
Hard candies are made of pure sugar, flavored and colored, and should be held at 40% RH; they have a
storage life of 4 years or longer at room temperature. The artificial flavors and colors are remarkably
stable without refrigeration.
Expected Storage Periods for High Moisture Candies Held at 60-65% RH
Candy

Months at
70°F (21°C)

Months at
50°F (10°C)

Months at
32°F
(0°C)

Months at 0°F
(-18°C)

Divinity

2.5

5

12

over 12

Fudge

2.5

5

12

over 12

Fudge with nuts

2

4

6

8

Gum drops

3

6

12

over 12

Jelly beans

3

6

12

over 12

Marshmallows

2

3

6

9

Starch jellies and other candies with a
moisture content of above 12%

3

6

12

over 12

Expected Storage Periods for Candies Held at 50-55% RH
Candy

Candy

Months at
70°F (21°C)

Months at
50°F (10°C)

Months at
32°F
(0°C)

Months at
0°F
(-18°C)
2
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Bonbons

3

6

12

over 12

Candy corn

3

6

12

over 12

Caramels

3

6

9

12

Chocolate coated bars

1

3

6

9

Chocolates

1

3

6

9

Coconut candies

2

3

6

9

Nougats

1.33

3

6

9

Nut candy bars and other candies with a
moisture content from 5 to 12%

1

2

3

6

Expected Storage Periods for Low Moisture Candies Held at 40-45% RH
Candy

Months at
70°F
(21°C)

Months at
50°F
(10°C)

Months at
32°F
(0°C)

Months at
0°F
(-18°C)

Butterscotch

2

3

5

10

Candied fruit

2

3

5

10

Candied peel

2

3

5

10

Chocolate, bitter

3

6

9

12

Chocolate, milk

2

4

6

8

Chocolate, nut bars

2

4

6

8

Chocolate, sweet

3

6

9

12

Cough drops

6

12

36

60

Kisses

2

3

5

10

Lemon drops

6

12

48

72

Lollipops

6

12

48

72

Molasses candy

2

3

5

10

Nut clusters

2

4

6

8

Nuts, sugar coated

2

4

6

8

Nut brittle

1

1.5

3

6

Popcorn candies

1

1.5

3

6

Pralines

2

4

6

8

Taffy

2

3

5

10

Toffee and other candies with a
moisture content below 5%

2

3

5

10

Candy
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Only good quality candy, made using modern production techniques and relatively fresh, should be
accepted for storage. Many candies are a high cost item and claims for damage can be expensive. Flavor
and color changes, loss of luster, discoloration, and the development of rancidity or stickiness can occur
in storage, and there is no physical or chemical test that will determine whether the quality loss occurred
before, during, or after storage.
Candy should be inspected at time of receipt for storage, even if it is necessary to pay for the samples
inspected. The condition of the master containers or the exterior of the individual candy packages are not
indicative of some of the quality losses that can occur.
Common quality changes include:
Sugar bloom - This occurs when moisture condenses on the surface of chocolates and dries. Sugar in the
coating is dissolved, and when the moisture evaporates the sugar crystallizes on the surface as a whitish
film of sugar crystals. Modern production techniques include packaging in low humidity rooms so that
the air in the candy package has a low relative humidity. Then fluctuations in temperature do not cause
alternating condensation and evaporation. However, candy that is poorly packaged can develop sugar
bloom when exposed to high humidity.
Fat bloom - This is a grayish discoloration on the surface of chocolate bars, chocolate coated candies,
and chocolate nut bars. It is caused by exposure to high temperatures and return to ambient conditions.
Chocolate at 85-95°F (30-35°C), unless specially treated, will melt and its natural fat will rise to the
surface. When subsequently cooled, the fat remains on the surface causing the grayish appearance. When
only the nuts on the surface of a chocolate nut bar are grayish, it is indicative of unusually oily nuts
having been used and may not have been caused by exposure to high temperatures. The damage in either
case cannot be corrected.
Cracking or leakage - This is caused by lack of elasticity in the coating to expand and contract during
temperature changes or minor changes in moisture content. It is more common when cheaper quality
coatings are used. Molasses honeycomb chips do this when frozen, as they normally do not expand
without cracking. These should not be frozen.
Drying or case hardening - High moisture candies without a coating, such as fudge, marshmallows,
jellies, coconut macaroons, Easter eggs, and panned candies, dry out when held at too low relative
humidity. In some instances if the drying out is not excessive, freezing and then thawing restores the
original freshness of such candies.
Collapsing - This happens to cordial cherries, marshmallows, fudge, and lightly coated candies. The tops
or sides of the pieces collapse or shrink. It is caused by exposure to too low relative humidity. If not
excessively damaged, freezing and thawing may restore the structure.
Softening or sticking to the wrapper - Too high humidity or too high storage temperatures may cause
this, particularly to caramels, some hard candies, lollipops, nougats, and brittles. This is not a serious loss
in quality unless excessive softness occurs causing loss of shape. Damage cannot be corrected.
Candy

4

WFLO Commodity Storage Manual
Graining - This is a condition of coarse sugar crystal structure in chewy caramels, jellies, and some hard
candies. It is usually caused by excessive drying out when held at low humidity. Excessively high
temperatures can also cause this. The damage cannot be corrected.
Staleness and rancidity - This is common in candies containing chocolate, coconut, butter, cream, or
nuts. It occurs with age and is accelerated by storage at high temperatures.
Mold, souring, or mustiness - These things can happen to all candies, but especially in hygroscopic,
high moisture pieces. They are caused by high temperatures and too high relative humidity storage.

Handling
Candy needs to be protected from exposure to high relative humidity and direct sunlight. Unless it is
raining or the relative humidity is high (above 80%) it is not necessary to provide especially rapid transfer
into the storage room. Exposure of non-chocolate coated candies to high temperatures for short periods of
time, up to 12 hours, is not damaging; however, chocolate coated candies should not go above 85°F
(30°C) after the coating is set, even for 1 hour, or fat bloom will develop.
Particular care needs to be exercised on removing candies from refrigerated rooms to prevent
condensation of moisture that can get to the candy pieces. If a metal container is sealed, or if the flexible
packaging material for the individual boxes is a moisture-proof material, there is no problem. Not all
cellophanes or plastic packaging materials are moisture-vapor barriers, and this characteristic frequently
cannot be determined by visual inspection. Aluminum foil wrappings are sometimes used for decorative
purposes and may be too thin or pin-holed to be effective moisture-vapor barriers.
Conditioning, commonly called tempering, is the gradual raising of the temperature of the candy to that of
the outside atmosphere. This method assures that there will be no moisture condensation on the candy,
and can be accomplished by shutting off the refrigeration of the room, raising the temperature of the
room, transferring the candy to a warmer room, or shrink wrapping the cases or pallets. It should be noted
that the term "tempering" in the candy industry is used to describe the cooling of freshly made candy. A
20°F (6.6°C) rise in temperature over a 12-24 hour period, depending on the size of the master container,
has proven to be an effective conditioning rate.
Conditioning at a slower rate is not damaging, but at a more rapid rate condensation can occur. When the
time involved in conditioning candy is not available, experience has shown that polyethylene sheets
tightly enveloping a pallet load will get cold and the moisture will condense on the sheets rather than the
containers. Other moisture-vapor barriers with sufficient flexibility to wrap tightly around the load are
equally effective. Additional information on temperature control and condensation is located elsewhere in
this manual, under Condensation Control.
The primary precautions in handling candy are:
1. Avoid contact with direct sunlight.
2. Prevent moisture condensation on the containers.

Candy

5

WFLO Commodity Storage Manual
3. Store at the relative humidity that research results have found to be most suitable for each type of
candy.

Freezing
Honeycomb candy, coated or uncoated, and some chocolate-covered nuts have a tendency to crack when
frozen and therefore are not recommended for freezing. All other of the some 300 types of candies freeze
well and maintain their good quality over long periods of time. However, some special formulations may
result in candies that are fractured by freezing, and in these instances preliminary tests should be made
before freezing any large volume. The actual freezing of the candy would be the potentially damaging
step, not the subsequent storage period. It is important to note that since the moisture in candies is
saturated with sugar, ice crystals do not form during freezing.
A moisture-vapor-proof barrier is essential for candy that is to be frozen, because the RH in a freezer is
normally not controlled. This barrier may be in the form of individual wrappers for the pieces, liners in
the individual boxes, a moisture-vapor proof overwrap or master container, and/or shrink wrap for the
cases or pallets. Some candies when frozen are brittle and will fracture if handled roughly.
Rapid or blast freezing is not necessary in the freezing process. Research has shown that slow freezing is
not damaging. Fluctuating temperatures during storage are not harmful, unless of a wide range and
repeated frequently. Under these conditions, some drying out can be expected in fudges, jellies, and other
uncoated candies.
NOTE: Some companies are formulating candies with special qualities which enable them to be
packaged, handled, and retailed as "frozen confections." These are kept frozen at 0°F (-18°C) at all times,
the same as frozen bakery items.
Retention of the original freshness of candies is one of the chief reasons for refrigerated or frozen storage.
The former opinion of the candy industry, that refrigerated or frozen storage is detrimental to candy, is
gradually disappearing. Instances where damage has occurred have been traced to improper packaging,
storage at the incorrect relative humidity, or allowing moisture to condense on the material.
Benefits from refrigerated storage of candies are:
1. Freshness is retained.
2. Color, flavor, and luster are maintained.
3. Staleness and rancidity are retarded.
4. Insect infestation is controlled.
5. Stickiness and crushing are eliminated.
Candies can be manufactured the year round and stockpiled for periods of heavy sales, such as Easter,
Mother's Day, Valentine's Day, Halloween, Thanksgiving, and Christmas.
WFLO is indebted to Dr. Ray Glowaky, National Confectioners Association, McLean, Virginia, for the review and revision of
this topic.

Candy
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Canned Foods
Revised 2008

Storage Conditions
Temperature

32 to 60°F
(0 to 16°C)

Relative Humidity

70% or below

Storage Period

Variable with the product

Canned foods are not normally held in refrigerated storage; however, refrigerated storage offers the
following major advantages:
1. Improved product quality retention as compared with higher ambient temperature storage,
resulting in a better quality product for the consumer.
2. Decreased rate of internal corrosion, which is of considerable importance in securing maximum
container performance, especially with highly corrosive food products.
3. Greater retention of nutritional factors.
As with all refrigerated foods, the lower the temperature of storage, the longer the period of time before
quality and nutritional losses become evident. Storage at freezer temperatures is possible, but detrimental
effects may result with many canned foods.
It is important to control the relative humidity to 70% or below. It is equally important that the
temperature of the cans should be kept at least 5°F (1.7°C) above the dew point. The dew point is the
temperature at which cooled air becomes saturated (100% relative humidity) and moisture vapor
condenses as moisture on a cool surface.
Higher humidity may cause weakening of the packing cases, rusting of the cans and water soaking
damage to the labels. On removal from the refrigerated storage room considerable care should be taken to
prevent moisture condensation, or sweating, to occur or the cases may weaken, cans may rust, and labels
will be spoiled. The cases should be tempered to prevent this. See the description of tempering techniques
elsewhere in this manual, under Condensation Control.
Some canned products such as red, tart, pitted cherries, berries, prunes, pickles and sauerkraut are highly
corrosive. This corrosive action can cause loss of color of products, swelled cans and perforations of the
container. Refrigerated temperatures retard this action and minimize product and container degradation.
Refrigerated storage is of particular advantage with products of this type expected to be held for a
considerable length of time.

Canned Foods
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Loss of color can also be retarded in some low-acid canned vegetables by refrigerated storage.

WFLO is indebted to Tom Fetters, Corporate Technologies, Crown Cork and Seal, Alsip, Illinois, and Dr. Daryl Lund, University
of Wisconsin, for the review and revision of this topic.

Canned Foods
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Carrots
Revised 2008

Thermal Properties
English

Metric

Moisture, %

88.29

--

Protein, %

0.93

--

Fat, %

0.24

--

Carbohydrate, %

9.58

--

Fiber, %

2.80

--

Ash, %

0.97

--

Specific Heat Above Freezing

0.94 Btu/lb*°F

3.92 kJ/(kg*K)

Specific Heat Below Freezing

0.48 Btu/lb*°F

2.00 kJ/(kg*K)

Latent Heat of Fusion

126 Btu/lb

293 kJ/kg

Storage Conditions
Fresh
Temperature
Relative Humidity

Storage Period

Highest Freezing Point

32°F
(0°C)

Frozen (sliced or diced)
0°F
(-18°C)

topped

98 to 100%

bunched

95 to 98%

mature topped

5 to 9 months

immature topped

4 to 6 weeks

bunched

8 to 12 days

Vapor-tight packaging
1 year +

29.5°F
(-1.4°C)

Fresh carrots that have had the tops removed, commonly called topped, store well in slatted crates or
ventilated pallet boxes that allow air circulation to aid removal of field heat and heat of respiration.
Mature topped carrots for processing should keep 5 to 9 months at 32°F (0°C) if promptly cooled to this
temperature after harvest. A humidity of 98 to 100% is recommended at 32°F (0°C) to minimize moisture
loss, wilting, and decay. Condensation or dripping on the carrots should be avoided as this is conducive to
Carrots
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decay development. Therefore, relative humidity should be no more than 95% if storage is above 34°F
(1°C). Air circulation between crates and pallet boxes is required to remove respiratory heat, maintain
uniform temperatures, and help prevent condensation. Air movement through the crates or pallets is
desirable even if the temperature of the air is near 32°F (0°C) and if its relative humidity is 98-100%.
Storage in plastic film reduces weight loss but may result in increased decay.
Mature carrots are stored in fairly large quantities in winter to await processing. Bruised or damaged
carrots should be removed before storage, when possible, as they are particularly susceptible to some
storage diseases. Low temperature greatly retards sprouting, which is minimal after 3 months below 40°F
(4.4°C), but becomes objectionable after 7 months. With storage at 40 to 50°F (4.4 to 10°C), considerable
decay and sprouting may develop within 1 to 3 months.
Most carrots for the fresh market are not fully mature. Prompt cooling, typically hydro-cooling with
chlorinated (50 ppm, pH 7) water to reduce the root temperature below 41°F (5°C) is critical for
successful storage. High relative humidity (98 to 100%) in storage is required to reduce water loss and
loss of crispness. If all traces of leaf growth are removed and they are cooled quickly before packaging,
immature carrots can be held 4 to 6 weeks at 32°F (0°C) or 2 to 3 weeks at 37 to 41°F (3 to 5°C).
Immature carrots are prepackaged in 1- or 2-lb. perforated polyethylene bags, usually at the shipping
point. The 2-lb. bags are packed into "Master Bags" of thicker perforated polyethylene or in cartons;
therefore, it is very important to cool before packing. In Texas, immature carrots are often stored in 50-lb.
mesh sacks. These sacks should be stacked so that at least one surface of each sack is in contact with top
ice, which should be replenished as needed. The top ice provides some refrigeration and retards
dehydration.
Bunched carrots with full tops may be stored 8 to 12 days at 32°F (0°C) if in good condition. The
condition of the tops (leaves) determines shelf life. The tops should not be tightly packed within crates as
they will heat up and quickly turn yellow. Package ice is often used in containers of bunched carrots to
help reduce water loss from the tops and thus maintain quality during shipment.
Sometimes carrots become bitter in storage. Bitterness is induced by ethylene produced by apples, pears,
and some other fruits and fruit-vegetables or from other sources such as internal combustion engines.
Bitterness can be prevented by storing carrots away from products that produce ethylene. Even exposure
to low levels (<1 ppm) of ethylene at low temperatures will cause bitterness. Cut carrot segments (with
peel) are extremely sensitive to ethylene; immature carrots are more sensitive than mature carrots.
It is not recommended that carrots be stored in controlled atmospheres (CA), since concentrations of less
than 3% O2 and greater than 5% CO2 promote decay, while less extreme atmospheres show little or no
benefit.
Modified atmosphere (MA) packaging of fresh "ready-to-use" peeled and cut or grated carrots in gas
permeable polymeric films for consumers is increasing. An atmosphere of 2 to 5% O2 and 15 to 20% CO2
is maintained by the film and helps preserve quality for up to 14 days at 36°F (2°C).

Carrots
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Diseases and Injuries
Soft mushy spots, sometimes smelly because of secondary invaders.
Bacterial Soft
Rot

Black Rot
(Alternaria)

Fusarium Rot

Control: Careful harvesting and sanitary handling. Avoid bruising and refrigerate
promptly. Bacterial soft rot should not be a problem on sound carrots stored at 32°F
(0°C).
Fairly firm, black decay at crowns, sides, and tips.
Control: Avoid bruising. Refrigerate promptly.
Shallow, spongy, corky, or scabby areas with sparse white mold development. Usually
not important at temperatures below 46°F (8°C). Occasionally found on California
bunched carrots.
Control: Avoid injury of root and store promptly at 32°F (0°C).
Fairly firm but semi-watery decay, grayish-brown, velvety spore masses.

Gray Mold Rot

Rhizoctonia
Crown Rot

Watery Soft
Rot

Freezing Injury

Control: Sanitation. Avoidance of bruises. Refrigerate promptly and maintain 32°F (0°C)
temperature. Do not permit roots to be wet during storage.
Affected tissues are brown and soft at the top of the root. This disease is important in a
few production areas only.
Control: Do not store lots in which disease is known to exist in field. Avoid surface
moisture on roots.
Watery rot with fine, white, "cottony" mold and large, oval, black sclerotia. "Nesting"
common.
Control: Culling, sanitation, and prompt continuous refrigeration at 32°F (0°C). Carrots
from fields affected with watery soft rot should not be stored longer than 30 days.
Roots become flabby and discolored brown or black after thawing. On being cut, they
show radial cracks in central part, tangential cracks in outer part and have a water
soaked appearance if severely frozen.
Control: Prevent exposure to temperatures below the highest freezing point of 29.5°F
(-1.4°C).

Freezing
Carrots should be steam peeled to remove the skin, which is then washed, brushed, or scraped off. Carrots
are also lye peeled in 4% lye. They are then diced or thinly sliced and blanched in boiling water for 3 to 5
minutes, depending on the thickness of the piece. Since carrots are frequently added to other vegetables
for a mixed pack, they are normally IQF frozen in a fluidized bed system. Then, when needed for mixing,
they are not in a solid block that requires thawing.
Carrots
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Handling
Carrots in the frozen state are not very sensitive to fluctuations in temperature in the freezing range. If
thawed and refrozen, their quality is impaired as they lose some of their firmness.

WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.

Carrots

4

WFLO Commodity Storage Manual

Cauliflower
Revised 2008

Thermal Properties
English

Metric

Moisture, %

91.91

--

Protein, %

1.98

--

Fat, %

0.10

--

Carbohydrate, %

5.30

--

Fiber, %

2.50

--

Ash, %

0.71

--

Specific Heat Above Freezing

0.96 Btu/lb*°F

4.02 kJ/(kg*K)

Specific Heat Below Freezing

0.44 Btu/lb*°F

1.84 kJ/(kg*K)

Latent Heat of Fusion

132 Btu/lb

307 kJ/kg

Storage Conditions
Fresh

Frozen

Temperature

32°F
(0°C)

0°F
(-18°C)

Relative Humidity

98 to 100%

Vapor-tight packaging

Storage Period

2-4 weeks

1 year +

Highest Freezing Point

30.6°F
(-0.8°C)

Cold storage slows decay and loss of compactness due to opening up of the curd (riciness). If in good
condition, cauliflower can be held satisfactorily for up to 4 weeks at 32°F (0°C). The storage life is about
2 weeks at 37°F (3°C), 7 to 10 days at 41°F (5°C), 5 days at 50°F (10°C), and 3 days at 59°F (15°C).
The curds tend to darken if held above 41°F (5°C). Slightly immature, compact heads keep better than
more mature heads. Successful cold storage depends not only on preventing decay, spotting, and water
soaking but also on retarding browning and riciness of the head, or curd, and in preventing the leaves
from wilting, yellowing, and dropping off. A high relative humidity of at least 95% is desirable to prevent
wilting.
Cauliflower
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Exposure to ethylene will cause more rapid leaf yellowing and abscission.

Handling
Slatted crates or bins should be used so that moderate air circulation can remove the heat of respiration
generated by the cauliflower, but the curds become flabby unless humidity is high. Controlled atmosphere
(CA) storage is not recommended because less than 2% O2 and greater than 5% CO2 both induce offodors and off-flavors that are detectable only in the cooked product and less extreme atmospheres show
little or no benefit.
Much of the cauliflower now marketed is field packed by closely trimming the leaves, overwrapping the
heads in perforated film, and packing in fiberboard containers. The overwraps should have four to six 5mm (1/4") holes to allow adequate ventilation or be a non-fogging type of film. Cauliflower is very
sensitive to fluctuations in temperature during storage. Such fluctuations cause darkening of the otherwise
near-white curds.
Cooling after harvest is very beneficial. While much cauliflower is currently room cooled or forced air
cooled, both hydrovac cooling and hydrocooling are better methods of lowering the product temperature.
Trimmed (not overwrapped) cauliflower can be hydrocooled from 70°F (21°C) to 41°F (5°C) in about 20
minutes in 34°F (1°C) water. Film-wrapped cauliflower can be vacuum cooled to obtain a similar
temperature drop in 30 minutes if pre-wetted. It is recommended that potable water chlorinated at 50 ppm,
or pH 7, be used for hydro-cooling in order to avoid transfer of decay and pathogenic organisms to the
products.

Diseases and Injuries

Bacterial Soft
Rot

Soft rot is the most important decay of cauliflower. Symptoms are similar to those
caused by Bacterial Soft Rot of Cabbage. This decay often follows bruising and
freezing.
Control: Low temperatures will keep most of this decay in check. Additional
information is available in the Cabbage topic.

Brown Rot
(Alternaria)

Brown or black spotting of the flower head or curd, size of spots varies. Develops even
at low temperatures, although slowly, especially if curd is wet.
Control: Field sanitization. Minimize mechanical injuries. Keep curds dry. Refrigerate
promptly and adequately.
Stem and curd become water-soaked, discolor, soften, and acquire a strong spoiled
cabbage odor. Soft rot rapidly invades tissues.

Freezing Injury
Control: Protect from repeated or severe freezing by maintaining the storage
temperature above the highest freezing point of 30.6°F (-0.8°C).
Cauliflower
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Freezing
Cauliflower is an excellent frozen product if frozen quickly and if it is not over-mature. The base and
stem are cut off and the leaves removed. The heads are then broken up into florets. After washing and
cleaning, the material is blanched for about 4 minutes, depending on size, either in steam or hot water.
The cooled, blanched florets are dewatered and either IQF frozen or packed into cartons to be frozen in a
plate or blast freezer.

WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.

Cauliflower
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Celeriac (Celery Root)
Revised 2008

Thermal Properties
English

Metric

Moisture, %

88.00

--

Protein, %

1.50

--

Fat, %

0.30

--

Carbohydrate, %

9.20

--

Fiber, %

1.80

--

Ash, %

1.00

--

Specific Heat Above Freezing

0.93 Btu/lb*°F

3.90 kJ/(kg*K)

Specific Heat Below Freezing

0.45 Btu/lb*°F

1.89 kJ/(kg*K)

Latent Heat of Fusion

126 Btu/lb

294 kJ/kg

Storage Conditions
Temperature

32°F (0°C)

Relative Humidity

95 to 99%

Storage Period

6-8 months

Highest Freezing Point

30.3°F (-0.9°C)

Celeriac should be held in slatted crates or bins, with a moderate amount of air circulation to remove the
heat of respiration generated by the vegetable.
Celeriac should be stored under the same conditions as those for topped Carrots and is subject to the same
diseases as carrots. Celeriac is easily stored for 3 to 4 months at 32°F (0°C) and with only minor losses
for 6 to 8 months, if relative humidity is near saturation. If storage is above 34°F (1°C), the relative
humidity should be about 95% to avoid condensation of liquid water, or decay losses will be substantial
within 6 months. At 40 to 41°F (4.4 to 5°C), the storage life is only 4 months if losses are to be held
below l5%. Moisture loss and shriveling are the main causes of deterioration.
German research (1977) showed that controlled atmosphere (CA) storage for celeriac is not advantageous.
Low O2 did not reduce losses and high CO2 atmospheres (5-7%) increased decay during nearly 5 months'
storage. However, a CA of 2% O2 plus 2-3% CO2 may be beneficial.

Celeriac (Celery Root)
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Diseases and Injuries

Toughening

Celeriac is slightly sensitive to ethylene and chronic exposure during long term storage
will eventually cause toughening of the root.
Control: Do not store celeriac with apples, pears, or other ethylene-producing fruits.

WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Celery
Revised 2008

Thermal Properties
English

Metric

Moisture, %

95.43

--

Protein, %

0.69

--

Fat, %

0.17

--

Carbohydrate, %

2.97

--

Fiber, %

1.60

--

Ash, %

0.75

--

Specific Heat Above Freezing

0.97 Btu/lb*°F

4.07 kJ/(kg*K)

Specific Heat Below Freezing

0.42 Btu/lb*°F

1.74 kJ/(kg*K)

Latent Heat of Fusion

136 Btu/lb

316 kJ/kg

Storage Conditions
Fresh

Frozen (blanched)

Temperature

32°F (0°C)

0°F (-18°C)

Relative Humidity

98 to 100%

Vapor-proof packaging

Storage Period

1-3 months

1 year

Highest Freezing Point

31.1°F (-0.5°C)

Celery should be stored at low temperature, ideally just above its freezing point, and near saturated
humidity to retain its desired crispness and green color.
Green cultivars generally keep better than those that have been blanched. All celery keeps better if
harvested before the outer stalks become pithy. Celery with a portion of the root system intact keeps best.
Prompt cooling after harvest is essential for maintenance of freshness and crispness and for successful
storage. Celery may be cooled by forced-air cooling, hydro-cooling, or hydrovac cooling. Hydro-cooling
and hydrovac cooling are the most common cooling methods, and temperatures should be brought to as
near 32°F (0°C) as possible. In practice, initial temperature reduction is often only to 36 to 40°F (2 to
Celery
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4.4°C), followed by room cooling. Vacuum cooling is widely used for celery packed in plastic sleeves in
corrugated waxed cartons. If vacuum cooled, celery should first be wetted to minimize moisture loss from
the celery during cooling, especially during the hydrovac process.
A poor job of hydro-cooling is dangerous because warm and wet celery decays rapidly. It is
recommended that potable water chlorinated at 50 ppm, or pH 7, be used in order to avoid transfer of
decay and pathogenic organisms during hydro-cooling of the products. If ice is used in crates or waxed
cartons during marketing, it should be sufficient to keep the celery near 32°F (0°C), or decay initiation is
likely within 1 week. Use potable water for making package ice.
Some growth may take place in celery while in storage at temperatures higher than 36°F (2°C). The
central stalks lengthen, obtaining their food at the expense of the outer stalks and the roots.
Use of the jacketed-room system (near 100% RH) for cold storage has proved successful for celery in
Canadian tests. Weight losses at 32°F (0°C) were reduced and averaged 1.25% per month in jacketed
storage versus 2.5% per month in directly cooled rooms. However, lower relative humidity (about 95%) is
recommended if storage is above 34°F (1°C) to avoid condensation of liquid water and the resulting risk
of decay.
Research on controlled atmosphere (CA) for celery has shown some benefit where maximum storage life
is essential. A CA of 2-4% O2 and 3-5% CO2 is recommended and will reduce loss of green color and
decay. Injury may occur at less than 2% O2 or greater than 10% CO2, resulting in off-odors, off-flavors,

and internal leaf yellowing. Scrubbing ethylene from CA storage is beneficial. Good quality celery can be
stored in CA for 10 weeks at 32°F (0°C).
Celery should not be stored with fruits (e.g.,) that produce substantial quantities of ethylene, such as
apples, pears, melons or peaches, because the ethylene gas accelerates yellowing of the celery, especially
of the leaves.
Since wilting is a major cause of deterioration, celery stalks are often pre-packed in moisture-retentive
film bags or sleeves. These bags should be ventilated with a few holes or left open at one end to avoid
dangerous accumulation of CO2 or depletion of O2.

Diseases and Injuries
Mushy soft water-soaked areas. The decay usually progresses rapidly.
Bacterial Soft
Rot
Control: Avoid mechanical damage in handling; promptly cool to at least 40°F (4.4°C).
Warehouse sanitation is important to prevent contamination.
Brown or black discoloration of heart leaves. Affected celery should not be stored.
Black Heart

Celery

Control: No warehouse control; discard celery with black heart. Control is by field
spraying with calcium nitrate or calcium chloride.
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Often severe on field frozen celery and on that harvested after prolonged cool, moist
weather. Has pink colored border around brown lesions in early stages. The fungus
Watery Soft responsible (Fusarium) is able to develop to some extent even at 32 to 36°F (0 to 2°C).
Rot, Pink Rot
Control: Sanitation practices at time of harvest. Avoid damage that allows pathogen to
enter. Maintain recommended storage temperature near 32°F (0°C).
Freezing
Injury

Characteristic loosening of epidermis can be demonstrated by twisting a stalk. Severe
freezing causes water-soaked appearance and limpness on thawing. Sometimes sunken
lesions develop on the leafstalks, which soon turn brown.
Control: Keep temperature above 31°F (-0.5°C).

Pithiness

Whitish appearance and air spaces within the center tissues of celery stalks is a symptom
of over-maturity at harvest, but may also develop during storage due to senescence
(aging).
Control: Keeping the storage temperature at 32°F (0°C) delays the development of
pithiness.

Freezing
Celery slices and small pieces are commercially Individually Quick Frozen (IQF) frozen for a wide
variety of usages such as for soups, salads, and vegetable mixes, especially for Oriental foods.

Storage
Blanched celery can be stored at 0°F (-18°C) for up to 1 year without significant loss of quality and for
considerably longer periods at colder storage temperatures, such as -5 to -10°F (-20.6 to -23.3°C). Unblanched celery is very susceptible to discoloration (browning) during storage, which may occur in as
little as 3 to 4 weeks at 0°F (-18°C) if there are significant temperature fluctuations. For a storage period
of 90 to 120 days, it would be advisable to hold storage temperatures at -5 to -10°F (-20.6 to -23.3°C).

WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Cheese
Revised 2008

Thermal Properties
Camembert
English

Cheddar

Metric

English

Metric

Moisture, %

51.80

--

36.75

--

Protein, %

19.80

--

24.90

--

Fat, %

24.26

--

33.14

--

Carbohydrate, %

0.46

--

1.28

--

Fiber, %

0.0

--

0.0

--

Ash, %

3.68

--

3.93

--

Specific Heat Above Freezing

0.74 Btu/lb*°F

3.10 kJ/(kg*K)

0.66 Btu/lb*°F

2.77 kJ/(kg*K)

Specific Heat Below Freezing

0.80 Btu/lb*°F

3.34 kJ/(kg*K)

0.73 Btu/lb*°F

3.07 kJ/(kg*K)

Latent Heat of Fusion

74 Btu/lb

173 kJ/kg

53 Btu/lb

123 kJ/kg

Cottage, Un-creamed
English

Cream

Metric

English

Metric

Moisture, %

79.77

--

53.75

--

Protein, %

17.27

--

7.55

--

Fat, %

0.42

--

34.87

--

Carbohydrate, %

1.85

--

2.66

--

Fiber, %

0.0

--

0.0

--

Ash, %

0.69

--

1.17

--

Specific Heat Above Freezing

0.89 Btu/lb*°F

3.73 kJ/(kg*K)

0.75 Btu/lb*°F

3.16 kJ/(kg*K)

Specific Heat Below Freezing

0.48 Btu/lb*°F

1.99 kJ/(kg*K)

0.70 Btu/lb*°F

2.91 kJ/(kg*K)

Latent Heat of Fusion

114 Btu/lb

266 kJ/kg

77 Btu/lb

180 kJ/kg

Gouda

Limburger

English

Metric

English

Metric

Moisture, %

41.46

--

48.42

--

Protein, %

24.94

--

20.05

--

Fat, %

27.44

--

27.25

--

Cheese
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Carbohydrate, %

2.22

--

0.49

--

Fiber, %

0.0

--

0.0

--

Ash, %

3.94

--

3.79

--

Specific Heat Above Freezing

0.69 Btu/lb*°F

2.87 kJ/(kg*K)

0.72 Btu/lb*°F

3.03 kJ/(kg*K)

Specific Heat Below Freezing

0.66 Btu/lb*°F

2.77 kJ/(kg*K)

0.67 Btu/lb*°F

2.82 kJ/(kg*K)

Latent Heat of Fusion

59 Btu/lb

138 kJ/kg

70 Btu/lb

162 kJ/kg

Mozzarella

Parmesan, hard

English

Metric

English

Metric

Moisture, %

54.14

--

29.16

--

Protein, %

19.42

--

35.75

--

Fat, %

21.60

--

25.83

--

Carbohydrate, %

2.22

--

3.22

--

Fiber, %

0.0

--

0.0

--

Ash, %

2.62

--

6.04

--

Specific Heat Above Freezing

0.75 Btu/lb*°F

3.15 kJ/(kg*K)

0.62 Btu/lb*°F

2.58 kJ/(kg*K)

Specific Heat Below Freezing

0.59 Btu/lb*°F

2.46 kJ/(kg*K)

0.70 Btu/lb*°F

2.94 kJ/(kg*K)

Latent Heat of Fusion

78 Btu/lb

181 kJ/kg

42 Btu/lb

97 kJ/kg

Processed American

Roquefort

English

Metric

English

Metric

Moisture, %

39.16

--

39.38

--

Protein, %

22.15

--

21.54

--

Fat, %

31.25

--

30.64

--

Carbohydrate, %

1.30

--

2.00

--

Fiber, %

0.0

--

0.0

--

Ash, %

5.84

--

6.44

--

Specific Heat Above Freezing

0.67 Btu/lb*°F

2.80 kJ/(kg*K)

0.67 Btu/lb*°F

2.80 kJ/(kg*K)

Specific Heat Below Freezing

0.66 Btu/lb*°F

2.75 kJ/(kg*K)

0.80 Btu/lb*°F

3.36 kJ/(kg*K)

Latent Heat of Fusion

56 Btu/lb

131 kJ/kg

57 Btu/lb

132 kJ/kg

Swiss
English

Metric

Moisture, %

37.21

--

Protein, %

28.43

--

Cheese
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Fat, %

27.45

--

Carbohydrate, %

3.38

--

Fiber, %

0.0

--

Ash, %

3.53

--

Specific Heat Above Freezing

0.66 Btu/lb*°F

2.78 kJ/(kg*K)

Specific Heat Below Freezing

0.69 Btu/lb*°F

2.88 kJ/(kg*K)

Latent Heat of Fusion

53 Btu/lb

124 kJ/kg

Storage Conditions
Relative
Humidity

Temperature

Storage
Period

Critical Storage
Conditions

(°F)

(°C)

%

Blue

32-34

0 to 1

65

2-3 months Temp 2

Brie

32-34

0 to 1

65

2 months

Brick

32-34

0 to 1

65

2-3 months Temp 3

Caccio Cavallo

32-34

0 to 1

65

3-12
months

Temp 3

Camembert

32-34

0 to 1

65

2 months

Temp 2

Cheddar

32-34

0 to 1

65

l2 months

Temp 3

Cottage

32-34

0 to 1

65

2-3 wk

Temp 2

Granular Cheese

32-40

0 to 1

65

12 months

Temp 3

Washed Curd Type Cheese

32-38

0 to 3

65

6 months

Temp 3

Colby

32-38

0 to 3

65

6 months

Temp 3

Cream, Hot Pack

32-34

0 to 1

65

4 weeks

Temp 2

Edam

32-34

0 to 1

65

6 months

Temp 3

Gorgonzola

32-34

0 to 1

70

2-3 months Temp 2

Gouda

32-34

0 to 1

65

3-6 months Temp 3

Grated, dried

32-40

0 to 4

65

12 months

Humidity

Mozzarella

32-34

0 to 1

65

1.5 to 2
months

Temp 2

Gruyere

32-34

0 to 1

65

8-12
months

Temp 2

Liederkranz

32-34

0 to 1

65

2-3 months Temp 2

Limburger

32-34

0 to 1

65

2-3 months Temp 2

Parmesan

32-40

0 to 4

65

10-24

Cheese

Temp 2

Humidity
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months
Pasteurized Process
Cheese

32-40

0 to 4

6-10
months

Temp 3

Cheese food

32-40

0 to 4

6-10
months

Temp 3

Cheese spread

32-40

0 to 4

6 months

Temp 3

Sliced cheese

32-40

0 to 4

6 months

Temp 3

Provolone

32-34

0 to 1

65

3-12
months

Temp 3

Romano

32-40

0 to 4

65

5-12
months

Humidity

Roquefort

32-34

0 to 4

65

2-3 months Temp 2

Stilton

32-34

0 to 1

65

6-8 months Temp 2

Swiss

32-40

0 to 4

65

8-12
months

Humidity

1 Recommendations are for storage, as opposed to curing, of cheese.
2 Softer, higher moisture cheese should be held at 32-34°F (0 to 1°C), and 65% RH only for periods
indicated.
3 Temperatures of storage above 50°F (10°C) or below 30°F (-1°C) can cause undesirable changes.

Cheese
There are many varieties of cheese. Over 600 are listed and described in "Cheese Varieties," USDA
Handbook No. 54. Over 70 U.S. Standards of Identity have been issued for varieties of natural and
processed cheeses (CFR-21, Food and Drugs). Cheese is produced principally from milk (raw, partially
pasteurized, or pasteurized) together with or without certain enzymes, bacteria, salt and color. Soft
cheese, such as Bakers, Cottage, Cream, and Neufchatel are not cured and are seldom warehoused, except
for processed pasteurized forms. Virtually all other types, including semi-hard and hard, are "ripened" or
cured. Curing, through bacterial growth and enzymatic action, results in desired texture, body and flavor
in cheese. Cured cheese is referred to as natural cheese, since curing is a "natural" biological process.
Natural cheese may be stored for curing in the cheese factory, in warehouses operated by assemblers,
where it may be repackaged, or used for pasteurized processed cheese, or it may be stored in refrigerated
warehouses.
Storage of cheese for curing should be clearly differentiated from storage of cheese for standby or
distribution purposes. Natural cheese continually undergoes some biological activity, expressed as curing,
which may affect its qualities, either favorably or adversely. Temperatures, and humidity for storage or
curing, normally are selected on the basis of history of the cheese during its manufacture, and observed
changes during initial stages of ripening. The quality of the cheese resulting from this biological process
Cheese
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is difficult to predict. For this reason alone, owners should share responsibility for any natural cheese
placed in warehouse storage, be required to stipulate the conditions for its storage, and to routinely
monitor its quality.

Paraffined, Waxed Cheese:
Paraffined or waxed cheese is cheese which, at an appropriate stage in handling, is dipped and coated
with hot-melt paraffin-wax or wax compounds to provide a semi-flexible coating which protects against
growth of mold, and loss of moisture and weight. Paraffin-wax coated cheese constitutes only a small
portion, possibly 5% of all packaged cheeses. Among shapes of paraffin-wax coated granular, stirred
curd, washed curd or Cheddar cheese are midget longhorn, midget longhorn Colby, Daisy and Cheddar.
Frequently, consumer-size cuts or wedges are wax coated. Some imported varieties of cheese are also
wax coated. Paraffined natural cheese in larger weight units may be stripped of the wax coating and subdivided into consumer size cuts, then either wrapped or wax coated for retail sales.
Common defects that occur in paraffin-waxed cheese during storage are surface mold and rind rot. These
defects may be caused by improper conditions of waxing, by abusive handling practices, by development
of cracks or "checks" in the coating, or by a combination of these.
Paraffined-waxed cheese should be under regular surveillance by owners and by warehousemen for
possible development of defects.

Rindless Natural Cheese:
Rindless cheese describes a form of packaging which eliminates the use of wax coatings, and includes
many varieties, such as Cheddar, Colby, Swiss, Brick and Muenster. Rindless Cheddar, and Granular type
Cheddar may be packed in 40 lb. units, larger sizes, up to 700 lb. (317 kg); Colby, 40-640 lb. (18-290 kg);
Swiss, 90-100 lb. (41-45 kg), and 200 lb. (91 kg); and Brick and Muenster, 5-20 lb. (3-9 kg). Protective
films selected for moisture, water-vapor and gas transmission properties, especially CO2 and O2, are
tightly pressed on and "annealed" by heat, or vacuum or shrink-wrapped.
Cured bulk units of rindless natural cheese are sub-divided (usually in rooms pressurized with filtered air
to minimize mold contamination) into smaller units such as 2-5 or 10 lb. (1-3-5 kg) loaves, or into slices,
and packaged under vacuum or in atmospheres of CO2 or N2 in film pouches, or in shrink-wrap films to
minimize occlusion of air and to protect against mold growth.
Rindless natural cheese made from raw or unpasteurized milk is biologically more active at any given
temperature, than when made from milk which is fully pasteurized. Thus, in some instances, generation of
gas from the more active cheese may be more rapid than can be dissipated through the film, and bulging
of the package may occur.
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Mold Ripened Cheeses (Blue or Bleu, Roquefort, Gorgonzola, Stilton, Camembert, Brie):
Mold ripened cheeses are especially susceptible to quality deterioration if not properly refrigerated. These
cheeses tend to soften, undergo syneresis, commonly called “weeping” or “moisture exudation”, and may
develop unwanted surface mold when held at warmer storage conditions. The rate at which these quality
defects will appear varies with storage temperature, and will likely occur within only a few days if stored
at 45-50°F (7.22-10°C).

Pasteurized Cheeses
Pasteurized Processed Cheese, Cheese Foods, and Cheese Spreads:
These soft cheeses are prepared by comminuting and mixing certain cheese, or cheeses, and other
ingredients while heating for not less than 30 seconds at 150°F (68°C) or the equivalent. This results in a
homogeneous plastic mass, some of which is packaged in loaf form, but most of which is molded or cast
in slice or sandwich size, then packaged in 4 oz to 5 lb. (113 gram to 2.3 kg) flexible, semi-rigid or rigid
units. Pasteurized Processed Cheese, Cheese Foods and Cheese Spreads may contain optional ingredients
such as fruits, vegetables and meats. Processed Cheese Foods and Spreads contain more moisture and less
fat than Processed Cheese. Processed Cheese products, properly packaged are relatively stable in storage
at 30-34°F (-1 to 1°C).

Cold-pack Cheese, Club Cheese and Cold Pack Cheese Food:
These soft cheeses are comminuted or reduced to spreadable form without the aid of heat, may be made
from certain cheeses or their blends. Cold-pack Cheese Food optionally may also include certain fruits,
vegetables and meats and other ingredients, and is packaged in rigid or semi-rigid institutional and
consumer size units. Cold-pack Cheese is less stable (more perishable) than Pasteurized Processed
Cheeses. With added mold inhibitor (legally permissive sorbic acid or Na or Ca propionates), shelf life
may be prolonged. Cold-pack Cheese products should be stored at 30-34°F (-1 to +1°C) and kept under
routine surveillance particularly for mold spoilage.

Grated Cheese and Cheese Products:
A number of dried forms of cheese are produced mainly for use as condiment, and flavor, in consumersize packages, or in larger bulk quantities for use as ingredients in food products manufacture. These
products are relatively stable unless their moisture contents are too high, or they are stored in atmospheres
of high relative humidity, especially if inadequately packaged. Grated and dried to 18% moisture or less,
these cheeses may commonly be packed in non-moisture proof containers. If these grated cheeses are
stored at refrigeration temperatures (40°F/4.4°C) and subsequently exposed to warm moist air,
condensation may occur within the containers. This can cause the cheese to become caked and lumpy or
to become moldy. Care should be taken to ensure that the relative humidity during tempering (warming)
of the cheese does not exceed the relative humidity under which the cheese has been stored.
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Frozen Storage
Frozen Storage of Cheese:
Recommended procedures for frozen storage of cheese vary, and certain varieties should not be frozen.
High moisture cheese, such as Bakers, Cottage, Cream, Ricotta and Neufchatel will be damaged when
frozen, through shattering of curd, and change in texture. Some dairy operators consider it feasible to
freeze un-creamed Cottage cheese curd and Bakers cheese for subsequent blending in part with freshly
made cheese, but not without some possible adverse effects, when milk supplies are short. Other types of
cheese such as Camembert and Brie, or Brick, Cheddar and Mozzarella, may be frozen, but only with
considerable care.
During freezing the freezing process cheese should pass through the temperature range 28 to -10°F (-2.2
to 23°C) as quickly as feasible. Frozen storage for shorter intervals of a few months appears more
successful than for long periods.
Tempering of thawed cheese such as Cheddar and Swiss, especially through the range 28-30°F (-2.2 to
1°C) over a period of 10 days, is believed to aid in restoring affected properties of the cheese. Mozzarella
cheese can be frozen and stored at 0 to -20°F (-18 to -29°C) for 1 year without adverse effects if the
cheese is tempered for 10 to 20 days after thawing. Rates of freezing and thawing pallet-loads of
Mozzarella cheese, as carried out in well-operated warehouses, are suitable for obtaining good quality
cheese. Storage of frozen cheese for subsequent use as an ingredient in foods or in process cheese
products should be thoroughly evaluated.
Freezing of cheeses with textures similar to Cheddar cheese may result in body and texture changes, such
as development of "pastiness" or "oiliness." Because recommended procedures for freezing many kinds of
cheeses are unavailable, it is advisable that the owners of the cheese be required to assume total
responsibility for the conditions of storage and thawing and for the quality of the final product. With the
large increase in the production of low fat cheese, frozen storage of this product is being encountered.
While little or no definitive data are available for frozen storage of low fat cheese, it is safe to assume that
the same storage conditions be used as for full fat cheese.

Frozen Storage of Cheddar Cheese for Use in Pasteurized Process Cheese:
Studies have shown that 5-pound blocks of pasteurized process American cheese may be manufactured
from previously frozen conventionally manufactured barrel Cheddar cheese or stirred curd Cheddar
cheese. Previously frozen cheese may be processed alone or in blends with cheese that has never been
frozen.
Barrel Cheddar cheese to be placed in frozen storage should contain a minimum fat content of 50% of the
solids (MFB). Proper acid development is critical; pH should be 5.2-5.4. Moisture content should be 34 to
36%. Cheese should be aged 60 to 90 days before freezing for greatest utility by the manufacturer.
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To freeze the cheese, it should be placed in a 0°F (-18°C) room with good circulation. It is estimated that
a 550-pound barrel will freeze in 35 days. Exact times for complete freezing has not been ascertained
either for individual barrels or palletized barrels.
Maximum length of frozen storage time for which hard data are available is 2 years. A longer frozen
storage time may be possible but records documenting longer frozen storage times are not complete.
To thaw the cheese for processing, storage area temperature should be raised to 32°F (0°C), and barrels
should be separated slightly if possible. Under normal warehouse conditions, thawing should take an
estimated 42 days with constant air circulation and exchange. Thawed cheese should be shipped at 32°F
(0°C). Cheese may be tempered for processing under operating conditions normal to the particular plant.
The storage temperatures and freezing and thawing rates described above have been shown to yield good
quality pasteurized process cheese on commercial scale under commercial operating conditions.
Processing of the previously frozen cheese can be accomplished by normal cooking times and
temperatures, equipment, and emulsifying salts in use for conventional process cheese-making. Properly
wrapped, sealed, cooled, and stored process cheese manufactured from previously frozen cheese that had
been handled as described above has taste quality, melting characteristics, and shelf life equivalent to
conventionally manufactured process cheese.
The practice of freezing cheddar cheese for use in pasteurized process cheese was initiated by the United
States Department of Agriculture (USDA) in the 1980s when additional storage space, over the
conventional cooler storage, was needed. Since stocks of surplus cheese have dwindled, the USDA is no
longer holding cheddar cheese in frozen storage.

Storage Problems and Considerations
Cheese Mites:
Cheese in contaminated, fractured or otherwise damaged wrappers or containers is subject to infestation
and damage by mites such as Acarus siro L. and Tyrophagus putresecentiae. Hatching of eggs and
completion of the life cycle through the adult stage may occur in a few weeks at temperatures of 40-60°F
(4.4 to 15.5°C), and relative humidity greater than 65%. Development of mites is greatly inhibited at
temperatures and humidity less than these. Mite infested cheese should not be accepted for storage.
Infestation is mostly the result of poor sanitation. Once the infestation occurs, the mites can survive on
porous surfaces of shelves, pallets, walls and in cartons. To help prevent infestation, it is suggested to use
good sanitation practices in the warehouse, use smooth surfaced shelves and walls, be sure the wrappings
or coatings (wax) are completely sealed without cracks or holes, and do not reuse old cartons.
To eliminate an infestation, remove all products from the storage room and release a methyl bromide
bomb, making sure the room is sealed for 24 hours. It would be advisable to check with your local
department of health or OSHA office for safety precautions prior to using methyl bromide. Fumigation
with methyl bromide must be done by a licensed fumigator or pest control officer. The room has to be
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sealed prior to using the bomb. Protective clothing must be worn and proper procedures must be followed
before, during and after when reentering the room.

Loss of Weight in Cheese during Storage:
Different varieties of cheese contain different concentrations of moisture. Loss of moisture from the
cheese in storage rooms will depend on the relative humidity and the kind of packaging used. Loss is
minimized when the cheese is packaged in wrappers with low moisture vapor transmission (MVT) rates.
Paraffin-wax coating on cheese has only fair MVT protective properties. Certain un-waxed cheeses, for
which absence of a coating is essential for curing, may continually, lose weight during storage.

Fungi and Mycotoxins:
Mold on cheese is considered to be a contaminant, and objectionable, except where beneficial types are
used to develop desired qualities, as in Blue, Roquefort, Stilton, Gorgonzola, etc. Mold spores, from
which mold grows, are widely spread, and special care must be used to exclude them and prevent their
growth on cheese. Mold may grow either inside or outside the cheese coating or wrapper. Mold will grow
slowly, even at 34°F (1.1°C). Mold inhibitors, where permissible in cheese standards are reasonably
effective and must be declared on ingredient labels.
In the past several years much concern has developed because certain foodstuffs such as cereal grains,
nuts and oilseeds have been found to contain mycotoxins resulting from growth of contaminating fungi,
and which, when fed, have been found responsible for extensive mortality in livestock and poultry. Some
mycotoxins are carcinogenic. It is well established that certain fungi in cereal grains have been
responsible for extensive numbers of deaths in humans in France, and in Russia. Some foods with 15%
moisture or more will support mold growth, and possible toxin production. Toxicity of identified toxin
extracts from foods and feeds (including cheese) fed to animals and poultry has been clearly established.
In light of the possible hazard implied in the presence of any unidentified mold, it is important that
conditions be maintained in refrigerated warehouses to prevent mold growth. Rooms, walls, ceilings,
pallets and racks should be reasonably clean, frequently inspected and well maintained when used for
cheese storage. Porosity in walls and ceilings should be sealed with aluminum paint or other sealant.
Circulation of air around pallets, and all room areas, sufficient to eliminate "dead" spots, is essential.
Production of aflatoxin by aspergili on cheese is very unlikely at temperatures below 50°F (10°C).
Formation of other mycotoxins by molds such as Penicillium species is greatly reduced at 40°F (4.4°C)
or lower.

WFLO is indebted to Dr. Charles H. White, Mississippi State University, for his review of this topic.
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Cherries, Sweet
Revised 2008

Thermal Properties
English

Metric

Moisture, %

80.76

--

Protein, %

1.20

--

Fat, %

0.96

--

Carbohydrate, %

16.55

--

Fiber, %

2.30

--

Ash, %

0.53

--

Specific Heat Above Freezing

0.89 Btu/lb*°F

3.73 kJ/(kg*K)

Specific Heat Below Freezing

0.51 Btu/lb*°F

2.12 kJ/(kg*K)

Latent Heat of Fusion

116 Btu/lb

270 kJ/kg

Storage Conditions
Fresh
Temperature

30-31°F (-1 to 0.6°C)

Relative Humidity

90 to 95%

Atmosphere

3-10% Oxygen + 10-15% Carbon

Storage Period

2 weeks in air
3 weeks in poly-liners
4-6 weeks in controlled atmosphere, depending on cultivar

Highest Freezing
Point

29°F (-1.7°C)

The physiological changes in sweet cherries and the decay that results in product deterioration are
proportional to the amount of rough handling and total time fruit is exposed to warm temperatures. Thus,
(1) cherries must be handled gently during the harvesting, handling and packing operations, and (2) fruit
temperature must be reduced immediately after harvest to an ideal 30 to 32°F (-1 to 0°C) and maintained
at that range (along with 90-95% humidity) during the storage and distribution steps.
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Only high-quality fruit which is free of defects and decay should be selected for storage. Postharvest
fungicidal sprays or dips are helpful in reducing decay during storage and marketing. Elevated CO2
atmospheres provide a satisfactory alternative to postharvest fungicides for decay control.
Sweet cherries begin to lose their bright color after 2 weeks' storage in air. Stems dry out and darken if
humidity is too low. To prevent moisture loss, field containers of cherries should be shaded from the sun
and covered with a tarpaulin or other moisture barrier in the orchard and during transit to the
packinghouse. Hydrocooling is often used to help with retaining stem turgidity.
Polyethylene liners in containers (modified atmosphere packaging) will extend the cold storage period by
at least a week. Liners must be opened when the fruit is removed from cold storage to prevent
development of off-flavors at higher temperatures due to accumulation of carbon dioxide and depletion of
oxygen.

Diseases

Blue Mold Rot

Round spots of mushy decay that can be scooped out cleanly. White
tufts turning to bluish-green develop on surface. Musty odor and
flavor.
Control: Apply recommended fungicides. Market promptly. Cool
promptly to 30°F (-1°C).

Brown Rot

Extensive firm brown, unsunken decay, turning dark in center. May
be covered with dusty spores in yellowish-gray masses. Should be
controlled in orchard.
Control: Cool promptly to 30°F (-1°C). Apply recommended
fungicides. Use of 15-20% CO2 is also helpful.

Gray Mold Rot
(Botrytis)

Light brown, fairly firm, watery decay covered with delicate dirtywhite mold. On completely decayed cherries grayish-brown velvety
sporulation may occur.
Control: Cool promptly to 30°F (-1°C). Use 15-20% CO2-enriched
atmospheres during transport.

Green Mold Rot
(Alternaria and
Cladosporium Rots)

Mold growth on area is dark green below and white above. Light
brown, dry, firm decay lining skin breaks. Can be removed easily
from surrounding healthy tissue.
Control: Cull out cherries with cracks and other skin breaks.

Rhizopus Rot

Extensive soft leaking decay with little change of color. Coarse mold
growth and black spores prominent under moist conditions.
Control: Prompt cooling to 30°F (-1°C).
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Freezing
The sweet cherries are washed, inspected and pitted. Pitting can be accomplished by punch pitting or
Elliott pitting. Black cherries can be packed in a sugar medium or packed without sugar. Color
deterioration has not been of concern within a non-sugar pack. Freezing is accomplished in the retail or
industrial package within a blast freezer.
Sweet cherries are used to a limited extent in the bakery market. Increased usage has been the yogurt and
specialty preserve market. Packaging ranges from 30 lb (13.6 kg) plastic containers, 40 lb (18.2 kg)
barrier containers and 350 lb. (159 kg) S.P.-55 gal (250 L) drums.

Handling
Frozen sweet cherries are susceptible to darkening if permitted to fluctuate in temperature up to the
freezing point. If thawed and refrozen, they become dark and mushy.

WFLO is indebted to Dr. Adel Kader and Dr. Carlos H. Crisosto, Department of Plant Sciences, University of California at
Davis, for reviewing and revising this topic.
Reference:
USDA. 2003. Composition of foods: fruits and fruit juices – raw, processed, prepared. USDA Agriculture Handbook No. 8-9,
(www.nal.usda.gov/fnic/foodcomp)
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Cocoa and Cocoa Beans
Revised 2008

Storage Conditions
Long Time or Export

Short Time

Temperature

32 to 40°F (0 to 4.4°C)

65-70°F (18-21°C)

Relative Humidity

65% or below

65% or below

Storage Period

12 months or longer

Up to 12 months

Proper refrigerated storage of cocoa and cocoa beans is essential in preventing products from becoming
stale, as well as in retarding the development of oxidative rancidity. In addition, proper storage
conditions will prevent or minimize insect infestation or mold growth. There is no deterioration of quality
associated with freezing these products, although it is not necessary.

Condensation Control
The development of sweat or condensation upon removal from refrigerated storage can be avoided by
proper tempering procedures. Ideal tempering procedures may include: a) placing products to be tempered
at an intermediate temperature of not more than 18°F (10°C) above the storage temperature; b) shrink
wrapping the cases or pallets; or c) moving the products directly into an insulated carrier, such as a
container, truck or railway car, and allowing the temperature to rise gradually while in transit. For more
complete information about preventing and/or minimizing condensation, please refer to the topic of
CONDENSATION CONTROL elsewhere in this manual.

WFLO is indebted to Dr. Ray Glowaky, National Confectioners Association, McLean, Virginia, and Dr. Stephen Neel, World
Food Logistics Organization, for review and revision of this topic.

Cocoa and Cocoa Beans

1

WFLO Commodity Storage Manual

This page is intentionally left blank.

WFLO Commodity Storage Manual

Coconuts, Whole and Shredded
Revised 2008

Storage Conditions
Chilled

Frozen

Storage
Temperature

Relative
Storage
Humidity (%) Period

Fresh, whole

32-38 °F
(0-3 °C)

65

6 months

Fresh,
shredded

32-38 °F
(0-3 °C)

65

1 month

Shredded,
desiccated

32-38 °F
(0-3 °C)

55-65

1 year

Storage
Temperature

Relative
Storage
Humidity (%) Period
65

6 months

0 °F
(-18 °C)

65

1 year

0 °F
(-18 °C)

55-65

2 year

Fresh whole coconuts store well under refrigerated conditions, but they can become moldy if the relative
humidity is too high. There are no special diseases that reduce their quality during storage.
Dried shredded coconut may be either natural or sweetened. The husk is removed and the meat is washed,
shredded, steam sterilized, and aseptically packed in large 100-lb. bags. The sweetened product contains
11 to 13.5% moisture, 25% sugar, and 38% fat. Propylene Glycol and Sorbitol are added to prevent mold
and drying out, respectively. The finished products must be Salmonella free. Glycerine may also be
added to prevent brittleness.
For short periods of storage, normally an ambient temperature of 65-70°F (18.33 to 21.11°C) and a
relative humidity of 50% are used for shredded coconut, either desiccated or sweetened.

Freezing
Shredded coconut freezes well without any particular loss of texture. No special preparation is needed to
freeze the product, although the shreds are usually packed in their own milk and liquid. It is usually
packed in large containers as it is primarily for the bakery and confectionery industries.

WFLO is indebted to Dr. Ray Glowaky, National Confectioners Association, McLean, Virginia, and Dr. Stephen Neel, World
Food Logistics Organization, for review and revision of this topic.
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Condensation Control
Revised 2008
Two manifestations of condensation that must be controlled are:
1. Fogging at entrance doors to frozen food storage spaces.
2. Moisture condensation on packages brought from refrigerated spaces into warm, humid
environments
These two occurrences of condensation are quite different and are avoided by different measures.

Fogging at Entrance Doors to Storage Spaces
This phenomenon is readily visible when the door to the frozen food storage space is open and the air
conditions on the loading dock are humid. The existence of fog is undesirable because the fog is
composed of minute drops of water which, when they fall to the floor, freeze and cause slick and
dangerous surfaces for workers. Some of the fog migrates to products where it freezes on the surfaces of
the packages. This process normally causes no harm to the product, but if it does not evaporate or
sublimate by the time the package reaches the retailer the appearance of the product is less desirable.
The mechanism of formation of the fog is shown below in the psychrometric chart. The condition of the
air in the frozen food storage space is shown in relation to several possible conditions of the air on the
dock.
If the dock air is shown by point A in the graph, this air mixes with some of the air in the freezer space.
The condition of the air after mixing lies on a straight line, which if it is to the left of the saturation line
results in supersaturated air containing drops of water, commonly called fog.

Chart 1: Psychrometric chart illustrating fog formation and its prevention.
Condensation Control
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The easiest way to prevent the formation of the fog is to alter the conditions of the dock air. If the
humidity of the dock air can be lowered from point A to point B, the straight line between B and the cold
room is in the limited case tangent to the saturation line of the psychrometric chart, and no fog will form.
There are several ways in which the dock humidity could be lowered from point A to point B, including:
1. To apply heat into the dock by, for example, a coil served by hot refrigerant. This heat forces the
cooling coils to operate with greater capacity to maintain the set dry-bulb temperature on the dock
and in the process extracts more moisture from the air.
2. To reduce the humidity in the space by installing a desiccant dehumidifier, normally mounted on
the roof, thereby extracting air from the dock area and returning low-humidity air.
3. To install an air curtain equipped with a heating coil. The dock air at point A circulates in the
curtain and is heated to condition C. When this air mixes with the air inside the refrigerated space
the point after mixing is on or to the right of the saturation curve, so fog is avoided.

Moisture Condensation on Packages in Humid Areas
Moisture condensation occurs when the temperature of the surface of the product or package is lower than
the dew-point temperature of the surrounding air. When the surface temperature of the product or package
is above 32°F (0°C) the condensate forms as liquid water. When the surface temperature is below 32°F
(0°C) the condensate is solid; either ice if the water condenses before freezing or as frost if the water
vapor passes directly from vapor to solid.
Water vapor in the air of a refrigerated space migrates to the coldest surface, which in the case of an area
under refrigeration will be the surfaces of the coil. The coil is equipped with a drain to dispose of the
condensate which collects as liquid on the coil or forms from melted frost in the case of a lowtemperature coil. Sometimes product stored near a doorway will attract condensate when warm, humid air
infiltrates. This condensate will ultimately vaporize and deposit on the coil. Condensation forms more
rapidly on metal surfaces than on, for example, cardboard cartons, because the high conductivity of the
metal rapidly carries away the heat from the environment keeping the surface temperature cold.
The basic principles for maintaining the product or package free of condensate are:
1. Cover the surface with a vapor-tight material that prevents access by warm, humid ambient air, so
that any condensation occurs on the sacrificial cover and the product or package is not affected.
2. When warming a cold product in an air stream, strive for low humidity air that is at least 10°F
(5°C) higher in temperature than the surface and attempt to blanket all of the surfaces with a flow
at high-velocity. The strategy behind these recommendations is to elevate the surface temperature
of the product or package above the dew point temperature as rapidly as possible. Even though
the interior of the object is cold, so long as the surface temperature is above the dew point,
condensation will not occur.
The more products a warehouse stores, picks and ships, the more issues associated with condensation can
negatively impact performance. However, understanding of the root cause, controls and affects of
condensation can effectively minimize damage and claims as a result of temperature and humidity
changes during distribution. Many warehouse operators decline to store moisture-sensitive products due
Condensation Control
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to fear of moisture condensation damage. This over-caution appears unwarranted. Five common and
effective methods of controlling condensation are described briefly. It should be noted that in some cases
a combination of two or more of the methods might be used.
1. Raising the temperature gradually by tempering. This is the most generally used means of
preventing condensation since it is applicable to all products. There are two methods of warming
up refrigerated products.
a. The first method is to turn off the refrigeration and allow the room and contents to warm
up at the rate of about 2°F (l°C) each 24 hours. This is the method used with canned milk
and other products stored in full room blocks. In this way, about 18 days are required for
tempering a lot of canned milk from 30 to 70°F (-l°C to 2l°C). This method is impractical
with large rooms, rooms with multiple products or rooms separated by moisture
permeable walls.
b. The second method is to move the product successively to a warmer room. This is used
with candies and other products when it is desired to remove broken lots from
refrigeration. If a series of tempering rooms is not available, one of the methods given
below should be used.
2. Preventing condensate formation or evaporating it with rapidly circulating, warm, dry air.
This is the most rapid, practical means of warming up products without condensation. It consists
of placing individual cans, boxes, or other units of products in a current of warm, dry air, moving
at the rate of 500 ft. per minute or faster. The air must move over the top, bottom, and sides of
each container on which condensation is suspected. Due to this limitation, cased goods or pallet
loads must be spaced so that air will pass between each unit.
3. Protective Packaging. Many refrigerated products are virtually free of condensation problems
because of excellent packaging. Among these are military rations, boxed candies, most dried
fruits, dried milk, butter, cheese, and many others. Protective packaging consists of providing a
moisture barrier of aluminum foil, flexible film, or coating about the product or container so that
condensate forms on the barrier instead of on the sensitive product. If the package is completely
sealed against the entrance of vapor pressure, a product may be safely moved directly from 0°F to
70°F (-18°C to 2l°C) without damage from condensation.
4. Use of temporary moisture barrier during warming up. As an outgrowth of the remarkable
success of protective packaging to prevent damage from condensation, experiments were
conducted on the use of a temporary package or "rain coat" to protect the product during the
critical warming up period. It was found that by placing the refrigerated products (individual
cans, cases, pallets or larger lots) in a temporary, moisture-proof, shrink-wrap enclosure, they
could be moved directly from 32 or 0°F to 70°F (0 or -18°C to 21°C) without damage from
condensation. The enclosure may be a large, flexible moisture-proof bag, blanket, or a rigid
prefabricated box or "room." For this method of preventing moisture condensation to be effective,
a) the construction material must be a perfect moisture barrier; b) the package must be sealed
against the entrance of moisture vapor; c) the product must be "packaged" in the cold room; and
d) the product must remain in the temporary package until it reaches room temperature. The
temporary package may then be removed.
Condensation Control
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5. Condition of product while in transit. Frozen products may be quickly removed from the
freezer to an insulated carrier (truck, trailer, or car), quickly and securely closed, and allowed to
warm up gradually over a period of 4-6 days without the air on the inside of the carriers reaching
the dew point. At the end of the haul, the product can be moved to room temperature without
condensation.

Controlling Moisture Condensation
The graph below provides information pertaining to the permissible room relative humidity (RH) without
surface condensation. This graphic is for stored goods in transit from refrigerated to non-refrigerated
room conditions. To read the graph, follow the intersection of the “Goods Surface Temperature” line
with the “Room Temperature” line. The intersecting number on the diagonal RH line gives the relative
humidity permissible in room without surface condensation.

Condensation Control

4

WFLO Commodity Storage Manual
Example: If stored goods are to be moved from a room at 41.5°F (5.3°C) to a room at 75°F (24°C), the
relative humidity in the 75°F (24°C) room must not be over 30% in order to avoid condensation. As
surfaces rise in temperature, a higher relative humidity can be tolerated.
Prepared by Carl F. Kayan, Columbia University, New York, for WFLO
WFLO is indebted to Dr. W. F. Stoecker, Professor Emeritus, University of Illinois; and Dr. Stephen Neel, World Food Logistics
Organization, for review and revision of this topic.
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Corn, Sweet
Revised 2008

Thermal Properties
English

Metric

Moisture, %

75.96

--

Protein, %

3.22

--

Fat, %

1.18

--

Carbohydrate, %

19.02

--

Fiber, %

2.70

--

Ash, %

0.62

--

Specific Heat Above Freezing

0.86 Btu/lb*°F

3.62 kJ/(kg*K)

Specific Heat Below Freezing

0.47 Btu/lb*°F

1.98 kJ/(kg*K)

109 Btu/lb

254 kJ/kg

Latent Heat of Fusion

Storage Conditions

Temperature
Relative Humidity
Storage Period
Highest Freezing Point

Fresh

Frozen on Cob

32°F
(0°C)

0°F
(-18°C)

95 to 98%

Vapor-proof packaging

4-8 days up to 3 weeks

About 1 year

30.9°F
(-0.6°C)

There are two types of sweet corn that are stored fresh. Traditional sweet corn contains 3-5% sugar at
harvest, which can be lost extremely rapidly by conversion to starch if the corn is not precooled rapidly
and thoroughly to 32°F (0°C). Newer, ’supersweet‘ varieties of sweet corn contain 2-3 times more sugar
than traditional sweet corn and, in the case of the (most common) sh2 types, the sugar-to-starch
conversion is also inhibited. Supersweet varieties have become the dominant type produced in virtually
all the major sweet corn producing regions of the U.S.
The high initial sugar content coupled with inhibited starch synthesis in sh2 varieties effectively more
than doubles the potential storage life of sweet corn from 4-8 days to 2-3 weeks. However, supersweet
varieties remain extremely perishable because sweet corn is among the highest respiring vegetable crops,
and sugars are consumed in the process of respiration. The loss of sugar from sweet corn is about 4 times
as rapid at 50°F (10°C) as at 32°F (0°C).
Sweet corn is very susceptible to water loss through the husk leaves, which draw water from the cob and
kernels and cause the kernel tips to collapse or ’dent’. A loss of 2% moisture from sweet corn may result
Corn, Sweet
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in objectionable kernel denting. Sweet corn ears with the shanks trimmed almost flush with the butt and
flag leaves removed are less susceptible to denting and thus more suitable for storage. The relative
humidity in sweet corn storage should be maintained at 95 to 98% and can be helped by package icing.
High quality sweet corn has plump, tender, well-developed kernels, and fresh, tight, green husks.
Sweetness is the most important quality factor in consumer satisfaction with sweet corn. All sweet corn
varieties lose sweetness and aroma during storage, but the taste of traditional varieties becomes starchy
while supersweet varieties eventually taste watery and bland. Storage life of traditional sweet corn is
limited by loss of sweetness while, for supersweet corn, water loss and denting, followed by kernel
toughening, are the most important negative factors limiting the storage life.
Increased interest in controlled atmospheres (CA) for sweet corn has been spurred by interest in using
marine transport to export sweet corn from the U.S. to Europe and the Far East, which can involve transit
times on the order of 2 weeks or more, rather than for storage. An atmosphere of 2% O2 plus 10-15% CO2
reduces respiration and sugar-to-starch conversion, and the elevated CO2 also reduces decay and
maintains the green color of the husk, extending the storage life of sweet corn by about 1 week.
Sweet corn is most commonly handled in wire bound wooden crates and, less commonly, in waxed
fiberboard cartons or returnable plastic containers, all containing 4½ to 5 dozen ears. Sweet corn should
not be handled in bulk unless copiously iced, and there should be ample air circulation, because the corn
tends to heat throughout the pile due to its high respiration rate. Some sweet corn is prepackaged in PVC
film-overwrapped trays with the ends of the ears trimmed and the husks partially removed to expose some
kernels. The PVC film is highly permeable to O2 and CO2 and acts primarily as a moisture barrier.
Maximum quality retention requires precooling sweet corn to near 32°F (0°C) within an hour after harvest
and holding ears at 32°F (0°C) during storage and marketing. Sweet corn can be pre-cooled adequately by
vacuum cooling, but it must be wetted first and top iced afterward to minimize water loss from the husks
and kernels.
Hydro-cooling by spraying, showering, or immersion in water at 32-37°F (0-3°C) is also effective,
although it takes longer than vacuum cooling for the same temperature reduction if the sweet corn is
packed before it is cooled. It is important to check cob temperatures during hydro-cooling to determine if
temperatures are being lowered to at least 50°F (10°C). After hydro-cooling, top icing is desirable during
transport or storage to hasten continued cooling, remove the heat of respiration, and keep the husks fresh.
Sweet corn can also be cooled with package ice and top ice in waxed fiberboard cartons. In a comparison
of commercial cooling operations in Florida, package ice cooling, as commonly used for broccoli, was
comparable to hydro-cooling and better than vacuum cooling in maintaining sweet corn quality during
storage, probably due to residual ice in the cartons since the cooling rate was slower than for the other
methods.
Decay is not usually a serious problem with sweet corn, typically occurring on the husk and silks when
present. Trimming sweet corn ears can induce decay development on the cut kernels and other damaged
tissues mainly by Alternaria, Fusarium, or Mucor fungi. Proper sanitation and temperature management
are important to minimize decay in trimmed sweet corn. It is recommended that potable water chlorinated
at 50 ppm, or pH 7, be used in order to avoid transfer of decay and pathogenic organisms during hydrocooling of the products, and potable water should be used for making ice.
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Freezing
Sweet corn is not normally stored fresh prior to freezing. Due to the rapid deterioration of quality,
indicated by the conversion of sugar to starch and a loss of moisture, caused by field heat and high
temperatures at time of harvest, sweet corn is processed as quickly as possible after harvesting.
Not all cultivars of corn freeze well and for advice on what cultivars freeze well for any particular area,
the State Agricultural Experiment Station or Cooperative Extension Service usually have the desired
information.
Automatic equipment is used for husking, washing, and cutting. Cut corn should be blanched for 1-2
minutes and rapidly cooled. Freezing can be on trays or metal conveyors, or in the case of cut corn, by
IQF.
Frozen corn is sensitive to temperature fluctuations in the freezing range and off-flavors may develop.
Thawing for reprocessing and packaging, such as canning, is not as harmful to quality as in some other
products.
Corn-on-the-cob has grown rapidly in popularity as a frozen product. The cob can become off-flavored
during freezer storage and may become "musty." Thus, more precautions must be taken in preparation,
especially in the blanching process prior to freezing. The storage life is as much related to the degree of
enzyme inactivation by proper blanching as it is to storage temperature. Practically all commercial frozen
corn-on-the-cob show a positive test for the enzyme peroxidase in the cob center area. Off flavors can be
developed by this enzyme activity in the cob which then could migrate out into the kernels.
A storage life of about 1 year can be expected for corn-on-the-cob at 0°F (-18°C). At a temperature of -10
to -15°F (-23to -26°C), the storage life could possibly be increased to 18 months. Lower temperatures
would not be expected to significantly increase storage life beyond 18 months. The normal packaging
material is polyethylene film of at least 3 millimeter thicknesses.
WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Thermal Properties
English

Metric

Moisture, %

86.54

--

Protein, %

0.39

--

Fat, %

0.20

--

Carbohydrate, %

12.68

--

Fiber, %

4.20

--

Ash, %

0.19

--

Specific Heat Above Freezing

0.93 Btu/lb*°F

3.91 kJ/(kg*K)

Specific Heat Below Freezing

0.46 Btu/lb*°F

1.93 kJ/(kg*K)

124 Btu/lb

289 kJ/kg

Latent Heat of Fusion

Storage Conditions
Fresh

Frozen

38 to 40°F
(3.3 to 4.4°C)

0°F
(-18°C)

Relative Humidity

80 to 85%

Vapor-proof packaging

Storage Period

2-4 months

12-18 months

Cold Sensitive Point

30 to 33°F
(-l to 0.6°C)

Temperature

Highest Freezing Point

30.4°F
(-0.9°C)

Fresh Cranberries
Fruit red color intensity, glossiness, uniformity and freedom from defects are the major quality
characteristics for fresh and frozen cranberries.
Fruit red color which is due to anthocyanins is the major factor determining cranberry crop value, and
therefore harvesting should be timed to achieve the maximum color without allowing the fruit to become
too over-mature.
U.S. No. 1 is the only grade standard used for fresh cranberries, based principally on color (not less than
75% of the fruit surface pink or red), size (minimum diameter of 13/32 inches, or 10.3 mm), no soft or
decayed fruit and freedom from other defects.
Cranberries
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Cranberries can be stored for 2 to 4 months at a minimum recommended temperature 35.6°F (2°C), and
the maximum recommended temperature is 39.2 to 41.0°F (4 to 5°C). Optimum RH is 90 to 95%. Red
color can be increased after harvest by holding fruit, especially early harvested fruit, at 44.6 to 50.0°F (7
to 10°C) for a few weeks rather than at the lower recommended temperatures. Cranberries at harvest are
firm and have a thick waxy protective coating. However, they have great variability in their expected
storage life even under refrigerated conditions. Early harvested fruit usually have a longer storage
potential than late-harvested fruit. Some lots become half rotted in 3 months while others hold good
quality for 4 months. This variability in storage life may be reduced by good field management, including
use of appropriate fungicides, dry harvesting and gentle handling to avoid bruising. Practically all
cranberry molds enter the fruit while the fruit is growing in the bog or during harvest if water is used.
Cold storage temperature down to 38°F (3.3°C) retards this type of spoilage. However, long storage at
lower temperatures around 30.5 to 33°F (-l to 0.6°C) can result in rubbery, dull, unsatisfactory "chilled"
fruit.
Cranberries should be stored in slatted crates spaced to allow ventilation and removal of field heat and
heat of respiration generated by the fruit. Proper ventilation also can help maintain more uniform, even
temperature and thus enhance keeping quality. Controlled or modified atmospheres have not been
effective in extending storage life beyond that possible with conventional cold storage.
Most cranberries are still stored unscreened "in the chaff" just as they come from the field, if they are to
be stored for fresh market sale. They keep better this way than if handled additionally to clean, sort, and
remove field debris prior to storage. Poorly colored fruit can be held at 45 to 50°F (7 to 10°C) for a few
weeks to permit more rapid coloring than would occur at lower temperatures.
Fresh cranberries are commonly packed in cartons containing twenty-four 12 oz polybags or in cartons of
20, 25 or 30 lb (9.0, 11.4, or 13.2 kg). Occasionally, nine 2 lb (0.9 kg) and four 5 lb (2.3 kg) polybag
cartons are used for some retail customers, and wood totes may be used for sale of bulk cranberries.
Packaging for retail should be done as close to time of sale as economical to reduce chance of spoilage in
packaged fruit. Packages should have vents or perforations for gas exchange to allow cranberries to
respire. Fruit in consumer packages for retail sale should be refrigerated at 36 to 40°F (2 to 4.4°C), and
should keep 3 to 4 weeks.

Diseases and Disorders
Cranberries rot in storage from fungi or molds which invade the fruit during early stages
of development and during harvest, if water is used. The assortment of molds is
specifically adapted to the cranberry and is not generally found on other types of fruit.
Some of the molds are controlled by low storage temperature, while others continue to
Fungus Rots grow and rot the fruit even at 36 or 32°F (2 or 0°C).
Control: Field sanitation and a spray program beginning at 10% bloom must be followed.
Dry harvesting followed by storage at 38 to 40°F (3.3 to 4.4°C) will keep much decay in
check.
Cranberries can deteriorate in storage even when no mold is present. This disorder has
been called physiological or sterile breakdown. Physiological breakdown can be caused by
freezing, bruising, water harvesting, high and low temperature or old age. Affected fruit
Physiological
can appear dull, feel rubbery rather than firm and yet exhibit normal shape due to
Breakdown
internal gas pressure. Fruit flesh is flaccid and red in contrast to the crisp, white flesh of
healthy fruit.
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Control: Physiological breakdown can be reduced by dry harvesting, avoiding late harvest
of over-mature fruit, maintaining recommended storage conditions and by careful
handling at all times. Harvest should be completed prior to 90% red fruit in the field to
ensure proper maturity. Lots with 25% defective fruit or less may be effectively screened
by a combination of mechanical, optical and hand sorters to yield retail quality fruit.

Frozen Cranberries
The great bulk of the cranberry crop (90%) is now processed into sauce or juice. Fruit intended for
processing is water harvested, screened as rapidly as possible and is utilized or frozen at 0°F (-18°C),
until needed, without quality loss. Juice products now account for more than half of all processing
cranberries. Berries intended for juice are deep frozen at 0°F (-18°C) for 30 days or longer prior to juice
extraction. Freezing enhances color and juice yields during processing. Larger quantities of cranberries
are now frozen than all fruits except strawberries, cherries, and apples.
Cranberries received in standard 1,300 lb. tote bins may be frozen, then held at 0°F (-18°C) for 12-18
months prior to processing. The initial thorough freezing of the totes may take 30-45 days, even under
ideal storage conditions. The time to freeze will depend on moisture content, field heat temperature range,
room air flow and freezer design. Temperatures as low as -18°F (-28°C) have been used during the initial
freezing period when additional warm product is periodically being added to the inventory. Rapid
removal of field heat is recommended prior to any close block-stacking of totes. Fruit field heat can be
reduced greatly in the freezer within 2 to 3 days by using continuous ventilation and by spacing between
the stacks and rows of totes.
WFLO is indebted to Dr. Chris Watkins, Cornell University, Ithaca, New York, and Dr. Elhadi Yahia, Universidad Autonoma de
Queretaro, for the review and revision of this topic.
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Thermal Properties
English

Metric

Moisture, %

95.23

--

Protein, %

0.65

--

Fat, %

0.11

--

Carbohydrate, %

3.63

--

Fiber, %

0.50

--

Ash, %

0.38

--

Specific Heat Above Freezing

0.98 Btu/lb*°F

4.09 kJ/(kg*K)

Specific Heat Below Freezing

0.41 Btu/lb*°F

1.71 kJ/(kg*K)

138 Btu/lb

321 kJ/kg

Latent Heat of Fusion

Storage Conditions
Fresh
Temperature
Relative Humidity or Packaging
Storage Period
Highest Freezing Point

Brine Stock
o

Pasteurized

50-55°F
(10-13°C)

65 -40°F
(18o-4.4°C)

40°F
(4.4°C)

95%

Barrels or Vats

Hermetically Sealed
Containers

10-14 days

4-12 months

12 months

31.1°F
(-0.5°C)

Cucumbers are immature fruit that are harvested within a narrow size range that occurs while the fruit are
rapidly enlarging. This makes cucumbers extremely perishable and rapid cooling after harvest is critical
for successful storage. Forced-air cooling is the most common method used to cool cucumbers. They may
also be hydro-cooled in shower type systems using about 41 to 50°F (5 to 10°C) water. It is recommended
that potable water chlorinated at 50 ppm, or pH 7, be used in order to avoid transfer of decay and
pathogenic organisms to the products during hydro-cooling.
Cucumbers are chilling sensitive. Cultivars differ, but generally they are subject to chilling injury (CI) if
held longer than about 2 to 5 days at temperatures below 50°F (10°C). At these temperatures they
eventually show water-soaked spots, pitting, shriveling, and tissue collapse. Extensive decay develops on
chilled cucumbers when they are removed from low-temperature storage. The susceptibility of cucumbers
to chilling injury does not preclude their exposure to temperatures below 50°F (10°C) for short intervals,
as long as they are utilized immediately after removal from cold storage. Chilling symptoms develop
Cucumbers
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rapidly only at higher temperatures after low temperature storage. Thus, 2 days at 32°F (0°C) or 4 days at
40°F (4.4°C) are harmless under these conditions.
At temperatures higher than recommended, cucumbers rapidly turn yellow and quality deteriorates. This
color change is accelerated if the cucumbers are stored in the same room with apples, tomatoes, or other
ethylene-producing crops for more than a few hours. Even 1 ppm ethylene may cause yellowing in 1 day.
Yellowing can be retarded by holding cucumbers in a controlled atmosphere (CA) of about 3-5% oxygen,
allowing storage for about 3 weeks. Cucumbers may also yellow rapidly if they have been harvested too
mature.
Cucumbers are very susceptible to shriveling. The relative humidity should be kept at about 95%. In
addition, fresh market cucumbers are usually waxed to minimize moisture loss and improve their
appearance. Shrink-wrapping with polyethylene film can also prevent moisture loss and is a widespread
practice for European-type greenhouse cucumbers. A higher temperature, 55°F (12.5°C), is recommended
for these greenhouse cucumbers, allowing 1-2 weeks storage.
Pickling cucumbers can be stored at 34-36°F (1-2°C) with 90-95% relative humidity for 1 week if
processed immediately on removal. They will develop chilling injury symptoms if not processed
promptly. Pickling cucumbers should be hydrocooled after harvest, particularly if mechanically harvested
during hot weather, as they respire faster and produce more ethylene than if hand harvested. In some
cases, they are iced for transport before processing. Use only potable water for making package ice.

Diseases and Injuries
Bacterial
Soft Rot

Water-soaked and pronounced softening of flesh, which is eventually liquefied by the
pathogen. Usually has offensive odor.
Control: Handle carefully to avoid mechanical injury and store promptly at 50°F (10°C).
Irregular, brownish, water-soaked spots of different sizes, later nearly black.

Black Rot

Cottony
Leak

Control: Cull out affected cucumbers before storage. Keep temperature between 50 and
55°F (10 and 13°C), but not lower.
Large greenish, water-soaked areas, later covered by white, cottony mold. No disagreeable
odor, much leaking from decayed cucumbers. Worse following periods of hot, wet
weather.
Control: Cull out before storage. Cool rapidly and keep temperature between 50 and 55°F
(10 and 13°C), but not lower.
Grayish sunken spots, quite shallow, later covered with dark olive-green fungus layer.
Favored by cool, moist weather. Serious disease mainly on greenhouse cucumbers or those
for pickling.

Scab
Control: Field sanitization. Nothing that a warehouseman can do except refusal of storage
unless diseased cucumbers are culled. Decay already started will develop in storage, but
new lesions will not occur.
Chilling
Cucumbers

Numerous sunken, slightly water-soaked areas, pitting of skin. Prolonged chilling causes
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Injury

increased decay. All symptoms develop more rapidly on removal from chilling
temperatures.
Control: Do not store at temperatures lower than 50°F (10°C) unless cucumbers will be
used immediately afterwards and storage period will be less than 5 days.

Brine Stock Pickles
Cucumber pickles may be packed from fresh cucumbers or from cucumbers fermented in a brine of salt.
In either case, it is important to minimize growth of molds, which release enzymes that can soften salt
stock over a wide range of brine-salt concentrations. This can be reduced by completely filling air-tight
barrels, thereby preventing mold growth. Since barrels are subject to brine leakage, they should be
examined at regular intervals to ensure absence of air space and maintenance of appropriate brine
concentration. Firmness and skin toughness of brine stock are significantly correlated to the same
measurements on green fruit. As fruit firmness, skin toughness, and carpel separation increase, the
percentage of ‘balloon bloaters’ increases.
Rate of enzymatic softening can be reduced by low temperature storage. Thus, shelf life of firm,
unpasteurized salt-stock pickles can be extended from 2 months at 86°F (30°C), to 4 months at 65°F
(18°C), to 8 months at 50°F (10°C), to 16 months at 32°F (0°C).

Pasteurized Pickles
Market studies indicate that pickles should be crisp, green, and of a typical flavor. This applies
particularly to fresh-packed pickles, which are the fastest growing segment of the pickle packing industry.
Cucumbers for pickling should be precooled promptly to a temperature of 50°F (10°C) and relative
humidity of 90% or higher and so held for not more than 4 to 6 days prior to pasteurization. Research in
Holland has shown that 34-36°F (1.1 to 2.2°C) for 1 week is satisfactory for pickling cucumbers if
processed promptly afterwards. Research in Arkansas has shown that pickling cucumbers will keep in
acceptable condition for 2 weeks at either 34 or 40°F (1 or 4.4°C) in a controlled atmosphere (CA) of 3%
O2 with 20% CO2. Longer storage in CA resulted in off-flavor in the processed products. The longer the
time between picking and packing without cooling, the greater is the loss of crispness and texture in the
packed pickle. Time and temperature of pasteurization need to be controlled very carefully, in relation to
the quantity of pickles to liquid in the container. Before packing, it is again essential to cool the
pasteurized pickles down to 70°F (21°C) or lower. If this is not done, the freshly packed product may go
into the warehouse at 110 to 125°F (43 to 52°C), and remain at elevated temperature long enough to lose
crispness, color, and flavor.
When cooled to 70°F (21°C) before warehousing, hermetically sealed pickles retain excellent quality for
1 year or longer if stored at 40°F (4°C). If stored at 86°F (30°C) or higher, they become soft and develop
off-color and off-flavor.
WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Currants and Gooseberries
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Thermal Properties
Red & White Currants

European Black Currants

Gooseberries

English

Metric

English

Metric

English

Metric

Moisture, %

83.95

--

81.96

--

87.87

--

Protein, %

1.40

--

1.40

--

0.88

--

Fat, %

0.20

--

0.41

--

0.58

--

Carbohydrate, %

13.80

--

15.38

--

10.18

--

Fiber, %

4.30

--

0.00

--

4.30

--

Ash, %

0.66

--

0.86

--

0.49

--

Specific Heat Above
Freezing

0.92
Btu/lb*°F

3.85
kJ/(kg*K)

0.89
Btu/lb*°F

3.71
kJ/(kg*K)

0.94
Btu/lb*°F

3.95
kJ/(kg*K)

Specific Heat Below
Freezing

0.47
Btu/lb*°F

1.98
kJ/(kg*K)

0.47
Btu/lb*°F

1.95
kJ/(kg*K)

0.47
Btu/lb*°F

1.96
kJ/(kg*K)

Latent Heat of
Fusion

120 Btu/lb

280 kJ/kg

118 Btu/lb

274 kJ/kg

126 Btu/lb

293 kJ/kg

Storage Conditions
Fresh
Temperature

31 to 32°F
(-0.6 to 0°C)

Relative Humidity

90-95%

Storage
Period:

Currants
Gooseberries

Highest Freezing Point

Frozen
0°F
(-18°C)

-10°F
(-23°C)

1-2 weeks

18 months w/sugar

24 months w/sugar

2-4 weeks

12 months without
sugar

18 months without sugar

30.2°F (-1.1°C)

Fresh Berries
Fresh currants and gooseberries should be firm, bright, and free of mechanical injury and incipient
decay. Currants and gooseberries are not stored except when it is necessary to hold them for
processing. Both types of berries should be cooled to 32°F (0°C) soon after picking to retard
deterioration. A temperature of 31 to 32°F (-0.6 to 0°C) is recommended for both currants and
Currants and Gooseberries
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gooseberries with a relative humidity of 90-95%. Currants in good condition can be stored 1 to 2 weeks.
Black currants, which are different in character from red and white currants, have been stored up to 4
weeks in air + 40% CO2 in the United Kingdom. Gooseberries in good condition may have a storage life of
2 to 4 weeks, but eventually there will be some collapsing berries. Gooseberries stored for as long as 3
to 4 weeks at the recommended temperature should be processed immediately after removal from
storage. Storage of hard-green gooseberries for longer periods at 32°F (0°C) in perforated polyethylene
bags is possible if some CO2 is allowed to accumulate. They are not injured by 8% CO2.
Since their implication as hosts to the white pine blister rust, currants and gooseberry production in the
U.S. has all but disappeared, only to be increased in the UK and other north European countries where
much of the fruit goes into the manufacture of juice. Only small quantities of currants or gooseberries
are frozen as whole berries. Red currants are processed largely for juice concentrate to be used for jelly
and bakery filling jellies within the U.S.

Diseases and Injuries

Cladosporium
Mold

Gray Mold Rot
(Botrytis)

Olive green color, superficial on outside of berry, causing little or no flesh decay, but
makes the fruit unacceptable for marketing.
Control: Careful handling and prompt cooling and shipment at as close to 32°F (0°C)
as possible.
The fungus at first forms small brown spots usually on one side of the fruit which
enlarge and become soft. The fruit becomes covered with the characteristic gray
spore mass.
Control: Preharvest sprays with fungicides. Field and packinghouse sanitation. Prompt
cooling after harvest with storage at 32°F (0°C). Elevated CO2 atmospheres are
fungistatic to Botrytis.

WFLO is indebted to Adel Kader, Department of Plant Sciences, University of California at Davis, for the review and revision of
this topic.

Currants and Gooseberries

2

WFLO Commodity Storage Manual

Dates
Revised 2008

Thermal Properties
English

Metric

Moisture, %

22.50

--

Protein, %

1.97

--

Fat, %

0.45

--

Carbohydrate, %

73.51

--

Fiber, %

7.50

--

Ash, %

1.58

--

Specific Heat Above Freezing

0.55 Btu/lb*°F

2.31 kJ/(kg*K)

Specific Heat Below Freezing

0.55 Btu/lb*°F

2.30 kJ/(kg*K)

32 Btu/lb

75 kJ/kg

Latent Heat of Fusion

Storage Conditions
Semi-Soft Dates, 20-30% moisture
Temperature
Storage Period
Relative Humidity

70°F
(21°C)

60°F
(15°C)

40°F
(4.4°C)

32°F
(0°C)

0°F
(-18°C)

1 month

3 months

8 months

1 year

over 1 year

75% or less

Soft Dates, >30% moisture
Temperature
Storage Period
Relative Humidity

32°F
(0°C)

0°C
(-18°C)

6 months

More than 6 months

75% or less

All the commercial dates grown in the U.S. come from the hot desert area in southeastern California
(Coachella Valley). The main cultivars grown are the Deglet Noor, Halawy, Khadrawy, Zahidi, Barhee
and Medjool. The Deglet Noor, a relatively dry fibrous type of date, accounts for 95% of the total 40
million pound average annual date crop. Production of the Medjool date is increasing, over 4 million
pounds in 1994, and it is a popular soft sweet date. About 95% of the dates grown in the Bard Valley area
are Medjools.
Deglet Noor is a cane-sugar date whereas the other semidry varieties are invert sugar dates. The Barhee
and Medjool are soft varieties and contain invert sugars. Medjool dates are increasing in popularity
Dates
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among domestic consumers and have long been popular in Europe where about 45% of the U.S. Medjool
crop is exported. The majority of the date crop is sold by Christmas because the holidays are the peak
demand time. The Medjool harvest begins in September and most of this variety is picked by mid
October.
Maturity stages of dates include “khimri”, “khalal”, “rutab”, and “tamar”. Most dates are harvested at the
fully-ripe "Rutab" (light-brown and soft) and "Tamar" or “Tamr” (dark-brown and soft, semidry, or dry)
stages, and that’s the stages when they are soft, have high levels of sugars, and lower moisture and tannin
content. Moisture contents of khalal, rutab, and tamar dates range from 45-85, 30-45, and <30%,
respectively. A few cultivars (such as Barhee, Hayany, Samany, and Zaghlol) are harvested in Africa and
the Middle East at the "Khalal" stage (partially-ripe) when they are yellow or red (depending on cultivar),
but some consumers may find them astringent due to high tannins.
Dates quality indices include fruit size, shape, color, texture (chewiness), cleanliness, and freedom from
defects such as sunburn, insect damage, sugar migration to fruit surface, and fermentation, and decaycausing pathogens. CODEX quality standards for dates include:1) dates should possess the characteristic
color and flavor for the variety, be of proper stage of ripeness, and be free of live insects and insect eggs
and mites; 2) Moisture content of 26 to 30%, depending on the variety; 3) Minimum fruit size of 4.75g
(un-pitted) or 4.0g (pitted); 4) Absence of defects, including blemishes, mechanical damage, unripe, unpollinated, embedded dirt or sand, damaged by insects and/or mites, souring, mold, and decay. Dates and
their products should be free from objectionable matter and free from microorganisms that represent a
hazard to human health. The CODEX standards include three sizes based on the number of dates per
500g: small (>110 dates without seeds or >90 dates with seeds), medium (90-110 dates without seeds or
80-90 dates with seeds), and large (<90 date without seeds or <80 dates with seeds). In the U.S. Standards
for Grades of dates, quality score includes 20 points for color, 10 points for uniformity of size, 30 points
for absence of defects, and 40 for character (well developed, well fleshed, and soft). U.S. grade A or U.S.
Fancy are given to whole or pitted dates of one cultivar that achieve a score of 90 or higher. Lesser grades
include U.S. Grade B or U.S. Choice, and U.S. Grade C or U.S. standard. Defects that reduce their score
include discoloration, broken skin, deformity, decay, puffiness, scars, sunburn, insect injury, improper
hydrating, mechanical injury, lack of pollination, blacknose, side spot, black scald, improper ripening,
souring, mold, dirt, and insect infestation. In addition, Medjool dates growers in the USA use a Grading
standard that differentiates 4 grades based on fruit size and freedom from defects as follows: “Jumbo”:
35-42 dates/Kg, with no blemishes, skin separation, or dryness, “Large: 44-51 dates/Kg, with no
blemishes, skin separation, or dryness, “Extra Fancy”: 44-53 dates/Kg, with minor blemishes, packed all
sizes together, and “Fancy”: 44-57 dates/Kg, with some dryness and skin separation, packed all sizes
together.
Only dates that have been properly dehydrated can be kept any length of time without refrigeration. Dates
are usually placed in cold storage after they have been cleaned and graded. When necessary, certain
grades are matured and dehydrated before storage. Often, at the peak of harvest, from mid-August to
December, when packinghouses receive dates faster than they can be handled, a considerable tonnage of
field-run dates may be put in cold storage until packing facilities become available later.
The expected good quality storage life of both soft and semi-soft dates is influenced greatly by their
moisture content and the temperature and relative humidity of storage. The higher the moisture content of
the fruit the more perishable it is and the greater the need for refrigeration. Low moist dates, 26%
moisture, or lower, preferably 20% or below, can be stored longer and at higher temperatures than more
moist dates. High moist dates, 30-35% moisture range, should be held at 32 to 5°F (0 to -15°C).
Dates absorb moisture readily from storage room air and this should be kept below 75% if possible. If
dates are stored wrapped with a moisture-vapor-proof material it is not necessary to control the air
moisture. Also, at temperatures well below 32°F (0°C), the natural low relative humidity will be
Dates
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satisfactory and air moisture control is not required. In fact in the freezer 0°F (-18°C) dates will gradually
lose moisture.
Avoid rapid or extreme temperature fluctuations to prevent moisture condensation on dates unless they
are wrapped or packaged in moisture-proof material. When dates are not wrapped, it may be necessary to
warm them gradually to prevent moisture condensation when cold dates are removed from refrigerated
storage. For information on tempering techniques, see Condensation Control elsewhere in this manual.
Graded dates are often stored for several months, refrigerated, in bins or other bulk containers, before
marketing. Following storage they are re-graded, when necessary, to remove dates that have changed
grade, and are packaged. Packed dates are not stored for long so that fresh-appearing packages are sent to
distributors. Dates should be kept refrigerated in warm weather during transit to distant markets. Dates,
like other dried processed fruits, should be stored and shipped at cool temperatures, with a generally
recommended upper maximum temperature of 45°F (7°C). During hot weather, properly pre-cooled dates
should be shipped in refrigerated railcars, trucks or ship containers set at 35 to 40°F (2 to 4.4°C). During
cooler parts of the year, refrigeration is not necessary. Low temperature protection is not needed as
freezing does not harm dates.
Storage temperatures used for dates are determined by considering cost of refrigeration in relation to
minimum requirements of the dates. The lower storage temperature limit selected is determined by its cost
and desired storage duration. There are no adverse effects of low temperature on dates even at freezing
temperatures, and keeping quality of dates apparently improves as the temperature is lowered. The lowest
temperature possible, considering cost, is recommended. Khalal dates should be stored at 32ºF (0ºC) and
85-95% relative humidity. Packaging in plastic bags or use of plastic liner in the box help in reducing
water loss. Khalal dates should be stored at 0ºC (32ºF) and 85-95% relative humidity. Packaging in
plastic bags or use of plastic liner in the box help in reducing water loss. Tamar dates can be stored 32ºF
(0°C) for 6-12 months; depending on cultivar (semi-soft dates have longer storage-life than soft dates).
Dates with 20% moisture or lower can be kept at 0ºF (-18ºC) for more than one year, or at 32ºF (0ºC) for
one year, or at 40ºF (4.4ºC) for 8 months, or at 68ºF (20ºC) for one month. The most adequate RH range
(except for Khalal) is 65-75%. Packaging of “Tamar” dates in nitrogen (to exclude oxygen) reduces
darkening and prevents insect infestation.
Low temperature is the single most important factor to maintain quality of dates. Quality losses that can
occur in dates and that can be minimized by low temperature storage are:
1.

Loss of color, flavor and texture

2.

Development of syrupiness -- inversion of sugars into reducing sugars

3.

Souring of excessively moist dates

4.

Insect infestation

5.

Sugar spotting

6.

Molds and yeasts develop due to excess moisture

Sugar spotting is more common in soft than semi-soft cultivars, and in fruit of 22 to 33% moisture content
than in fruit outside this critical range. Sugar spotting may be delayed or prevented entirely at sufficiently
low storage temperatures. Appearance and texture may be impaired but otherwise sugar spotting is
harmless. Sugar spotting is a crystallization of sugars beneath the skin and in the flesh and may be
reversed by gentle heating. Sugar spots may reappear in time if conditions are again suitable for their
formation.

Dates
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Avoid storage of dates with aromatic products. Dates absorb volatiles and take on flavors of other
commodities. Especially avoid storage with, or following, onions, apples, potatoes, meat, fish, plastics,
gasoline, etc. Exposure to ammonia or sulfur dioxide can be detrimental to quality of dates.

Freezing
Fresh dates, not cured and not dried, may be frozen for preservation as fresh fruit without any preparation.
A moisture-vapor-proof package or wrapping material is needed to prevent drying of the fresh, non-dried
dates during freezing and frozen storage.
WFLO is indebted to Dr. Louis Aung, USDA, ARS, Postharvest Quality Research Unit, Fresno, California, and Dr. Elhadi
Yahia, Universidad Autonoma de Queretaro, for the review and revision of this topic.
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Eggplant
Revised 2008

Thermal Properties
English

Metric

Moisture, %

92.41

--

Protein, %

1.01

--

Fat, %

0.19

--

Carbohydrate, %

5.70

--

Fiber, %

3.40

--

Ash, %

0.70

--

Specific Heat Above Freezing

0.96 Btu/lb*°F

4.02 kJ/(kg*K)

Specific Heat Below Freezing

0.44 Btu/lb*°F

1.83 kJ/(kg*K)

132 Btu/lb

307 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature
Relative Humidity

50 to 54°F
(10 to 12°C)
90 to 95%

Storage Period

1 to 2 weeks

Chilling Temperatures

Below 50°F
(10°C)

Highest Freezing Point

30.6°F
(-0.8°C)

High quality eggplants should be firm with a shiny, deep purple skin, and the calyx and stem should be a
fresh green. A dull skin, particularly if slightly wrinkled, is a sign of excess water loss and aging. Forcedair cooling and hydro-cooling are the best methods for removing field heat from eggplants. Keep the
storage relative humidity in the range of 90 to 95%. Eggplants should never be held in contact with ice.
Storage of eggplants at 50 to 54°F (10 to 12°C) is optimal, since eggplants are chilling sensitive. If
eggplants are held at 41°F (5°C) for 6 or more days, they will develop surface pitting, scald, tissue
browning and collapse, seed darkening, and typically Alternaria Rot upon removal from storage. If
prepackaged in perforated film to minimize moisture loss, eggplants may be stored up to 2 weeks at 50°F
(10°C), but increased decay may be a problem with longer storage. Prepackaging also can delay the
appearance of pitting due to chilling by retarding drying of the injured tissue. Exposure to ethylene gas for
2 or more days hastens deterioration, evidenced by calyx browning and abscission, flesh softening and
browning.
Eggplant
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Research has shown that eggplant storage life at a given temperature also depends on the variety and
temperature during growth and development. Eggplants grown during cool weather are more tolerant of
chilling temperatures. For example, fruit harvested in July were injured by 5 days of storage at 50°F
(10°C), whereas those harvested in October showed no pitting or decay after 10 days at 43°F (6°C). In
another study at the University of California, Davis, no chilling was observed in summer eggplants stored
at 50°F (10°C); 12 days were required for chilling to appear at 45°F (7.5°C); 6-7 days at 41°F (5°C); 4
days at 36°F (2.2°C); and only 1-2 days at 32°F (0°C).
Controlled atmosphere (CA) storage has not been used commercially to extend the storage life of
eggplants. However, in laboratory studies, storage in 1% O2 for 2 weeks at 50°F (10°C) reduced
carbohydrate losses and decay over that occurring in air. Elevated CO2 levels do not extend eggplant
storage life and CO2 levels above 10% are injurious.

Diseases and Injuries

Alternaria Rot

Chill-injured fruit are the most susceptible. Decay usually develops around the calyx and
over the surface of the fruit without visible skin breaks. The decayed flesh is spongy and
tan to grayish tan. Surface mold often develops on the old spots. The mold may be dark
gray or, if the fungus is sporulating heavily, the mass will appear olive green and velvety.
Control: Maintain a temperature of 50 to 54°F (10 to 12°C). Avoid shipping eggplants in
mixed loads of vegetables with top ice. Avoid prolonged holding and chilling
temperatures.

Lesions are a dingy, grayish brown with tender skin. The rot is soft and watery and does
Bacterial Soft not have foul odor.
Rot
Control: Careful handling and rapid cooling to about 50°F (10°C).

Cottony Leak

Especially noticeable during wet seasons. Only fruit that come in contact with the soil or
are spattered with soil are affected. Bleaching of purple skin color, especially at blossom
end, watery and light brown; pressure causes a brownish liquid to flow freely from
diseased tissues. Abundance of white, cottony fungus growth finally covers surface.
Control: Decay progresses rapidly, so no fruit showing brownish discolorations of any
kind should be stored. Decay will spread from diseased to healthy eggplant. Keep
storage temperature between 50 and 54°F (10 and 12°C).

Fruit Rot
(Phomopsis)

Gray Mold
Rot

Eggplant

Numerous somewhat circular, tan to light brown, slightly depressed spots. Decay is soft
and spongy. Very common decay of eggplant.
Control: Nothing that warehouseman can do except keep temperature between 50 and
54°F (10 and 12°C). Move fruit promptly if decay is evident.
Fruit harvested following cool, moist weather may develop the decay through wounds or
old blemishes. But if the fruits are held at 45°F (7°C) for 10 days or longer, they may
develop gray mold rot anywhere on the fruit without the aid of skin breaks. Decayed
tissues are bleached from dark purple to medium brown with a grayish cast. Actively
developing lesions usually have a reddish purple margin. The decayed tissues separate
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readily from the healthy flesh.
Control: Move eggplant fruit rapidly through the market channels. Avoid delays at less
than 50°F (10°C)
Symptoms of chilling injury are pronounced but usually do not develop until after fruit
are removed from low temperature. Symptoms include scald (flush or sunken brown
spots on the skin with a cooked appearance), pitting at skin breaks, and marked internal
browning of the flesh and seeds. The calyx also turns brown. Severely chilled fruit may
have so many pits that they appear pebbly. As in other vegetables subject to chilling
Chilling Injury
injury, Alternaria rot may develop in the scalded or pitted areas.
Control: Do not allow transit or storage temperatures to drop below 50°F (10°C).
Eggplants may tolerate up to 4 days at lower temperatures, but this is not advisable as
some fruit may be injured. Do not use top ice.

Freezing
Eggplant freezes well, but it is usually prepared as a cooked item for freezing. It may be sliced, dipped in
batter, and fried in deep fat. It may be baked, boiled, scalloped, sautéed, creamed, prepared as eggplant
Creole, or cooked in many other ways. Package well and then freeze rapidly.
WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Eggs and Egg Products
Revised 2008

Thermal Properties
Whole

Yolk

White

English

Metric

English

Metric

English

Metric

Moisture, %

75.33

--

48.81

--

87.81

--

Protein, %

12.49

--

16.76

--

10.52

--

Fat, %

10.02

--

30.87

--

0.0

--

Carbohydrate, %

1.22

--

1.78

--

1.03

--

Fiber, %

0.0

--

0.0

--

0.0

--

Ash, %

0.94

--

1.77

--

0.64

--

Specific Heat Above
Freezing

0.87
Btu/lb*°F

3.63
kJ/(kg*K)

0.73
Btu/lb*°F

3.05
kJ/(kg*K)

0.93
Btu/lb*°F

3.91
kJ/(kg*K)

Specific Heat Below
Freezing

0.47
Btu/lb*°F

1.95
kJ/(kg*K)

0.54
Btu/lb*°F

2.25
kJ/(kg*K)

0.43
Btu/lb*°F

1.81
kJ/(kg*K)

Latent Heat of Fusion

108 Btu/lb

252 kJ/kg

70 Btu/lb

163 kJ/kg

126 Btu/lb

293 kJ/kg

Storage Conditions
Temperature

Relative Humidity

Storage Period

°F

°C

%

Shell

45

7.2

70-80*

2-3 weeks

Shell

29-31

-2 to -0.6

85-92*

5-6 months

-18

not critical

2 years +

4

not critical

5 days

o

Frozen

0

Liquid

40

* not critical if oiled

Fresh Shell Eggs
Handling:
Both washed and unwashed eggs are stored under refrigeration. “AA” or “A” quality eggs are
preferred for extended storage periods. If eggs are to be washed before storage, they should be
cleaned, graded and oiled under sanitary conditions. The Egg Products Inspection Act of 1970
requires that all eggs moving in interstate commerce be candled and graded. No cracked, dirty or
loose eggs may be sold except direct to consumers by producers in limited amounts or to an
Eggs and Egg Products
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authorized breaking plant. Shell eggs moving only intrastate are not regulated by the United States
Department of Agriculture (USDA) but most states have egg grading laws or regulations very
similar or identical to those of the USDA. Some states operate under a cooperative federal-state egg
grading program which provides supervision of the grading operation by federal personnel. The
program is voluntary and a fee is levied to those who request the service. All eggs sold to the
military or other federally operated establishments must be inspected for grade by a USDA
representative. The USDA has established the specifications for quality of individual shell eggs, as
well as specifications and tolerances for consumer, nest run and wholesale packs. The weight
classifications, which are independent of quality, are shown in the tables below for consumers, nest
run and wholesale grades, respectively.
U.S. Weight Classes for Consumer Grades for Shell Eggs
Size or weight
class

Minimum net
weight per dozen

Minimum net weight per
30 dozen case

Minimum weight for individual
eggs at rate per dozen

Ounces

Pounds

Ounces

Jumbo

30

56

29

Extra Large

27

50-1/2

26

Large

24

45

23

Medium

21

39-1/2

20

Small

8

34

17

Peewee

15

28

--

Weight Classes for U.S. Nest Run Grade for Shell Eggs
Weight classes

Minimum average net weight on lot basis 30-dozen cases (pounds)

Class XL

51

Class 1

48

Class 2

45

Class 3

42

Class 4

39

Note: No individual sample case may vary more than + or – 2 pounds (4.4 kg) from the lot average
Weight Classes for U.S. Wholesale Grades for Shell Eggs
Weight
classes

Average net
weight on a lot
basis1

Minimum net
Minimum weight Weight variation tolerance
weight individual at rate per dozen for not more than 10% by
case basis2
weight
count of individual eggs

Pounds
At least

Pounds

Ounces

Ounces

50.5

50

26

Under 26 but not under 24

Extra Large

Eggs and Egg Products
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Large

45

44

23

Under 23 but not under 21

Medium

39.5

39

20

Under 20 but not under 18

Small

34

None

None

None

1

Lot means any quantity of 30 dozen or more eggs.

2

Case means standard 30 dozen egg case as used in commercial practice in the U.S.

Washing:
Nearly all eggs produced on commercial poultry farms are washed. High labor costs for separating the
clean eggs from the dirty eggs and mistakes in judgment on cleanliness have made washing an almost
universal practice. Modern equipment properly operated is capable of safely cleaning most soiled eggs.
Close supervision is essential, especially regarding water temperature, detergent-sanitizes use, rapid
drying of the eggs and overall strict sanitation. Eggs for long term storage should come only from plants
known to have adequate washing equipment operated in an approved manner at all times. If there is any
doubt concerning the washing operation, the eggs should be marketed promptly or converted to egg
products. Washing of shell eggs is not allowed in some countries. For these areas dry cleaning equipment
is available. Such equipment is more labor intensive and can only be used with white shelled eggs.
Oiling:
Egg shell is porous. Water can evaporate through the shell, resulting in weight loss and lowering the
quality grade. This happens more rapidly if the relative humidity of the surrounding air is low. To
minimize this loss, most eggs are sprayed with a colorless, odorless, tasteless mineral oil available from
poultry supply houses or oil companies. Perhaps even more important, oiling retards the escape of carbon
dioxide from the interior of the egg. Retaining carbon dioxide in the egg white reduces quality losses
during storage. In most commercial operations, the eggs are sprayed with a thin film of oil immediately
after cleaning and drying. For holding periods of a few weeks or less, 1/2 to 2/3 of the shell surface is
covered. Excess oil is wasteful and does not improve shelf life of the egg.
Casing:
Packaging of eggs is important to prevent physical damage, contamination and odor transfer. Eggs may
be bulk packed or retail carton packed. In either instance, 30 dozen eggs are packed in a standard case
measuring 24½" long, 12½" wide, and 13¾" high. With retail packaged eggs they are sometimes cased in
15 dozen cases which are one-half the length of the 30 dozen cases. For bulk packing, molded pulp trays
are usually used. For retail packing the dozen cartons are either molded pulp or molded plastic, usually
Styrofoam. All egg packing materials should be clean and odor free.
Cooler Storage:
Federal regulations mandate that all shell eggs be maintained in an ambient temperature of 45°F (7.2°C)
at all times following grading and/or packaging. The regulation reads: "No shell egg handler shall possess
any shell eggs that are packed into containers destined for the ultimate consumer unless they are stored
and transported under refrigeration at an ambient temperature of no greater than 45°F (7.2°C)."
Eggs for long term storage should be held just above the freezing point which is about 31°F (-0.56°C).
However, such low temperatures are seldom used because most eggs today are consumed within a short
period. Also, when eggs are removed from that temperature, they may be below the dew point resulting in
Eggs and Egg Products
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condensation on the shell surface, commonly called sweating. When eggs are removed from refrigerated
storage, it may be necessary to temper them to a higher temperature to prevent sweating.
Control of relative humidity in egg storage rooms is a necessity. Eggs can lose weight by evaporation of
moisture in low relative humidity. Even for oiled eggs, the relative humidity should not be lower than 7080% for long term storage. Too high a relative humidity will result in mold growth which can penetrate
the pores of the shell and contaminate the egg contents.
Mold will grow on eggs starting at a relative humidity of between 90 and 94%. Moving air inhibits this
growth, so eggs for long term storage in still air rooms should be held at lower than 90% relative
humidity, but can be held at up to 92% if the air is moving at about 40 feet per minute.

Liquid Egg Products
The production of liquid egg products continues to rise each year, while frozen egg products appear to
have stabilized with respect to production. Most egg products, liquid or frozen, are used for further
processing into other fabricated food items. Nearly all the commercial egg products are broken by
machines which can sanitarily break the eggshell and either leaves the contents whole, separate the yolk
from the white or mix the yolk and whites to produce specific blends. All liquid or frozen egg products
are strained, churned, pasteurized and then frozen or sold unfrozen as a liquid.
Pasteurization:
The Egg Product Inspection Act became effective on July 1, 1972, and has put the egg product process
under mandatory USDA inspection. Generally, all egg products are required by law to be pasteurized and
free from pathogens before being shipped to the market or storage. The minimum required temperature
and time for pasteurization of each type of egg product is specified by the US Department of Agriculture.
Pasteurization Requirements

Liquid Egg Product

Minimum
Temperature
Requirements

Minimum
Holding Time
Requirements

°F

°C

Minutes

Albumen (without use of chemicals)

134
132

57
56

3.5
6.2

Whole egg

140

60

3.5

Whole egg blends (less than 2% added non egg
ingredients)

142

61

3.5

Fortified whole eggs and blends (24-38% egg solids, 212%)

144
142

62
61

3.5
6.2

Salt whole egg (with 2% or more salt added)

146
144

63
62

3.5
6.2

Sugar whole egg (2-12% sugar added)

142
140

61
60

3.5
6.2

Plain yolk

142

61

3.5
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140

60

6.2

Sugar yolk (2% or more sugar added)

146
144

63
62

3.5
6.2

Salt yolk (2-12% salt added)

146
144

63
62

3.5
6.2

The minimum storage temperatures required for various liquid egg products are shown in Table V.
Minimum Cooling and Temperature Requirements for Liquid Egg Products
Unpasteurized product temp. within 2 hrs from time of breaking.

Product

Liquid (other Liquid (other
than salt
than salt
product) to product) to be
be held 8 held in excess
hours or less
of 8 hours

Liquid salt
product

Temperature
within 2 hours
after
pasteurization

Temperature
within 3 hours
after stabilization

Whites (not
to be
stabilized)

55°F
(13°C) or
lower

45°F
(7°C) or lower

45°F
(7°C) or lower

Whites (to be
stabilized

70°F
(21°C) or
lower

55°F
(13°C) or
lower

55°F
(13°C) or lower

(1)

40°F
(4.4°C) or
lower

If to be held 8
hrs or less, 45°F
(7°C) or lower. If
to be held in
excess of 8 hrs,
40°F (4°C) or
lower

If to b e held 8 hrs
or less, 45°F (7°C) or
lower. If to be held
in excess of 8 hrs,
40°F (4°C) or lower

All other
product
(except
45°F
product with (7°C) or lower
10% or more
salt added)

Liquid egg
product with
10% or more
salt added

If to be held 30
hrs or less, 65°F
(18°C) or lower.
65°F
If to be held in
(18°C) or lower 2
excess of 30 hrs,
45°F (7°C) or
lower

1

Stabilized liquid whites shall be dried as soon as possible after removal of glucose. The storage of
stabilized liquid whites shall be limited to that necessary to provide a continuous operation.

2

The cooling process shall be continued to assure that any salt product to be held in excess of 24 hrs
is cooled and maintained at 45°F (7°C) or lower.
Freezing:
Eggs cannot be frozen in the shell as expansion of the contents results in cracked shells. Frozen egg
products include whole eggs, yolks, whites, blends of yolks and whites of any desired ratio, and any one
of these used with one or more food ingredients such as salt, sugar, corn syrup, or glycerol.
Eggs and Egg Products
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Frozen whole eggs or yolks become highly viscous after thawing and sometimes can become gummy
with lumpy particles. This phenomenon can be partially prevented by adding salt, sugar, corn syrup or
glycerin. Frozen eggs intended for mayonnaise and salad dressing are usually salted. The baking,
confectionery and ice cream industries generally prefer eggs with sugar or syrup added.
The time of freezing depends on the type and size of the container, the temperature of the freezer and the
air flow surrounding the container. The U.S. Department of Agriculture regulations require that
pasteurized egg products be solidly frozen or reduced to a temperature of 10°F (-12°C) or lower within 60
hours. For most frozen egg products these requirements can be met with freezer temperature at -15 to 20°F (-26 to -29°C) and with substantial air flow. On the other hand, freezing too fast will result in a
center core expanding to raise the lid and cause contamination of the product or make stacking for
subsequent storage difficult.
Packaging:
The most common packaging for frozen eggs and egg products is a 30-lb cylindrical plastic container
with tapered walls and friction fit cover. The dimensions of the typical container are 10" diameter x 12
1/2" high. For foodservice use, frozen egg products are most commonly packed in 5-lb. milk-style
cartons, 6 cartons per case. Other variations do exist such as the plastic "cook-in-the-bag" filled with raw
eggs which can be thawed and cooked in the bag. Scrambled eggs can be served directly from the bag.
Liquid eggs and egg products are used primarily by industry because of their convenience. Five days at
40°F (4.4°C) is considered a fairly typical shelf life. The traditional 30-lb. "can," the newer 45-lb. plastic
bag in a corrugated carton (dimensions 9-1/2"x9-1/2"x16-1/2"), 1800-lb. tanks with self-contained
refrigeration apparatus, and insulated tank trucks of various sizes ranging up to 5000 gal capacity are used
for "packaging" these products. Usually well-timed contracted commitments are the order of business
here.
At retail, products that are raw were liquid in nature prior to freezing and are sold in milk-style cartons of
various sizes ranging from as little as a pint to as much as 1 quart in size. The number of units per case
will vary from manufacturer to manufacturer.

Further Processed Egg Products
In recent years the retail and foodservice sales frozen omelets, quiches, and other further processed egg
products have increased. Unfortunately, very little public research has been done so not much is known
about keeping qualities, shelf life, defects, and especially in relation to freezing. These products are all
sold frozen to preserve them, except for hard-cooked eggs that are sold in weak acidic solutions of one
composition or another.
Mandatory inspection by USDA's Food Safety and Inspection Service (FSIS) of these products is
necessary only if they are produced from unpasteurized egg products or if they contain meat and/or
poultry meat or are part of a meal, dinner, or breakfast containing meat and/or poultry meat. Otherwise,
all other products are subjected to the usual U.S. Food and Drug Administration inspection. These types
of egg products or egg-containing products are not defined as "egg products" under the U.S. Egg and Egg
Product Inspection Act.
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Further processed egg products usually consist of eggs and other food ingredients. Some of these products
may contain food ingredients to as much as 25% of the total volume. The added ingredients will affect
their taste and keeping qualities. The FSIS has set some standards-of-identity for omelets and certain
filled omelets such as those containing ham, cheese, and bacon. Likewise, quiches also are defined
although there are a great many mixtures of eggs and other ingredients that make up a "quiche." Defining
these products and trying to set standards is a real quagmire. For example, are omelets only to be made in
the traditional way (partially cooked flat in a pan, filled, folded over and finished cooking) or can an
omelet be essentially scrambled eggs with the filling all "mixed in?" They are available both ways and
both raw and cooked.
Packaging is as varied as storage times and temperatures. Packaging may range from the common milk
carton for raw omelet or quiche mixes to cooked varieties that are packed in special shaped plastic trays
with 12 to 16 pockets and a plastic shrink top cover, 4-5 trays to a box.
Until some definitive research on storage times and temperatures becomes available, 0°F (-18°C) is
recommended. Six months storage time maximum is suggested. Cooked eggs which are not protected by
lower pH will turn green in frozen storage after about 3-4 months. Hard cooked eggs sold fresh in acidic
solutions can retain color for as little as 3 weeks to as much as 5-7 weeks, assuming the holding
temperature is 40°F (4.4°C). Sanitation at the manufacturing plant is the key to shelf life.

WFLO is indebted to Dr. W. J. Stadelman, Professor Emeritus, Purdue University, Lafayette, Indiana; and Dr. Paul Dawson,
Clemson University, Clemson, South Carolina for the review and revision of this topic.
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Eggs, Dried
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Thermal Properties
Whole (dried)

White (dried)

English

Metric

English

Metric

Moisture, %

3.10

--

14.62

--

Protein, %

47.35

--

76.92

--

Fat, %

40.95

--

0.04

--

Carbohydrate, %

4.95

--

4.17

--

Fiber, %

0.0

--

0.0

--

Ash, %

3.65

--

4.25

--

Specific Heat Above Freezing

0.49 Btu/lb*°F

2.04 kJ/(kg*K)

0.55 Btu/lb*°F

2.29 kJ/(kg*K)

Specific Heat Below Freezing

0.48 Btu/lb*°F

2.00 kJ/(kg*K)

0.50 Btu/lb*°F

2.10 kJ/(kg*K)

4 Btu/lb

10 kJ/kg

21 Btu/lb

49 kJ/kg

Latent Heat of Fusion

Storage Conditions
Egg White Solids, Dried Whole Egg and Yolk Solids,
for Routine Storage
Temperature
Relative Humidity

70-80°F (21-27°C)

40-50°F (4-10°C)

75% or less

75% or less

Indefinite

1-2 years

Storage Period

Dried, for Color and
Nutrient Retention
32 to 0°F (0 to -18°C)
3 months-1 year

Egg White Solids:
Egg white solids are produced from deglucosed liquid egg albumen. The glucose is removed by either an
enzymatic or fermentation process. Both pan dried, commonly called “flake”, and spray dried, commonly
called “powder” are available. When packed in moisture vapor resistant containers, these products have
an indefinite shelf life when stored under ordinary room temperature conditions. Refrigerated storage is
not recommended. Moisture may condense on the cold product when it is removed from refrigeration.
Keep containers tightly sealed - this prevents contamination and allows tampering to be detected.
Whole Egg and Yolk Solids:
Whole egg and yolk solids are produced from both natural (non-deglucosed) and deglucosed liquid whole
egg or yolk products. The glucose is mostly removed by an enzymatic process. These products are
produced by spray-drying. The composition of these products varies. They may be whole egg, yolk only,
blends of whole egg or yolk with carbohydrates (sugar, corn syrup), or whole egg or yolk to which freeEggs, Dried
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flow agents have been added to improve flavor, function, and/or physical texture. When packed with inert
gas, hermetically sealed and stored at 40-50°F (4.4-10°C), a shelf life of 1-2 years or perhaps more can be
expected. Lower storage temperatures can be used to extend shelf life. However, some products tend to
cake if free-flow agents have not been added. Keep containers tightly sealed, since this prevents
contamination and allows tampering to be detected.
Storage for Color and Nutrient Retention:
Whole eggs or yolk solids used for processing frequently require the rich deep yellow orange color
provided by corn, alfalfa, or other feeds high in carotenoids. Seventy-five percent of the color can be
retained for 3 months at 32°F (0°C) and for 1 year or longer at 0°F (-18°C).
Some of the carotenoid pigments are Vitamin A precursors. A 2 oz. portion of dehydrated whole eggs
should provide nearly half the daily dietary allowance of Vitamins A, B1, B2, protein, iron, and smaller
quantities of many other nutrients. Adequate nutrient protection can be provided for 3 months at 40-50°F
(4.4-10°C) and for 1 year at temperatures less than 32°F (0°C).
Storage of Unpasteurized or Salmonella Positive Egg Products in Commercial Warehouse Pending
Further Processing:
The United States Department of Agriculture (USDA) Egg Products Grading Branch, Agricultural
Marketing Service (AMS), has some special procedures to be followed when unpasteurized or salmonella
positive egg products are brought into the commercial warehouse. Generally speaking, the egg product
must eventually be returned to either the same firm or sent to an approved USDA plant for further
processing. The commercial warehouse receipt must provide the following information for the benefit of
the USDA and plant management:
1. Warehouse receipt number
2. Name and address of warehouse
3. Warehouse lot number under which product is stored
4. Type of product, number of containers, and net weight
5. Name and address of the firm for which product is stored
Packaging:
Dried eggs for foodservice use or government or military purchases may be packed in plastic pouches (6oz.), #10 cans, or 3-lb. and 25-lb. poly packs. Commercial/industrial use packs are 25-lb. and 50-lb.
boxes, or 150, 175, and 200-lb. drums. All packaging must be a positive moisture barrier. A moisture
proof, odor proof, packaging is preferred.
Odor Transfer:
Dried egg products are susceptible to absorbing foreign odors. They should not be stored with other
products that give off strong odors, such as apples or onions.
Certification Requirements:
From time to time, a resident USDA Grader may be asked to certify that a particular lot of dried egg
products have been analyzed using laboratory analyses, such as those appropriate to determine or measure
Eggs, Dried
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salmonella, standard plate count, coliforms, moisture, color or salt. If so, a sample each lot should be
collected as follows:

Number of Shipping
Containers in Lot

Number of Shipping
Containers to Select for
Sampling

Quantity to be
Analyzed

50 or less

4

(1) 100 grams

51-150

8

(2) 100 grams

151-500

12

(3) 100 grams

501-1,500

16

(4) 100 grams

over 1,500

20

(5) 100 grams

Containers are to be randomly selected from the lot and placed in groups of four. The grader will remove
approximately 2 t o 3 ou nces of pr oduct f rom each o f t he f our c ontainers a nd combine t hem i nto on e
sample container for laboratory analysis. Although this procedure is for the official USDA Grading test, a
warehouse operator can use the same procedure as a guideline should one of his customers request similar
services.

WFLO is indebted to Dr. W. J. Stadelman, Professor Emeritus, Purdue University, Lafayette, Indiana, and Dr. Paul Dawson,
Clemson University, Clemson, South Carolina, for the review and revision of this topic.
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Thermal Properties
English

Metric

Moisture, %

93.79

--

Protein, %

1.25

--

Fat, %

0.20

--

Carbohydrate, %

3.35

--

Fiber, %

3.10

--

Ash, %

1.41

--

Specific Heat Above Freezing

0.97 Btu/lb*°F

4.07 kJ/(kg*K)

Specific Heat Below Freezing

0.40 Btu/lb*°F

1.69 kJ/(kg*K)

Latent Heat of Fusion

135 Btu/lb

313 kJ/kg

Storage Conditions
Temperature

32°F (0°C)

Relative Humidity

95-100%

Storage Period

2 to 3 weeks

Freezing Point

31.9°F (-0.1°C)

Endive and escarole are not well adapted for long-term cold storage and cannot usually be held for more
than 2 to 3 weeks even under optimum storage conditions. Storage life at 41°F (5°C) is only about half
this long. These products are very sensitive to water loss, so storage relative humidity should be
maintained at 95-100%. One benefit of storage is that a certain amount of blanching takes place.
Vacuum cooling, hydrovac cooling or hydro-cooling can help maintain fresh appearance. It is
recommended that potable water chlorinated at 50 ppm, or pH 7, be used in order to avoid transfer of
decay and pathogenic organisms to the products. The storage requirements for endive and escarole
closely resemble those for Lettuce. Exposure to ethylene will cause brown spots on the midribs as in
lettuce.

Endive and Escarole
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Storage conditions for Belgium endive or witloof chicory are similar except that they should not be
exposed to light. The cream-yellow color of the dark-green heads will quickly turn green and bitter when
exposed to light.

Diseases
Bacterial
Soft Rot

Water-soaked appearance, softening, and breakdown of tissues, sometimes with a putrid
odor.
Control: Careful handling and prompt cooling to 32°F (0°C).

Marginal
Browning

For endive, brownish discoloration of edges and tips of blanched heart leaves and very
small reddish-brown spots or streaks in the fleshy midrib. For escarole, browning, drying,
and partial blackening occur on the tips of outer leaves, but center leaves are rarely, if
ever, affected.
Control: Marginal browning is a sign of senescence, or aging. Prompt cooling and storage
near 32°F (0°C) will slow its development.

Soft, watery, leaky decay, usually first on stem and lower leaves; light or pinkish-brown
without characteristic odor. White fungus growth with scattered bluish-black bodies called
Watery Soft sclerotia.
Rot
Control: Field control essential, followed by prompt cooling to 32°F (0°C). The fungus
grows slowly at temperatures below 50°F (10°C).

WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Thermal Properties
Fresh

Dried

English

Metric

English

Metric

Moisture, %

79.11

--

28.43

--

Protein, %

0.75

--

3.05

--

Fat, %

0.30

--

1.17

--

Carbohydrate, %

19.18

--

65.35

--

Fiber, %

3.30

--

9.30

--

Ash, %

0.66

--

2.01

--

Specific Heat Above Freezing

0.88 Btu/lb*°F

3.70 kJ/(kg*K)

0.60 Btu/lb*°F

2.51 kJ/(kg*K)

Specific Heat Below Freezing

0.54 Btu/lb*°F

2.25 kJ/(kg*K)

0.98 Btu/lb*°F

4.13 kJ/(kg*K)

113 Btu/lb

264 kJ/kg

41 Btu/lb

95 kJ/kg

Latent Heat of Fusion

Storage Conditions

Temperature
Relative Humidity
Storage Period
Freezing Point

Fresh

Frozen

Canned

Dried

30 to 32°F
(-1 to 0°C)

0 to -10°F
(-18 to -23°C)

50°F
(10°C)

32-50°F
(0 to 10°C)

90-95%
7 days or less

Air-tight, heat sealed containers
1 year +

1 year +

50-70%
1 year

27°F
(-3°C)

Commercial production of figs in the US is largely limited to California and has declined steadily from
about 100,000 tons (fresh basis) per year in the early 1950s to about 37,000 tons in 1990, but increased to
about 50,000 tons in 2000. Production varies with seasonal factors, but increasing production costs and
imports are the major reasons for this decline. The bulk (90%) of the production, as well as the imports,
are marketed as dried figs (about l/3 of fresh weight) and the rest (10%) as fresh or canned product.
Although only a small portion of the crop is sold fresh, substantial quantities may be offered for cold
storage for a few days prior to processing. Even at an optimum temperature of 32°F (0°C) and 90-95%
RH, fresh figs will not keep well for much more than 1 week, by which time they should be marketed or
processed. The storage period can be extended to 3 weeks if the fresh figs were kept in 15% CO2enriched air at 32°F (0°C). Recent research has shown that controlled or modified atmospheres of 5-10%
oxygen and 15-20% carbon dioxide are effective in decay control, firmness retention, and reduction of
respiration and ethylene production rates. Postharvest-life of fresh Black Mission and Calimyrna figs
Figs
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ranges from 3 to 4 weeks under these conditions (vs. 1 to 2 weeks in air), but flavor quality declines with
time in storage.

Diseases and Injuries
At first, small brown to black spots appear on the surface; later grayish-white tufts of
mold turning olive-green, grayish-white tufts of mold turning olive-green, superficial or
Alternaria shallow, largely on fully ripe fruit. Especially prevalent in the Kadota and Calimyrna
Spot
cultivars.
Control: Prompt cooling to 32°F (0°C).
Chiefly affects light-colored cultivars, such as Calimyrna and Adriatic; dirty white to
slightly pink skin and pulp color, with the pulp finally becoming cheesy; severely diseased
fruits appearing translucent and dark. Within the fig, there is a growth of white mold,
eventually with black spore masses which puff out in a black cloud when the fig is
Black Mold
pressed. Disease is difficult to recognize in its early stages.
Rot
Control: Disease starts in the orchard; more frequent picking and careful culling to discard
infected fruit would help reduce storage losses. Prompt refrigeration slows decay
development and spread.
Blue Mold
Rot

Endosepsis
(Soft Rot)

Blue-green spore masses on white mold growth.
Control: Prompt refrigeration.
Water-soaked areas in skin, pink or purple in color. Flesh is yellowish-brown, soft, watery
and has a sour, offensive yeast-like odor. Found primarily on caprified figs.
Control: Sanitary practices in the orchard and in caprifying techniques are only known
control measures.

Chiefly on overripe fruit--affected tissue has water-soaked appearance at first, later turns
tan and becomes covered with a gray, fluffy, or velvety growth of mold. Tissues eventually
Gray Mold
soften and may leak juice in late stages of decay.
Rot
Control: Prompt cooling to 32°F (0°C).

Rhizopus Rot

Affected tissue is soft and leaky, turning brown, and later covered with coarse, gray mold
with black spores. Soft, overripe fruit particularly susceptible to disease. Mold spreads
rapidly from infected to sound fruit at warm temperatures.
Control: Rhizopus will not grow below 45°F (7°C). Prompt cooling below this temperature
controls disease.

Splitting

Calimyrna and Kadota are especially susceptible. Apparently due to damp weather
conditions, but may be intensified by package pressure and careless handling.
Control: No warehouse control.

Sunburn

Figs

Tan or dark leathery brown bands encircling eye, or blotches and spots on side of fruit,
due to exposure to sun.
2

Control: No warehouse control.

Freezing
The small quantities of figs that are frozen are packed as whole fruit in heavy syrup or as sliced or
crushed fruit, usually 4 parts of fruit to 1 part of water. The heavy syrup prevents discoloration and other
serious quality changes when stored at 0°F (-18°C) or lower for 1 year. The low temperature also prevents
appreciable changes in the substantial nutrients present.

Drying
Figs are usually dried on trays in hot-air drying tunnels where their moisture content is reduced from 7580% to 20-25%. Thus dried figs are not really completely dried, and are not too different from semi-moist
foods whose water activity (Aw) is not sufficient to support bacterial growth but can and does support
mold growth. Thus to prevent mold growth and insect infestation and to stabilize color and moisture
content for as long as 1 year, dried figs should be stored at 32-50°F (0-10°C), and 50-70% RH. At lower
temperatures, the relative humidity can be permitted to rise, especially if the dried figs are packaged in
moisture-barrier films. In general, the best conditions for dried fig storage are 40°F (4.4°C) and 65% RH.
Since dried figs contain only about 1/3 of their original water content, solids, including nutrients, are
present at levels that are about 3 times higher than in the fresh, canned, or frozen fruit. Thus a 4-oz (113
g) portion of dried figs should provide 20% or more of the recommended dietary allowance of calcium,
iron, and vitamin B1, 10% of vitamin B2 and niacin, and about 5% of the protein requirements. Low
temperature storage will help preserve these nutrients.

WFLO is indebted to Dr. Adel Kader, Department of Plant Sciences, University of California, Davis, for the review and revision
of this topic.
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Fish, Comminuted, Deboned, and Minced
Revised 2008

Storage Life of Comminuted Fish
Mechanical removal of fish flesh from skinned bones of fish started in Japan approximately 45 years ago.
In the U.S., the use of meat/bone separator technology began some 20 years ago. The largest portion of
minced fish used in the U.S. is imported as frozen blocks from the Russian Federation, China, and
Canada. Most U.S. fish processors use trimmings from their filleting lines as the source of raw material
for their minced fish. Some companies use underutilized fish species or fish that are too small in size or
have an excessive number of bones for conventional processing techniques to handle.
The fish flesh produced by mechanical deboning is equally as nutritious as that produced by the more
conventional methods. Its low fat and high protein content make it as wholesome as beef and may be
somewhat more healthful due to the lower quantity and higher degree of unsaturation of its fats.
Minced fish is becoming more available as technology in deboning and product fabrication is improving.
Because of the additional handling, disruption of cellular integrity, increase in surface area exposed to
oxygen, etc., shelf life of minced fish is usually reduced substantially, unless antioxidants and/or
exceptionally good packaging are used. In general, it may be assumed that minced fillets will have a
frozen shelf life about one-third that of intact fillets, and one-third of that if the minced fish is recovered
from fish frames during deboning. Thus, for example, if frozen fish fillets have a shelf life of 9 months,
the minced fillet shelf life will be reduced to about 3 months, and that recovered from frames, a little
more than 1 month. Minced fish produced from certain gadoid fish, particularly hakes and Alaska
Pollack, is prone to becoming rubbery during frozen storage due to enzymatic reactions; this condition
may be mitigated by holding at lower than normal storage temperatures. Some stabilization of the
functional properties of frozen minced fish can be achieved by washing the mince and incorporating
additives such as sugar, sorbitol, and polyphosphates. This product is known as Surimi and is the base
material for manufacturing Kamaboko-type products or simulated seafood.
Mechanically deboned fish is very versatile in that a large variety of highly acceptable products can be
prepared. Since mincing removes species recognition by visual techniques, just about any edible species
of fish can be used alone or in combination to produce the most desirable product. However, it is not
desirable to mix the mince of certain gadoid fish such as the hakes (which are prone to develop a tough
rubbery texture during frozen storage) with other trouble-free species, since the agent responsible for the
textural change will be incorporated into the mix.
Mixtures of shellfish and minced finfish have been used to prepare delicious seafood products. In
addition, on an experimental basis, comminuted fish has been added to beef products such as hot dogs and
meat loaves for use as appetizers and entrees.
The expected storage life of minced fish would be about one-third that of frozen fillets from the same
species at the same temperature, since the storage life at a specific temperature would vary greatly with
the species and the processing and packaging. It is recommended that studies be carried out on specific
new products before placing them into commercial distribution.
Fish, Comminuted, Deboned, and Minced

1

WFLO Commodity Storage Manual

This page is intentionally left blank.

WFLO Commodity Storage Manual

Fish, Frozen
Revised 2008

Types of Quality Loss Found in Frozen Fish
Frozen fish can be stored for a considerable amount of time under frozen conditions, provided proper
freezing and packaging conditions were observed. However, over time the overall quality of the frozen
fish can deteriorate. Some of the common types of quality degradation are listed below:
1. Off-odors and flavors due to bacterial action prior to freezing.
2. Loss of normal tissue structure, development of toughness, and tendency to drip during thawing
resulting from being held too long prior to freezing, being held too long in the freezer, or being
held at too high freezer temperatures, or held at fluctuating freezer temperatures.
3. Rancid off-odors and flavors and rusting due to poor packaging or glazing and being held at too
high freezer temperatures or for too long a time for the species. Fatty fish are most subject to
rancidity.
4. Drying out and becoming tough because of inadequate packaging or glazing. Commonly called
freezer burn, desiccation, or dehydration.
5. Color change. Light or white flesh fish can darken whereas carotenoid pigmented fish, including
but not limited to ocean perch and salmon can undergo a fading of the red color.

Factors Influencing Quality Loss in Frozen Fish
The following factors are important in influencing quality degradation in frozen fish products:
1. Intrinsic Factors:

a. The condition of the fish at the time of freezing as it relates to the nutritional status or the
stage of spawning can affect both appearance and texture of frozen fish.
b. The ultimate pH of the flesh post-mortem, which can be influenced by the fishing method
and the degree of struggling induced during the fish capture. Low pH or acidic cod muscle
has been shown to become tough during frozen storage.
c. The stage of rigor mortis at the time of freezing, which can affect the appearance and
texture of the fish. If the fish were frozen pre-rigor or during the onset of rigor the frozen
product may distort or gape during the thawing or cooking process. The onset of rigor,
which may have been arrested by freezing, will continue during thawing.
2. Holding Procedures prior to Freezing:

a. In order to maintain quality, fish should be held for as short a time as possible, and at
temperatures near 32°F (0°C) prior to freezing. A study showed that headed and
eviscerated Whiting held for 2 days in ice (32°F = 0°C) had a good quality frozen storage
Fish, Frozen
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life at 0°F (-18°C) of 12 months. In contrast, Whiting held in ice for 4 days prior to
freezing had a storage life of only 6 months.
3. Packaging Material or Glaze:

a. Frozen whole fish and fish products should be protected from moisture loss by use of a
glaze, packaging material, or combination of both. Fish and fish products not adequately
protected from moisture loss in the freezer become dull in color, the surface dries out and
the flesh becomes tough and stringy. Although several types of glazes have been
proposed, including alginate, pectinate films or waxes, a plain ice glaze is simple to apply
and effective. Addition of a water-soluble antioxidant, such as ascorbic acid, to the
glazing solution has been shown to increase the effectiveness of an ice glaze.
4. Freezing Rate:

a. When fish muscle is placed at a sub-freezing temperature, the muscle temperature drops
steadily until it reaches about 28-30°F (-2.2 to -1.1°C), the freezing range for fish muscle.
At this point, ice crystals start to form within the tissues and the temperature remains
relatively constant. When most of the cellular water has been frozen, the muscle
temperature drops rapidly again until it eventually equilibrates with the temperature of
the environment. If the rate of freezing is fast, the ice crystals that form within the tissue
cells will be numerous in number but small in size, resulting in little damage to the
tissues. On the other hand, if the freezing rate is slow, a few ice crystals will form, but
these will be large in size and they can damage tissue cells. This damage will be in the
form of denaturation of proteins with loss of water holding capacity, impairment of cell
membrane permeability, and disruption of cellular components with release of enzymes
previously contained. This will all be manifested as drip loss during thawing and possible
flavor changes.
5. Thawing Method:

a. The procedure employed for thawing frozen fish can affect quality of the thawed product.
The defrost time should not be too long; otherwise, bacterial growth or surface
dehydration might occur. The product temperature should not remain in the critical zone
(32-33°F) (0 to 0.6°C) too long, else protein damage with loss of water holding capacity
might result. Conversely, the product thawing method should not be too fast, or high
temperatures will rapidly thaw the outside of the product while the inside remains frozen.
This rapid thaw will force ice crystals in the cells to rupture cell membranes, resulting in
a rapid loss of nutrients, moisture and flavor.
6. Freezer Temperatures:

a. Fish, like fruits and vegetables, continue chemical changes in their flesh after freezing.
These deteriorative changes are accelerated by high storage temperatures and are retarded
by lower storage temperatures.
The following are a few examples of how storage temperature affects high quality storage life:

Fish, Frozen
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Number of Weeks before a Product was First Found Significantly Different from a Control
Sample*
Weeks of Storage at
Product

Determinant
Attribute

-18°C
0°F

-23°C
-10°F

-29°C
-20°F

Cod fillets, cello wrapped in 5 lb.
packs

15

35

77

Salmon, whole dressed, glazed

37

42

70

Shrimp, green headless, glazed in 5 lb.
cartons

55

55

76

o
o
o
o

Alaska Pollack Surimi, blocks

5

10

26

o strain value

texture at 0°F
flavor at -10 & -20°F
flavor and color
flavor

Temperatures can never be held absolutely constant during storage because of the cyclical
operation of refrigeration equipment and product movement to and from storage. Storage
temperature fluctuations should, however, be controlled as much as possible in order to minimize
the normal loss of moisture from glazed and packaged fish. This control will help realize the
maximum storage shelf life potential of the product.
* Source: WFLO Project #110C "The Effects of Cold Storage Temperature on the High Quality Shelf
Life of Selected Frozen Seafood."
7. Species Variation:

a. Fish are classified, for frozen storage purposes, as fat or lean types. The fatty types have
oil or fat in their flesh that can become rancid, commonly called oxidative rancidity. Lean
fish may have some oil or fat in their flesh, but the quantities are so small that rancidity is
not a serious problem. Various types of packaging materials, antioxidant dips, glazes, etc.
are used to control rancidity. There are medium fatty species that could be classified
either as fat or lean, but they are usually called fatty, to be on the safe side, when
planning prolonged storage periods. The oils of some species are less susceptible to
rancidity than others, but high oil or fat content is usually a criterion for expecting a
shorter good quality storage life.
A summary of the expected storage life of fish is as follows:
Storage Life of Frozen Fish at 0°F (-18°C) or Below*
Packaged Whole or Headed
and Gutted

Pieces and Fillets

Moderately fatty and fatty fish, glazed

6-10 months

4-8 months

Lean fish, glazed

10-12 months

8-10 months

WFLO Project #110C shows that the high quality storage life can be almost doubled by storage at -10°F
(-23°C) or below.

Fish, Frozen
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Species of Fish, by Category

FATTY

Alewives
Atlantic Halibut
Barracuda
Bass, striped
Bluefish
Bonito
Butterfish
Catfish
Carp
Eel
Herring
Jack mackerel
King mackerel
Mackerel
Mullet
Sable fish
Salmon
Sardines
Scup (porgies)
Shad
Shark (dogfish)
Sheepshead
Smelt
Snapper, red
Sturgeon
Sucker
Swordfish
Tuna
Weakfish (sea trout)
Whitefish

LEAN

Bass, sea
Blackfish
Cod
Croaker
Cusk
Dru Flounder
Fluke
Grouper
Grunt
Haddock
Hake m, red
Marlin
Ocean Perch
Pacific Halibut
Perch, yellow
Pickerel
Pike
Pollack
Pompano
Skate
Sole
Whiting

Note: Lean fish are fish with less than 2% fat; levels 2% or higher are classified
as moderately fatty or fatty, the exact fat level varies depending on species,
area of catch and time of year when caught, and section of fish. Belly or tail
meat usually more fatty than other sections, dark meat more fatty than white
meat.

Frozen Prepared Fish Products
Frozen breaded fish sticks, both uncooked and cooked, and other prepared fish products are made from
so many different raw materials that predictions of their expected good quality storage life are
impossible to make with any degree of accuracy. For best retention of quality, products should be stored
at below 0°F (-18°C). High quality packaging materials should be used, and temperature fluctuation
during storage should be kept to a minimum.

Fish, Frozen
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Minced fish is becoming more available as deboning technology is improving. Because of the additional
handling, increase in surface exposed to oxidation, etc., shelf life of minced fish is usually reduced
substantially, unless antioxidants and exceptionally good packaging are used. In general, it may be
assumed that minced fillets will have a shelf life about one third that of the fillets, and one third of that
if the minced fish is recovered from frames during deboning. Thus, for example, if frozen fish fillets have
a shelf life of 9 months, the minced fillet shelf life will be reduced to about 3 months, and that recovered
from boning, little more than 1 month. Additional information about this topic is located elsewhere in
this manual under Fish, Comminuted, Deboned and Minced.
Surimi, from which a variety of structured seafood or seafood analogs, such as lobster tails and crab legs
are being manufactured, is essentially minced fish which has been washed thoroughly to leach out blood
and water soluble matter and remove much of the oil. The washed mince is dewatered and blended
with cryoprotectants (sugars, polyphosphates) to inhibit protein denaturation and preserve gel strength
during frozen storage. With most of the water-soluble constituents and oil removed during washing,
Surimi products are less prone to oxidative rancidity compared to minced fish. It is recommended that
Surimi be stored at 0°F (-18°C) or lower.
A summary of the expected storage life of Alaska Pollack Surimi is as follows:
Temperature

Storage Time in Weeks

0°F (-18°C)

5

-10°F (-23°C)

10

-20°F (-29°C)

26

* Source: WFLO Project #110C "The Effects of Cold Storage Temperature on the High Quality Shelf
Life of Selected Frozen Seafood."

Effects of Freezing and Thawing on Quality of Fish
Investigation: The effects of storage in ice and various ways of freezing were investigated.
Thawing and storage conditions were kept constant.
Result:

Conclusion:

Storage in ice resulted in no or very small effect on the membrane. After an added
freeze-thaw cycle, significantly higher levels of the enzymes were detected than
after only ice storage, irrespective of the length of ice storage. The fastest freezing
resulted in the smallest membrane disintegration.
Fast freezing is recommended.

Investigation:

The effects of frozen storage time and temperature, in combination with different
thawing methods were investigated.

Result:

The most important factor during frozen storage is the temperature. A lower storage
temperature (-40°C/-40°F) did not affect the membrane structure as much as a
higher storage temperature (-18°C/0°F) did. The sensory evaluation also showed a
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significant difference between high and low-temperature storage. Different storage
time and temperature in combination with different thawing treatments showed
that fast thawing was of greater importance both to sensory quality and biochemical
measured effects in fish stored at lower temperature. In general, faster thawing
resulted in less membrane disintegration than slower thawing, regardless of storage
time.
Conclusion:

To result in a high quality frozen fish product, a low and constant storage
temperature (about -30°C/-22°F) is recommended. A good frozen stored fish (as
described above) must be thawed fast to achieve the best eating quality.

Investigation:

The effect of the unavoidable temperature increase in fish during glazing was
investigated. An estimation and comparison of the effect on liquid loss during
thawing after a fast and a slow refreezing to frozen storage temperature after
glazing was done.

Result:

The faster the temperature was lowered to the desired storage level after glazing,
the less amount of thaw drip and the lower the leakage of marker enzymes were
measured. Fish from the two groups could significantly be differentiated in a sensory
test.

Conclusion:

A active refreezing after glazing in the process line can strongly be recommended.

Investigation:

Four different industrial freezing and handling were compared, focusing on sensory
and biochemical changes in the fish. The influences from the following parameters
were studied: individual or block-frozen fish, both as round fish and as fillet;
refreezing, with or without storage.

Result:

Refreezing seemed to be the most important factor before frozen storage.
Refreezing was the only factor that could be differentiated in sensory evaluation of
texture properties, and a significant higher released enzyme activity was determined
after refreezing than after first freezing. After storage, clear differences could be
seen in enzyme leakage between fish first frozen individually and in blocks, where
the individually frozen fish released fewer enzymes. In the sensory evaluation a
preference for the individually frozen fish also was seen. This indicates that storage
after refreezing amplifies the effects caused by differences in handling during the
first freezing on the fish quality.

Conclusion:

If possible, avoid refreezing. If not, notice that first freezing is done as optimal as
possible; that is for fish, individually as whole gutted fish.

* Source: Katarina Nilsson, PhD in Food Science, Frigoscandia

WFLO is indebted to Michael Jahncke, Virginia Seafood Agricultural Research and Extension Center, Hampton, Virginia, for the
review and revision of this topic.
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Floral and Nursery Stock
Revised 2008

Flowers and Florist Greens
Short storage customary: Present methods of marketing cut flowers in quantity involve several short
storage periods. Immediately after cutting, the blooms are usually placed in water in the grower's storage
room for several hours before shipping to the wholesale florist. The wholesaler stores them for a day or so
and sells locally or ships to a retailer who also refrigerates the flowers during the short sales period. These
merchants try to expedite the movement of fresh flowers to the consumer, and store them for as short a
time as possible, customarily in water. It should be noted that the longer the storage period, the less the
vase life in the consumer's home. Therefore, the use of appropriate floral preservatives at all stages of the
marketing chain is highly desirable.
The temperature and storage life given in the table allow for a reasonable vase life after removal from
storage. Much additional research is needed to determine storage requirements for flowers, greens, and
foliage plants. While data for major cut flowers have been carefully determined through experimentation,
other recommendations are based on meager evidence and will need revision in the future.
Most flowers must be handled as highly perishable products. They should be refrigerated promptly to
prevent moisture loss, to remove field heat, and to delay deterioration. In the major production areas,
Florida and California, flowers are now often pre-cooled after harvest. This may be done after packing by
forced-air cooling of ventilated containers. Flowers and greens deteriorate in many of the same ways as
fruits and vegetables. The main causes of deterioration are listed below:
1. Senescence-related wilting of petals or yellowing of foliage. Refrigerated storage is strikingly
effective in reducing the rate of respiration and thereby the rate of senescence.
2. Flowers are very susceptible to postharvest diseases, which reduce salability. The most important
postharvest disease in flowers is Botrytis cinerea, commonly called gray mold. The primary
means of reducing losses from diseases is adequate disease control in the greenhouse and field,
particularly removal of dead or dying plant parts (prunings, fallen leaves), which are the primary
source of spores of the fungus. Although proper temperature management will reduce its impact,
Botrytis grows at low temperatures. Proper temperature management can, however, greatly
reduce its effects, because the spores require free moisture to germinate. Prompt pre-cooling and
maintenance of steady cool temperatures reduce the probability of condensation on petals and
leaves, and so reduce the danger of Botrytis infection.
3. Normal development and aging may limit storage and shelf life. Stage of maturity at harvest thus
becomes critical. Some flowers must be picked as opening buds to have an adequate market life.
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4.

5.

6.

7.

8.

Fully opened roses, gladioli, or snapdragons are often not salable because of their advanced
development. Mature flowers such as larkspur may shatter.
Wilting through excessive loss of moisture may limit storage or vase life. Maintenance of high
relative humidity in holding rooms or use of moisture-retardant packaging can minimize such
losses. Flowers placed in water may still wilt because the stem is blocked by air bubbles in the
water-conducting tubes or by bacteria growing in the water. Re-cutting the stems, preferably
under water, will remove the portion of the stem containing air, and the use of preservatives
containing effective biocides will prevent growth of bacteria in the water.
Bruising and crushing will shorten storage life and reduce marketability, so blooms must be
handled carefully. Flowers and leaves that are bruised or otherwise damaged by careless handling
will respire faster and not last as long as those that are properly handled. Damaged tissue is also
more prone to attack by disease organisms and can generate wound ethylene.
Color changes, such as fading of carnations and blueing of rose petals, are symptoms of
deterioration. Again, refrigeration is desirable for preventing color changes and maintaining fresh
color. Flower preservatives containing sugar are effective in preventing blueing of rose petals.
Accumulation of ethylene in storage may accelerate the rate of development and aging of some
flowers, or cause the abscission of florets as sometimes occurs with snapdragons and larkspur.
Some flowers produce ethylene gas as they wilt. Curiously, roses, which normally produce little
ethylene, may produce considerable quantities after a period of cold storage. Many fruits and
vegetables also produce ethylene, so mixed storage may be very harmful to flowers. Pretreatment
with silver thiosulfate (STS) or 1-methylcyclopropene ("EthylBloc") is used to prevent the
deleterious effects of ethylene.
Chilling, or holding at too low a temperature, may cause deterioration in some flowers. Some
gladiolus varieties, if stored for even a week at 40°F (4.4°C) or below, may fail to open properly
on removal from storage. Spotting has also been alleged on some gerbera cultivars stored at 35°F
(2°C). With these exceptions, the chilling sensitive flowers all derive from the topics and
subtropics. Vanda and Cattleya orchids, anthuriums, Birds of Paradise, ginger flowers, and
heliconias all require storage, depending on species, cultivar, and growing conditions, in the 4555°F (7-13°C) range.

Storage Temperature: The chief factor influencing storage life of cut flowers and greens is temperature.
For maximum storage, "dry" storage at a temperature of 32-34°F (0-2°C) is recommended for most
flowers. Those flower species susceptible to chilling temperatures should be stored at higher
temperatures. The freezing point of petals ranges from 28 to 30°F (-2 to -1°C), so storage at 32-34°F (02°C) avoids the danger of freezing. The accompanying table provides information on the optimal storage
temperature for a variety of cut flowers. In many cases more research is needed to confirm optimal
storage temperatures, and it may be that many of the flowers and greens for which a storage temperature
of 40°F (4.4°C) is recommended would keep longer if stored dry at 32-34°F (0-2°C). If several types of
flowers are to be stored and only one storage room is available, it is suggested that the storage
temperature be set to 32-34°F (0-2°C), and that chilling-susceptible flowers be kept at room temperature.
Relative Humidity: A high relative humidity (90-95%) is recommended in refrigerated storage rooms
held at 40°F (4.4°C) or below. To maintain these high levels, humidifiers may be necessary within the
Floral and Nursery Stock

2

WFLO Commodity Storage Manual

coolers. Maintenance of high relative humidity in storage rooms is much less important when moistureproof packaging or containers are used for dry-pack storage or when flowers are stored in water. To
prevent condensation on interior surfaces, flowers should be pre-cooled before packaging in moistureproof packages.
Air Circulation: Proper air circulation patterns and commodity spacing can be as critical as temperature
and relative humidity. Circulation fans should be positioned to "pull" the air throughout the storage versus
"pushing" it through. The latter often results in dead spaces where little or no air movement exists. Also,
high rates of air movement (i.e., 100+ linear feet/minute [30+ meters/minute]) are only necessary during
peak periods when relatively large amounts of heat have to be removed quickly. Otherwise, 50-75 linear
ft/min (15-21 m/min) is adequate with higher rates often being detrimental. Finally, the commodities
being stored, whether packaged or not, should be so stacked as to have at least one surface exposed to
freely circulating air. If this is not done, heat build-up may occur.
Dry-Pack Storage: Most kinds of flowers and greens keep best and longest if packed dry, without water,
in containers which prevent moisture loss, and stored at 32-34°F (0-2°C). Dry-pack storage is used mostly
to store flowers for certain peak holiday markets. Flowers stored in water remain turgid and continue
developing and maturing even at lower temperatures. On removal from storage, flowers stored in water
are more advanced in maturity and may not keep as long as flowers packed dry.
Cut flowers for normal prompt marketing or short holding periods should be held in preservative
solutions in refrigerated rooms. Holding temperature is determined by type of cut flower. Flowers that are
susceptible to chilling injury should not be put in low temperature refrigerated storage. Examples of
flowers susceptible to chilling injury are anthurium, heliconia, torch ginger, and some species of orchids.
Hyacinths and tulips should be held in a vertical position when they are dry-stored. Tulips and daffodils
can be pulled from the ground with bulb intact and dry-stored. At time of sale, the bulb is cut off and the
flower is marketed. If daffodils and tulips are held in water, they should be held in separate containers.
Gladiolus, snapdragons, and other spike-type flowers should be stored vertically; tips will curve upward if
stems are in a horizontal position.
Conditioning or hardening cut flowers following removal from dry storage at 32-34°F (0-2°C) is
necessary if flowers are flaccid. Conditioning consists of re-cutting stems and placing flowers in vases of
preservative at room temperature. Most cut flowers will re-hydrate in this environment. An alternative
procedure is to cut stem ends, place in 100-110°F (38-43°C) water and hold at 40°F (4.4°C). A pH of 3.5
is best for re-hydration. Most flowers will re-hydrate in 4-18 hours under the above conditions. During
conditioning, stems should not be crowded in containers. Containers should be spaced to allow good air
circulation.
Ethylene: The presence of minute quantities of ethylene gas in storage rooms may greatly affect the
storage life and quality of flowers and florist greens. Snapdragons, stocks, larkspur, and some roses drop
petals or florets, commonly called shattering. Carnations, sweet pea, and baby's breath flowers wilt or curl
inward, commonly called "sleepiness", with exposure to ethylene. Ethylene causes drying and bleaching
of the sepals of Cattleya orchids and premature blushing of Cymbidium orchids. Ethylene is produced by
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ripening fruits and vehicle exhausts and is used in produce warehouses to ripen bananas and other fruits
and to remove green color from citrus.
Some of these sources of ethylene are beyond the control of the warehouse operator. There are, however,
some precautionary measures that should be taken. Fruits, particularly apples and pears, should never be
stored in the same room as flowers. Ripening rooms should be vented to the outside to prevent
accumulation of ethylene in warehouses, and only electric fork lifts should be used. If ethylene
accumulation is a problem, the cheapest solution is ventilation of the storage or warehouse space with
fresh air obtained above the warehouse. The response of flowers to ethylene is greatly reduced at low
temperature, and proper storage temperatures are a key to reducing ethylene damage in produce
warehouses.
It has been found that silver, complexed as the silver thiosulfate anionic complex (STS), is a potent
antidote to ethylene effects in flowers. A number of cut flower crops, including carnations, baby's breath,
sweet pea, lily, larkspur, and alstroemeria, are treated with STS as soon as possible after harvest to extend
vase life and inhibit the effects of exogenous ethylene. Potted flowering plants, such as calceolaria,
Christmas cactus, seed geraniums, hibiscus, pot roses, fuchsia, and impatiens, are commonly sprayed with
STS during production to prevent ethylene-stimulated loss of flowers and buds during marketing. 1Methylcyclopropene (EthylBloc) is registered for use on ornamentals for the same purposes.
Flowering Plants: Potted flowering plants vary in their optimum storage temperature. Most are marketed
shortly after they reach proper maturity. Plants from temperate regions, such as carnations, snapdragons,
bulbous plants, and chrysanthemums, may be stored briefly at 40-48°F (4-8°C). Subtropical and tropical
flowering plants, such as African violets, poinsettias, and gesneriads, are chilling sensitive and should be
held at 55-64°F (13-18°C). Recent research has indicated that potted flowering plants should be
refrigerated during long-distance transport.
Temperatures above 80-84°F (27-29°C) will damage closely-packed flowering plants. Even when foliage
is not damaged, many of the flower buds will abort. Condensation that occurs on leaves and flowers
results in rapid growth of Botrytis and consequent losses, especially at high temperatures.
Avoid storing flowering plants in ethylene-contaminated atmospheres. Sensitive species should be pretreated with STS or 1-methylcyclopropene (EthylBloc), but may still be damaged by high levels of
ethylene.
Green Plants: Most green plants in shipping containers will be marked with a temperature tolerance
range, usually between 50-85°F (10-30°C). Optimum temperature for shipping or holding foliage plants is
60-75°F (10-24°C). Most plants should not be held in the shipping container more than 7 days, as they
will need light and water. Temperatures below 50°F (10°C) will cause chilling injury (CI). The sensitivity
to chilling temperatures varies with the types of plant. For example, the silvernerve plant is damaged by 8
hours exposure to 46°F (8°C), the prayer plant and satin pothos by 2 days at 40°F (4.4°C), the snake plant
by 3-4 days at 40°F (4.4°C), the zebra plant and weeping fig by 6 days at 40°F (4.4°C), while the
aluminum plant did not show chilling injury after 8 days at 40°F (4.4°C).
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Nursery Stock: Fruit trees and shrubs can usually be held satisfactorily in dormant condition in common
storage in late fall and winter. Cold storage is required to maintain dormancy and to prevent bud growth
in late winter and spring. Many kinds of nursery stock may be stored successfully at temperatures ranging
from 31 to 36°F (-0.6 to 2°C). Some kinds of herbaceous perennial may be stored even longer partially
frozen at 27-28°F (-3 to -2°C).
It is desirable, both in common and cold storage, that the roots be covered with moist peat, sawdust, or
sphagnum moss. In cold storage rooms, an air humidifier may also be used, but strong air movement over
the nursery stock should be avoided. High humidity near 90% is desirable to prevent drying. The chances
for moisture loss are much greater for evergreens than for deciduous trees and bushes. Plastic coating or
other transpiration suppressants may be of some value in preventing excessive drying. Many kinds of
nursery stock are now partly or completely wrapped with polyethylene to retard moisture loss. Traces of
ethylene, even 1 ppm, in the storage air can damage dormant nursery stock of apple, pear, and other fruit
trees. Young pear trees are particularly susceptible to damage. Apple fruits in the same storage may be the
source of the ethylene.
Rose Bushes: Rose bushes are stored anywhere from 29°F to 40°F (-1.6 to 4.4°C) depending on
considerations such as length of storage period required and possible cost of storage. Thus, there are
several acceptable methods of storing dormant roses; the choice of options depends on facilities available
and desired result.
Information supplied by a major rose producer indicates two basic types of storage: 1) above freezing and
2) below freezing. Above freezing could be considered between 33 to 40°F (0.5 to 4.4°C). Most fall-dug
bare root rose bushes will begin to "force" (sprout) about April 1, no matter where they are grown. The
higher the temperature is above 32°F (0°C), the earlier and faster they will "force." Most rose bush
storage is reported to be at 34°F (1°C). This temperature is most likely not a magical number but has been
established as a point that can be maintained with confidence without going below freezing. In this type
of storage, roses are normally stored shoot to root so as to optimize use of the storage cube. Usually moist
moss is used to cover roots and water is periodically added to replenish evaporation. Some may use
periodic misting rather than moist moss. Relative humidity is high, between 90 and 95%. Diseases can be
a problem, with Botrytis being the most prominent fungal organism. The canes may be dipped in a
fungicide to hold down mold. Ethylene contamination is also a problem for stored rose bushes. It has been
shown that low concentrations of ethylene reduce sprouting and vigor of plants when they are placed in
the garden. For this reason, roses should not be stored with apples or pears. Where contamination is
suspected, ventilation of the storage space with one 1 complete air exchange per hour should prevent any
problems.
Below freezing storage would be considered to be between 29 and 32°F (-1.6 and 0°C). The temperature
controls and equipment need to be more precise, as dormant rose bushes have a lower limit. At or above
29°F (-1.6°C) would be considered safe for dormant, fall dug rose bushes. The bare root roses are
confined in poly bags with a thickness usually less than 0.006 inch (0.15mm). To take advantage of the
storage cube, the poly bags are put in corrugated containers and stacked 5-6 high, depending on the
strength of the corrugated containers. If greater height is required, stacking frames can be used. A
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water/fungicide solution can be added at the time of packing with no further addition of water required.
Disease is at a minimum since fungal activity is greatly reduced at these temperatures. Also there is little
or no bud "forcing" activity, thus fall-dug rose bushes can be held quite dormant at least through June.
Any bud activity can usually be traced back to improper handling, generally due to allowing bushes to
warm up slightly above the freezing point.
Easter Lilies: Easter lilies (Lilium longiflorum), grown as pot plants to hit the Easter market, require
special treatment of the bulbs. They are normally not stored. However, a cold moist treatment
(vernalization) of the bulbs is essential for rapid shoot emergence and subsequent flowering of the lily by
Easter. The standard recommendation is to dig the bulbs and ship to growers, who then cool them for 6
weeks at 35-40°F (1.6 to 4.4°C) for the cultivar Ace and 40-45°F (4.4 to 7.2°C) for the cultivar Nellie
White. If Ace and Nellie White are cooled together, use 40°F (4.4°C). Bulbs are normally cooled in moist
peat moss in the shipping case or in flower pots with moist peat. The relative humidity of the cooler is not
critical as long as the peat remains moist. Storage for longer than 6 weeks is detrimental to flower bud
number and is not recommended. After the cold treatment, the bulbs are forced in greenhouses for Easter.

Storage Conditions for Floral and Nursery Stock
Storage Temperature
°F

Approximate
Storage Life

Highest Freezing
Point

°C

°F

°C

Major Cut Flowers:1
Carnation

31-33

-0.6 to 0.6

2-4 weeks

30.8

-0.6

Chrysanthemum

31-33

-0.6 to 0.6

2-4 weeks

30.5

-0.8

Gardenia

32-34

0-1.1

2 weeks

31.0

-0.6

Gladiolus (as buds)

40-42

4-6

5-8 days

31.4

-0.3

Iris, bulbous

31-33

-0.6 to 0.6

1-2 weeks

30.6

-0.7

Orchids

45-50

7-10

1-2 weeks

31.4

-0.3

Rose (dry pack)

32

0

1-2 weeks

31.2

-0.4

Rose (in water)

33-35

0.6-2

4-5 days

31.2

-0.4

Snapdragon

33-35

0.6-2

1-2 weeks

30.4

-0.8

Anthurium

56

13

2-4 weeks

----

----

Aster, China

32-40

0-4

1-3 weeks

30.3

-0.9

Bouvardia

32-35

0-2

1 week

----

----

Calla

40

4

1 week

----

----

Daisy, Shasta

40

4

1 week

30.0

-1.1

Eucharis

45-50

7-10

7-10 days

----

----

Other Cut Flowers:
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Freesia

32-33

0-0.6

10-14 days

----

----

Gerbera

34-40

1-4

1-2 weeks

----

----

Gloriosa Lily

40-45

4-7

1 week

----

----

Hyacinth

32-33

0-0.6

2 weeks

31.4

-0.3

Lily, Easter

32-35

0-2

2-3 weeks

31.1

-0.5

Lily-of-the-Valley

31-33

-0.6 to 0.6

2-3 weeks

----

----

Marigolds

40

4

1-2 weeks

----

----

Narcissus (Daffodils)

32-33

0-0.6

10-21 days

31.8

-0.1

Peony (as buds)

32-35

0-2

4-6 weeks

30.1

-1.0

Squill

32-33

0-0.6

2 weeks

----

----

Statice

35

2

2-3 weeks

26.3

-3.2

Stephanotis

40

4

1 week

----

----

Strawflower, fresh

35

2

3-4 weeks

----

----

Sweetpea

31-33

-0.6 to 0.6

2 weeks

30.4

-0.8

Tulips

31-33

-0.6 to 0.6

2-3 weeks

----

----

Zinnia

40

4

1 week

----

----

Violet

34-41

1-5

3-7 days

28.8

-1.8

Asparagus, Plumosa

35-40

2-4

2-3 weeks

26.0

-3.3

Boxwood

35-40

2-4

1-2 months

----

----

Camellia

40

4

----

----

----

Cedar

32

0

1 month

----

----

Croton

35-40

2-4

----

----

----

Dieffenbachia

55

13

----

----

----

Dracaena

35-40

2-4

----

29.1

-1.6

Eucalyptus

35-40

2-4

1-3 weeks

28.8

-1.7

Ferns Adiantum
(Maidenhair)

32-40

0-4

----

----

----

Brake

32

0

----

----

----

Dagger and Wood
Ferns

32

0

2-3 months

28.9

-1.7

Leatherleaf

34-40

1-4

1-2 months

----

----

Staghorn

55

13

----

----

----

Woodwardia

32-40

0-4

----

----

----

32

0

----

----

----

Greens:1

Galax
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Groundpine

32

0

----

----

----

Holly

32-40

0-4

3-5 weeks

27.0

-2.8

Huckleberry

32

0

1-4 weeks

26.7

-2.9

Ivy, English

32

0

----

29.9

-1.1

Juniper

32

0

1-2 months

----

----

Laurel, Mountain

32

0

2-4 weeks

27.6

-2.4

Leucothoe, drooping

35-40

2-4

----

----

----

Magnolia

35-40

2-4

2-4 weeks

27.0

-2.8

Mistletoe

32

0

3-4 weeks

25.0

-3.9

Palm

45

7

----

----

----

Peperomia

35-40

2-4

----

----

----

Philodendron

35-40

2-4

----

----

----

Podocarpus

45

7

----

27.9

-2.2

Pothos

35-40

2-4

----

----

----

Rhododendron

32

0

2-4 weeks

27.6

-2.4

Salal (lemon leaf)

32

0

2-4 weeks

26.8

-2.8

Scotch-broom

40

4

2-3 weeks

----

----

Smilax (southern)

40

4

----

----

----

Ti (palm lily)

40

4

----

----

----

Bulbs, Corms, Rhizomes, Tubers, and Roots:2
Amaryllis

38-45

3-7

5 months

30.8

-0.6

Begonia, tuberous

35-45

2-7

3-5 months

31.1

-0.5

Bletilla orchid

35-40

2-4

----

----

----

Caladium, fancy leaf

70

21

2-4 months

29.7

-1.3

Calla

36-40

2-4

----

27.5

-2.5

Canna

40-50

4-10

----

----

----

Crocus

63

17

2-3 months

----

----

Dahlia

40-48

4-9

5 months

28.7

-1.8

Freesia

86

30

3-4 months

----

----

Gladiolus

45-50

7-10

5-8 months

28.2

-2.1

Gloxinia

41-50

5-10

5-7 months

30.5

-0.8

Hemerocallis

50

10

1 month

----

----

Hyacinth

63-68

17-20

2-5 months

29.3

-1.5

Iris, Dutch

68-77

20-25

4-12 months

----

----
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Lily

Gloriosa

50-63

10-17

3-4 months

----

----

Longiflorum
(Easter)

35-45

2-7

6 weeks

28.9

-1.7

Candidum and
Regal

31-33

-0.6 to 0.6

1-6 months

----

----

Speciosum
(Japanese)

31-33

-0.6 to 0.6

1-6 months

----

----

Lily-of-the-Valley

25-28

-3 to -2

1 year

----

----

Muscari

63

17

2-4 months

----

----

Narcissus

55-63

13-17

2-4 months

29.6

-1.3

Peony

33-35

0.6-2

5 months

----

----

Snowdrop

55-60

13-15

----

----

----

Squill

55-60

13-15

----

----

----

Taro

45

7

----

----

----

Trillium

33-35

0.6-2

----

----

----

Tuberose

40-45

4-7

4 months

----

----

Tulip

63

17

2-6 months

27.6

-2.4

Azalea, un-rooted

31-40

-0.6 to 4

4-10 weeks

----

----

Carnation

31-33

-0.6 to 0.6

5-6 months

----

----

Chrysanthemums,
unrooted

31-33

-0.6 to 0.6

5-6 weeks

----

----

Chrysanthemums, rooted

31-35

-0.6 to 2.0

3-6 weeks

----

----

Cuttings:

Nursery Stock: (Miscellaneous)
Asparagus rhizomes

30-32

-1 to 0

3-4 months

----

----

Christmas Trees

22-32

-5 to 0

6-7 weeks

----

----

Conifer seedlings

32-35

0-2

3-6 months

----

----

Foliage plants

55-60

13-15

----

-----

----

Herbaceous perennials

27-28

-2.7 to -2.2

4-8 months

----

----

Herbaceous perennials

31-35

-0.6 to 2

3-7 months

----

----

Rose bushes

29-40

-1.6 to 4

4-5 months

----

----

Strawberry plants

30-32

-1 to 0

8-10 months

----

----

Tomato plants

50-55

10-13

4-10 days

----

----

Trees and Shrubs

32-35

0-2

4-5 months

----

----

1 A high relative humidity of 90-95% is recommended in refrigerated storage rooms for cut
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flowers and florist greens. Most of the cut flowers and greens are stored in a dry pack without
water, but with protective packaging to prevent moisture loss. Orchids and anthuriums are
exceptions and should be stored with their stems in vials of water. For carnations,
snapdragons, and orchids, ethylene absorbent compounds are recommended.
2 Desirable relative humidity for most bulbs and corms in storage is 70-75%.

WFLO is indebted to Dr. Michael S. Reid, University of California, Davis, for the review and revision of this topic.
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Freezing Injury
Revised 2008

The Physiology of Freezing Injury
Fresh fruits and vegetables are living entities in the sense that their respiration process and individual cell
activity continue after they are harvested. With their normal food supply from the plant, bush or tree cut
off, they start to use their own stored constituents for the energy needed to continue respiration and cell
activity. Retarding this "self consumption" is one of the reasons for refrigerating fresh fruits and
vegetables. This natural respiration process, involving a series of chemical reactions, is slowed down by
lowering the temperature of the product. Freezing injury occurs when fresh fruits and/or vegetables are
exposed to temperatures below their freezing point, normally in the range of 25-30°F (-4 to -1.1°C).
Generally speaking, the higher the soluble solids or primarily sugar content of the commodity, the lower
the freezing point will be.
Cold temperatures can injure the cells, and the temperature at which this occurs depends upon the natural
resistance to cold of the particular fruit or vegetable. In most instances the injury occurs at the point
where ice crystals begin to form in the cells, although in a few cases the damage begins at temperatures
somewhat above the freezing point. The ice crystals are capable of rupturing the cell wall, thereby
allowing cell fluids to escape and resulting in moisture loss, quality degradation or flavor changes.
If fruits or vegetables are accidentally exposed to freezing temperatures for a short period of time, damage
may be avoided if products are left completely undisturbed until they have warmed up to temperatures
above their freezing point. By not moving a product, crystallization may be avoided even if the
temperature drops several degrees below the freezing point, a situation commonly known as “supercooling.” Once the temperature goes below the freezing point of a product, even slight vibrations can
cause immediate crystal formation and danger of injury such as loss of textural integrity upon thawing.

Damage Caused by Freezing
The damage caused by ice crystal formation is both physical and chemical. There are two processes that
cause damage to cellular structure and lead to loss of firmness. The first is when crystals puncture cell
membranes, leading to turgor loss. The second is when crystals break up the cell wall structure, leading to
tissue breakdown and release of degradative enzymes. Tissues damaged by freezing generally lose
rigidity, become mushy upon thawing, and appear water-soaked.
There are varying degrees of sensitivity to freezing injury peculiar to each type of fruit or vegetable. For
example, parsnips and tomatoes have about the same freezing point, but parsnips can be frozen and
Freezing Injury
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thawed without damage, while tomatoes are severely damaged by freezing. Leafy lettuce is very
susceptible to freezing injury, while cabbage and kale can withstand several light freezes without
significant damage. For the least sensitive fruits and vegetables that are not seriously damaged by
freezing, thawing at 30°F (-1.1°C) seems to be most satisfactory. Fast thawing at higher temperatures
results in more tissue damage. Since freezing renders products highly susceptible to bruising, they should
be thawed with as little handling as possible. Successful salvage should be followed by immediate
utilization of the product to avoid decay of specimens with undetected injury.
Differences among cultivars and maturity stages at harvest, as well as growing conditions, influence the
freezing injury point of each type of fruit or vegetable. Because of this, only average temperatures can be
used in stating an injury point, and the higher limit is normally reported. More details are available in
USDA Agricultural Handbook No. 66, published in 1986.

Freezing Points and Susceptibility of Fresh Produce to Freezing Injury
The following table contains information on the approximate temperature at which freezing occurs and
the sensitivity to freezing injury of common fresh fruits and vegetables. In the most susceptible list are
those products likely to be injured by even one light freezing. The moderately susceptible are those that
will recover from one or two light freezings. The least susceptible commodities will tolerate several light
freezings without significant damage.
Freezing Point
Most Susceptible
°F

°C

Apples
Apricots

30

Moderately
Susceptible
°F

Least Susceptible

°C

29

-1.7

30

-1.1

°F

°C

-1.1

Artichokes (globe)
Asparagus

31

-0.6

Avocados

31.5

-0.3

Bananas

31

-0.6

Beets (topped)

30

-1.1

Brussels Sprouts

30.5

-0.8

Cabbage

30.4

-0.9

Berries (except cranberries)
Broccoli

30

-1.1
31

-0.6

Cantaloupes

30

-1.1

Carrots

29.5

-1.4

Freezing Injury
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Cauliflower

30.6

-0.8

Celery

31

-0.6

Cherries (sweet)

29

-1.7

Coconuts

30.4

-0.9

Corn (sweet)

31

-0.6

Cranberries

30

-1.1

Cucumbers

31

-0.6

Dates
Eggplant

30.6

27.6

-2.4

Grapefruit

30

-1.1

Grapes (American)

30

-1.1

Grapes (Vinifera)

28

-2.2

Kale
Kiwifruit

29.0

-1.7

Lemons

29.4

-1.4

Lettuce

31.7

-0.2

Lima Beans

31

-0.6

Limes

29

-1.7

Mangoes

30.3

-0.9

30.6

-0.8

Oranges

30.6

-0.8

Parsley

30

-1.1

Nectarines

30.4

-0.9

Okra

29

-1.7

Onions (dry)
30.4

30

29.2

-1.5

Peas

31

-0.6

28.1

-2.1

26.6

-3.0

30.7

Pomegranates

Freezing Injury
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30

-1.1

-0.7

Persimmons
Plums

-0.6

-1.1

Pears
Peppers

31

-0.9

Parsnips
Peaches

-15.7

-0.8

Figs (fresh)

Onions (green)

3.7

-0.8
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Potatoes (sweet)

30

-1.1

Potatoes (white)

31

-0.6

Radishes

30.7

-0.7

Rhubarb

30.3

-0.9

Rutabagas

30

-1.1

Salsify

30

-1.1

30

-1.1

Snap Beans

31

-0.6

Spinach

31.5

-0.3

Squash (winter)

30.5

-0.8

Tangerines

30

-1.1

Squash (summer)

Tomatoes

31

31

-0.6

-0.6

Turnips
Watermelons

31.3

-0.4

WFLO is indebted to Dr. Adel A. Kader, Department of Plant Sciences, University of California, Davis, and Dr. Stephen Neel,
World Food Logistics Organization, for the review and revision of this topic.
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Frozen Foods Handling & Storage
Revised 2008

Introduction
The successful retail marketing of frozen foods began over a half century ago, and the rapid growth of
sales since that time reflects consumer satisfaction in the high quality of products, year-round availability,
and general convenience in product use. Because of consumer appreciation of product values, more
frozen foods are sold each year and new products are introduced to swell the total sales.
The quality of frozen foods depends fundamentally on the quality of raw materials used and product
manufacture but can be jeopardized by failure to maintain product temperature at a suitable low level in
any part of the cold chain, including storage, transport, distribution, and display in retail stores, or by
faulty inventory control at all levels that would allow product to be retained for unduly long periods in the
cold chain. Such operational failures may lead to customer dissatisfaction and harm to the entire industry,
not only those who may be at fault.

General Storage Conditions
Temperature

0 °F (-18 °C) or colder for some products or if product is to be stored for 6 months or
longer.

Relative
Humidity

Highest possible, consistent with available equipment and good operating procedures,
to prevent "freezer burn" and drying out where packaging material for the food may not
be sufficiently protective.

Storage Period
Various types of frozen foods have different stabilities in frozen storage depending on how quickly they
develop abnormal flavors and whether they discolor easily. Different lots of the same type of frozen food
may have different stabilities, depending on many factors including but not limited to the quality of raw
material and product ingredients, processing, and packaging materials. Storage life can be extended
significantly as storage temperatures become colder. For most products, a temperature of 0 °F (-18 °C) or
below is required if storage is expected to exceed 6 months. The following table gives the relative
stability at 0 °F (-18 °C) for several types of frozen foods.
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Approximate storage periods for general classes of frozen foods at
0 °F (-18 °C) without any commercially significant quality loss
Packaged Chicken
Heat Treated Citrus Concentrates
Sugared Fruits
Pies, including Fruit Pies

Over 12 months

Most Fruits & Vegetables
Fruit Juices
Bakery Products
Confections
Beef
Veal
Lamb
Turkey
Meat Pies

10-12 months

Lean fish
Shellfish
Some Fatty Fish

8-10 months

Fried foods
Pork
Most Dairy Products
Fatty Fish

6 months or less

Storage temperatures warmer than 0 °F (-18 °C) accelerate quality losses, and research data on this
acceleration vary greatly depending on the product and how it is packaged.

Time & Temperature Tolerance (TTT)
The integrated effects of time and temperature on frozen foods affect their color, flavor and texture,
commonly referred to as quality. The degree to which individual products tolerate the time & temperature
effects is called the Time-Temperature Tolerance (TTT). Regulations or company quality-assurance
standards must specify and control both the time and temperature factors to guarantee product quality.
Cost considerations will be an important factor in developing either mandatory regulations or voluntary
quality assurance standards. Policing and enforcing laws appear to be unbearably costly in view of the
wide distribution of products, the vast number of products to be controlled, and the considerable variation
in the stability of individual products. On the other hand, the extreme importance of frozen food quality to
consumers makes imperative the utmost efforts of all segments of the frozen food industry to prevent
conditions that could lead to product deterioration in any part of the cold chain and would cause consumer
dissatisfaction.
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Practical Storage Life (PSL)
Attempts have been made to determine how long certain categories of products can be effectively stored
without creating undue quality damage to the products. This storage period is commonly called the
Practical Storage Life (PSL), or shelf life which is about equivalent to the duration of consumer
acceptability. Examples are listed below for several categories of food products.
Storage
Temp.

Practical Storage Life, in Months
Fat fish
Pre-cooked
without any
foods
special
without gravy
treatment

Fruits
and
berries

°F

°C

Raw and pre- Raw and precooked lean cooked fat
meat
meat

23

-5

2-12

1-5

1- 3

2- 6

1- 2

1- 5*

1- 4

14

-10

5-21

6-17

2- 6

3- 9

1- 3

3- 17

3- 10

5

-15

10-37

10-27

4-12

5-15

2- 5

17-70

8-20

-4

-20

16-70

13-40

6-20

8-28

3- 8

Over 70

21-70

-13 -25

30-70 +

20-60

11-40

15-47

4-12

--

---

-22 -30

53-70 +

30-70 +

---

27-70 +

6-18

---

---

Lean
fish

Vegetables

*Soft fruits packed in syrup will thaw, causing distribution of pigment and water soluble vitamins into the
syrup with an equivalent loss of both from the fruit.
A general conclusion is that as storage temperatures become colder, shelf life increases. For example, raw
and pre-cooked lean meat at 5 °F (-15 °C) may be stored between 4 and 20 months, depending on the
initial quality, processing method and packaging material. However, at -4 °F (-20 °C) the range increases
to between 8 and 33 months. At temperatures of -22 °F (-30 °C) the potential storage period increases to
between 20-33 months.
Raw and pre-cooked fatty meat products have shorter storage ranges than lean meat, since the high fat
content can result in oxidative rancidity and off flavors, thereby reducing the practical storage life by
about half when compared to lean meats.
Pre-cooked foods without gravy as well as lean fish products stored at 5 °F (-15 °C), have substantially
shorter shelf life than red meat. Therefore, it is more important to freeze these commodities rapidly and
to hold them at colder temperatures.
Fat fish products are the most sensitive protein group to quality deterioration during frozen storage. This
is due to the high level of unsaturated fatty acids, which can easily become rancid or off condition over
time in storage.
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Fruits and vegetables are the most sensitive products to storage deterioration, especially at relatively
warm frozen storage temperatures. For example, at a storage temperature of 23 °F (-5 °C), maximum
recommended storage period is between 1 and 5 months. It should be noted, however, that these products
may undergo a slight thaw over time, thereby releasing fluids and losing high-quality nutrients as a result.
As storage temperatures are lowered, the products are more stable and can be held for longer periods of
time. It should be noted, however, that ultra-low storage temperatures of -13 °F or lower (-25 °C) are not
recommended.
The following are general conclusions pertaining to Practical Storage Life:
1. There is no reason for maintaining freezer storage at -20 °F (-29 °C) for any commodities except
for unpackaged fat fish and some high-fat ice cream products.
2. A temperature of -10 to -15 °F (-23 to -26 °C) may be desirable for lean fish and precooked foods
without gravy if they are to be held for well over 6 months in storage.
3. All other commodities may be stored at 0 °F (-18 °C) or colder even if they are to be held for
longer than 1 year.
4. Rapid pre-cooling and ultra-rapid freezing are of particular benefit to fruits, vegetables, and fat
meats, and of least benefit to lean meats.
5. Regulations requiring all frozen foods to be stored colder than 0 °F (-18 °C) and for not more
than 1 year may be unrealistic. Specific products may benefit from colder storage temperatures.
6. Quality of product entering storage, method of processing and handling, and method of packaging
have a profound influence on storage life of the frozen product. The warehouse therefore should
be aware of these pre-storage conditions when receiving products in order to protect against
claims that quality has deteriorated during storage.

Handling
Exposure to elevated temperatures can be a serious contributing factor to quality loss in frozen foods.
Generally, short periods of exposure are not serious, unless often repeated, but prolonged exposure can
cause damage. However, for some particularly sensitive products, even a short exposure to temperatures
warmer than 10-15 °F will result in marked loss in quality which will only become apparent after further
storage. Temperature fluctuations should be avoided because they will cause migration of moisture from
the product or within the package causing formation of ice crystals and partial dehydration of the product.
In general, the product temperature is more important than the air temperature. A change in air
temperature for a short period may not affect the product temperature significantly.
Refrigeration equipment used to transport frozen foods is designed to remove heat that may leak into the
load compartment of the railcar, truck, or container. It should be noted that the refrigeration capacity does
not provide for removal of much heat from the load. Therefore, if products are loaded with the
temperature warmer than 0 °F (-18 °C), there is little or no opportunity for the product temperature to be
reduced to the desired level during transit. Similarly, retail display equipment cannot be expected to
remove significant heat from frozen foods. Therefore, it is imperative that frozen foods be at 0 °F (-18
°C), or colder, when they are loaded for transport or placed in retail cabinets.
Frozen Foods Handling & Storage
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Retail and institutional sized packages in standard shipping containers warm up rather rapidly when
exposed to elevated temperatures and cool down slowly when placed in the ordinary still air of a storage
room. For the duration of the warming up and the cooling down, quality losses are occurring even though
the air temperature of the storage room is 0 °F (-18 °C). Large sized products, such as whole turkeys and
bulk frozen food containers of 30 lbs. (13.6 kg) and over, warm up much more slowly.

Average temperature curve of corner package of single case of frozen food standing in air at
65°F (18°C) and then returned to still air freezer room at 0°F (-18°C)

Details of this temperature curve are as follows:

Average temperature of corner package of single case standing in air at 65°F (18°C)
Initial Temp.
°F

°C

Temperature after
½ hour

1 hour

2 hours

4 hours

0

-18

4°F (-15°C)

6°F (-14°C)

10°F (-12°C)

16°F (-9°C)

10

-12

12°F (-11°C)

14°F (-10°C)

16°F (- 9°C)

19°F (-7°C)

15

-9

16°F (- 9°C)

18°F (- 7°C)

20°F (- 6°C)

23°F (-5°C)

Figures represent average for a large variety of frozen foods packed in a variety of case sizes and shapes.
The temperature of items packed in small thin cases will rise somewhat faster, and temperatures in large
thick cases will rise somewhat slower than indicated in the table. It is important to note how rapidly the
temperature rises to 5°F (-15°C), which can be detrimental for sensitive products. Also, note how slowly
the temperature recovers.
Frozen Foods Handling & Storage
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Average time to reduce temperature in corner package
of single cases in still air at 0°F (-18°C)
Temperature Change

Time in hours

°F

°C

Concentrated juices and fruit pies

Other frozen foods

30 to 5

-1 to -15

45

33

25 to 5

-3 to -15

43

23

20 to 5

-6 to -15

39

18

15 to 5

-9 to -15

30

13

10 to 5

-12 to -15

19

7

30 to 10

-1 to -12

26

26

25 to 10

-3 to -12

24

16

20 to 10

-6 to -12

20

11

15 to 10

-9 to -12

11

6

30 to 15

-1 to - 9

15

20

25 to 15

-3 to - 9

13

10

20 to 15

-6 to - 9

9

5

30 to 20

-1 to - 6

6

15

25 to 20

-3 to - 6

4

5

30 to 25

-1 to - 3

2

10

Figures represent averages for a variety of case sizes and shapes. Items packed in small thin cases will
cool somewhat faster and those in large thick cases will cool somewhat slower than indicated in the table.
The temperature of frozen foods or food to be frozen should be determined and recorded as they are
received at the warehouse because 1) high temperature frozen foods should be moved into storage rapidly,
while low temperature foods can be handled normally and 2) these records are evidence if a damage claim
should be made at a later date.

Steps in taking temperatures
A method is described below involving either a dial thermometer with stem or a thermocouple (electrical
devices for measuring temperature).
1. Open top of case and remove top corner package.
2. Make hole through the case from inside in line with the second layer of product. Use an ice pick
or similar tool. Do not use the stem of the thermometer.
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3. Place the thermometer or thermocouple in the hole from the outside, so that the end of the stem,
the sensing element, is about 3 inches (8 cm) in from the case wall. Make sure the sensing
element is held firmly between packages.
4. Place package back in its normal place and close top of case. Do steps 1 to 4 as quickly as
possible.
5. Place two or more cases on top to assure contact of stem with packages of product.
6. Read temperature after 5 minutes.
7. Check the accuracy of the thermometer or thermocouple regularly and keep a record of the
checks and any recalibrations.
This method supplies approximate measurements of product temperature rather than temperatures of air
around the packages. It is simple, fast, and does not require puncturing of individual packages.

After the temperatures are taken
The following advice is offered as a guide. Practice will vary somewhat with commodities and with other
factors. It is important, however, that refrigerated warehouses and other handlers of frozen foods have
well defined policies in the matter of action following the taking of temperatures.

If the highest
reading is 25°F
(-3.9°C) or higher

Damage to quality is occurring rapidly and immediate steps should be taken to prevent
further damage. Product should be placed in a blast freezer or equally rapid freezer with
spacers between cases to permit air circulation and rapid temperature drop. Cases should
not be removed to storage room or restacked until product is at 0°F (-18°C) or lower.
Product which has been above 25°F (-3.9°C) should be evaluated after it has been
returned to 0°F (-18°C) or below. It may no longer have acceptable quality. Even if quality
is still acceptable, the remaining shelf life has been shortened.

If the highest
reading is 10°F (12°C) or higher, but
below 25°F
(-3.9°C)

Damage to quality is occurring slowly but at an unacceptable rate. To prevent further
damage, it is necessary to place the product in 0°F (-18°C) or lower temperature within an
hour. If this is not done, damage to quality can be expected. If the product has risen above
10°F (-12°C), air circulation should be provided between cases. Even if the quality is still
acceptable, the life of product with readings above 10°F (-12°C) is significantly reduced.
Steps should be taken to rotate this inventory quickly.

If the highest
reading is 0°F
(-18°C)

This temperature is satisfactory for most, but not all, products. Thus, for most products it
can be assumed that the quality achieved after the initial freezing has been retained.
Every effort possible should be made to protect that quality.

General Rule

If frozen foods are at a desired low temperature, they may be stacked tightly to prevent
air movement between cases to reduce the effects of a possible undesired increase in air
temperature. If frozen foods are at an undesired high temperature that needs to be
lowered without delay to preserve quality, cases should be stacked to allow circulation of
colder air between cases to hasten the lowering of product temperature. Other products
should be protected during this procedure to avoid inadvertent warming by the product
under treatment.
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Freezing
Clarence Birdseye of Gloucester, Massachusetts (deceased 1956), is credited with being the "Father of
Frozen Foods." As a missionary, trapper, and U.S. Wildlife Service employee in Labrador, he recognized
that fish caught and thrown onto the ice in extremely cold weather had markedly better eating quality than
those frozen at higher temperatures. Using his natural inventiveness, in 1920 he developed the first
machine that quickly froze foods either as bulk pieces or in retail size packages. This invention made
possible better quality frozen foods than those produced by the slower, older methods. This process was
called "Quick Freezing," and the products from it were called "Frosted Foods."
Frozen foods in retail packages for home consumption were first introduced to the buying public on
March 6, 1930, by General Foods Corporation in 10 test food stores in Springfield, Massachusetts. Retail
marketing of ice cream was well established and ice cream cabinets were commonly used to hold frozen
foods in retail markets. As early as 1905, fruits and berries had been frozen in 50- and 100-lb (22- and 45kg) barrels for use by the bakery, preserve, and ice cream industries. The earliest history of commercial
freezing of foods coincides approximately with the advent of mechanical refrigeration in 1880. Meat,
poultry, and fish began to be frozen by this method for transportation over long distances.
The freezing process consists of pre-freezing operations, freezing, and frozen storage. Depending on the
food being frozen, some pre-freezing steps are: washing, husking, shelling, cutting, boning, trimming,
pitting, and slicing. Inspection and grading on long moving belts, formerly a visual operation, is now
being increasingly mechanized. Fruits may have sugar or syrup added, and vegetables may be subjected
to steam or hot water blanching to retard enzymatic or chemical changes such as browning and off-flavor
development that can occur during subsequent storage. Filling and sealing of packages are usually done
by complicated machines designed for the purpose. New equipment, especially with labor saving
principles, is constantly being introduced to improve product quality and reduce processing costs.
The freezing step can be accomplished in several ways. A common method is simply a variation of the
basic Birdseye process: indirect contact with a refrigerant that flows through shelves or belts that may
touch the bottom or both top and bottom of the packages, commonly called convection freezing.
An increasing quantity of foods is being frozen by a free flow freezing process to achieve individually
quick frozen (IQF) product pieces. The unpackaged food is frozen either on belt freezers where air at 30°F (-34°C) blows up through a mesh belt and through a thin layer of small food product pieces or in
fluidized-bed freezers where the blast of upcoming air is of sufficient velocity to partially suspend the
food.
Freezing by these techniques takes only a few minutes. The free-flowing frozen foods are quickly
conveyed to large storage bins and thence to the cold store. Since the frozen product is bulk-stored in bins
holding over 15,000 lbs (6,800 kg) with minimum moisture barrier, special precautions must be taken to
avoid dehydration or transfer of moisture from the frozen food to cold walls or coils. This is accomplished
by eliminating circulation of air and keeping the walls at the same temperature as the food itself, or at
most only a few degrees lower. The walls are surrounded with ducts through which the cold air blows.
Frozen Foods Handling & Storage
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This method of storage has proved most successful, especially for those processing plants that repack
during the off season. (In the UK, the bins are known as palletainers [now being replaced by octobins].
They hold approximately 2,000 lbs. [907 kg] and are lined with black polythene as a moisture barrier with
the polythene folded over the top of the product for protection.)
Rapid freezing methods, such as liquid nitrogen, for commercial freezing have increased. In one
commercial line, shrimp are frozen by passing them under a liquid-nitrogen spray for less than 2 minutes.
The shrimp are conveyed first through a cooling area where nitrogen gas from the freezing part of the
process is used to cool the product. The shrimp then come into direct contact with liquid nitrogen sprays
at -320°F (-195°C), and the major part of the freezing process takes place in this phase. The product then
equilibrates to -20°F (-29°C) and is finally ready for the cold store. This technique, commonly called
conduction freezing, can be used for vegetables, fruits, and other products. Turkeys, wrapped in
Cryovactm, are "Crust Frozen" by immersion in propylene glycol at about 0°F (-18°C) to produce a chalky
white surface color. Freezing is then completed by placing them in cold storage rooms at about the same
temperature. Rapid freezing technique, sometimes called cryogenic freezing, has reduced freezing times
for some items to a matter of seconds; for larger products, a few minutes. Such rapid freezing rates result
in better texture retention after thawing for many products. Because of the higher cost of cryogenic
freezing, this method is usually limited to high-cost items where improved quality or yield more than pays
for increased cost.
Another common method, referred to as blast freezing, is to rapidly pass cold air over packages as they
move through a tunnel or when they are stacked in rooms. This method is in most common use by
refrigerated warehouses for freezing foods—either from the unfrozen state for a processor with limited
freezer capacity or for bringing the temperature of still-frozen foods back to 0°F (-18°C) after they have
been exposed to elevated temperatures. The freezing of retail size packages in cases is not recommended
because freezing cannot be accomplished at an acceptable rate.

There are four important points to consider in efficient operation of air blast freezing:
1. Air temperature of the freezer should be -10°F (-23°C) or preferably lower. Typically, the
temperature is -30 to -40°F (-34 to -40°C).
2. Air velocity should be 1,000-2,000 ft/min (305-610 m/min) or higher.
3. Product should not be transferred to the still-air storage room until the product has attained 0°F (18°C).
4. A stacking arrangement on pallets should be used that enables cold air to contact all cases.
For freezing on pallets, stacking to provide air flow between tiers and layers of cases is very important.
Pallet loads providing only partial air flow through the stack may be satisfactory for refreezing when the
temperature has only risen slightly, but are not satisfactory when large reductions in temperature are
desired. Tightly stacked pallets are efficient for storage, but are completely unsatisfactory for freezing
purposes.
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A comparison of freezing rates as influenced by two different stacking methods is shown below.

An indication of the increase in length of freezing time if the product is removed from the cold air blast to
still air before freezing is complete is indicated below.

For efficient use of freezing equipment and space and to minimize any color or flavor changes, retail and
institutional size packages are usually frozen to below the zone of maximum crystal formation (about 14°F or -10°C) in approximately 24 hours and then transferred to the storage room for reduction to 0°F (18°C). Bulk packs of fruit with sugar, in 30-, 50-, and 100-lb (14-, 22-, and 45-kg) containers for the ice
Frozen Foods Handling & Storage
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cream, bakery, and preserve industry, are usually frozen more slowly, or the containers are rotated during
the freezing process to permit the sugar to penetrate the fruit. In all instances air movement should be
rapid.
Freezing prevents food from spoiling because spoilage agents, including bacteria, yeasts, and molds,
cease functioning at temperatures below approximately 14°F (-10°C). Vegetative organisms gradually die
during frozen storage, but may not be complete eradicated, and spores are unaffected. Thus, growth
activity may resume when returned to a more suitable temperature. Hence, there is a need to ensure that
raw materials are of good microbiological quality to reduce survivors after thawing. Food poisoning
organisms and psychrotrophic (spoilage) organisms cease functioning at just below 32°F (0°C), and
psychrophilic (spoilage) organisms, which are less common in foods, cease functioning at approximately
14°F (-10°C), as shown in the following illustration.*

*Note: Listeria monocytogenes has the characteristics of a psychrophilic organism, but is a food
poisoning organism.
Frozen foods cannot become a hazard to public health during frozen storage. A hazard can, however,
develop if they are exposed to temperatures well above 32°F (0°C) for extended periods before freezing
or after thawing.
Packages for food in all instances should be sealable, and the packaging material should be a moisturevapor proof barrier to prevent the food from drying out. "Freezer burn" is a term used to describe the
surface of frozen poultry, meat, and other products that have dried out because of poor packaging. The
surface has a whitish, mottled appearance. Foods whose color or flavor may be changed due to the
presence of air in the headspace of the container are sometimes packaged in rigid containers and the air in
the headspace replaced with an inert gas such as nitrogen.
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Frozen foods, in general, maintain their color and flavor better than foods preserved by other conventional
methods, but they are still preserved foods and differ from the fresh product in these characteristics, as
well as in texture. Nutritionally, freezing retains vitamin values better than other conventional
preservation procedures because high temperatures, damaging especially to Vitamins C and B1, are not
present. Studies sponsored by WFLO have demonstrated that while losses of Vitamins C and B1 and
protein bioavailability are not totally arrested during frozen storage, the losses at 0°F (-18°C) storage for 1
year are equivalent to losses that occur in the raw unfrozen product in days or weeks. The nutritive value
of minerals, fats, proteins, and carbohydrates are not impaired by the freezing process. Any increase in
these components can usually be ascribed to loss of moisture due to inadequate packaging.

WFLO is indebted to Dr. David Arthey, Campden and Chorleywood Food Research Association, Chipping Campden, England;
Dr. David Reid, Associate Dean, University of California, Davis; Dr. Kathryn Boor, Cornell University, Ithaca, New York; and
Dr. Stephen Neel, World Food Logistics Organization, for the review and revision of this topic.
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Fruit Juice, Apple Concentrate
Revised 2008

Storage Conditions

Temperature
Storage Period

Concentrated
67.9° Brix or lower

Concentrated
68.0-68.9° Brix

Concentrated
69.0-72.0° Brix

0°F
(-17.8°C)

25-45°F
(-3.9 to 7.2°C)

50-70°F
(10-21°C)

3 years

2 years

1 year

Storage and handling of fruit concentrates at 68° Brix and above or below is largely dependent upon the
final manufacturing use quality requirements for color and flavor. All fruit concentrates will develop
color changes, normally a brown hue and a raisin flavor note upon aging at temperatures above 45°F
(7.2°C).
Apple concentrate used for fruit jellies or fruit drinks may require a bright yellow or light golden color vs.
amber hues. Concentrates used for this type manufacturing would require temperatures of storage less
than 45°F (7.2°C).
Apple concentrates used in a manufactured finished product of dark or medium dark color, as may be
derived from the color of other product ingredients, may not require rigid shipment or storage temperature
control.

Packaging
Modern packaging of purees and puree concentrates utilizes some form of aseptic totes. There are a
number of different styles, including stainless steel totes that can be sterilized and reused; reusable plastic
totes with disposable aseptic liners; or large (275 to 300 gallon) fiberboard disposable totes. It is
important to note that none of these container types are designed for frozen use. Freezing and thawing
destroys the integrity of the disposable fiberboard totes, and the plastics can become brittle and/or break.
Stainless steel totes can burst with freezing due to internal gas pressure. As a result, containers should be
stored in either ambient or refrigerated areas using similar storage length as drums under the same
conditions. This limits their use to aseptic products. After opening, the items either need to be used
immediately or transferred into another container for refreezing and storage.
Most apple concentrates are shipped in 55-gal (208-L) open head or 55-gal (208-L) aseptic packed drums.
Sterile or aseptically packed juice concentrates may be shipped or stored at room (ambient) temperatures;
however, if a color quality attribute is to be held longer than 6 months, it should be stored at temperatures
below 45°F (7.2°C).
WFLO is indebted to Marvin N. Kragt, formerly with The J. M. Smucker Company, Orrville, Ohio, and Benita Roth, Sabroso
Company, for the review and revision of this topic.
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Fruit Juice, Single Strength Apple
Revised 2008

Storage Conditions
Single Strength, 9-16° Brix, Unpasteurized in Process

Temperature

0°F
(-18°C)

30-32°F
(-1.1 to 0°C)

40°F
(4.4°C)

Storage Period

30 days

1 week

2 days

Temperature
Storage Period

Aseptic

Pasteurized (Canned)

32-45°F
(0-7.2°C)

45-70°F
(7.2-21°C)

1 year

1 year

Apples to be used in single strength juice processing should be washed with a wetting agent, as well as a
sanitizer to reduce the bacterial load. Apple juice as extracted from fresh or stored apples may require
enzyme treatment to remove starch or pectinose substances, to reduce and control haze, to improve
production yield, and/or to allow for concentration.
Fresh extracted, unpasteurized apple juice should be cooled to 32-40° F (0-4.4° C) within 18 hours to
reduce fermentation possibilities. To reduce deterioration from microbial growth, it is essential that
cooling be as rapid as possible.
The quality attributes and nutritive loss in pasteurized single strength apple juice are negligible, provided
it remains at 32-45°F (0-7.2°C) and has been properly short-time heated to 190-200°F (87.7-93.3°C) and
immediately cooled under sterile aseptic conditions of processing and storage. Single strength apple juice
does not provide economics for long-term storage, unless it is to be used in immediate retail sales or will
be processed to canned or bottled apple juice.
The issue with unpasteurized juice for sales to consumers should be noted. All unpasteurized juice must
be labeled as such, per the U.S. Food and Drug Administration (FDA), due to potential microbial hazard.
Hazards include Listeria and E. coli 0157:H. It is not recommended that this item be maintained in a nonpasteurized form.

Packaging
Modern packaging of purees and puree concentrates utilizes some form of aseptic totes. There are a
number of different styles, including stainless steel totes that can be sterilized and reused; reusable plastic
totes with disposable aseptic liners; or large (275 to 300 gallon) fiberboard disposable totes. It is
important to note that none of these container types are designed for frozen use. Freezing and thawing
destroys the integrity of the disposable fiberboard totes, and the plastics can become brittle and/or break.
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Stainless steel totes can burst with freezing due to internal gas pressure. As a result, containers should be
stored in either ambient or refrigerated areas using similar storage length as drums under the same
conditions. This limits their use to aseptic products. After opening, the items either need to be used
immediately or transferred into another container for refreezing and storage.
WFLO is indebted to Marvin N. Kragt, formerly with The J. M. Smucker Company, Orrville, Ohio, and Benita Roth, Sabroso
Company, for the review and revision of this topic.
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Fruit Juice: Banana Puree, Aseptic
Revised 2008

Storage Conditions
Temperature

60-80°F (15.6-26.7°C)

Storage Period

1 year

Banana puree is processed outside the U.S. and is packed under aseptic conditions into 5- and 50-gal (19and 190-L) drums or properly prepared 5-gal (19-L) laminated, sterile bags in a box. Banana puree can be
processed with citric and ascorbic acid to assist in maintaining attributes of color and flavor as well as
some preservative effects in aseptic processing.
Banana puree should not be held at temperatures lower than 60°F (15.6°C). The natural starch in the
products reacts with other components to produce starch lumps (gel balls) in the finished product, which
may impact on its end use. The product should be stored, shipped, and maintained at temperatures greater
than 60°F (15.6°C).

Packaging
Modern packaging of purees and puree concentrates utilizes some form of aseptic totes. There are a
number of different styles, including stainless steel totes that can be sterilized and reused; reusable plastic
totes with disposable aseptic liners; or large (275 to 300 gallon) fiberboard disposable totes. It is
important to note that none of these container types are designed for frozen use. Freezing and thawing
destroys the integrity of the disposable fiberboard totes, and the plastics can become brittle and/or break.
Stainless steel totes can burst with freezing due to internal gas pressure. As a result, containers should be
stored in either ambient or refrigerated areas using similar storage length as drums under the same
conditions. This limits their use to aseptic products. After opening, the items either need to be used
immediately or transferred into another container for refreezing and storage.

WFLO is indebted to Marvin N. Kragt, formerly with The J. M. Smucker Company, Orrville, Ohio, and Benita Roth, Sabroso
Company, for the review and revision of this topic.
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Fruit Juice, Citrus Juices
Revised 2008

Thermal Properties
Grapefruit Juice, sweetened

Lemon Juice

English

Metric

English

Metric

Moisture, %

87.38

--

92.46

--

Protein, %

0.58

--

0.40

--

Fat, %

0.09

--

0.29

--

Carbohydrate, %

11.13

--

6.48

--

Fiber, %

0.10

--

0.40

--

Ash, %

0.82

--

0.36

--

Specific Heat Above Freezing

0.92 Btu/lb*°F

3.85 kJ/(kg*K)

0.95
Btu/lb*°F

3.99
kJ/(kg*K)

Specific Heat Below Freezing

0.43 Btu/lb*°F

1.78 kJ/(kg*K)

0.41
Btu/lb*°F

1.73
kJ/(kg*K)

Latent Heat of Fusion

126 Btu/lb

292 kJ/kg

133 Btu/lb

309 kJ/kg

Lime Juice, unsweetened

Orange Juice

English

Metric

English

Metric

Moisture, %

92.52

--

89.01

--

Protein, %

0.25

--

0.59

--

Fat, %

0.23

--

0.14

--

Carbohydrate, %

6.69

--

9.85

--

Fiber, %

0.40

--

0.20

--

Ash, %

0.31

--

0.41

--

Specific Heat Above Freezing

0.95 Btu/lb*°F

3.99 kJ/(kg*K)

0.93
Btu/lb*°F

3.90
kJ/(kg*K)

Specific Heat Below Freezing

0.41 Btu/lb*°F

1.73 kJ/(kg*K)

0.42
Btu/lb*°F

1.76
kJ/(kg*K)

Latent Heat of Fusion

133 Btu/lb

309 kJ/kg

128 Btu/lb

297 kJ/kg
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Storage Conditions
Frozen

Temperature

Chilled

Canned

FreshSqueezed

Concentrated

Single
Strength

Single
Strength

Single
Strength

Single
Strength

0°F
(-18°C)

0°F
(-18°C)

40-50°F
(4.5-10°C)

30-40°F
(-1 to 4.5°C)

34-40°F
(1.1 to 4.4°C)

Relative Humidity
Storage Period

70%
1 year

1 year

2 months

1 year

2-3 weeks

Quality and nutritive loss in frozen concentrated orange juice is negligible, providing it remains at 0°F (18°C) or below. Some cloud instability in the reconstituted juice may occur if the product has not been
adequately heat-treated, and this settling of cloud is objectionable to consumers.
During storage at 0°F (-18°C) or below, the loss in flavor or activity of any residual enzymes is negligible
in the product for as long as 5 years. At 5°F (-15°C) the cloud begins to become unstable in about 6
months. At 15°F (-9°C) the quality becomes undesirable in about 20 to 30 days. In addition, the
concentrate can become gel-like if enzymes were not previously inactivated by adequate heat treatment.
Heat treatment is applied to most citrus products. Fresh cutback juice is usually not heated, but it has been
replaced in most cases by recovered essence.

High Brix for Further Processing
For bulk concentrated citrus juices stored at about 65° Brix for further processing or blending for later
packaging in consumer packs, the following conditions apply: the concentrates can generally be stored for
an indefinite period when kept at around 18°F (-9°C) or for 30 to 45 days when kept at 32°F (0°C) with
no significant changes in quality factors, if an inert gas such as nitrogen or carbon dioxide is kept filling
the headspace in the bulk tank. Such concentrates, stored in bulk "tank farms," are evaporator "pump-out"
with no added cutback juice or essence, and only a small amount of peel oil is added for flavor stability
during storage. These flavor components are blended with the concentrate upon preparation of the final
consumer product to which they are ultimately converted.
Single strength frozen citrus juice, or juice that has not been concentrated, is usually not on the retail
market. It is for institutional trade, for making chilled juice blends, or for making chilled juices (which are
retailed). Freezing of these retains their original flavor and vitamin C content as well as their nutritional
value. They are stable so long as they remain well-frozen; but upon thawing should be treated as chilled
juice.
Chilled citrus juices are usually single strength. They are either made from pasteurized juice not from
concentrate, or by reconstitution of frozen concentrated juice. They are refrigerated at 50°F (10°C) or
below to retain fresh flavor and vitamin C content. Processing techniques for pasteurized juice not from
concentrate are such that a pleasing flavor is retained in the freshly packed product. However, if stored at
Fruit Juice, Citrus Juices
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ambient temperatures in the retail marketing channels, the flavor changes rapidly. If kept refrigerated, this
is a premium product and is increasingly popular. There are two types of chilled juice not from
concentrate: 1) thermally processed and 2) aseptic packaged. Thermally processed juice undergoes usual
pasteurization and slow cooling. Aseptically packaged product is processed with a minimum of heat
exposure, quick chilled, and chemical sterilants are used. Although both products are stable up to 3
months at 40-50°F (4-10°C), chilled juices retain higher quality for longer times the nearer to 30°F (-1°C)
they are stored.
Reconstituted frozen concentrated orange juice contains some or all of the following flavor fractions:
orange peel oil, orange essence, fresh un-concentrated juice, and larger particles of pulp or juice cells, all
of which are added prior to reconstitution with water. This reconstituted single strength juice can be sold
as a chilled juice described above, or packaged in cans, plastic or glass bottles, or in aseptic cartons under
truly sterile conditions and sold as a shelf-stable product with a longer shelf life of 6-12 months. The
higher the storage temperature and longer the juice is stored, the less the desirable flavor and the less the
vitamin C are retained.
Citrus juices packaged in tin cans were the first processed 100% juice products to be widely distributed
commercially. The market for these products has decreased steadily in recent years because they are
perceived as a lower quality product. Usually, this product is stored at ambient temperature (to prevent
moisture condensation which causes tin cans to rust), and this results in a more rapid decrease in flavor.
More recently, single-serve juices in aluminum cans have become popular, especially for vending
machine and commercial airline use, since they can be stored at cooler temperatures, and thus retain their
flavor longer.
Fresh-squeezed or unpasteurized orange juice is a premium quality juice in increasing demand. It must be
prepared under strict sanitary conditions and distributed rapidly to adhere to a 2-3 week shelf life. The
product cannot be frozen at any time and still be labeled as "fresh-squeezed" juice.

Packaging
Modern packaging of purees and puree concentrates utilizes some form of aseptic totes. There are a
number of different styles, including stainless steel totes that can be sterilized and reused; reusable plastic
totes with disposable aseptic liners; or large (275 to 300 gallon) fiberboard disposable totes. It is
important to note that none of these container types are designed for frozen use. Freezing and thawing
destroys the integrity of the disposable fiberboard totes, and the plastics can become brittle and/or break.
Stainless steel totes can burst with freezing due to internal gas pressure. As a result, containers should be
stored in either ambient or refrigerated areas using similar storage length as drums under the same
conditions. This limits their use to aseptic products. After opening, the items either need to be used
immediately or transferred into another container for refreezing and storage.

WFLO is indebted to P. E. Shaw, USDA, ARS, Winter Haven, Florida, and Benita Roth, Sabroso Company, for the review and
revision of this topic.
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Fruit Juice, Natural and Artificial Flavors
Revised 2008

Storage Conditions
Temperature
Storage Period

35-50°F
(1.7-9.9°C)
6-9 months maximum

The food and beverage manufacturers today often use artificial flavors or blends of artificial and natural
flavors in formulation of food or beverage products. These flavors may encompass dairy, fruit, grain,
nuts, meat, and vegetable flavor variations.
Artificial or synthetic flavors often contain butylated hydroxyanisole (BHA), which is an antioxidant
chemical additive to assist in flavor preservation. Alcohol or propylene glycol is often the carrier solvent
of the flavor and may consist of 40-50% of the flavor formulation. The flash-point of the flavors will
often be identified as 70-72°F (21.1-22.2°C). Because of the high alcohol content, the labels will require
the notation "flammable." The risk of flammability is not great under storage temperatures of 45-50°F
(7.2-10°C) if the containers remain sealed to prevent escape of the flavor vapors.
Flavors are often packaged in plastic 1-gal (4-L) containers, 5-gal (19-L) metal pails, and 55-gal (208-L)
metal or plastic drums. It is recommended that storage of flammable flavors be contained to 35-50°F (1.610°C) storage, with control of ignition sources maintained, such as no smoking, cutting and welding,
electrical equipment, wiring, etc., within the area. In a manufacturing operation, it is also recommended
that flammable flavors be confined to a specific storage area which provides temperature control as well
as overhead water or CO2 extinguishers.
If a strong volatile flavor vapor is noted in the storage area, correction should be made immediately to
check for flavor leakage and assure that all containers are properly sealed. Flavor volatiles may also
transfer to other food products or packaging stored near the flavors in the storage; therefore, it is essential
that the flavor inventory be closely monitored.
It is recommended that Material Safety Data Sheets (MSDS) be maintained on all synthetic flavorings in
storage. It is also recommended that the manufacturer's data sheets be reviewed to determine flash-point
control and other information necessary in event of spillage. A review with your insurance company
relative to storage of products labeled "flammable" would be advisable.
Note: Flavors should not be frozen. Similar to fruit essences, freezing will freeze the water-phase and
separate the alcohol components of the mix. Certain flavor components are also subject to degradation
caused by freezing, destroying the quality of the flavor.

Packaging
Modern packaging of purees and puree concentrates utilizes some form of aseptic totes. There are a
number of different styles, including stainless steel totes that can be sterilized and reused; reusable plastic
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totes with disposable aseptic liners; or large (275 to 300 gallon) fiberboard disposable totes. It is
important to note that none of these container types are designed for frozen use. Freezing and thawing
destroys the integrity of the disposable fiberboard totes, and the plastics can become brittle and/or break.
Stainless steel totes can burst with freezing due to internal gas pressure. As a result, containers should be
stored in either ambient or refrigerated areas using similar storage length as drums under the same
conditions. This limits their use to aseptic products. After opening, the items either need to be used
immediately or transferred into another container for refreezing and storage.
WFLO is indebted to Marvin N. Kragt, formerly with The J. M. Smucker Company, Orrville, Ohio, and Benita Roth, Sabroso
Company, for the review and revision of this topic.
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Fruit Juice, Fruit Essence
Revised 2008

Storage Conditions
Temperature

32-45°F (0-7.2°C)

Storage Period

1 year

During the concentrating of fruit juices, water is removed to effect concentration. Many fruit items have
low-boiling ester components of flavor, which upon extraction with the water evaporation would reduce
the final manufactured product flavor. All high quality fruit evaporators are therefore designed with a
volatile or still recovery system. This system recovers approximately 1 gal of concentrated flavor from
100 to 150 gal of single strength juice. The fruit volatile may be labeled 100-fold or 150-fold, depending
on the concentration of finished essence from the fruit concentrate. In manufacturing the fruit essence,
volatile is added back based on the fold identification on the label and as extracted in the fruit concentrate
process.
Since the fruit item being processed will contain esters and alcohol components, "folding" will result in
concentrating of the alcohols. Federal regulations apply to "still" operations; and if the volatile recovered
contains 15% alcohol or higher, it must be denatured by means of citric acid before moved into
transportation or storage modes.
It is not recommended that fruit volatiles be frozen in storage, since the water phase would freeze and the
organic component would separate from the water, further concentrating the flavor. Upon opening of the
container, a high concentration of this flavor would be lost to the atmosphere.

Packaging
Modern packaging of purees and puree concentrates utilizes some form of aseptic totes. There are a
number of different styles, including stainless steel totes that can be sterilized and reused; reusable plastic
totes with disposable aseptic liners; or large (275 to 300 gallon) fiberboard disposable totes. It is
important to note that none of these container types are designed for frozen use. Freezing and thawing
destroys the integrity of the disposable fiberboard totes, and the plastics can become brittle and/or break.
Stainless steel totes can burst with freezing due to internal gas pressure. As a result, containers should be
stored in either ambient or refrigerated areas using similar storage length as drums under the same
conditions. This limits their use to aseptic products. After opening, the items either need to be used
immediately or transferred into another container for refreezing and storage.
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WFLO is indebted to Marvin N. Kragt, formerly with The J. M. Smucker Company, Orrville, Ohio, and Benita Roth, Sabroso
Company, for the review and revision of this topic.
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Fruit Juice: Grape (red), California-type,
Concentrate
Revised 2001

Storage Conditions
Temperature

0°F (-17.8°C)

28-40°F (-2.2 to 4.4°C)

Storage Period

3 years

1 year

The loss of quality attributes and nutritional loss in red grape frozen concentrate is negligible provided it
remains at 40°F (4.4°C) or below. The color pigmentation in California-type red grape concentrate is
extremely concentrated. With reasonable storage control, the concentrate will maintain deep red-ruby
hues for long periods of time. The flavor of California red concentrate is not as pronounced as the flavor
developed by the Concord blue-purple grape variety.
Red grape juice concentrate is normally shipped in bulk truck or rail tankers as well as in 55-gal (208-L)
drums. Shipping temperatures and storage temperatures should be maintained below 40°F (4.4°C).
Freezing of concentrates may result in additional precipitation of tartaric acid and dextrose in the drum
product. Issues with graininess could occur unless the product is reheated to at least 120°F (49°C) in use
or is thoroughly mixed when used in batching.

WFLO is indebted to Marvin N. Kragt, formerly with The J. M. Smucker Company, Orrville, Ohio, for the review of this topic.
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Fruit Juice: Grape (red-purple),
Concentrate
Revised 2001

Storage Conditions

Temperature

Refrigerated

Frozen

40-45°F (4.4-7.2°C)

-10 to 0°F (-23.2 to -17.8°C)

2 years

3 years

Storage Period

The loss of quality attributes and nutritive loss in frozen concentrated Concord or California Red is
negligible, provided it remains at 0°F (-18°C) or below. When concentrating grape juice, crystals of
potassium tartrate will begin to drop out as the single strength juice is concentrated. All of the crystals
will not drop out during concentrating, and 2-3 months or longer may be necessary for the crystals to fully
precipitate and settle out due to the cold storage temperature and the viscosity developed in the
concentrated juice. The volatile recovery system and temperatures reached in concentrating provide
adequate heat sterilization (high temp-short time) to reduce microbial loads, and the concentration process
to 68-70° Brix further assures quality maintenance from fermentation if held under sanitary conditions.
Most Concord and California Red grape concentrates of 68° Brix or higher are stored in large bulk
stainless steel tanks and then shipped in bulk truck tankers or 55-gal (208-L) drums for manufacturing
use. Bulk tankers or rail tankers are normally shipped at 28-30°F (-2.2 to -1.1°C), while drum shipment
may be at 0°F (-17.8°C).
Freezing of concentrates may result in additional precipitation of tartaric acid and dextrose in the drum
product. Issues with graininess could occur unless the product is reheated to at least 120°F (49°C) in use
or is thoroughly mixed when used in batching.
Manufacturing scheduled use of the concentrated grape juice will often determine the temperature for
storage on receipt of shipment.

Storage Times and Temperatures
1-3 days

40-45°F (4.4-7.2°C)

3 days or longer

30-32°F (-1.1 to 0°C)

Grape concentrate packed in 6 or 12 oz. (178 or 355 mL) containers for retail consumer drink
consumption normally contains some sugar addition and is reduced to a Brix level of approximately 45°.
Fruit Juice: Grape (red-purple), Concentrate
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It must be transported and stored at 0°F (-17.7°C) prior to consumer thawing and preparation for a grape
juice drink.

WFLO is indebted to Marvin N. Kragt, formerly with The J. M. Smucker Company, Orrville, Ohio, for the revision of this topic.
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Fruit Juice, Concord and Red Grape,
Concentrate
Revised 2008

Storage Conditions

Temperature
Storage Period

Refrigerated

Frozen

40-45°F
(4.4-7.2°C)

-10 to 0°F
(-23.2 to -17.8°C)

2 years

3 years

The loss of quality attributes and nutritive loss in frozen concentrated Concord or California Red is
negligible, provided it remains at 0°F (-18°C) or below. When concentrating grape juice, crystals of
potassium tartrate will begin to drop out as the single strength juice is concentrated. All of the crystals
will not drop out during concentrating, and 2-3 months or longer may be necessary for the crystals to fully
precipitate and settle out due to the cold storage temperature and the viscosity developed in the
concentrated juice. The volatile recovery system and temperatures reached in concentrating provide
adequate heat sterilization (high temp-short time) to reduce microbial loads, and the concentration process
to 68-70° Brix further assures quality maintenance from fermentation if held under sanitary conditions.
Most Concord and California Red grape concentrates of 68° Brix or higher are stored in large bulk
stainless steel tanks and then shipped in bulk truck tankers or 55-gal (208-L) drums for manufacturing
use. Bulk tankers or rail tankers are normally shipped at 28-30°F (-2.2 to -1.1°C), while drum shipment
may be at 0°F (-17.8°C).
Freezing of concentrates may result in additional precipitation of tartaric acid and dextrose in the drum
product. Issues with graininess could occur unless the product is reheated to at least 120°F (49°C) in use
or is thoroughly mixed when used in batching.
Manufacturing scheduled use of the concentrated grape juice will often determine the temperature for
storage on receipt of shipment. If products to be manufactured are to be held for longer than 3 days,
storage temperatures should be between 30 and 32°F (-1.1 to 0°C).
Grape concentrate packed in 6 or 12 oz. (178 or 355 ml) containers for retail consumer drink consumption
normally contains some sugar addition and is reduced to a Brix level of approximately 45°. It must be
transported and stored at 0°F (-17.7°C) prior to consumer thawing and preparation for a grape juice
drink.

Packaging
Modern packaging of purees and puree concentrates utilizes some form of aseptic totes. There are a
number of different styles, including stainless steel totes that can be sterilized and reused; reusable plastic
totes with disposable aseptic liners; or large (275 to 300 gallon) fiberboard disposable totes. It is
Fruit Juice, Concord and Red Grape, Concentrate
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important to note that none of these container types are designed for frozen use. Freezing and thawing
destroys the integrity of the disposable fiberboard totes, and the plastics can become brittle and/or break.
Stainless steel totes can burst with freezing due to internal gas pressure. As a result, containers should be
stored in either ambient or refrigerated areas using similar storage length as drums under the same
conditions. This limits their use to aseptic products. After opening, the items either need to be used
immediately or transferred into another container for refreezing and storage.
WFLO is indebted to Marvin N. Kragt, formerly with The J. M. Smucker Company, Orrville, Ohio, and Benita Roth, Sabroso
Company, for the review and revision of this topic.
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Fruit Juice, Concord Grape, Puree
Revised 2008

Storage Conditions

Temperature

Single Strength
15-18° Brix

Concentrated
34-45° Brix

0 to -10°F
(-17.8 to -23.3°C)

0 to -10°F
(-17.8 to -23.3°C)

1 year

2 years

Storage Period

The loss of quality attributes of frozen Concord single strength puree and concentrated puree is negligible,
provided the puree remains at 0-10°F (-17.8 to -23.3°C). Single strength grape puree may show some
potassium tartrate crystals because of lack of enzyme and filtration treatment. The crystals can be
expected to redissolve in further sweetener blending in a manufactured product such as preserves/jams.
Because potassium tartrate can complement dextrose crystallization from the fruit, sugar, or corn
sweeteners, it is important to maintain sweetener balances in formulations.
Single strength grape puree may have some heat and cooling applications in processing; however, the
heating temperatures are normally reduced to 140-160°F (60-71.1°C) and therefore will not provide
assurance of microbial reduction at time of packing. Single strength puree can have approximately 8-9%
expansion during freezing, and this expansion potential should be used to establish net fill weights for
drums or pails.
Concentrated grape puree is usually subjected to short time high temperatures in the concentrating process
and therefore can be expected to have a reduced microbiological load.

Packaging
Modern packaging of purees and puree concentrates utilizes some form of aseptic totes. There are a
number of different styles, including stainless steel totes that can be sterilized and reused; reusable plastic
totes with disposable aseptic liners; or large (275 to 300 gallon) fiberboard disposable totes. It is
important to note that none of these container types are designed for frozen use. Freezing and thawing
destroys the integrity of the disposable fiberboard totes, and the plastics can become brittle and/or break.
Stainless steel totes can burst with freezing due to internal gas pressure. As a result, containers should be
stored in either ambient or refrigerated areas using similar storage length as drums under the same
conditions. This limits their use to aseptic products. After opening, the items either need to be used
immediately or transferred into another container for refreezing and storage.
Grape puree is not normally shipped in bulk truck tankers. Packing of grape puree is normally into 30-lb
(13.6-kg) net weight plastic pails or 55-gal (208-L) drums.

Fruit Juice, Concord Grape, Puree
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WFLO is indebted to Marvin N. Kragt, formerly with The J. M. Smucker Company, Orrville, Ohio, and Benita Roth, Sabroso
Company, for the review and revision of this topic.
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Fruit Juice: Grape (red-purple), ConcordPuree
Revised 2001

Storage Conditions

Temperature

Storage Period

Single Strength
15-18° Brix

Concentrated
34-45° Brix

0 to -10°F
(-17.8 to -23.3°C)

0 to -10°F
(-17.8 to -23.3°C)

1 year

2 years

The loss of quality attributes of frozen Concord single strength puree and concentrated puree is negligible,
provided the puree remains at 0-10°F (-17.8 to -23.3°C). Single strength grape puree may show some
potassium tartrate crystals because of lack of enzyme and filtration treatment. The crystals can be
expected to redissolve in further sweetener blending in a manufactured product such as preserves/jams.
Because potassium tartrate can complement dextrose crystallization from the fruit, sugar, or corn
sweeteners, it is important to maintain sweetener balances in formulations.
Single strength grape puree may have some heat and cooling applications in processing; however, the
heating temperatures are normally reduced to 140-160°F (60-71.1°C) and therefore will not provide
assurance of microbial reduction at time of packing. Single strength puree can have approximately 8-9%
expansion during freezing, and this expansion potential should be used to establish net fill weights for
drums or pails.
Concentrated grape puree is usually subjected to short time high temperatures in the concentrating process
and therefore can be expected to have a reduced microbiological load.
Grape puree is not normally shipped in bulk truck tankers. Packing of grape puree is normally into 30-lb
(13.6-kg) net weight plastic pails or 55-gal (208-L) drums.
WFLO is indebted to Marvin N. Kragt, formerly with The J. M. Smucker Company, Orrville, Ohio, for his review of this release.
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Fruit Juice, Grape, Single Strength
Revised 2008

Storage Conditions
Pasteurized-Bulk
Chilled-Refrigerated

Pasteurized
Canned

Single Strength

Single Strength

Temperature

28-32°F
(-2.2 to 0°C)

45-70°F
(7.2-21.1°C)

Storage Period

6-9 months

1 year

The quality attributes and nutritive loss in pasteurized, cooled, single strength grape juice are negligible
provided it remains at 28-45°F (-2.2 to 7.2°C) and has been properly short-time heated to 190-200°F
(87.7-93.3°C) and immediately cooled under sterile conditions of processing and storage. Single strength
bulk grape juice should be held at 28-30°F (-2.2 to -1.1°C) after initial heating/cooling processing to
allow the potassium tartrate crystals to form and to settle out. Top bulk grape juice is often decanted off
after settling to reduce inclusion of settled crystals. The bottom portion of the bulk storage must be
filtered to reduce potential of the potassium tartrate crystals precipitating out in a finished manufactured
product. It can take 2-3 months or longer for the tartrates to precipitate out at temperatures of 28-32°F (2.2 to 0°C). The storage life is generally restricted to about 6-9 months because of the lack of absolute
sterility assurance in large bulk storage tanks of 50,000-250,000 gal (190,000-950,000 L).
Canned or bottled grape juice is processed from settled or filtered, aged grape juice to assure no tartrate
crystals will be found in the canned juice. Storage life of the canned, pasteurized juice is normally
restricted to 1 year because of the color pigment change of red-purple to brown under long storage and/or
extensive heat storage above 70°F (21.1°C).
In frozen storage, grape juice can still drop out crystals of potassium tartrate and dextrose even if it had
been previously settled. These crystals can be redissolved back into solution when heated to
approximately 120°F (49°C).

Packaging
Modern packaging of purees and puree concentrates utilizes some form of aseptic totes. There are a
number of different styles, including stainless steel totes that can be sterilized and reused; reusable plastic
totes with disposable aseptic liners; or large (275 to 300 gallon) fiberboard disposable totes. It is
important to note that none of these container types are designed for frozen use. Freezing and thawing
destroys the integrity of the disposable fiberboard totes, and the plastics can become brittle and/or break.
Stainless steel totes can burst with freezing due to internal gas pressure. As a result, containers should be
stored in either ambient or refrigerated areas using similar storage length as drums under the same
conditions. This limits their use to aseptic products. After opening, the items either need to be used
immediately or transferred into another container for refreezing and storage.
Fruit Juice, Grape, Single Strength
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WFLO is indebted to Marvin N. Kragt, formerly with The J. M. Smucker Company, Orrville, Ohio, and Benita Roth, Sabroso
Company, for the review and revision of this topic.
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Fruit Juice, Mixed Fruits, Concentrate
Revised 2008

Storage Conditions
Concentrated
69.5-70.5° Brix
Temperature
Storage Period

45°F
(7.2°C) or less
6 months

Many juice concentrates can be blended for manufacturing needs. These are often pineapple, pear, peach,
and white grape concentrates. These mixtures of concentrates can provide a source of natural minerals
and vitamins not found in dry sugar or other refined sweeteners. These blends are also often desired as a
marketing tool to allow labeling that the manufactured product contains fruit juices, is sweetened without
refined sugar, etc. These fruit concentrates are packed in 55-gal (208-L) drums or other various volumes
in aseptic bag-in-box.

Packaging
Modern packaging of purees and puree concentrates utilizes some form of aseptic totes. There are a
number of different styles, including stainless steel totes that can be sterilized and reused; reusable plastic
totes with disposable aseptic liners; or large (275 to 300 gallon) fiberboard disposable totes. It is
important to note that none of these container types are designed for frozen use. Freezing and thawing
destroys the integrity of the disposable fiberboard totes, and the plastics can become brittle and/or break.
Stainless steel totes can burst with freezing due to internal gas pressure. As a result, containers should be
stored in either ambient or refrigerated areas using similar storage length as drums under the same
conditions. This limits their use to aseptic products. After opening, the items either need to be used
immediately or transferred into another container for refreezing and storage.
WFLO is indebted to Marvin N. Kragt, formerly with The J. M. Smucker Company, Orrville, Ohio, and Benita Roth, Sabroso
Company, for the review and revision of this topic.
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Fruit Juice, Packaging Materials
Revised 2008

Packaging Materials
Fruit juice concentrates are normally treated with enzyme processing to reduce the fruit pectin content
and improve production yields and therefore can be concentrated to 68-72° Brix finished levels. Weights
per U.S. gallon of the 68-72° Brix fruit juice concentrates range from 11.130-11.339 lbs (5.048-5.142 kg),
respectively. The expansion of high Brix concentrates in refrigerated frozen storage will not exceed 2%
because of the high concentration of fruit sugars. The high Brix concentrate will not freeze solid but will
maintain a heavy viscosity.
The net weight fill of the drum container will vary depending on the overall logistics of the container in
the area of processing and the marketing requirements of the product as sold in the world market. In
general, the concentrate packer will allow some head space but will make every effort to fill as full as
handling, storage, and shipment requirements allow. An open head drum may have more head space after
filling than an aseptically filled closed bung drum because of the additional possibility of seepage in
handling. The tare weights of metal drums vary greatly. The tare weights may vary from 26 to 45 lbs
(11.8 to 20.4 kg) for a 55-60 gal (208-227 L) capacity metal drum. The wall thickness of the drum can
vary extensively based on the net weight of the drum. A drum that has been reconditioned can also have
some weight reduction as caused by height reduction, shot cleaning, and ring expansion or addition. In
many situations, a reconditioned metal drum may not have the same stacking strength as a new metal
drum.
Many conditions contribute to how high a stack storage level can be obtained in a frozen or cold storage
facility. Normal heights used in storage are 6-7 pallets high for drum tare weights of 35-50 lbs (15.9-22.7
kg). Drum containers of 35 lbs (15.9 kg) or less should be used for filling of single strength or sugar
added packs of fruit which will freeze solid at a final pack of 8-35° Brix. Stacking to a desired 6- to 7-tier
level may require freezing of the fruit to a solid phase before moving it to final storage at the full stack
height.
Plastic nestable drums are being used more frequently in limited packaging of fruit juices and fruit items.
These drums are nestable on receipt to allow increased freight economics and to allow reuse freight
economics for empty shipment return to a processor. The nestable plastic drums require close attention to
maintaining a minimal limited headspace during filling and freezing to prevent folding or collapse of the
plastic drum under conditions of high storage stacking.
Plastic nestable drums require close attention to the condition of the closure and shape of the drum.
Handling of concentrate drums with normal forklift equipment may force the drums out of round and
reduce the structural stability of the drums.
The plastic drum does not have the same nominal volume as a standard metal drum. At the same height, a
plastic drum will have about 8% less volume due to the taper of the drum. Drum fill weight reduction of
more than the difference in nominal volume may be required due to distention of the drum during
freezing, the lack of bottom chime, and the manner in which one drum is stacked upon another. Metal
Fruit Juice, Packaging Materials
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drums are stacked chime-to-chime allowing 2-3 in (5-8 cm) of space between drums, whereas the plastic
drums have no space between the units.
Plastic drums also have less total structural strength than metal drums. The best drums can only handle
about 2,500 lbs (1,100 kg) of total weight above them. Plastic drums of juice concentrate should never be
stacked 6-7 high. Stacking at no more than 4 high is recommended. The plastic nestable drums do not
provide the same overflow capacity as metal drums and therefore will have a lower net filled weight. This
difference is due to the reduced design overflow capacity of the drum. The plastic nestable drum heights
are also increased over the metal drums and will result in reduced cold storage stack capability.
Pasteurization and/or concentration usually results in the destruction of most microorganisms and the
inactivation of enzymes. Membrane clarification can effectively remove enzyme molecules and
microorganisms (larger than viruses) from a juice. There are, however, non-enzymatic degradative
reactions that continue to occur. These include Maillard browning and anthocyanin (red-purple pigment)
discoloration and eventual formation of brown pigments. These reactions proceed inexorably, and the
kinetics are temperature dependent. A good rule of thumb is that these reactions double in speed with
every 10°C (18°F) rise in temperature. Even at 0°C (32°F), a year's storage will show some degradation
of color and flavor.
Most fruit concentrates are filled into 55-60 U.S. gallon (208-227 L) capacity metal drums. Based on the
logistics of marketing in world global trade, the fruit concentrates may be handled under refrigerated
conditions or under an aseptic classification if aseptically filled and closed.

Aseptic Totes
Modern packaging of purees and puree concentrates utilizes some form of aseptic totes. There are a
number of different styles, including stainless steel totes that can be sterilized and reused; reusable plastic
totes with disposable aseptic liners; or large (275 to 300 gallon) fiberboard disposable totes. It is
important to note that none of these container types are designed for frozen use. Freezing and thawing
destroys the integrity of the disposable fiberboard totes, and the plastics can become brittle and/or break.
Stainless steel totes can burst with freezing due to internal gas pressure. As a result, containers should be
stored in either ambient or refrigerated areas using similar storage length as drums under the same
conditions. This limits their use to aseptic products. After opening, the items either need to be used
immediately or transferred into another container for refreezing and storage.

WFLO is indebted to Marvin N. Kragt, formerly with The J. M. Smucker Company, Orrville, Ohio, and Benita Roth, Sabroso
Company, for the review and revision of this topic.
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Fruit Juice, California-type Red Grape,
Concentrate
Revised 2008

Storage Conditions
Temperature
Storage Period

0°F
(-17.8°C)

28-40°F
(-2.2 to 4.4°C)

3 years

1 year

The loss of quality attributes and nutritional loss in red grape frozen concentrate is negligible
provided it remains at 40°F (4.4°C) or below. The color pigmentation in California-type red grape
concentrate is extremely concentrated. With reasonable storage control, the concentrate will
maintain deep red-ruby hues for long periods of time. The flavor of California red concentrate is not
as pronounced as the flavor developed by the Concord blue-purple grape variety.
Red grape juice concentrate is normally shipped in bulk truck or rail tankers as well as in 55-gal
(208-L) drums. Shipping temperatures and storage temperatures should be maintained below 40°F
(4.4°C).
Freezing of concentrates may result in additional precipitation of tartaric acid and dextrose in the
drum product. Issues with graininess could occur unless the product is reheated to at least 120°F
(49°C) in use or is thoroughly mixed when used in batching.

Packaging
Modern packaging of purees and puree concentrates utilizes some form of aseptic totes. There are a
number of different styles, including stainless steel totes that can be sterilized and reused; reusable
plastic totes with disposable aseptic liners; or large (275 to 300 gallon) fiberboard disposable totes.
It is important to note that none of these container types are designed for frozen use. Freezing and
thawing destroys the integrity of the disposable fiberboard totes, and the plastics can become brittle
and/or break. Stainless steel totes can burst with freezing due to internal gas pressure. As a result,
containers should be stored in either ambient or refrigerated areas using similar storage length as
drums under the same conditions. This limits their use to aseptic products. After opening, the items
either need to be used immediately or transferred into another container for refreezing and storage.
WFLO is indebted to Marvin N. Kragt, formerly with The J. M. Smucker Company, Orrville, Ohio, and Benita Roth,
Sabroso Company, for the review and revision of this topic.
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Fruit Juice, White Grape, Concentrate
Revised 2008

Storage Conditions
Refrigerated
Concentrated
68° Brix

Concentrated - Clarified
68-70° Brix

Temperature

40-50°F
(4.4-10°C)

50-55°F
(10.0-12.8°C)

Storage Period

4-6 months

1-2 months

White grape juice concentrate should not be subjected to storage temperatures below 40°F (4.4°C).
Temperatures as normally used for storage of blue-purple grapes would cause the dextrose and tartaric
acid to crystallize, and there could be difficulty in getting the dextrose back in solution.
Storage and shipment temperatures of white grape juice concentrate should be closely monitored. The 68°
Brix concentration offers some microbiological protection; however, abrupt changes in temperature could
result in condensation in the head space area within the container used for storage and shipment, and
fermentation could result because of the Brix dilution in the surface area of the concentrate.
Clarified white grape juice at 68° Brix is normally stored after concentration and further processing at 5060°F (10-15.6°C) in large storage tanks where refrigeration is controlled automatically to 60°F (15.6°C).
Sanitation and microbiological checks are continually monitored. Once white grape juice concentrate is
moved in a manufacturing mode, shelf life should not exceed 6 months, to reduce brown pigment color
development and off flavor development.

Packaging
Modern packaging of purees and puree concentrates utilizes some form of aseptic totes. There are a
number of different styles, including stainless steel totes that can be sterilized and reused; reusable plastic
totes with disposable aseptic liners; or large (275 to 300 gallon) fiberboard disposable totes. It is
important to note that none of these container types are designed for frozen use. Freezing and thawing
destroys the integrity of the disposable fiberboard totes, and the plastics can become brittle and/or break.
Stainless steel totes can burst with freezing due to internal gas pressure. As a result, containers should be
stored in either ambient or refrigerated areas using similar storage length as drums under the same
conditions. This limits their use to aseptic products. After opening, the items either need to be used
immediately or transferred into another container for refreezing and storage.
WFLO is indebted to Marvin N. Kragt, formerly with The J. M. Smucker Company, Orrville, Ohio, and Benita Roth, Sabroso
Company, for the review and revision of this topic.
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Fruit Juice, Peach, Concentrate
Revised 2008

Storage Conditions
Refrigerated
Concentrated, 67.5-68.5° Brix
Temperature

33-40°F
(0.6-3.9°C)

0 to -10°F
(-17.8 to -23.3°C)

Storage Period

2 months

1 year

Peach concentrate will normally be used in bottled juices, juice blends, or fruit fillings. Color and flavor
attributes are often critical for a quality finished manufactured product. Refrigerated shipment should be
required at 32-40°F (0-4.4°C). Storage should be at 0°F (-18°C) or below until used.

Packaging
Modern packaging of purees and puree concentrates utilizes some form of aseptic totes. There are a
number of different styles, including stainless steel totes that can be sterilized and reused; reusable plastic
totes with disposable aseptic liners; or large (275 to 300 gallon) fiberboard disposable totes. It is
important to note that none of these container types are designed for frozen use. Freezing and thawing
destroys the integrity of the disposable fiberboard totes, and the plastics can become brittle and/or break.
Stainless steel totes can burst with freezing due to internal gas pressure. As a result, containers should be
stored in either ambient or refrigerated areas using similar storage length as drums under the same
conditions. This limits their use to aseptic products. After opening, the items either need to be used
immediately or transferred into another container for refreezing and storage.
WFLO is indebted to Marvin N. Kragt, formerly with The J. M. Smucker Company, Orrville, Ohio, and Benita Roth, Sabroso
Company, for the review and revision of this topic.
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Fruit Juice, Pear, Concentrate
Revised 2008

Storage Conditions
Refrigerated

Temperature
Storage Period

Concentrated
68-69° Brix

Concentrated
70-72° Brix

25-45°F
(-3.9 to 7.2°C)

45°F
(7.2°C) or less

6 months

6 months

Handling and storage of fruit concentrates at 68° Brix and above is largely dependent upon the final
manufacturing use quality requirements for color and flavor attributes. All fruit juice concentrates will
develop brown hues and a raisin flavor note upon aging at elevated temperatures. Pear concentrate is
often used in final blend applications with other juice concentrates.
Pear juice concentrates are normally shipped in 55-gal (208-L) open head drums or 55-60 U.S. gallons
(208-227 L) aseptic packed drums. Sterile or aseptically packed juice concentrates may be shipped or
stored at room (ambient) temperatures; however, if quality attributes of color and flavor are of prime
consideration and the concentrate is to be held longer than 6 months, it should be stored at temperatures
below 45°F (7.2°C).
Temperatures of 32°F (0°C) or slightly below are acceptable temperatures for storage and shipment of
pear concentrates.
Freezing temperatures of 0°F (-18°C) are not recommended due to the potential for development of
crystallization of the pear fruit sugars and subsequent development of dextrose dropout.
Pear concentrates of 70-72° Brix may be sold based on color measurements. The specification is normally
established based on a Spectronic 20 instrument using a ½ in (1.3 mm) O.D. round tube. Dilution of the
concentrate is to 12° Brix. (Color @ 440 nm; haze @ 625 nm.)
Primary - amber

45% color photometric
94% haze photometric

Type II

Decolorized reduced acid
Yellow golden color

85% color photometric
94% haze photometric

Type III

Decolorized
Yellow golden color

85% color photometric
94% haze photometric

Type I

Temperature and storage period would apply as shown under the 70-72° Brix concentration.
Pear juice concentrate is a fairly stable product, and storage life depends on whether it is classified as a
clarified or non-clarified concentrate. Clarified will normally show reduced color deterioration if stored at
32-45°F (0-7.2°C) vs. non-clarified which is stored at the same temperatures. Non-clarified pear
Fruit Juice, Pear, Concentrate
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concentrate will develop a brown hue within 6 months at these temperatures. Clarified pear juice
concentrate can be stored at 32°F (0°C) for 1 year without development of brown color.
Pear juice concentrate is also available in a deodorized/decolorized format created by running clarified
concentrate through special ion exchange columns. This item is less subject to color and flavor
degradation than the clarified product and will typically have a longer shelf life (1 year to 18 months at
32°F [0°C]).

Packaging
Modern packaging of purees and puree concentrates utilizes some form of aseptic totes. There are a
number of different styles, including stainless steel totes that can be sterilized and reused; reusable plastic
totes with disposable aseptic liners; or large (275 to 300 gallon) fiberboard disposable totes. It is
important to note that none of these container types are designed for frozen use. Freezing and thawing
destroys the integrity of the disposable fiberboard totes, and the plastics can become brittle and/or break.
Stainless steel totes can burst with freezing due to internal gas pressure. As a result, containers should be
stored in either ambient or refrigerated areas using similar storage length as drums under the same
conditions. This limits their use to aseptic products. After opening, the items either need to be used
immediately or transferred into another container for refreezing and storage.
WFLO is indebted to Marvin N. Kragt, formerly with The J. M. Smucker Company, Orrville, Ohio, and Benita Roth, Sabroso
Company, for the review and revision of this topic.
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Fruits, Dried
Revised 2008

Storage Conditions
Temperature
Relative Humidity
Storage Period

32°F to 45°F and steady
(0 to 7°C)
55-60%
Up to 1 year

Drying methods range from sun-drying to mechanical, forced hot air dehydrators.
Temperature: All dried fruits should be stored at 45°F (7°C) or below. A lower temperature is
preferable, but temperatures nearer 45°F (7°C) may make it easier to obtain the proper relative humidity
in some storage rooms. A uniform temperature is necessary to prevent moisture migration in large
containers and subsequent mold growth or sugaring of fruit near the sides of the packages. Soft invert
sugar dates need to be stored nearer 32°F (0°C) to help maintain color and reduce their proclivity to sugar.
Relative Humidity: In general, dried fruits should be stored at a relative humidity of 55-60%, with
raisins being stored at the lower end. Dried fruits in consumer packages will tolerate slightly higher
relative humidity because of the moisture barrier provided by the package.
Fumigation: Postharvest insect control is very critical for maintenance of dried fruits. Insects of concern
are of two broad types: Direct field pests, and stored product pests. Tolerance for live insects at the
consumer level is zero. Current insect control measures rely heavily on chemical fumigations, but other
alternatives are been worked out including low temperature and modified (MA) and controlled
atmospheres (CA). Fumigation is commonly used to disinfect large volumes of incoming product during
harvest, as well as to control storage infestation. Most dried fruits and vegetables and nuts tolerate
extreme modified atmosphere (MA) and controlled atmosphere (CA), including very high CO2 and/or
very low O2, levels that can be used to control insects. In 1981 the Environmental Protection Agency
(EPA) approved MA and CA as a means to manage insects infesting dried fruits and tree nuts. However,
current insect control measures for dried fruit and nuts still depend mostly on fumigation, and there is
very little or almost no commercial application for MA and CA. Dried apples, peaches, apricots and
golden raisins are fumigated with sulfur dioxide to inhibit browning and microbial growth.
Moisture Content: Prune moisture content should not exceed 20% for long term storage. Higher
moisture content prunes are packaged to retain moisture and sorbates are added to inhibit microbial
growth. The chemical deterioration of sorbate is accelerated with elevated temperatures. Swollen
packages are indicative of microbial spoilage.
Time in Storage: The recommended storage conditions minimize problems from sugaring, mold growth
and insect infestation, and also helps stabilize flavor, texture, color and moisture content of the fruit.
Sound fruit may be stored under these conditions for periods up to a year without excessive deterioration.
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Some dried fruits that have been packaged at a higher moisture level may desiccate somewhat during
protracted storage, especially if the relative humidity is lower.

Frozen Storage
Dried fruits can be held in frozen storage. It is usually not necessary for storage periods up to a year, but
may be desirable for extended periods, especially for the lighter cut-fruits. The freezing point of dried
fruits is quite low, because of their high sugar content; therefore, they will probably remain unfrozen at
normal freezer temperatures.
The greatest problem that could be encountered would probably be product desiccation and possibly
sugaring, at least during protracted storage of over 2 years. Packaging is very important in frozen storage;
the product should be sealed in a moisture vapor proof type packaging to prevent desiccation.
WFLO is indebted to Dr. Louis Aung, USDA, ARS, Postharvest Quality Research Unit, Fresno, California, and Dr. Elhadi
Yahia, Universidad Autonoma de Queretaro, for the review and revision of this topic.
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Furs and Fur Garments
Revised 2008

Storage Conditions and Periods
Temperatures
°F

°C

Relative
Humidity

Storage Period

Manufactured garments

34 to 40

1 to 4

45-55%

Several years

Dressed skins

34 to 40

1 to 4

45-55%

Several years

Cured raw furs, not processed

-10 to 10

-23 to -12

45-60%

Up to 2 years

"Green" skins, not dried

-10 to 5

-23 to -15

45-55%

Limited

Handling
Manufactured garments: The preferred storage method is on wooden hangers, although coated wire,
which prevents rusting, is acceptable. Hangers should have wire hooks with 5 inch (13 cm) or longer
wire hooks. Manufactured garments should be hung on rods from 4 to 6 per lineal foot (30 cm). Longhaired furs should be hung 4 to the foot. Short-nap or sheared furs can be hung 6 to the foot. Garments
should be hung on 6 foot (1.8 m) racks, clear the floor by at least 12 to 18 inches (30 to 46 cm), and be no
closer than 6 to 8 inches (15 to 23 cm) from a wall or partition. Rack or rods should be placed so that
sprinkler heads are at least 12 inches (30 cm) above the garments. The spaced hanging of the garments
allows for air circulation. Food should not be stored with fur garments, as chemicals in the processed fur
and lining material can cause an odor transfer problem, as well as the furs picking up a food odor.
Manufactured garments will tolerate storage temperatures down to 10°F (-12°C).
Dressed skins - Bundles of dressed skins should be hung in a manner similar to manufactured garments.
Bales of skins should be stored on 4-6 inches of dunnage. Do not store with food items. These items, like
manufactured garments, will tolerate storage temperatures down to 10°F (-12°C).
Cured raw furs, not processed - Bales should be stored on 4 inch (8 cm) dunnage. Storage periods for
cured raw furs are variable, but up to 2 years are considered possible.
"Green" skins, not dried - Should be stored in leak-proof tierces. Information is indefinite on length of
storage time. Green skins should be inspected frequently for odor development indicating spoilage.
WFLO is indebted to Mr. K. W. Faig of the International Fabricare Institute, Silver Spring, Maryland, and Jay Harvey of the
Drycleaning & Laundry Institute, Laurel, Maryland for the review and revision of this topic.
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Garlic
Revised 2008

Thermal Properties
English

Metric

Moisture, %

58.58

--

Protein, %

6.36

--

Fat, %

0.50

--

Carbohydrate, %

33.07

--

Fiber, %

2.10

--

Ash, %

1.50

--

Specific Heat Above Freezing

0.76 Btu/lb*°F

3.17 kJ/(kg*K)

Specific Heat Below Freezing

0.52 Btu/lb*°F

2.19 kJ/(kg*K)

84 Btu/lb

196 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature
Relative Humidity
Storage Period
Highest Freezing Point

32°F
(0°C)
60-70% with ventilation
6-7 months, if properly cured
30.5°F
(-0.8°C)

The conditions of storage for garlic closely resemble those recommended for dry onions. Storage is in
loose mesh bags or in bulk bins that provide adequate aeration and ventilation. Generally about 1 cfm of
air per cu. ft. of garlic is adequate. Garlic cloves sprout rapidly at temperatures of 40-64°F (4.4-l8°C), so
prolonged storage at this temperature range should be avoided.
Thorough curing of garlic before storage is highly important for satisfactory quality retention. If field
conditions for curing are unsatisfactory, garlic can be artificially cured by blowing heated air at 110115°F (43-46°C) through them for 8-12 hours. Incomplete curing results in excessive decay, particularly
when bulbs are held above 32°F (0°C). Proper relative humidity maintenance (60-70%) is highly
important to retain quality and prevent molding and growth of roots. Garlic stored at humidity higher than
70%, at any temperature, will probably mold, sprout, and start to grow roots. In California, where
considerable garlic is grown, it is also placed in common storage, where it may be held 3-4 months or
longer if the building is kept cool, dry, and well ventilated. Early harvested garlic often receives less
curing and is not stored as long as more mature garlic. Garlic treated with maleic hydrazide before harvest
Garlic
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for sprouting control has been stored 1 year at 32°F (0°C) with only about 10% weight loss. Postharvest
treatment with gamma irradiation has provided similar sprout control when storage is at 32°F (0°C).
Garlic may also be stored slightly lower than 32°F (0°C), near its freezing point (30.5°F). Controlled
atmospheres (< 0.5% O2 alone or in combination with 5-10% CO2) will retard sprout development and
extend shelf life. Controlled Atmosphere (CA) storage may also retard development of waxy breakdown.
To maintain the highest quality, longest term storage, dried, flaked, or powdered garlic should be held
between 22 to 32°F (-5 to 0°C); however, for practical purposes, it can be held at 32°F (0°C). Since
dehydrated garlic is handled in sealed containers, relative humidity is not an issue.
Garlic should not be stored with other products that tend to absorb odors. It may be stored with onions.

Diseases and Disorders
Garlic is subject to about the same storage diseases that affect the onion, but the two mentioned below are
most often encountered.
Garlic bulbs affected with this disease may sometimes show little external
evidence of it. Early evidence is light yellow spots on the fleshy scales, followed by
white mold and later blue spores. Affected bulbs will be light in weight and the
individual cloves will be soft and spongy or powdery-dry. When in advanced stage
of decay, the cloves break down completely into a dry bluish green or gray
Blue Mold Rot powdery mass.
Control: None except careful inspection prior to storage. If excessive mechanical
injury, freezing, or sunscald is noted, then blue mold rot may be serious,
especially if there is insufficient aeration or ventilation, and warehouse personnel
should be on their guard.

Waxy
Breakdown

Early symptoms of this physiological disorder are small, slightly sunken, light
yellow areas in the flesh of the clove, the color deepening later to yellow or
amber. The clove is then somewhat translucent sticky, and waxy, but the outer
scales are not affected. No external evidence of disease may be noted until it is
well advanced.
Control: Nothing except careful inspection before storage to avoid storing lots
with this disorder.

WFLO is indebted to Dr. Marita Cantwell, Extension Vegetable Postharvest Specialist, Department of Vegetable Crops,
University of California, Davis, for the review and revision of this topic.
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Grapefruit
Revised 2008

Thermal Properties
English

Metric

Moisture, %

90.89

--

Protein, %

0.63

--

Fat, %

0.10

--

Carbohydrate, %

8.08

--

Fiber, %

1.10

--

Ash, %

0.31

--

Specific Heat Above Freezing

0.95 Btu/lb*°F

3.96 kJ/(kg*K)

Specific Heat Below Freezing

0.45 Btu/lb*°F

1.89 kJ/(kg*K)

131 Btu/lb

304 kJ/kg

Latent Heat of Fusion

Storage Conditions
Florida and Texas Varieties
Temperature
Relative Humidity
Storage Period

50-60°F
(10-15°C)
85-90%
6 to 10 weeks

California and Arizona Varieties
Stored at 54-57°F (12-14°C)

Florida and Texas Grapefruit
Grapefruit harvested after January can usually be stored 6-8 weeks at 50°F (10°C) without serious spoilage.
Grapefruit harvested for storage should be sound, in prime condition, carefully handled, and not over mature. Fruit
harvested late in the season, in April or May in Florida and Texas, are not suitable for extended storage because of
increased decay susceptibility.
Grapefruit is very susceptible to decay and rind breakdown that may develop during extended transit, storage, or
following removal from storage. Rind pitting, brown staining, or oil gland darkening may become serious problems
when held at low temperatures, especially when grapefruit is stored near 40°F (4.4°C), commonly called chilling
injury (CI). Florida and Texas grapefruit picked before January may also develop CI when stored at 50°F (10°C),
but will keep well at 60°F (15°C).

Grapefruit
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Decay can be a serious problem with early-season fruit, especially when climactic conditions delay color
development of the peel and an extended postharvest de-greening treatment is required. Storage of late-season fruit
is often a problem because of the rapid development of decay. Blue and green-mold are serious diseases. Stem end
rot is common on fruit grown in the Gulf States but is of minor importance in semi-arid states. Proper postharvest
treatment of the fruit with imazalil, Thiabendazole (TBZ), sodium-o-phenylphenate (SOPP), pyrimethanil, and
fludioxonil, singly or in combination, can greatly reduce the development of decay during transit and storage. Two
biological pesticides, Aspire and BioSave-10, have been approved for decay control.
The selection of a proper storage temperature should be based on fruit maturity, condition prior to storage and the
length of the storage and marketing period. Storing grapefruit at less than 85% relative humidity favors rind
breakdown. Incoming fruit should be inspected carefully to avoid storing fruit which is obviously infected. Waxing
is very desirable to minimize moisture loss.
The average freezing point of grapefruit is 28.4°F (-2°C), with minimum and maximum averages 28.0°F (-2°C) and
29.0°F (-1°C), respectively.
Grapefruit quality does not improve in storage. The longer the storage period, the greater will be the loss of juice
and flavor. Rind breakdown and decay also increase in proportion to the length of the storage period.
Research has shown that shrink-wrapping grapefruit in polyethylene film is helpful in reducing chilling injury (rind
pitting) of fruit held at 33-45°F (0.6-7.2°C). The beneficial effect of the film in reducing chilling injury is thought to
be related to restricting moisture loss and increased internal carbon dioxide concentration during exposure to chilling
temperatures.
Controlled atmospheres (CA) of 3-10% oxygen and 5-10% carbon dioxide may aid in quality retention of grapefruit.
However, CA is not commonly used because tolerable oxygen and carbon dioxide levels do not significantly inhibit
decay, which limits grapefruit shelf life the most.

California and Arizona Grapefruit
The current recommendation for California-Arizona fruit is a storage temperature of 54-57°F (12-14°C).
Avoid storage temperatures of 32-40°F (0-4.4°C), as they promote chilling injury such as brown staining
and pitting of the rind.

Diseases and Injuries
Most frequent decay problems are: blue and green-mold decay, stem end rot, sour rot, and Alternaria.

Aging

Aging is characterized by wilting, shriveling, and browning of rind around the stem
"button" or elsewhere on upper parts of fruit. Oil cells in affected rind may collapse,
thus resembling pitting. The fruit flavor may have a pronounced aged taste.
Control: Avoid prolonged storage.

Black Rot
(Alternaria)

A black core rot at stem end following long (>10 weeks) storage, which may or may
not be evident without cutting.
Control: The stored fruit should be marketed before significant amounts of black rot
develop. Market promptly after removal from storage.

Blue Mold
These rots are identified by characteristic soft, watery, discolored areas or spots,
and Green Mold which later produce easily distinguished blue or green spores. Infections usually
Grapefruit
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begin at wound sites created during harvesting, handling, and packing.
Control: Use of postharvest fungicides and careful handling to minimize injury are
primary means of control.

Chilling Injury

Chilling injury is characterized by areas of the peel that collapse and darken to form
pits. The pitting is not targeted to the oil glands. Less severe symptoms may show up
as circular or arched areas of discoloration or scalding. Symptoms of CI are typically
more pronounced after fruit are warmed to room temperature following exposure to
the chilling temperature.
Control: Store fruit at recommended storage temperatures.

Freezing

In frozen fruit, membranes between segments are water-soaked. Rind may be
discolored brown or gray in severe cases, or both rind and flesh may become soft and
mushy. Grapefruit may taste bitter for a time after defrosting. Fruit frozen on the
tree is soft and light in weight, exhibits woodiness in pulp, and has cavities within or
between segments.
Control: Avoid freezing temperatures.

Oil Spotting
(Oleocellosis)

Caused by the release of oil from oil glands when turgid fruit receive even slight
bumps and abrasions. The oil is toxic to the surrounding cells. Symptoms appear as
irregularly shaped green, yellow, or brown areas.

Control: Avoid harvesting turgid fruit, such as when dew is present or immediately
after rain or irrigation.

Postharvest
Pitting

Pitting is characterized by clusters of collapsed oil glands (often 5 to 20) scattered
over the fruit surface that can begin to develop two days after packing. Collapsed
regions turn bronze/brown or brown/black over time. This disorder is associated with
low oxygen levels within the fruit following application of low-oxygen permeable wax
coating and holding at warm temperatures.
Control: Rapidly cool fruit after packing and use wax coatings with good gas
permeability.

Stem End Rind
Breakdown
(SERB)

Characterized by the collapse of rind tissue around the stem end of citrus fruit. The
affected area is irregular in shape and becomes dark and sunken. A thin ring of
unaffected tissue immediately around the stem (button) is a distinctive symptom of
SERB. Symptoms usually develop after harvest and during storage within 2-7 days
after packing. SERB is more common and severe on small fruit and on well-colored
fruit. Thinner-skinned fruit from humid growing environments tend to be more
prone to SERB than thicker-skinned fruit grown in arid environments. Fruit with SERB
are much more prone to decay.

Control: SERB is primarily associated with conditions promoting fruit water loss.
Postharvest practices that reduce water loss such as maintaining high humidity
during de-greening, rapid handling, and wax application are currently the best means
Grapefruit
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for reducing SERB.

Stem End Rot

Usually caused by infection with either Lasiodiplodia or Phomopsis, the principal
decay organisms in areas with abundant summer rainfall (e.g. Florida and Texas).
Decay develops primarily from preharvest infections of the button at the stem end of
the fruit. Infected areas soften and turn tan or brown. Affected fruit do not shrivel
and usually show no surface fungus growth. Affected fruit taste flat and bitter;
affected tissues have a rancid odor.
Control: Use of postharvest fungicides. Rapidly reduce fruit temperature and store
fruit at the lowest safe temperature.

WFLO is indebted to Dr. Mark A. Ritenour, Institute of Food and Agricultural Sciences, University of Florida, Fort Pierce,
Florida, for the review and revision of this topic.
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Grapes, European and American
Revised 2008

Thermal Properties
American

European

English

Metric

English

Metric

Moisture, %

81.30

--

80.56

--

Protein, %

0.63

--

0.66

--

Fat, %

0.35

--

0.58

--

Carbohydrate, %

17.15

--

17.77

--

Fiber, %

1.00

--

1.00

--

Ash, %

0.57

--

0.44

--

Specific Heat Above Freezing

0.89 Btu/lb*°F

3.71 kJ/(kg*K)

0.88 Btu/lb*°F

3.70 kJ/(kg*K)

Specific Heat Below Freezing

0.49 Btu/lb*°F

2.07 kJ/(kg*K)

0.52 Btu/lb*°F

2.16 kJ/(kg*K)

117 Btu/lb

272 kJ/kg

116 Btu/lb

269 kJ/kg

Latent Heat of Fusion

Storage Conditions
European (Vinifera)
Temperature
Relative Humidity
Storage Period
Rachis Freezing Injury Point

30-31°F (-1 to 0°C)

American
31-32°F (-0.5 to 0°C)

90-95%

85-90%

2-6 months

1-2 months
30°F (-1°C)

European (Vinifera) Grapes
The European (Vinifera) grape varieties are an important cold storage item. Since these types of grapes
have a high sugar content, their freezing points are comparatively low, near 28°F (-2°C). However, the
freezing point of the rachis, or stem, is somewhat higher than that of the berries, and they cannot be safely
stored at temperatures below 30°F (-1°C). Storage at this temperature reduces both mold development and
quality deterioration.
Grapes should be pre-cooled promptly after harvest. This is best done in separate rooms with large
refrigeration capacity, high air velocity, and high relative humidity. Most grapes are now pre-cooled in
forced-air coolers.
Relative humidity in storage rooms should be in the 90-95% range, and air movement should be from 5075 linear feet per minute (15-23 meters/minute). Pallets are usually stacked 2 or 3 high in lanes designed
Grapes, European and American
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to maximize the use of space while allowing sufficient air movement between pallet lanes. During
fumigation, air movement is increased to disperse the sulfur dioxide and provide uniform concentrations
throughout the storage facility. High humidity slows drying of the rachis and shriveling of the berries.
Emperor, Calmeria, Red Globe, Crimson Seedless, and Ribier varieties are stored longest, but large
quantities of Thompson Seedless, Flame Seedless, Flame Tokay, Perlette, Princess, and Cardinal are
stored for shorter periods. Storage quality is related to seasonal weather to some extent, and grapes picked
after rain are more subject to decay than those not so exposed.
Fumigation with sulfur dioxide (SO2) gas is widely practiced to control mold in storage, and it also helps
to maintain the green appearance of the rachis. Such fumigation is discussed elsewhere in this Manual
under Grapes, Fumigation with Sulfur Dioxide.
A decay forecasting technique is available which can be used for segregating grapes of good storage
potential from those likely to develop a high percentage of decay.

American Grapes
American grape varieties are not well suited to long storage and will not keep well, even under optimum
conditions, for more than 3-4 weeks. The Catawba is the best storing variety, although the Concord is
most widely produced. Muscadine grapes are probably never stored. Usually, quality deterioration is
rather rapid in storage, and excessive decay develops in a short time. American grape varieties cannot be
fumigated with SO2 because of their greater sensitivity to SO2 injury.
High humidity, low temperature, and low air velocity are desirable in order to keep the fresh appearance
of the rachis and to keep the berries from shriveling. Careful handling is imperative because injured
grapes decay readily.

Diseases and Injuries of Grapes
Black, watery, leaky, odorous decay, usually in the center of the bunch,
with purplish-brown, powdery spore masses. This mold is often
associated with bunch rot.
Black Mold Rot
Control: Develops in the field. Careful handling and prompt refrigeration
to 39°F (4°C) or below prevents the disease in storage. Fumigation with
SO2 helps control.
Characteristic blue-green mold with soft, watery, and mushy diseased
tissues with moldy odor and flavor. Often mold growth covers stems.
Blue Mold Rot
Control: Prompt refrigeration to 39°F (4°C) or below, preferably 32°F
(0°C) or slightly below, and SO2 fumigation.

Gray Mold Rot

In early stage, no mold growth may be evident, but skins of grapes slip
off easily, later fairly firm decay with much gray mold and grayishbrown velvety spore masses, nesting or matting tendency, especially in
wet, cool seasons. When grapes are regularly fumigated, the surface
mold does not develop, but the berries decay from within, forming
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mummies.
Control: Cull out decayed berries when packing. Fumigation with sulfur
dioxide will control spread of decay and spore germination, but will not
kill infections present when the grapes are packed. Refrigerate
promptly to recommended storage temperature. Do not store for long,
if at all, grapes harvested after rain or slight freeze. Grapes harvested
after rain should be fumigated as soon as possible. It is not necessary to
surface-dry the Emperor variety before fumigation.

Cladosporium Rot

On long storing varieties, like Emperor, black, firm decay, often affecting
only one side of grape. The grape becomes flattened and wrinkled,
sometimes with olive-green mold growth.
Control: Grows slowly at 32°F (0°C). Fumigation with sulfur dioxide
helps to control.

Almeria Spot

Found on Almeria (Ohanez); surface spots are faint purple or gray and
slightly sunken. Flesh spots are brown and resemble drought injury in
prunes. The Almeria has been largely replaced by the Calmeria variety
which
is
less
subject
to
this
disorder.
Control: None. Not due to cold storage.
Soft, mushy, leaky decay, causing discoloration of lug boxes. Decayed
tissues may show coarse white mold with glistening white, but later
black spore masses.

Rhizopus Rot
Control: Careful handling and culling of injured grapes and prompt
refrigeration to 45°F (7°C) or below at which temperatures the mold
cannot grow

Cracking

Found especially on Ribier, Flame Seedless, Red Malaga, and Tokay
varieties, among others, shallow cracks, the skin usually curling inward
followed by mold which may show up in storage.
Control: Nothing a warehouseman can do. It is not caused by cold
storage.

Freezing Injury

American types show milky, opaque pulp and shriveling. Purple varieties
undergo no color change, but red or green varieties may show slight
browning. European varieties when frozen are dull-colored, soft, and
flabby, and may become wet and sticky. Stems freeze before the berries
do and at first are water-soaked, later turn dry and darken.
Control: Avoid freezing temperatures.

Sulfur Dioxide Injury

Grapes that are immature, warm, or cracked are injured most readily if
the sulfur dioxide concentration exceeds permissible limits. Injury may
appear either as bleaching of the skin, especially around the cap-stem
attachment, or cracks or as dull color without bleaching. Bleached areas
are sunken or depressed in many cases. Injured berries tend to turn
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brown when removed from storage. Ribier and Alicante Bouschet are
quite resistant, but Red Malaga, Tokay, and Emperor are rather
susceptible to injury. Sulfur dioxide injury symptoms on all varieties are
increased or aggravated as the storage period is extended.
Control: Follow the new recommended procedures for fumigating
grapes with sulfur dioxide (total utilization system).

Sun Scald

Tan to sometimes dark brown leathery spots in parts of the bunch
exposed to intense sunlight and heat. Most common in Flame Tokay,
but also found in Emperor, Calmeria, Princess, and Thompson Seedless.
Control: Nothing that warehouseman can do. Injured fruit should be
culled out before cold storage.

Water Berry

Soft and watery, but not due to decay, although secondary invasion of
decay fungi may occur. Cause not known, but is physiological in origin.
Malaga, Thompson Seedless, Emperor, and Flame Tokay are most
susceptible. In Zinfandel, Cornichon, and Mission, "Red Berry"
resembles water berry, except that grapes are red colored instead of
the normal blue-black or black.
Control: Nothing that warehouseman can do. Not due to cold storage.

Freezing for Wine
Wine grapes can be frozen and yield a greater quantity and quality of juice and/or wine. To prevent
undesirable changes during frozen storage of several months, 100 ppm SO2 may be added to the crushed
grapes before freezing.
WFLO is indebted to Dr. Carlos H. Crisosto, Plant Sciences Department, stationed at Kearney Agricultural Center, University of
California, Davis, for the review and revision of this topic.
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Grapes, Fumigation with Sulfur Dioxide
(SO2)
Revised 2008

Reasons for SO2 Fumigation
To control gray mold rot (Botrytis) and other decay-causing fungi that develop slowly at temperatures as
low as 31-32°F (-0.5 to 0°C). SO2 also reduces darkening of the rachis. Vinifera grapes tolerate sulfur
dioxide gas in concentrations that would damage other fruits, vegetables, eggs, meat, or poultry. Hence,
grapes to be gassed must be isolated in a tight room, refrigerator car, or truck. Do not fumigate mixed
loads.
CAUTION: SO2 gas in sufficiently high concentration for effectiveness is an irritant and poison and can
cause death. Even low concentration (0.04% = 400 ppm) can cause irritation and injury to mucous
membranes. A few drops of ephedrine in the nose can provide some relief. A gas mask for acid gases
should be at hand. Goggles should be worn to protect the eyes.
CAUTION ON RESIDUES: Because a small segment of the population may experience severe allergic
reactions to sulfites, the Environmental Protection Agency (EPA) has proposed a 10 ppm tolerance for
sulfite residues in table grapes. Fruit with residues exceeding the tolerance cannot be marketed.

Fumigation in Storage (Total Utilization System)
Grapes are usually fumigated with SO2 immediately before or after packing and are re-fumigated at
weekly intervals using the total utilization system. Recently it has been demonstrated that the amount of
SO2 gas needed to kill Botrytis spores, or to inactivate exposed mycelium, is dependent on the
concentration and the length of time the fungus is exposed to the fumigant. A cumulative concentration,
calculated as the product of the concentration and the time, called "CT product," describes the sulfur
dioxide exposure needed to kill the decay organism. A CT of at least 100 ppm per hour is the minimum
required to kill spores and mycelium of Botrytis at 32°F (0°C) or approximately 30 ppm-hour at 68°F
(20°C). This level can be obtained with an average concentration of 100 ppm for 1 hour, or 200 ppm for
½ hour, or 50 ppm for 2 hours, or an equivalent combination of concentration and time. This finding was
the basis for the development for the total utilization system.
The total utilization system differs from the traditional system in that there is no excess SO2 after
fumigation. In the total utilization system, the first fumigation is done in conjunction with forced air
cooling (initial fumigation). The forced air flows through the boxes and ensures good penetration of sulfur
dioxide even to the center boxes on a pallet. In most combinations of boxes and packs, this system
produces over 80% penetration, measured as percent of the room air CT product.
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Passive Fumigation: This fumigation process is applied weekly. After SO2 application in the room, fans
should run on high speed for over 3 hours so that nearly all of the sulfur dioxide is absorbed by the fruit,
packaging materials, and room surfaces. At the end of fumigation, the concentration of sulfur dioxide in
the room air should be less than 2-5 ppm, and no venting or scrubbing is needed. In this system, all cold
storage rooms should be calibrated to determine the amount of SO2 to use. Center boxes on a pallet have
lower sulfur dioxide exposures than corner boxes, and pallets closest to the sulfur dioxide inlet have
higher fumigant exposures compared to those farthest away. To check fumigant penetration and
distribution, inexpensive sulfur dioxide dosimeter tubes are available. These dosimeters were originally
designed for human safety monitoring.
Dosimeters designated for sulfur dioxide fumigation doses at marked levels from 0-100, and 0-600 ppmhour are available. These dosimeter tubes work well for measuring the sulfur dioxide CT product inside
packed grape boxes. The glass dosimeter tubes are placed in the center of the boxes inside tissue wraps of
cluster bags, if these are present, and usually in boxes located in the center of the pallets. After fumigation
the tubes are removed promptly and the ppm-hr exposure to sulfur dioxide is directly recorded. The 0-600
CT tubes should be read promptly because some can overestimate the dosage if examining their color
reaction is delayed. A dose of at least 100 ppm-hr is the minimum adequate dose. This allows the operator
to adjust the amount of fumigant applied to insure that most boxes are adequately protected from decay
but not exposed to fumigant levels that might cause excessive residues and bleaching. Details on this
work are contained in Sulfur Dioxide Fumigation of Table Grapes published by the University of
California DANR 1932 publication.

Inspections
Berries covered with mold may indicate that gas has not reached the fruit in high enough concentration,
application frequency has not been adequate, or SO2 has been improperly distributed. Bleaching of the
berries, usually starting at the cap stems, is the most common evidence of over fumigation. This injury is
more apparent after the fruit is held at 60-70°F (15.5 to 21.1°C) for 1-2 days, at which time injured areas
become sunken and may turn brown. If injury is more prevalent in one part of a room than another, it may
mean that gas distribution is not uniform.

Fumigation for Export
Grapes intended for export are sometimes packed with bisulfite-impregnated paper pads and enclosed in a
box liner.
Shipment: During ocean shipment for periods longer than 10 days or long retail handling in which SO2
fumigation cannot be applied, the use of SO2-generating pads in combination with a box liner is advised.
These SO2-generating pads have sodium metabisulfite incorporated into them to allow a constant and
slow release of SO2 during shipment and marketing.

Commercial Fumigation Service
Warehouse operators will often find it most satisfactory to have the SO2 fumigation done by specialized
companies that provide experienced and skillful fumigation service.

Grapes, Fumigation with Sulfur Dioxide (SO2)
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Their methods of fumigation may differ somewhat from those recommended by the U.S. Department of
Agriculture (USDA), since a study of individual rooms and of the particular grapes in storage may lead
the experienced representatives of these companies to modify procedures in relation to the presumed
requirements of each situation.
Such modifications in practice do not change the overall purpose of effectively controlling decay,
minimizing injury, and meeting tolerances for SO2 residues.

For Further Information
Crisosto, C. H., J. L. Smilanick, N. K. Dokoozlian, and D. Luvisi. 1994. Maintain table grape postharvest
quality for long distance markets. pp. 195-199. International Symposium on Table Grape Production.
Anaheim, California. June 28-29, 1994.
Crisosto, C. H., J. L. Smilanick, and N. K. Dokoozlian. 2001. Table grapes suffer water loss, stem
browning during cooling delays. California Agriculture 55(1), 39-42.
Luvisi, D. A. et al. 1992. Sulfur Dioxide Fumigation of Table Grapes. University of California, Division
of Agriculture and Natural Resources, Bulletin 1932, 21pp.
WFLO is indebted to Dr. Carlos H. Crisosto, Plant Sciences Department, stationed at Kearney Agricultural Center, University of
California, Davis, for the review and revision of this topic.
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Ham, Fresh, Chilled, and Frozen
Revised 2008

Storage Conditions
Temperature

Storage Life

Chilled Ham

28 to 30°F
(-2 to -1°C)

5-7 days

Frozen Ham

0 to -10°F
(-18 to -23.3°C)

6 months

Fresh Ham
Whole, fresh hams may be received from the processing plant unwrapped in 1,000-2,000-lb (453-907 kg)
combo containers for chilled or frozen storage. The incoming product temperature should be 32°F (0°C)
or colder. However, it would not be unusual for the product to be at a slightly warmer temperature. It is
recommended that arrival date, time, weight, temperature, and ham condition are recorded when the
combos are removed from the truck. Place the hams on clean pallets which have been covered with clean
cardboard and poly film or a master poly film bag. Use a ham stacking pattern that will allow pallet
stability yet provide sufficient air space so the hams will freeze rapidly to avoid souring. Stack bone-in
ham one piece high per layer. Place the first layer skin side down and the top layer skin side up. Sheet
poly, poly envelope, and/or disposable cardboard spacers should be used to cover the unsanitary spacers.
Unfrozen hams may arrive at the warehouse in cartons or in combos. There are generally four hams or
pieces in each carton. In some cases, the carton will have vent holes and/or hand holes which will aid in
heat removal. Palletized cartons are generally stacked 5-6 layers high. Use spacers that allow 2 inches (5
cm) of air circulating space. Blast freezing should be done at -40°F (-40°C). Great care must be taken so
as to provide 2 or more inches (5 or more cm) of air space around each carton.
Unfrozen ham received in combos or floor loaded should be restacked on clean pallets with spacers for
blast freezing. Spacers should be placed between each layer.

Frozen Ham
Pork is especially suitable for frozen storage because it becomes more porous upon thawing and readily
takes up curing solution. Problems associated with ham freezing include souring, freezer burn,
dehydration, and surface ice crystal formation.
Souring can occur when inadequately cooled ham in combos have been in transit for several days before
they reaches the warehouse. Souring is caused by growth of lactic acid bacteria and is a direct result of
the temperature history of the hams. Care must be taken to spread the hams on pallets for adequate
cooling and freezing. Expect to keep hams at 32°F (-18°C) no more than 4-5 days. Even then, moisture
loss will occur. Hams spread on pallets can take 5 days to freeze in still air, while those in forced air (150Ham, Fresh, Chilled, and Frozen
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200 ft/min or 46-61 m/min) can take 3 days, and blast freezing (250-300 ft/min or 76-91 m/min) can take
2 days. The faster meat is frozen, the less shrinkage that will occur and the less chance of microbial
growth, resulting in a better quality product.
Dehydration or moisture loss is a constant problem for all meat products. Proper packaging provides
good protection against moisture loss. Most hams are wrapped and placed in a carton. For maximum
protection, the wrapping material should be impermeable to moisture, adhere to the product, and be
tightly sealed. Weight loss from freezing of unwrapped hams is likely to be 0.75%, while loosely wrapped
pork will lose 0.50%. High air velocity will cause greater shrinkage. For example: unwrapped hams held
in forced air at -4°F (-20°C) for 1 year have been reported to shrink 8.2%, while in still air at -15°F (26.1°C) shrinkage can be expected to be about 3.8%.
Effect of Freezing Method on Ham Shrinkage
Freezing Method

Initial Freezing %

After Thawing %

Still Air

1.22

0.92

Forced Air

1.09

0.91

Blast Frozen

0.79

0.58

Freezer Burn develops in the form of light-colored tissue on the surface of exposed frozen meat when
ice crystals evaporate from muscle tissue, leaving air pockets between the meat fibers. One method of
preventing dehydration is to maintain high humidity and low temperature differential over the coil during
cold storage. A traditional method of protecting hams, picnics, and bellies includes the use of a master
poly bag.
Loose pork often arrives in large combos. Check the weight and condition of the product with the
manifest for discrepancies. Remove hams from the combo and stack them on clean pallets covered with
sheet film. Place a clean piece of cardboard under the empty pallet to prevent floor contamination.
In preparation for the first layer of hams, cover a 48 x 40 inches (122 x 101 cm) pallet with a clean sheet
of poly film. Place the chilled hams, skin side down, on the film with the shank toward the center and the
butt to the outside. Five bone-in hams can be placed along opposite sides of the pallet with 3 hams in the
center. Load each pallet 6 layers high with 13 hams per layer. Place a clean divider between each layer to
stabilize the load and allow air circulation between the layers. When the palletized hams have been
frozen, pull a master poly bag up over the entire pallet and tie the bag before placing in storage at 0 to 10°F (-18 to -23.3°C). The poly bag helps to prevent freezer burn and moisture loss during storage.
Another method of covering the frozen ham is to machine wrap the palletized hams with a flexible film.
In some cases, the hams may be glazed with ice by spraying water over the pallet after freezing and prior
to covering them with a flexible film. An ice coat provides increased protection against weight loss.
Another method of glazing is to spray the palletized frozen ham with water. However, use of a protective
flexible film is generally preferred. Ice crystals formed on the bagged ham serve to indicate that moisture
has left the ham to form on the meat surface. They further indicate that the wrapper was not as tight as
would be ideal.
Effect of Packaging on Total Shrinkage
After Thawing %
Ham, Fresh, Chilled, and Frozen
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Glazed and Poly Bagged

0.74

Poly Bagged

0.87

Glazed

0.80

Tempering of frozen hams may be done in several ways depending upon the desired end result. It is
recommended that frozen ham be placed in a room with an air movement of 250-300 ft/min (76-91
m/min) and a 10°F (5.6°C) temperature elevation every 4 hours. Lower or remove the poly bag to achieve
good air flow around the layered hams. One may expect the palletized ham to be thawed to 28°F (-2.2°C)
in 3 days or less depending upon the efficiency of air flow.
See Meats, Frozen for information on pallets, palletizing, and freezing speed.

WFLO is indebted to Dr. Joe Sebranek, Iowa State University, for the review and revision of this topic.
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Ham, Cured
Revised 2008

Thermal Properties
Cured, Whole, Lean

Country Cured, Lean

English

Metric

English

Metric

Moisture, %

68.26

--

55.93

--

Protein, %

22.32

--

27.80

--

Fat, %

5.71

--

8.32

--

Carbohydrate, %

0.05

--

0.30

--

Fiber, %

0.0

--

0.0

--

Ash, %

3.66

--

7.65

--

Specific Heat Above Freezing

--

--

0.75 Btu/lb*°F

3.16 kJ/(kg*K)

Specific Heat Below Freezing

--

--

0.55 Btu/lb*°F

2.31 kJ/(kg*K)

98 Btu/lb

228 kJ/kg

80 Btu/lb

187 kJ/kg

Latent Heat of Fusion

Storage Conditions
Ham
>20.5% PFF*

Ham with Natural
Juices
18.5-20.5% PFF*

Ham, Water Added
17-18.5% PFF*

Ham and Water
Product
<17% PFF*

26°F
(-3°C)

26°F
(-3°C)

26°F
(-3°C)

26°F
(-3°C)

3 months

3 months

2 months

2 months

0°F
(-18°C) or less

0°F
(-18°C) or less

0°F
(-18°C) or less

0°F
(-18°C) or less

3 months

3 months

2 months

2 months

Chilled
Temperature
Storage Period
Frozen
Temperature
Storage Period
* Protein Fat Free

Classification of Hams
Label
Ham
Ham, Cured

Product Description
Complies with USDA Meat and Poultry Inspection regulations for
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ham, including requirement to be >20.5% protein fat-free (PFF)
Ham, with natural juices

Complies with regulations for product so labeled, including
requirement to be 18.5-20.5% protein fat-free (PFF)

Ham, water added

Complies with regulations for product so labeled, including
requirement to be 17-18.5% protein fat-free (PFF)

Ham and water product

Complies with regulations for product so labeled, including
requirement to be <17% protein fat-free (PFF)

Freezing
Ham to be frozen should reach 0°F (-18°C) or lower within 72 hours after the lot has been received.
Temperatures should be recorded in at least 3 randomly selected cartons from the lot or delivery unit.
After thawing, hams should not exhibit lean which has a coarse or open, porous texture.

Thawing
The thawing process, which may take several days, may be accomplished by any method desired by the
processor. Thawing in an air-circulating room, like blast freezing, is considered better than thawing in
water. Water thawing permits cross contamination and large amounts of waste water. DO NOT expose
ham directly to hot water. Drip losses are directly related to thaw rate. Slow thawing will cause a smaller
amount of moisture loss than fast thawing.

Storage
Smoke-cured, fully-cooked ham in cans or in casing (deli type) is generally not frozen and should be
stored at 26°F (-3.3°C). This type of ham when frozen may shatter upon slicing. The texture of the ham
will be loose, similar to a sponge. Ham with the largest amount of water will generally possess the
shortest shelf life.
Some of the high-moisture, smoke-cured, fully-cooked hams with water content of 80% or more will
reach the warehouse to be frozen and stored in vacuum packages for peak sale usage. You are urged to
obtain written instructions from the processor for freezing rate, storing temperature, and tempering
methods. Water-added ham of this type is often processed well ahead of the busy season, such as Easter
or Christmas. When this is done, the request is generally to have the ham frozen and later tempered.
Conservatively, these hams can be expected to remain acceptable for 60-90 days in frozen storage and
remain wholesome for another 30 days at the retail level when packaged under vacuum.
See Meats, Frozen for information on pallets, palletizing, and freezing speed.

WFLO is indebted to Dr. Joe Sebranek, Iowa State University, for the review and revision of this topic.
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Hides
Revised 2008

Storage Conditions
Temperature
Relative Humidity
Storage Period

30-36°F
(-1 to 2°C)
80-90%
Over 1 year with good storage conditions

Hides must be adequately cured promptly after removal from the carcass and prior to putrefaction,
spoilage or hair slippage. Treatment with an effective bactericide in proper proportions can improve
storability. Salt-cured, brine-cured, irradiated, or dried hides may be placed in storage. It should be noted,
however, that dried hides require lower humidity conditions. If dried hides are stored, check with the
drying facility for appropriate humidity conditions.
Hides must be protected from contact with metallic salts and/or water, since metal salts can stain or
otherwise damage the hides. Water damage is of particular concern in the industry. To protect hides
against water damage, the top of a pile may be covered with plastic; however, condensate must be
carefully controlled under changing temperatures.
Hides should not be piled too high in order to avoid excessively crushing weight. They must also be held
off floors by pallets or racks. Normal tannery storage practice is to palletize hides 3-4 feet (90-120 cm)
high, and then stack the pallets 2 high.
Adequate air circulation is necessary to avoid heat build-up and hide sweating. Hides arriving during
summer months may carry considerable latent heat, and if piled solid may heat and sweat with resulting
damage. In this case, re-salting should be done immediately. Salt used in curing and for protection must
be pure in order to prevent stains and halophile contamination, commonly called “red heat.”
Rodents and insects are readily attracted to and will damage hides, especially dried hides. Beetle
infestation can cause severe damage. Furthermore, small skins are more delicate and may require extra
attention.
Because of their odor, hides require special facilities that are not part of a regular cold storage operation.
Only products such as green casing, and pickled skins should be stored in the same room. Thus, hide
storage is largely a separate enterprise. Cellar or basement rooms are often used. Adequate drainage and
assurance against flooding are important. Use of an exposed brine refrigeration system may cause odor
transfer.
WFLO is indebted to Waldo E. Kallenberger and Dr. Nicholas Corey, Leather Research Laboratory, University of Cincinnati,
Cincinnati, Ohio, for the review and revision of this topic.
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Hops
Revised 2008

Storage Conditions
Temperature

24 to 28°F (-4.44 to -2.22°C)

Relative Humidity

70 to 85%

Storage Period

12 months

It is recommended that processed and baled hops be stored in separate rooms. The optimum storage
temperature is 24 to 28°F (-4.44 to -2.22°C) at a relative humidity of 70 to 85%, with little air movement
to prevent excessive drying. Sufficient space should be allowed around the bales for ventilation, so that
any heat generated in the bale may be dissipated. This is particularly important immediately after baling.
Cold storage of hops protects the desirable soft alpha and beta resins against deterioration and minimizes
the formation of undesirable hard resins, such as gamma resin.
Normal-compressed and double-compressed hop bales (11 and 22 lbs. per cubic foot, respectively) retain
their quality remarkably well in cold storage for fairly long periods. Throughout storage there is, of
course, a gradual decline in brewing value. Some varieties keep much better than others, but cold storage
is desirable regardless of variety.
Hops in refrigerated storage should be routinely inspected for 1) molds which may develop if the hops
have not been sufficiently dried prior to baling or if the storage room humidity is too high and 2)
development of unpleasant aroma and off-color. The dry-down ratio for hops is about 4 to 1, but seedless
hops, which are being used in increasing amounts, tend to lose more weight in drying than the seeded
types.

Freezing Baled Hops
Baled hops are not damaged by freezing, and freezing actually improves storage stability. The only
deterrent for this type of storage is the cost.

Storage of Hop Extracts
There are two basic types of hop extracts; iomerized and non-isomerized.
Isomerized: Some of the isomerized extracts are water solutions which freeze at about 30°F (-1.1°C).
There are other isomerized extracts which contain propylene glycol, and some other stabilizers against
precipitation of soluble components, and these could be stored at a lower temperature.
However, as a generalization, it is recommended to store above freezing temperatures. These extracts
should be stored in a cool room, approximately 35 to 40°F (1.7 to 4.4°C). At this temperature, a layer
often settles to the bottom of the container. This layer must be brought into solution before use, by
warming the extract and agitating. These products are true liquids because they are usually a 30% solution
Hops
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of the isomerized alpha acids of hops as the potassium salt. Isomerized hop extract should not be exposed
to light; therefore, the containers are generally enclosed in cardboard.
Reduced Isomerized Hop Extracts: Three types of reduced isomerized hop extracts have become
popular products in the past several years; tetrahydro, rho, and hexahydro isomerized hop extracts.
Tetrahydro isomerized hop extract, commonly called “tetra", is a chemically stable product, meaning that
the tetrahydro-iso-a-acids do not degrade very easily. However, the solubility characteristics of this
extract decrease with time, with the pH dropping over time in storage. It is important to note that the
cooler the temperature, the slower the pH drop, although some phase separation is likely to occur during
storage. Re-dissolution is achieved by warming the product to 140°F (60°C) and mixing for a short
period. The lower the pH, the more difficult it is for the precipitate to go back into solution. "Tetra" that is
less than 1 year old should go back into solution fairly easily with warming and mixing; however, as the
product approaches 2 years of age, the precipitate becomes more difficult to dissolve. Long term storage
of "tetra" should be between 59 to 71.6°F (15-22°C). Exposure to light is not an issue.
Rho isomerized hop extract, commonly called "rho", is similar to "tetra" in that it is chemically stable.
"Rho" can be stored between 59-77°F (15-25°C), although some phase separation is likely to occur during
storage. Re-dissolution is achieved by warming the product to 122°F (50°C) and mixing for a short
period. Exposure to light is not an issue with "rho."
Hexahydro isomerized hop extract, commonly called “hexa” has the same storage conditions as “rho.”
Non-Isomerized: Non-isomerized extracts are viscous resinous pastes at room temperature and should
not be termed liquids. This non-isomerized type is fairly stable for extended periods if stored in a cool
room, 50 to 60°F (10 to 15.6°C). They are not damaged by freezing, and stability would be marginally
better if frozen. Frozen extracts would have to be removed to a warmer area before use because otherwise
the container, can or pail, would be difficult to empty.

Odor Transfer
There are two types of odors given off from hops during storage. The first odor is a byproduct of the
collection and baling process, whereby a certain amount of crushing of the hops during baling releases
essential oils into the bale. These odors are released during storage, and although not unpleasant they are
persistent. The second type of odor is from the deterioration of the hops during storage. This odor is
“cheesy” in nature, and disagreeable due to the release of short-chain fatty acids.
Among the volatiles released are some odors which are quite distinctive, and these could affect other
commodities, especially if they are not in sealed packages. Oil, fats, and products high in oils, such as
nuts, are particularly susceptible to this odor transfer problem. Furthermore, hops absorb other odors
readily. In addition, the odor may contaminate corridors or other rooms and permeate walls and insulation
making the room unusable for a considerable period of time for other products. For these reasons, it is
advisable to store hops in a separate room.
WFLO is indebted to David W. Hysert of John I. Haas, Inc., Yakima, Washington, and Dr. Stephen Neel, World Food Logistics
Organization, for the review and revision of this topic.
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Horseradish
Revised 2008

Thermal Properties
English

Metric

Moisture, %

78.66

--

Protein, %

9.40

--

Fat, %

1.40

--

Carbohydrate, %

8.28

--

Fiber, %

2.00

--

Ash, %

2.26

--

Specific Heat Above Freezing

0.88 Btu/lb*°F

3.70 kJ/(kg*K)

Specific Heat Below Freezing

0.51 Btu/lb*°F

2.12 kJ/(kg*K)

113 Btu/lb

263 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature
Relative Humidity

30-32°F
(-1.1 to 0°C)
98-100%

Storage Period

10 to 12 months

Freezing Point

28.7°F
(-1.8°C)

Horseradish roots should be firm and crisp with smooth surface and all side roots removed. The most
desirable size for fresh market is 6-14 inches (15-35 cm) long and at least 1.25 inches (3 cm) in diameter.
Horseradish can be a difficult product to store, as the roots may have a high rate of respiration if harvested
while actively growing, generally before fall frost kills the leaves. Bagging or sacking (50, 75, or 100 lbs.
per sack) is responsible for most storage troubles. When such a considerable mass of highly active
product is stuffed tightly into a bag, it becomes practically impossible to remove heat from the fastrespiring mass.
Unless cool or freezing temperatures retard the metabolism of horseradish before harvest, the product is
usually highly active physiologically. It is desirable to harvest the roots during cold weather. In general,
the smaller the roots, the greater the danger of losses, because small roots tend to pack more tightly
together. The smaller roots may be acceptable for processing.
Horseradish roots are quite susceptible to water loss, which results in limp texture similar to carrots. For
best results, horseradish should be stored at 30-32°F (-1.1 to 0°C) with a relative humidity as near to
saturation as possible to prevent loss of moisture; under such conditions, horseradish may be stored for up
Horseradish
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to 1 year. This very high humidity recommendation does not promote spoilage if the temperature of the
product is low. No information is available on storage life at other temperatures. Use of perforated
polyethylene bags is suggested as a method of maintaining high humidity. Horseradish also can be stored
over the winter in cool cellars or in outdoor pits or trenches, but more uniform storage conditions can be
maintained in a refrigerated warehouse. Unlike other root crops, precooling is usually unnecessary
because the roots are harvested in the winter. Roots prepared for market have had all lateral roots trimmed
off and have been washed.
Do not expose horseradish to light as the roots will turn green and lose value, similar to potatoes. For
good storage results use smaller package sizes and select horseradish from good production areas dug
properly after fall chilling or freezing has occurred.
Frequent inspection of horseradish in storage is a recommended safety measure. Determine whether the
roots in the center of some sacks are sufficiently cool (at least 40°F/4.4°C) or below) and reasonably free
from evidence of significant spoilage.

Diseases and Injuries

Bacterial
Root Rot

Develops and spreads in storage if air is humid and temperature is high. Central cylinder
of root is invaded, water-soaked at first, later yellowing in color, center finally becoming
soft and at last hollow.
Control: Prompt and continuous refrigeration at 30-32°F (-1.1 to 0°C).

Black Root
Rot

Attacks the outside cylinder of root, causing roughening and charcoal black discoloration.
Within, the tissues are pink or red.
Control: Nothing that the warehouse personnel can do. Prompt and adequate
refrigeration will retard spread.

Rot renders roots light yellow to grayish-tan. The surface mold is creamy white and may
Rhizoctonia be dotted with brownish-black resting bodies (sclerotia).
Root Rot
Control: Temperature between 30 and 32°F (-1.1 to 0°C) should retard rot development.

WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Ice Cream and Frozen Desserts
Revised 2008

Thermal Properties
Chocolate

Strawberry

English

Metric

English

Metric

Moisture, %

55.70

--

60.00

--

Protein, %

3.80

--

3.20

--

Fat, %

11.00

--

8.40

--

Carbohydrate, %

28.20

--

27.60

--

Fiber, %

1.20

--

0.30

--

Ash, %

1.00

--

0.70

--

Specific Heat Above Freezing

0.74 Btu/lb*°F

3.11 kJ/(kg*K)

0.76 Btu/lb*°F

3.19 kJ/(kg*K)

Specific Heat Below Freezing

0.66 Btu/lb*°F

2.75 kJ/(kg*K)

0.65 Btu/lb*°F

2.74 kJ/(kg*K)

80 Btu/lb

186 kJ/kg

86 Btu/lb

200 kJ/kg

Latent Heat of Fusion

Vanilla
English

Metric

Moisture, %

61.00

--

Protein, %

3.50

--

Fat, %

11.00

--

Carbohydrate, %

23.60

--

Fiber, %

0.00

--

Ash, %

0.90

--

Specific Heat Above Freezing

0.77 Btu/lb*°F

3.22 kJ/(kg*K)

Specific Heat Below Freezing

0.65 Btu/lb*°F

2.74 kJ/(kg*K)

88 Btu/lb

204 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature
Storage Period
Relative Humidity
Ice Cream and Frozen Desserts

Refrigerated Mixes

Frozen Desserts

32-40°F (0-4.4°C)

-15 to -25°F (-26 to -32°C)

Up to 2 weeks*

Up to 5 months
controlled by packaging
1
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* Assuming a paperboard or plastic container, storage period may be up to 4 months if the product is
sterilized and sealed in a can. As the temperature increases above 40°F (4.4°C), the storage period
decreases significantly, especially with non-sterile products.

Background
Ice cream, sherbet, and water ice:
Frozen dairy desserts are blends of corn and cane sugar, cream, and nonfat milk solids which are used to
make ice creams. Sherbet contains very little cream and nonfat milk solids, and water ice contains none of
these. Sugars comprise at least 30% of these mixes. Mellorine is a frozen dessert in which the milk fat is
replaced by vegetable fat. Paravine is a nondairy frozen dessert. The U.S. Code of Federal Regulations
governs minimum composition for fat, milk solids, food solids, and weight per unit volume of finished
product.
Stabilizers, blends of vegetable gums and extracts, are used in frozen desserts to bind water, thus
controlling the growth of ice crystals during temperature fluctuations. No more than 0.5% stabilizer is the
legal standard in the U.S. Emulsifiers are also added to control the smoothness of the mix and aid in
whipping. Maximum amounts depend on the emulsifier. The emulsifiers are normally added with the
stabilizer as a blend.
Blends of ingredients are pasteurized, homogenized, and cooled before freezing. At the mechanical
freezer the liquid flavor, color, and fruit juice are added to the liquid mix. This mix is pumped into the
freezer where the draw temperature is reduced to about 20°F (-7°C). The amount of sweetener is critical
since the level added affects the draw temperature. Alternative sweeteners, e.g., high fructose corn syrups
(42-55%), and other sweeteners may decrease the total quantity of sweetener needed; therefore, it is
necessary to consider which solids to add as a replacement. During chilling, millions of tiny ice crystals
are formed and air is incorporated. Addition of fruit pieces, candy, or nuts to this plastic, aerated mass is
accomplished with a fruit feeder after the mechanical freezer. Packaging and rapid hardening at -20°F (29°C) follows. Ice cream and related products should be stored at -18°F (-27.8°C) or lower (colder).
Some ice cream and low fat ice cream mix is packaged in large paperboard or bag-in-box containers like
milk for use by stores that have soft-serve freezers. Like the larger counterpart, these freezers whip and
chill the mix to about 20°F (-7°C) where it can then be dispensed directly into a cone.
There is some question as to whether low fat and nonfat ice creams have as long a frozen shelf life as full
fat ice cream. The full fat ice creams may successfully be stored at -20°F (-28.9°C) for up to 6 months;
however, low fat/nonfat products should not be stored for more than 4 months.

U.S. regulatory definitions:
Regular ice cream must contain at least 10% milkfat and at least 20% total milk solids. Reduced fat ice
cream is made with 25% less fat than reference ice cream. Light (or lite) ice cream is made with 50% less
fat or 1/3 fewer calories than reference ice cream, and for caloric reduction less than 50% of calories are
derived from fat. Lowfat ice cream contains not more than 3 grams of milk fat per serving. Nonfat ice
cream contains less than 0.5 g of fat per serving.

Ice Cream and Frozen Desserts
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Defect attributed to improper frozen storage:
Textural defect arises when storage freezer temperatures fluctuate or product is allowed to warm in
movement between freezers. Since it is four times easier thermodynamically to refreeze water to existing
ice crystals, no new ones develop after the mechanical freezer processing. Thus, ice crystals grow with
each temperature fluctuation until noticeable textural changes cause consumer complaint.
Prolonged warming will cause loss of air and settling of a sugar syrup. Product in this state is totally
unacceptable before or after refreezing. The product develops a soggy, heavy characteristic which is
offensive to consumers.
WFLO is indebted to Dr. Charles H. White, Food Science and Technology, Mississippi State University, for the review and
revision of this topic.
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Types of Ice
The four main forms of ice being used in commercial, retail, and industrial applications are block ice, tube
ice, plate ice, and flake ice. Ice applications vary widely from packaged "party ice" (retail) to produce
cooling (commercial) to industrial applications, such as for curing concrete.
Block Ice: Block ice has traditionally been made in "can ice" plants, in which large, water-filled cans are
dipped into tanks of refrigerated brine. After a succession of steps to produce clear ice, including air
agitation and coring, heavy cranes are used to lift the cans out of the brine. The cans are then dipped into
a warming tank to loosen the ice from the can wall and the cans are turned horizontally in a pivoting
apparatus to allow the ice to slide out on to a conveyer.
Block ice is especially suitable for applications in which the ice must be transported before being used or
processed, as the blocks melt much more slowly than fragmentary forms of ice. Block ice applications
include premium ice cubes, ice sculptures, crushed ice, and snow. In the latter two applications, the
blocks are processed through a crusher and slinger. The ice is used principally for refrigerating freshly
caught fish or produce off the field, for curing concrete, and for recreational purposes.
Tube Ice: Tube ice, commonly called cylinder ice, is formed by freezing potable water on the inside of a
series of vertical metal cylinders around which refrigerant is evaporating at a low temperature. When the
cylinders are nearly full of ice, hot gas is used to loosen the ice from the cylinder walls. The ice falls
downward and is broken into pieces by a spinning breaker bar or other apparatus. The ice is then usually
fed up a screw conveyer or auger to a mechanical storage bin or "rake," where it is stored until it can be
bagged or processed. Tube ice is recognizable from the trademark hole in the middle of each "tube." The
density of tube ice in storage is approximately 32 lb/ft3 (0.41 kg/m3).
Because of the hot gas thawing system employed, tube ice is harvested wet. In order to deliver a superior
product that does not freeze together, the ice should be refrozen, which dries the surface of the ice and
prevents sticking together. This may be accomplished through the use of a drying system or by placing in
a cold room immediately after bagging.
Plate Ice: Potable water flowing downward over refrigerated plates, usually stainless steel or aluminum,
freezes to a desired thickness of perhaps 5/8 inch (15 mm), at which time hot gas is introduced into the
plates, causing the ice to break away and fall in chunks. These plates are generally rectangular or
cylindrical in shape, normally using both sides for ice production with the refrigerant in the annular space
formed between the two pieces of metal. Plate ice will usually be found in chunks or nuggets. The density
of plate ice in storage is approximately 40 lb/ft3 (0.51 kg/m3).
For industrial or produce cooling operations, the ice is made thinner and harvested more frequently. In
such cases, the water may continue to flow over the plates during harvest, which has the effect of
speeding up the harvest and increasing production. In this case, a slurry results, which may be desirable
for such applications.
Ice
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Flake Ice: To make flake ice, the exterior or interior of a drum is refrigerated to a temperature of around 20°F (-28.9°C) usually much lower than that of other ice-making systems, and water flows over the
interior side of the drum. A rotating scraper scrapes the ice off almost as quickly as it forms and it falls in
flakes. Flake ice may be formed faster than ice from other systems, but will involve an energy penalty due
to the low temperature used.

Retail, Commercial, and Industrial Uses
Industrial and commercial ice applications are enormous, perhaps greater than retail or consumer
applications. Ice manufacturing hinges on the following factors:
Quality of Water: Usually, the lower the total dissolved solids (TDS) content of the water, the better for
ice-making applications. Filters and/or treatment may be required where the concentration begins to
exceed 600 ppm. The presence of TDS or other minerals in the water will affect ice quality.
The temperature at which the ice is frozen affects the quality or clarity. At temperatures below 10°F (12.2°C) the ice may become cloudy or crack. High quality ice is clear and without fractures.
Appearance and Taste: Agitation of water will, under proper circumstances, cause alignment of ice
crystals during freezing such that minerals in solution are not able to freeze into the ice. The ice produced
will thus be free of most dissolved solids that were in the water used to make the ice.
Cloudy ice may be the result of air and impurities trapped within the ice. Cracked ice may be the result of
trying to freeze the water too fast at subfreezing temperatures. It is important to note that cloudy ice is
viewed as being “dirty” whereas clear ice is viewed as “clean”. Generally, the clear ice is very clean;
however, with cloudy ice, it may be impossible to know what minerals or other materials, including
organic matter, it might contain. Pure potable water will freeze at 32°F (0°C).
Potable water is usually acceptable for ice making. When the TDS exceeds 600 ppm, water treatment may
be required.
Bags and Bagging: Principally, paper and polyethylene bagging materials have been used for holding ice
in quantities of about 3-100 lbs (1.5 to 45 kg). Paper bags, which do not allow the customer to see the
product and which are comparatively expensive and may allow odors to be absorbed by the ice, have been
used less and less, though they remain in use in some heavy duty applications, such as for 100 lb (45 kg)
bags. It should be noted that paper bags tend to stack better than plastic bags as the paper surface has
more friction.
Plastic bags are transparent and allow the customer to view the product without having to open the bag.
They are also less expensive than paper bags and may be stored in a smaller space. Recommended bag
thicknesses are 1.5 mil for 5-10 lb (2.25-4.5 kg) bags and 2.25 mil for 20-40 lb (9-18 kg) bags.
There are two main types of plastic bags in use: pre-formed and site-formed. Pre-formed bags in sizes of
about 3-100 lbs (1.5 to 45 kg) can be filled from simple ice bins and turreted ice bagging machines. Bags
from rolls of polyethylene are formed on site by heating and sealing the plastic in sections using
automatic bagging machines. Site-formed bags usually cost less per unit than the preformed bags. The
disadvantage of bags in rolls is that they require the fairly expensive automated bagging equipment.
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Ice Storage and Handling
In the early 20th century in the United States, block ice was stacked and stored in massive quantities. This
practice is still employed in other nations. Heat of compression must be considered and lower
temperatures used. Normally about 25°F (-3.9°C) is adequate, but about 15°F (-9.4°C) may be required
when stacking the ice very high.
Packaged ice is stored usually at between 10 and 25°F (-12.2 and -3.9°C) for up to 3 months with
excellent integrity maintained. However, ice has been stored for a year and longer with good results by
various ice companies under these conditions. After 3 months, a slight frost build-up may occur on the
inside of the bag due to sublimation of the ice.
Storage temperatures below 0°F (-18°C) are acceptable for shorter periods of time, approximately 3
months, but may cause increased sublimation of the ice. The ice should be inspected periodically when
stored at these lower temperatures. It should also be remembered that the bags have small holes in the
sides to release air during the filling process. This means that the ice bag is not hermetically sealed and
may absorb odors or sublimate to the refrigeration coils.
In stacking packaged ice, it is a general practice to go as high as 3 and in some cases 4 pallets high
without racks. Quality of stacking or palletization will directly affect effectiveness of the stacking. An
interesting phenomenon is that stacked packaged ice will, after a period of 4-6 weeks, begin to lean
slightly towards the entrance to the room. This leaning condition has been noted by a number of ice
professionals. Temperature is usually kept at 20°F (-6.7°C). Probable cause is influx of warm air from
entrance door repeatedly being drawn to the lower temperature ice.
Generally, naked or purified block ice in 300 lb (136 kg) form is moved manually, one block at a time.
Fragmentary ice is moved, usually in semi-automatic or automatic fashion, with bins for storage and
augers moving the ice where desired.
WFLO is indebted to David Frackelton, WLR Foods, Inc., Harrisonburg, Virginia, and Dr. Stephen Neel, World Food Logistics
Organization, for the review and revision of this topic.
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Insect Infestation & Destruction Temperatures
A common problem associated with food storage is infestation by insects. The presence of insects in food
is considered a source of contamination that health authorities consider filthy. If insects or evidence of
insect activity is detected in food products, those products are designated as “unfit for human
consumption”, and may be destroyed. It should be noted that many insects attack food for the purpose of
surviving on the mold or other insects that may be present in the food source, and that the food itself may
not offer much nourishment to many of the insects.
Most insects become dormant or inactive at 50 °F (10 °C) or below, including the live insect, larvae or
any eggs present, which will not hatch at temperatures below 50 °F (10 °C). Temperatures of 0 °F (-18
°C) or below will kill the insect, larvae or eggs. Consequently, a clean food stored at 50 °F (10 °C) or
below will very seldom become infested with insects. If insects are present, they will be destroyed in just
a few days at 0 °F (-18 °C). The duration of this exposure will depend upon the quality and quantity of the
packaging materials used and the amount and density of the commodity in the package. At higher storage
temperatures, death of insects will require longer storage as shown below in the time and temperature
storage table:

Number of Days Exposure Required to Destroy Certain Insects
0 °F (-18 °C)
days

30 °F (-1 °C)
days

Almond moth

1

100

Cigarette beetle

1

14

Confused flour beetle

1

12

Granary weevil

1

46

Indian meal moth

1

90

Mediterranean flour moth

1

116

Red flour beetle

1

8

Rice weevil

1

8

Saw-toothed grain beetle

1

23

Types of Insect Infestation
Not all foods become infested with insects, but following is a list of common foods and the types of
insects peculiar to them:
Insect Control
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Beans, Peas, and Other Legumes
Bean weevil
Cowpea weevil
Indian meal moth
Almond moth
Tobacco moth

Grains and Whole Cereals

Candy, Chocolates and Cocoa Beans
Tobacco moth
Fig moth
Indian meal moth
Merchant grain beetle
Mediterranean flour moth
Saw-toothed grain beetle
Cigarette beetle
Drug store beetle
Cereal Products, including Breakfast Foods,
Crackers, Flour, Macaroni
Broad-horned flour beetle
Cadelle
Tobacco moth
Confused flour beetle
Dark meal worm
Drug store beetle
Fig moth
Merchant grain beetle
Indian meal moth
Meal snout moth
Mediterranean flour moth
Raisin moth
Cigarette beetle
Saw-toothed grain beetle
Yellow meal worm
Red flour beetle
Dried Fruit
Cadelle
Tobacco moth
Dried fruit beetle
Indian meal moth
Dermestid beetles
Mediterranean flour moth
Raisin moth
Saw-toothed grain beetle

Insect Control
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Merchant grain beetle

Angoumois grain moth
Cadelle
Dark meal worm
Granary weevil
Lesser grain borer
Rice weevil
Yellow meal worm
Nuts and Nutmeats
Broad-horned flour beetle
Cadelle
Tobacco moth
Fig moth
Indian meal moth
Mediterranean flour moth
Saw-toothed grain beetle
Navel orangeworm
Merchant grain beetle
Red flour beetle
Confused flour beetle
Spices
Tobacco moth
Cigarette beetle
Drug store beetle
Tobacco
Tobacco moth
Cigarette beetle

WFLO Commodity Storage Manual
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Kiwifruit
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Storage Conditions
Temperature

32-33°F (0 to 0.6°C)

Relative Humidity
Atmosphere

90-95%
<10 parts per billion (ppb) ethylene

Storage Life
2% O2 and 5% CO2
Normal maturity
High maturity

Air Storage

6-8 months

3-4 months

8 months or more

6 months

Storage Information
Kiwifruit are capable of long term storage only if carefully protected against deterioration prior to and
during storage. They are harvested when mature but unripe and must ripen before eating. They are
extremely sensitive to ethylene gas, which causes rapid flesh softening during storage, starch depletions to
reduced sugars, increased susceptibility to spread of fruit rotting organisms, and physiological breakdown
even when held in controlled atmosphere. At harvest they contain high amounts of starch which will
convert to reduced sugars during storage and ripening.
Fresh kiwifruit should be harvested with a minimum Soluble Solids Content (SSC) of 6.2% or 14% ripe
SSC, and a minimum flesh firmness of 13-16 pounds-force, as determined with a penetrometer with a
5/16 inch tip. Good quality kiwifruit will reach 14% soluble solids or higher after ripening following
harvest. Best long term air storage, in excess of 4 months, results from high maturity harvest, typically
late September-November in California, when flesh firmness is higher than 14 pounds-force and soluble
solids content is >7.0%. Kiwifruit should be rapidly cooled after harvest either before or after packing.
Cooling delays of only 6 to 18 hours in the presence of as little as 10 ppb ethylene will accelerate flesh
softening during subsequent storage. Care should be taken to avoid handling injuries which can result in
physical bruising and increased ethylene production, especially as the fruit soften.
A common "curing" treatment involves a 48-hour delayed cooling at 59°F (15°C) under medium air
velocity and a high relative humidity, and reduces gray mold (Botrytis) incidence during storage. Free
ethylene condition during this "curing" period is essential to avoid an earlier fruit softening during
storage.
Kiwifruit for storage should be protected from any exposure to external sources of ethylene. These can
include any internal combustion engines, petroleum fuel, open flame heaters, tobacco or other smoke,
decaying or deteriorating produce or plant residues, tar base ballasts for lighting fixtures, or other
Kiwifruit
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ethylene producing commodities. Storage rooms should be cleansed and ventilated with ethylene-free air
in advance of storage to purge residual ethylene that might remain from other operations.
Only electric forklifts should be used in transporting kiwifruit in the storage warehouse, since internalcombustion engines produce large amounts of ethylene. Petroleum fueled forklifts must not be used in
handling kiwifruit. Kiwifruit should not be stored with or near any ethylene-producing commodity (e.g.,
apples, pears). Even ethylene diffusion through walls from an adjacent storage room can cause problems.
A continuous purge of six or more air changes per day will prevent ethylene buildup where very low
outside ethylene concentrations exist. Variable air flow capability is useful in adjusting to changing needs
for air purging. Outside ethylene concentrations in rural areas during fall and winter are usually below 5-7
ppb. For storage in or near industrial areas, ethylene content of outside air should be monitored to assure
that it is sufficiently low to use. Where continuous venting is not used, cross ventilation air flow should
be available in air storage rooms for easy purging if ethylene concentrations rise. Purging should be done
in early morning hours when outside ethylene concentrations are lowest and air temperatures minimum.
Where outside air cannot be used or in addition to it, ethylene "scrubbing" devices are available for use
inside storage rooms, but efficiency may be poor at these very low ethylene levels. The most commonly
available scrubbers use a bed of potassium permanganate impregnated aluminum oxide pellets to oxidize
any ethylene contacting it.
Controlled-atmosphere (CA) storage is the only way of avoiding excessive flesh softening during long
term storage. An atmosphere containing 2% O2 and 5% CO2 and ethylene free has performed best.
Ethylene must be excluded from CA storage as carefully as from air storage because it induces an internal
breakdown or white inclusions problem in the presence of as little as 3% CO2 (use ethylene scrubbing
devices – see above). Because of rapid softening of kiwifruit following harvest, the CA conditions must
be established within 1 week of harvest.
Kiwifruit are commonly packed in plastic trays in 1-layer flats or in volume-fill or 3-layer tray packed
lugs. The flats and lugs are lined with a polyethylene plastic sheet or liner that is folded over the packed
fruit to protect against water loss. This wrap seriously inhibits the air flow that is needed for rapid cooling
of the packed fruit.
Forced-air cooling of poly-wrapped kiwifruit in flats can be accomplished using the following schedule:
AIR FLOW (CFM/LB. FRUIT)
7/8 cooling time

12 hours

18 hours

STATIC PRESSURE THROUGH PALLET
(INCHES W.G.)
12 hours

18 hours

PACKAGE (POLY-WRAPPED FLATS):
Wood, ¼" cleats, no pad

0.7

0.3

0.9

0.4

Wood, no cleats, no pad

0.6

0.4

0.9

0.4

Corrugated, 5% vent, no pad

0.5

0.26

0.8

0.4

Wood, ¼" cleats, top pad

1.0

0.5

1.3

0.5

Wood, no cleats, top pad

1.0

0.6

1.4

0.7

Corrugated, 5% vent, top pad

0.9

0.4

2.1

1.0

Kiwifruit
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The freezing point of kiwifruit can be as high as 33°F (0.6°C) for early harvested fruit and 32°F (0°C) for
late harvested fruit. Thus, storage facilities must have minimal temperature fluctuation to avoid the danger
of freezing while maintaining kiwifruit at 32-33°F (0 to 0.6°C). During storage the soluble solids content
should increase to more than 12% as a result of starch conversion and other changes that are associated
with ripening. A high relative humidity of around 95% is important because of water loss and subsequent
fruit shrivel associated with long term storage.

Diseases
Storage rots cause serious losses to kiwifruit, especially during extended storage periods. These losses are
aggravated by rapid spread of the rot organisms, from infected to healthy fruits ("nesting"). Packed flats
are commonly opened and inspected prior to shipment and any diseased fruit are removed. This is
expensive because of the direct fruit losses and the high repacking cost.
Mold growth is sometimes seen over the surface of kiwifruit when it is removed from storage. This
normally does not penetrate the skin and rot the fruit's flesh. It causes concern during marketing because
buyers and receivers may associate such conditions with fruit rotting. The problem starts with infection of
dead organic matter on the fruit surface. Old floral parts may remain attached, or detached floral parts and
other debris will lodge in the surface hairs, called trichomes, and serve as a fungal infection source.
During storage in a high relative humidity (RH) environment, the fungi will spread mycelia over the fruit
surface. Upon removal to dry conditions, such as for repacking, the visible mold will often disappear, but
will quickly reappear when returned to high RH, such as during transport to market.
Most kiwifruit are now brushed to remove as much surface debris as possible prior to packing. Brushing
can be effective if it completely removes both entrapped and attached materials; however, thorough
brushing is difficult to achieve. Brushing should be carefully monitored to minimize injury to the fruit,
including but not limited to short dwell time, soft brushes, and moderate brushing speed. Injuries caused
by brushing can result in accelerated ethylene production by the fruit, thus aggravating the flesh softening
problem during subsequent storage.

Gray Mold (Botrytis cinerea Pers. ex. Fr.):
The most extensive pathogenic losses to California kiwifruit result from gray mold infections. Harvest
wounds, even when too small to be visible to the unaided eye, are a major path for infection. Such
wounds provide an ideal environment for spore germination and penetration into the fruit. Contaminated
tissue at the stem and blossom ends of the fruit, including adhering dead floral parts such as styles,
stamens, and petals, become colonized by the organism and provide inoculum for future infections. The
gray mold organism is also capable of direct penetration, given favorable temperature, moisture, and fruit
conditions.
Gray mold is capable of continued growth even at low storage temperatures. The organism can spread
from fruit to fruit, so a "nesting" pattern is often seen in flats after prolonged storage. Rapid spread during
storage normally follows excessive flesh softening associated with ethylene exposure or too high a
storage temperature.

Other Storage Rots:

Kiwifruit
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Alternaria rot, caused by the same species that causes surface mold, is occasionally found in sunburned
tissue. This causes a hard dry rot of the tissue.
Juice Blotch. On occasion, fruit lots handled in packing houses may contain some fruit so soft that they
are crushed. The resulting juice may contaminate surfaces over which sound fruit are placed. In highly
humid storage rooms, these may support the growth of A. alternata or other fungi that have adapted to the
low temperatures of storage rooms. The dark blotches, which defy cleaning, adversely affect the fruit's
appearance but have not resulted in fruit rot. In one instance the blotches were white because of the
presence of an unidentified chalk-colored fungus. A somewhat different discoloration occurs when fruit
contact juice that is on unprotected metal.
Blue mold (Pencillium sp.) is occasionally found after prolonged storage, but is seldom serious, and likely
results from contamination of fruit wounds.
Phomopsis stem end rot (Diaporthe actinidiae Som. and Ber.) has been observed in both New Zealand
and California fruit. It is a soft rot, usually starting at the stem end, and may cause wetness on infected
and surrounding fruit from exuding juice.

Disease Control:
Anything that can slow the rate of physiological activity of the fruit can also slow the growth and spread
of disease organisms. Avoiding physical injury to the fruit will minimize disease development. Keeping
the fruit in a firm unripe condition will avoid major fruit rotting problems. Short delay cooling, low
storage temperature, avoidance of ethylene exposure before and during storage, and CA storage will all
help to delay ripening. Thorough brushing to remove dead tissue can greatly reduce the surface mold
problem, but care must be taken to avoid injuring the fruit.
Because of changes in registration of chemicals for postharvest application, operators should seek current
registration information on fungicides available for kiwifruit. All fungicides must be used in accordance
with registration provisions, and may not be allowed on fruits destined for certain markets.

WFLO is indebted to Dr. Carlos H. Crisosto, Plant Sciences Department, stationed at Kearney Agricultural Center, University of
California, Davis, for the review and revision of this topic.
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Thermal Properties
English

Metric

Moisture, %

91.00

--

Protein, %

1.70

--

Fat, %

0.10

--

Carbohydrate, %

6.20

--

Fiber, %

3.60

--

Ash, %

1.00

--

Specific Heat Above Freezing

0.96 Btu/lb*°F

4.02 kJ/(kg*K)

Specific Heat Below Freezing

0.45 Btu/lb*°F

1.90 kJ/(kg*K)

131 Btu/lb

304 kJ/kg

Latent Heat of Fusion

Storage Conditions
32°F
(0°C)

Temperature
Relative Humidity
Storage Period
Freezing Point

95-100%
with leaves

2-4 weeks

without leaves

2-3 months
30.2°F
(-1.0°C)

Kohlrabi stems should be tender, succulent, and sweet. They tend to get tough and fibrous or woody if >3
inches (7.6 cm) in diameter when harvested. The cold storage conditions required for kohlrabi resemble
those for topped carrots. Kohlrabi wilts readily and is subject to the common diseases that attack cabbage.
The stems also toughen when they lose water. Since high humidity is required for kohlrabi, the vegetable
must be under close supervision in storage because high humidity also encourages the development of
disease if the temperature of the kohlrabi exceeds 35°F (2°C). Topped kohlrabi has been successfully
stored in a controlled atmosphere at 3% O2 plus 5% CO2 for 4 months at 32°F (0°C).
Hydro-cooling is the best method for cooling kohlrabi, but it is recommended that chlorine be maintained
in the water at 50 ppm and pH 7 in order to prevent the spread of bacteria that can cause decay. Kohlrabi
without leaves should be cooled to below 40°F (4.4°C) within 1 day after harvest and kohlrabi with leaves
should be cooled within several hours after harvest; both types should be stored at 32°F (0°C) with at
least 95% relative humidity. Packaging in perforated film can aid in maintaining the required high
Kohlrabi
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moisture storage environment. Lower humidities can cause shriveling and toughening. Topped kohlrabi
can be packaged in perforated polyethylene bags and kept about 2-3 months at 32°F (0°C). Kohlrabi with
leaves can be kept only about 2-4 weeks at 32°F (0°C).

Diseases and Injuries
The most common diseases of kohlrabi are: Bacterial Soft Rot and Black Rot. Additional information is
located in the Cabbage topic.
WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Leeks, Green
Revised 2008

Thermal Properties
English

Metric

Moisture, %

83.00

--

Protein, %

1.50

--

Fat, %

0.30

--

Carbohydrate, %

14.15

--

Fiber, %

1.80

--

Ash, %

1.05

--

Specific Heat Above Freezing

0.90 Btu/lb*°F

3.77 kJ/(kg*K)

Specific Heat Below Freezing

0.46 Btu/lb*°F

1.91 kJ/(kg*K)

119 Btu/lb

277 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature
Relative Humidity
Storage Period
Highest Freezing Point

32°F
(0°C)
95-100%
About 3 months
30.7°F
(-0.7°C)

High quality green leeks have a white base and green, turgid leaves, with no seedstalk present. Leeks with
seedstalk are tough and strongly flavored. The stem plate should not be trimmed off or else the cut leaf
ends will discolor.
Green leeks are held in cold storage under conditions quite similar to Onions or Celery. They should be
cooled promptly to near 32°F (0°C) after harvest by hydro-cooling, ice, or vacuum cooling. When hydrocooling, the water should be chlorinated to 50 ppm and the pH adjusted to 7 to prevent the spread of
decay. At comparable temperatures, respiration and heat evolution rates and refrigeration requirements
are about the same for leeks and green onions. At 70°F (21°C) leeks respire and produce heat at about
24,000 BTU per ton per day, which is about 8 times the rate for leeks held at 32°F (0°C).
For best quality maintenance, leeks should be kept at 32°F (0°C) and high relative humidity (RH) of 95%
or above throughout storage and marketing. Elongation and geotropic curvature occur even at 32°F (0°C),
but are rapid at temperatures above 50°F (10°C). Good refrigeration also retards root and stem growth.

Leeks, Green
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Leeks stored in polyethylene-lined crates elongated less than 1% per week at 32°F (0°C) under crushed
ice and 22% per week at 50°F (10°C).
High humidity is essential for leeks to prevent wilting. One report indicated that losses were greater at 3234°F (0-1.1°C) and 90-95% RH than at the same temperature and 98-100% RH. Perforated polyethylene
film crate liners or overwraps can aid in preventing moisture loss. Leeks lose weight and wilt to about the
same degree as do fresh green onions. Moderate wilting will be noted when they lose an average of about
15% of their weight. Leeks benefit from storage in modified atmospheres with 1-3% O2 plus 5-10% CO2
or from holding in non-perforated film packages. Yellowing and decay are retarded by modified
atmospheres. Atmospheres containing 15-20% CO2 cause tissue injury.

Diseases and Injuries
Leeks seem quite resistant to many diseases but are subject to diseases of Onions. Bacterial Soft Rot may
sometimes be found, as in celery. Adequate refrigeration will retard decay.
Containers should be stacked so they will have sufficient air circulation to keep temperatures at the top
and bottom as nearly equal as possible. Leeks should not be stored with other products that tend to absorb
odors. They may be stored with fresh onions or garlic.
WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Lemons, Fresh, Concentrate, and
Lemonade
Revised 2008

Thermal Properties
English

Metric

Moisture, %

87.40

--

Protein, %

1.20

--

Fat, %

0.30

--

Carbohydrate, %

10.70

--

Fiber, %

4.70

--

Ash, %

0.40

--

Specific Heat Above Freezing

0.94 Btu/lb*°F

3.94 kJ/(kg*K)

Specific Heat Below Freezing

0.48 Btu/lb*°F

2.02 kJ/(kg*K)

126 Btu/lb

292 kJ/kg

Latent Heat of Fusion

Storage Conditions

Temperature
Storage Period
Relative Humidity

Fresh

Frozen Concentrate

For Lemonade

45-50°F
(7-10°C)

0 to -10°F
(-18 to -23°C)

0 to -10°F
(-18 to -23°C)

2-3 weeks

12 months

1 year and longer

85-95%

Gas tight packaging

Lemons are best stored, particularly for long periods, in the storage rooms of packing houses in producing
areas where facilities for washing and the application of storage waxes and fungicides are available.
Lemons grown in coastal areas in California are usually picked when the rind is green after they have
attained proper size. While in storage, the green lemons develop the characteristic yellow color, increase
in juice content, and improve in flavor. Also, the rind of the fruits becomes thinner and physiological
changes cause the fruits to become more susceptible to injury and decay. Once they attain the desirable
yellow color, the lemons are removed from storage, washed, waxed, and prepared for shipment. Lemons
from other areas that are picked yellow from the trees are washed, waxed, and shipped without storage
and should not be held for long at terminal markets since yellow lemons cannot be held as long as can
green lemons.
Storage of lemons for marketing purposes is usually not necessary, since lemon fruits are available fresh
throughout most of the year. Most of the fresh lemons for domestic consumption and export are produced
Lemons, Fresh, Concentrate, and Lemonade
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in the California-Arizona region, although some fresh lemons are available from Florida. In the coastal
and foothill areas of California, lemons are picked throughout the year, the yellow fruit being marketed
immediately and the green fruit put into storage to cure and change color slowly. In the desert areas fruit
are all picked from September through March. San Joaquin Valley lemons are marketed from November
through February, March, or April, depending on yearly variations. Most of the early-season green
lemons from the desert and San Joaquin Valley producing areas are de-greened with ethylene so that they
may be marketed rapidly without the long curing period in storage. This is done by holding the fruit for 510 days, depending on the greenness of the fruit, at 72-78°F (22-25°C) and 85-90% relative humidity and
adding 5-10 ppm ethylene gas to the storage atmosphere to hasten ripening of the fruit. De-greened fruit,
no matter from what geographic area, are usually weaker than fruit which are not de-greened, and long
storage is not recommended for fruit de-greened with ethylene.

Storage of Lemons in Terminal Markets
There are times when short-term storage in terminal markets is advantageous, and small quantities
of lemons may be stored there for as long as 2, 3, or 4 months. However, storage of lemons in
terminal markets can be very risky since little of the handling and storage history of the fruit is
known, nor are fruit washing and repacking facilities available there, should excessive numbers of
decaying fruit develop that would require removal before further marketing.
Knowledge of field and packing history is valuable, but is rarely obtainable. Early-season, green, or
light-green lemons that have not received an ethylene treatment may be held satisfactorily at
terminal markets for 1-3 months at 55-58°F (13-14°C). However, such fruit are rarely shipped to
terminal markets in this green condition. Late-season, silver, or yellow lemons or lemons that have
been de-greened with ethylene cannot be stored well at any temperature. If lemons are to be stored
for not more than 2-3 weeks, 45-48°F (7-9°C) is a satisfactory temperature range, but if they are to
be stored for longer periods, these temperatures may increase the likelihood of undesirable
physiological changes, such as chilling injury (CI) and membranous stain. Such injuries generally
result in increased decay after lemons are removed from refrigerated storage. Lemons should never
be stored at 32-35°F (0-2°C) because of the possibility of CI. One of the quarantine treatments
approved by regulatory agencies for control of certain Tephritid fruit flies, including the
Mediterranean fruit fly, Caribbean fruit fly, Mexican fruit fly, and others, on citrus fruit is to hold
fruit at 32-36°F (0-2.2°C) for 10-21 days, depending on the temperature used and the fruit fly
species involved. Should this cold treatment be necessary, it can be used on lemons harvested in
cool or cold weather without causing chilling injury to the lemons. However, if lemons are
harvested in summer from hot desert areas, the likelihood of chilling injury to fruit is great. Curing
or holding the fruit for several days at 59°F (15°C) before cold treatment will reduce fruit
susceptibility to chilling injury.
A relative humidity of 85-95% is generally considered satisfactory for lemon storage. Higher
humidity prevents proper curing of lemons, encourages mold growth on walls and containers, and
are thought by many in the trade to encourage decay of the fruit, although evidence on this last point
is lacking. Low humidity causes excessive weight loss that result in fruit shrinkage and shriveling.
The exact requirements for ventilation in lemon storage remain to be determined. Many of the early
workers stressed the need for continuous, effective ventilation and considered a buildup of carbon
Lemons, Fresh, Concentrate, and Lemonade
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dioxide over 0.1% as undesirable. Certainly ventilation should be sufficient to prevent accumulation
of any ethylene originating from lemons decaying from green mold.
In the event forced-air ventilation is used, extra precautions are necessary to maintain high humidity
in order to retard fruit weight loss.
Controlled atmosphere (CA) storage of any citrus fruit in storage atmospheres containing less than
5% oxygen is NOT recommended because off-flavors develop in the fruit and brown spots appear
on the peel and fruit is very susceptible to decay after it is removed from CA storage.

Diseases and Injuries

Chilling Injury

Occurs to fruit stored at low temperatures below 40°F (4.4°C) and especially
below 32-35°F (0-2°C) but above the actual freezing point of the fruit.
Symptoms are varied and may be external or internal. Susceptibility of fruits is
very unpredictable, and considerable variation occurs on fruit from different
areas, at different seasons, at different maturities, and at different holding
(curing) temperatures before the low temperature storage. Usually, fruit
harvested during cool or cold weather will tolerate 32-35°F (0-2°C) without
injury, but lemons harvested during weather above 90°F (32.2°C) are very
susceptible to CI.
Control: Conditioning fruit at 59°F (15°C) for 3-4 days before cold treatment
will reduce the degree of chilling injury.
A discoloration of the white, spongy inner tissues of the rind; externally there
may be a slight pebbly brown-gray darkening of the rind.

Albedo Browning
Control: Do not store fruit at low temperature, provide good ventilation, and
avoid harvesting immature, dark-green fruit.
Irregular tan-to-brown superficial discoloration of the peel. Pitting or surface
tissue collapse may occur in severe cases.
Brown Staining
Control: Do not store fruit at 32-34°F (0-1°C). Staining may fade or disappear
upon removal to room temperature.

Membranosis

A browning or darkening of membranes or carpellary walls between
segments. Core and inner tissues of rind also may be affected. Does not affect
fruit held at 32 or 60°F (0 or 15°C).
Control: Avoid picking fruit in cool, damp weather; do not store green fruit at
40°F (4.4°C) for long periods.

Watery
Breakdown

Soft, spongy frozen appearance; flesh and rind may be softened; carpels
loosely attached to rind; watery substance oozes from albedo when rind is
pressed; disagreeable fermentation odor, especially when fruit are warmed.
Control: Do not store fruit below 40°F (4.4°C) for prolonged periods.

Lemons, Fresh, Concentrate, and Lemonade
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Non-Chilling Injuries
Freezing point of lemons is 27.9-28.5°F (-2°C). Flesh becomes mushy upon
thawing, the membrane between segments is water-soaked, and the rind is
watery-discolored, may be sunken, and is brownish or grayish color. Fruit
frozen on the tree is soft, light, and has woody pulp or open spaces between
the segments due to collapse and drying-out of some of the juice sacs.
Freezing Injury

Control: Avoid freezing temperatures. Air discharged from refrigeration units,
especially in transit vehicles, is often below freezing temperature and should
be deflected so as not to hit fruit directly until the air has warmed up. A better
procedure is to locate thermostats controlling air temperature in the discharge
air stream rather than in the return air ducts. Use proper open stacking
patterns during shipping or storage so all cartons are exposed to cool air
supply. Use supplemental heat if necessary during winter shipping in cold or
mountainous areas.

Limited to California lemons harvested in summer-fall. Tissues break down and
become pinkish or brownish near the tip end of the fruit. In advanced stages
an exudate or gummy substance is deposited in or next to the peel near the
Internal Decline
cavities.
Control: No warehouse controls known.

CA Injury

The use of controlled levels of oxygen and carbon dioxide in storage (CA
storage) is sometimes used as a supplement to refrigeration in maintaining
quality of fruits and vegetables for extended periods. However, this often
leads to injury of citrus fruits. Improper or inadequate air circulation and
ventilation during long shipments or during storage may also cause similar
injuries. Sometimes fruit develop a scald, or a light brown pebbly appearance
of the rind, accompanied by fermented odor and flavor. Normal-appearing
fruit may be off-flavored. Off flavor may dissipate when fruit are returned to
air storage. Fruit are more susceptible to decay after CA storage.
Control: Avoid CA storage, provide adequate ventilation.

Oil Spotting or
Oleocellosis

Irregularly shaped yellow, green, or brown spots in which the oil glands of the
skin stand out prominently from the sinking tissues between them. Especially
likely on green lemons handled wet or turgid; a bruising injury caused by oil
liberated from ruptured oil glands.
Control: Avoid picking fruit when wet or turgid, avoid rough handling that
would release oil, especially during early parts of the year.

Pitting

Abruptly sunken spots in the rind, light or dark brown or black later, caused by
holding at 32-40°F (0-4.4°C).
Control: Avoid prolonged storage under 40°F (4.4°C).

Lemons, Fresh, Concentrate, and Lemonade
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Fungus Diseases

Alternaria Rot

Occurs in lemons from all producing areas. Infection usually is through the button (calyx
tissues) and usually in lemons of low vitality that have been in storage for some time.
Weak or overripe fruit are especially vulnerable. Buttons turn brown first, then rot
develops along the central core. Later the fungus breaks down the outer rind to a slimy,
lead-brown color, and eventually a gray-black fungus mycelial growth develops on the
surface.
Control: Treat lemons with 2, 4-dichlorophenoxy acetic acid (isopropyl ester) (2,4-D)
during pre-storage wash. Buttons stay green longer and infection is delayed. The fungus
develops slowly below 50°F (10°C).
Brown or black spots usually at bruised or injured points; pink spores at first, turning to
gray or black specks. Disease may penetrate deeply into fruit.

Anthracnose
Control: Careful handling; avoid weak fruit from unhealthy trees for storage. Proper
cultural practices in field prevent orchard infections which carry over into storage.

Penicillium Rots

Commonest of all citrus rots; starts as soft, watery, slightly discolored spots which
enlarge; a white fungus mycelial covering develops which soon is covered with dusty
olive-green or blue spore masses. A soft water-soaked ring surrounding the white edge
of the fungus colony is characteristic.
Control: Careful handling at all times to avoid wounds; fungicides may be used in fruit
washes, in wax, and incorporated into Kraft paper inserts in citrus cartons. Proper
cooling is essential.
In early stages resembles Cottony Rot but decayed rind areas are darker, and later turn
buff or dark brown. The fungus mycelium is gray rather than cottony white.

Botrytis
Control: Prevent injuries, keep fruit from contact with soil or trash, wash fruit at 115120°F (46-49°C), avoid excessive humidity in storage.

Brown Rot

Remarkably firm, leathery decay starting as a slight olive-drab or brownish-tan rind
discoloration, later turning dark brown. Usually no fungus mycelium is apparent, except
under very humid conditions when a white growth appears; distinctive aromatic or
fermentative "cinnamon" odor.
Control: Apply fungicide sprays in field prior to rainy or moist periods, wash fruit in 115120°F (46-49°C) water. Usual fungicides for Penicillium mold control are ineffective.

Cottony Rot

Affects fruit slowly; leathery, pliable at first, color yellowish-brown or greenish-brown. In
moist atmosphere a white, cottony mycelium develops rapidly in which black, cheesy
large spores develop. Rapidly spreads by contact to surrounding fruit; nest of decaying
fruit may develop.
Control: Careful handling; packinghouse and field sanitation; wash fruit in hot water.

Sour Rot

At its worst, in combination with other decay organisms, this is one of the messiest and
unpleasant of citrus decays. Similar in appearance to green and blue molds in early
stages, with water-soaked areas which are eventually overgrown with a cream-colored,
pasty, foul-smelling fungus which is very attractive to fruit flies.
Control: Ordinary fungicides are ineffective. Avoid injuries and refrigerate fruit to below
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40°F (4.4°C) if possible.

Stem End Rot

A common decay in all citrus fruit from Florida but rarely from California-Arizona. Stem
end softening of rind, later turning tan, brown, or black. Infection progresses rapidly,
down the spongy central axis to the stylar end, and then affects the surface rind. Little
surface fungus growth. Occurs mostly on mature fruit.
Control: Hot water wash fruit; fungicides in wash water, in wax, and on paper inserts.

Decaying fruit turn cocoa-brown; have a firm, pliable texture, and a coconut-like odor. In
a moist, dark carton white fungus mycelia appear which, on exposure to light, turn
Trichoderma Rot yellow-green to dark-green.
Control: Avoid injuries to fruit; keep wooden storage boxes clean.

Frozen Lemon Product
About 40% of the U.S. lemon crop is processed, primarily into juice and frozen lemonade concentrate.
The commercial production of lemon products in the United States is confined almost exclusively to
California, where the Eureka lemon, the principal variety grown, comprises approximately 88% of the
total production. The lemon industry is unique in that the fruit is picked on the basis of size rather than
maturity in order to avoid very large fruit, and then held under controlled storage conditions to mature
from green to yellow instead of being left on the trees to color.
The lemons are inspected, washed, and sized. After the juice is extracted, it is screened to remove rag and
seeds, and held in tanks to chill. If necessary, the juice can be de-aerated in tanks by applying a vacuum
of 20-25 in. (51-63 cm) for about 30 minutes. Lemon juice is frozen as single strength juice, concentrate,
or lemonade concentrate. For canned frozen single strength juice, the chilled juice is drawn from the cold
holding tanks and further cooled to 30°F (-1°C) by passing through a heat exchanger. It is then filled into
enamel-lined cans, sealed, frozen, cased, and stored at 0 to -10°F (-18 to -23°C). Lemon juice is
concentrated in the same evaporation equipment used for oranges except that cut-back juice is not used
and the lemon juice is concentrated to 43° Brix or approximately 5.75 to 1.
Frozen Concentrate for Lemonade: Frozen concentrate for lemonade is second only to orange juice
concentrate in production. This product is primarily single-strength lemon juice with sugar added.
Approximately 10% of concentrated lemon juice is added to give the proper balance of sugar and citric
acid.
A low storage temperature is more important for lemon juice than most citrus juice concentrate to
maintain good flavor and color and high vitamin C retention. It is therefore suggested that lemon juice
concentrate be stored frozen at 0 to -10°F (-18 to -23°C). At such temperatures the lemon juice
concentrate will maintain satisfactory quality for up to 1 year. Lower temperatures will retard rates of
deterioration, but unless the product is to be stored for periods longer than 1 year, lower temperatures than
-10°F (-23°C) are not necessary.

Packaging
Modern packaging of purees and puree concentrates utilizes some form of aseptic totes. There are a
number of different styles, including stainless steel totes that can be sterilized and reused; reusable plastic
Lemons, Fresh, Concentrate, and Lemonade

6

WFLO Commodity Storage Manual
totes with disposable aseptic liners; or large (275 to 300 gallon) fiberboard disposable totes. It is
important to note that none of these container types are designed for frozen use. Freezing and thawing
destroys the integrity of the disposable fiberboard totes, and the plastics can become brittle and/or break.
Stainless steel totes can burst with freezing due to internal gas pressure. As a result, containers should be
stored in either ambient or refrigerated areas using similar storage length as drums under the same
conditions. This limits their use to aseptic products. After opening, the items either need to be used
immediately or transferred into another container for refreezing and storage.

WFLO is indebted to Dr. L. G. Houck, USDA-ARS, Postharvest Quality Research Unit (retired), Fresno, California, and Dr.
Stephen Neel, World Food Logistics Organization, for the review and revision of this topic.
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Lettuce
Revised 2008

Thermal Properties
English

Metric

Moisture, %

95.89

--

Protein, %

1.01

--

Fat, %

0.19

--

Carbohydrate, %

2.09

--

Fiber, %

1.40

--

Ash, %

0.48

--

Specific Heat Above Freezing

0.98 Btu/lb*°F

4.09 kJ/(kg*K)

Specific Heat Below Freezing

0.39 Btu/lb*°F

1.65 kJ/(kg*K)

138 Btu/lb

320 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature

32 to 34°F
(0 to 1°C)

Relative Humidity

95 to 100%

Storage Period

Crisphead (Iceberg): 2-3 weeks
Other: 10 days

Freezing Point

Crisphead (Iceberg): 31.3°F (-0.4°C)
Other: 31.7°F (-0.2°C)

There are four types of lettuce: 1) solid crisphead (iceberg), 2) Butterhead, 3) Romaine, and 4) Looseleaf.
Lettuce is not usually stored, since significant quantities are continuously being harvested and marketed.
Lettuce is also exported, and expected shelf life is 3-4 weeks. However, a temporary market surplus may
result in short-term cold storage.
Most lettuce is now vacuum-cooled and shipped in fiberboard cartons. With dry-packed (naked) lettuce,
high relative humidity in the storage room must be carefully maintained. If lettuce is packaged, the wraps
or film liners must be adequately perforated or sufficiently permeable to water vapor to permit
evaporation, or else proper vacuum cooling is impossible.
Damaged lettuce cannot be expected to store well, as crushed or broken leaves rapidly discolor and decay.
Careful handling will prevent much of the damage. Lettuce in non-waxed fiberboard cartons should not
be stacked more than 6 high.
Lettuce
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The average freezing point of lettuce is near the freezing point of water, 32°F (0°C). If lettuce is received
for storage, it should be examined to ascertain that it is not frozen. Core temperatures should be taken in a
random sample of boxes to make sure the lettuce has been pre-cooled to, preferably, between 32 and
about 36°F (0 and 2.5°C) and no higher than 38°F (3.5°C), because palletized lettuce cools slowly.
Shredded Head Lettuce for salad bars and restaurants is more perishable than uncut lettuce and requires
strict temperature control. It is usually packed with a light vacuum into moisture retentive film, which has
been selected for a specific oxygen and carbon dioxide permeability. A modified atmosphere develops
which can extend shelf life by reducing browning, pink rib, and brown stain, as well as decay. These
conditions work well if the correct temperature is maintained. Shelf life is 3-5 days at 50°F (10°C), 5-10
days at 41°F (5°C), 14-18 days at 36°F (2.5°C), and 21 days at 32°F (0°C). Shelf life is limited by
development of decay, browning, and off odors.
For intact heads, modified atmospheres can provide some benefit. There is a narrow "window" of oxygen
concentration which is beneficial. Oxygen above 3% has little effect on overall browning and respiration;
however, levels under 1% may cause off flavors to develop. CO2 can reduce some decay and
discoloration at 5%, but greater amounts cause brown stain. Romaine lettuce is more easily damaged by
CO2 than iceberg lettuce. Overseas shipments sometimes employ controlled atmospheres to extend
storage period to about a month. Temperature control as close as possible to 32°F (0°C) is still the major
means to maximize storage life.

Diseases and Disorders

Bacterial Soft
Rot

Downy
Mildew

Soft, mushy tissues often confined to outer leaves and sometimes following tip-burn or
other primary lesions.
Control: Ascertain that heads are free of field infections of soft rot because once
established it spreads even at recommended storage temperatures.
Light green or yellowish spots scattered on the upper surface of older leaves, on the
lower leaf surface, beneath these spots a very obscure white mold, secondary invasion
by other microorganisms.
Control: Nothing can be done except store at recommended storage temperature.

Gray Mold
Rot

Rib
Discoloration

Water-soaked, somewhat grayish-green or brownish areas without odor. Later
characteristic grayish-brown fungus and spore masses.
Control: Destruction of plant trash in field and refrigeration are the only control
measures.
Light brown to black, oblong areas usually discolor the inner surface of the midribs,
commonly where veins branch off. Cause is unknown, but high temperatures during
growth favor its development.
Control: None known.

Tip Burn

Lettuce

Widely distributed physiological disease, usually confined to more actively growing
young inner leaves and not always readily seen. Starts with small, yellowish, translucent
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areas or spots near leaf margins, later turning brown, with darkening of the leaf veins.
Under drying conditions, margins become papery. Sometimes followed by bacterial soft
rot, if temperatures are higher than recommended.
Control: No postharvest control is possible. Rapid growth and/or unequal distribution of
water within plant favor development. Field control, to some extent, is possible.
Soft, watery, leaky decay, usually first on stem and lower leaves, light or pinkish-brown
without characteristic odor. White fungal growth with scattered irregular, bluish-black
Watery Soft
particles.
Rot
Control: Field control is essential, followed by proper refrigeration.
A postharvest physiological disorder of head lettuce characterized by numerous small
tan to brown or olive spots principally on the midribs of leaves which increase in number
with the storage period. Worse at 38°F (3°C) than at 32°F (0°C). Induced by ethylene, but
also can occur in virtual absence of ethylene contamination.
Russet
Spotting

Pink Rib

Control: Maintain temperature near 32°F (0°C). Move lettuce as quickly as possible. Do
not store in same room with ethylene-producing products, such as apples, pears,
cantaloupes, peaches, Honeydew melons, etc. It is recommended to use only electrically
powered forklifts in storage; internal combustion engines give off ethylene. Holding in
low O2 atmospheres (about 2-6% O2) reduces russet spotting development, but the key
control is to avoid ethylene exposure.
A physiological disorder of crisphead lettuce that develops in storage, particularly in hard
over-mature heads, characterized by light to dark pink discoloration of larger midribs.
This discoloration is not caused by bruising.
Control: Keep temperature near 32°F (0°C). Avoid prolonged storage (>2 weeks).

A physiological disorder of crisphead lettuce characterized by lesions that are about ¼
inch wide by ½ inch long. Their margins often are darker than their centers, giving a halo
effect. Caused by carbon dioxide gas (CO2) and aggravated by low O2 and added carbon
Brown Stain monoxide (CO).
Control: Do not hold intact lettuce heads where CO2 concentrations might exceed 2%.
Shredded and salad cut lettuce are less sensitive to CO2 injury.

WFLO is indebted to Dr. Marita Cantwell, Extension Vegetable Postharvest Specialist, Department of Vegetable Crops,
University of California, Davis, for the review and revision of this topic.

Lettuce
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Limes
Revised 2008

Thermal Properties
English

Metric

Moisture, %

88.26

--

Protein, %

0.70

--

Fat, %

0.20

--

Carbohydrate, %

10.54

--

Fiber, %

2.80

--

Ash, %

0.30

--

Specific Heat Above Freezing

0.94 Btu/lb*°F

3.93 kJ/(kg*K)

Specific Heat Below Freezing

0.48 Btu/lb*°F

2.03 kJ/(kg*K)

127 Btu/lb

295 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature

50°F
(10°C)

Relative Humidity

85-90%

Storage Period

6-8 weeks

Limes are a cold-sensitive fruit that can be held for 6-8 weeks at 50°F (10°C) with 85-90% relative
humidity (RH) if they are harvested from groves with good cultural practices. During postharvest
handling it is important to always avoid rough handling and to protect the fruit from excessive moisture
loss, sometimes by using an approved wax. Tahiti or Persian limes should be placed in storage while still
green but in a fully mature condition with a smooth peel. Mexican, West Indian or Key limes are
preferred with yellow color but can be similarly cold-stored.
Limes from Florida and the West Indies are subject to stem end rot and should be frequently inspected
while in storage. Incoming fruit should be inspected carefully to avoid storing fruit that is obviously
infected.
The range of freezing points of Persian limes is 27.1 to 28.9°F (-3 to -1°C).

Limes
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Diseases and Injuries

Anthracnose

Anthracnose, characterized by water-soaked, brown, and slightly sunken areas that
later turn flesh-colored and with raised corky scabs, is a preharvest disease of
Mexican or Key limes; other varieties are apparently not affected.
Control: Copper fungicides give some control but control is difficult in humid areas.
Field sanitation is recommended.

Blue Mold and
Green Mold

These rots are identified by characteristic soft, watery, discolored areas or spots,
which later produce easily distinguished blue or green spores. Infections usually
begin at wound sites created during harvesting, handling, and packing.
Control: Use of postharvest fungicides and careful handling to minimize injury is the
primary means of control.

Freezing Injury

In frozen fruit, membranes between segments are water-soaked. Rind may be
discolored brown or gray in severe cases, or both rind and flesh may become soft
and mushy. Grapefruit may taste bitter for a time after defrosting. Fruit frozen on
the tree is soft and light in weight, exhibits woodiness in pulp, and has cavities
within or between segments.
Control: Avoid freezing temperatures.

Oil Spotting
(Oleocellosis)

Caused by the release of oil from oil glands when turgid fruit receive even slight
bumps and abrasions. The oil is toxic to the surrounding cells. Symptoms appear as
irregularly shaped green, yellow, or brown areas.
Control: Avoid harvesting turgid fruit, such as when dew is present or immediately
after rain or irrigation.

Both Tahiti (Persian) and Mexican (Key) limes are subject to spotting and collapse of
rind, more often on sides of the fruit. It is sometimes called scald. Diseased areas
are sunken with distinct margins and tan- to rusty-pink color, often caused by
chilling at temperatures of 40°F (4.4°C) or below, but limes held in long storage at
Rind Breakdown 48°F (9°C) or above may also be affected. At low temperature, immature fruit are
more susceptible than riper limes.
Control: Careful handling and storage at 50°F (10°C), with an RH of at least 85%, are
recommended.
Stem End Rot

Limes

Usually caused by infection with either Lasiodiplodia or Phomopsis, the principal
decay organisms in areas with abundant summer rainfall. Decay develops primarily
from preharvest infections of the button at the stem end of the fruit. Infected areas
soften and turn tan or brown. Affected fruit do not shrivel and usually show no
2
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surface fungus growth. Affected fruit taste flat and bitter; affected tissues have a
rancid odor.
Control: Use of postharvest fungicides. Rapidly reduce fruit temperature and store
fruit at the lowest safe temperature.

Stylar End
Breakdown

Stylar end breakdown is characterized by collapse of rind at the blossom end of
Persian limes as the fruit matures; the area is firm, dark, and sunken. Although the
disease is physiological in nature, secondary decay invasion may occur.
Control: Avoid rough handling during harvest and postharvest handling. Warm
temperatures may also exacerbate the disorder; rapid cooling is recommended.
Picking should be avoided early in the day when the fruit is turgid.

WFLO is indebted to Dr. Mark A. Ritenour, Institute of Food and Agricultural Sciences, University of Florida, Fort Pierce,
Florida, for the review and revision of this topic.

Limes
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Thermal Properties
English

Metric

Moisture, %

81.71

--

Protein, %

0.51

--

Fat, %

0.27

--

Carbohydrate, %

17.00

--

Fiber, %

1.80

--

Ash, %

0.50

--

Specific Heat Above Freezing

0.89 Btu/lb*°F

3.74 kJ/(kg*K)

Specific Heat Below Freezing

0.47 Btu/lb*°F

1.95 kJ/(kg*K)

117 Btu/lb

273 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature

55°F
(13°C)

Relative Humidity

90-95%

Storage Period

2 to 3 weeks

Cold Sensitive Point

50°F
(10°C)

Freezing Point

30°F
(-1°C)

Only fruit that is fully mature and free from latent and active infections of Anthracnose should be put into
storage. Mature green mangos are subject to chilling injury (CI) at temperatures below 50°F (10°C). After
prolonged storage at 50°F (10°C), Keitt and other varieties do not ripen to highest quality; therefore a
slightly higher temperature is desirable. The best ripening temperature for mangos is 68-72°F (20-24°C).
Exposure to 100 ppm ethylene for 1-2 days at these temperatures induces faster and more uniform
ripening of mature green mangos. Soft-ripe fruit can be stored for several days at temperatures as low as
45°F (7°C).

Diseases and Injuries
Anthracnose

Mangos

Small black spots which gradually increase in diameter until they may cover a large
percentage of the fruit surface, ruining its appearance and flavor. These spots eventually
1
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develop pinkish masses of spores.
Control: Copper sprays or other fungicides must be applied in the orchard during the
growing season so that infections will not occur. Some varieties are fairly resistant to this
disease. Immersing mature green fruit in hot water at 122°F (50°C) for 5 minutes will
retard Anthracnose development in storage.
Stem End
Rot

Chilling
Injury

Caused by Diplodia and other organisms. A softening of the flesh and darkening of the
peel, usually at the stem end, giving a water-soaked appearance.
Control: Careful handling to minimize mechanical injuries, postharvest fungicide
treatment, and cooling to 55°F (13°C).
Develops at temperatures below 50°F (10°C) on the mature green fruit. Symptoms include
a pitting of the peel, and the peel may take on a gray cast. Fruit injured in this way will not
ripen properly. When it eventually softens, it is of poor quality.

Frozen Mango Puree
Mango purees are often concentrated to double strength. The freezing point is 30°F (-1°C) for single
strength and 6°F (-14°C) for double strength concentrate. Storage at 0°F (-18°C) or lower is
recommended for most fruit juices, purees, and concentrates to preserve fresh flavor. For best product
quality maintenance, mango purees should be stored frozen at the lowest possible temperature. If kept
much above freezing temperatures, purees tend to darken from non-enzymatic browning. The reactions
are faster and more extensive at higher concentrations and temperatures. A storage life of up to 1 year or
longer could be expected at 0°F (-18°C) or lower.
WFLO is indebted to Dr. Adel Kader, Department of Plant Sciences, University of California, Davis, for the review and revision
of this topic.
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Storage Conditions
Temperature
Humidity
Storage Period

10-18°F
(-12 to -8°C)

32-39°F
(0-4°C)

40-60%

40-70%

6 months

Up to 90 days

Background
Margarines are classified as follows:
A. All-vegetable margarine
1.

Stick style, US standard 80% fat, and spread, 60% fat

2.

Soft style, standard 80% fat, and spread, 60% fat

3.

Liquid style standard, 80% fat

4.

Patties, standard, 80% fat

5.

Whipped, standard, 80% fat

B. All-animal margarine
1.

Stick style, standard, 80% fat

2.

Spread, 60% fat

3.

Soft style, 80% fat

C. Animal-vegetable blend
1.

Stick style, 80% fat of which about 90% is animal fat and 10% vegetable fat

2.

New blends which may have much more of the vegetable fat

D. Diet margarine
1.

Less than 40% partially hydrogenated fat

Margarine can be produced using either hydrogenated oil stock or blends of hydrogenated and nonhydrogenated (liquid) fractions of stock. Thus margarines may have differing ratios of polyunsaturated to
saturated fatty acids. Margarines differ in melting points and in physical properties, and this determines
the type of packaging needed and the stacking conditions required.
Margarine is normally packed in the following ways:

Margarine
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a) Four 1/4 lb. quarters individually wrapped in parchment or foil in one package, 30 lbs. to a box,
called Eastern flats
b) Four 1/4 lb. quarters individually wrapped in foil in one package, 12 lbs. to a box, called Western
style
c) Two ½ lb. plastic tubs in a sleeve, 24 lbs. to a box
d) Two ½ lbs. mugs or tumblers in a sleeve, 24 lbs. to a box
e) 1-lb. or 2-lb. plastic bowls as is or in a sleeve, 24 lbs. to a case
f) 1-lb. solid in parchment wrap, 30 lbs. to a box
g) ½-lb. rolls in cellophane (Country Roll), 24 or 12 pounds per case
h) Pre-cut "Reddies", or patties 72 or 90 count per pound, Restaurant style, 20 lbs. per box
i)

50 lbs. polyethylene-lined carton board box
Style

Per Layer

Boxes High

Total per Pallet

a. 4 x 1/4# x 30# Eastern style

10

7

70

b. 4 x 1/4# x 12# Western style

15

10

150

c. 2 x 1/2# x 24# Tubs

8

6

48

d.
(1) 2 x 1/2# x 18# Mugs
(2) 2 x 1/2# x 15# Tumblers

6
9

10
6

60
54

e. 1# plastic bowl x 24#

7

5

35

f. 1# solids x 30#

14

5

60

g.
(1) 1/2# Country Roll x 12#
(2) 1/2# Country Roll x 24#

15
7

10
7

150
49

h. Reddies - 72 or 90 count

12

5

60

i. 50# polyethylene lined

8

5

40

The use of storage racks is highly recommended to limit mechanical damage to the packaged margarines.
Recommendations for temperatures of storage and for stacking margarine depend on the types of fat
present, the firmness of the fat, the percent fat, whether the fat is whipped, and the type of package.
Standard fat (80%), firm margarines, shipped margarine, and patties preferably should be stored at 1018°F (-12 to 8°C); at above freezing storage temperatures, the relative humidity should not exceed 70%.
Diet margarines (less than 40% fat), liquid fat type margarines (80%), and spreads (60% fat margarines)
should not be frozen. Freezing may cause breakdown of the emulsion and weep of oil.
When temperatures increase to a point where certain margarine fats soften, or liquefy, then stacking of
cases unusually high results in pressures sufficient to cause oiling-off, or wicking of oil, especially in
bottom cases.
Margarine
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Margarine types containing lesser amounts of fat, and correspondingly greater amounts of moisture may
exhibit mold growth and weight loss when stored at temperatures above freezing, especially when packed
in tubs with less tight covers. Excessive air movement above the surface of the margarine may result in
color change (concentration) in the top layer. Adequate air circulation should be provided, however, to
avoid condensation of moisture on packages, which will result in growth of molds.
Under normal conditions, margarine is expected to move into the trade within 45 days after the date of
manufacture. A pull date of 90 days is considered reasonable for higher moisture and whipped
margarines, particularly because of mold potential, and up to 6 months for standard stick-type margarine.
Margarine, like other fat products, readily absorbs odors from the atmosphere. It must be stored away
from foods such as onions, apples, or smoked meats.

WFLO is indebted to Dr. Charles H. White, Food Science and Technology, Mississippi State University, for the review and
revision of this topic.

Margarine

3

WFLO Commodity Storage Manual

This page is intentionally left blank.

WFLO Commodity Storage Manual

Meats, Frozen
Revised 2008

Storage Life
Expected Storage Life of Meats
at 0°F (-18°C) or Below for Good Quality
0°F
(-18°C)

-20°F
(-29°C)

Months

Months

Beef (regular cuts)

12

18

Lamb (regular cuts)

12

18

Veal (regular cuts)

10

16

Pork (regular cuts)

8

10

Ground beef

6

8

Pork sausage (not seasoned)

6

8

Pork sausage (seasoned)

2

4

Ham and bacon (cured pork)

4

6

3-4

5-6

Variety meats (see Meats, Variety)

All frozen meats should be held at 0°F (-18°C) or below. At temperatures above 0°F (-18°C), the
expected storage life for retention of good quality will be shortened in proportion to the increase in
temperature. Frozen meat should be held above 0°F (-18°C) only when absolutely necessary and then
only for a minimal length of time.
Beef and lamb have hard fat (partially saturated) which is relatively resistant to the development of
rancidity, the primary cause of flavor loss in frozen meat. Veal fat has not fully matured and is softer
(more unsaturated) than beef fat; thus it can develop rancidity somewhat faster than beef fat. Most pork
fat is soft (more unsaturated) as compared to beef or lamb fat, although there are exceptions. On the
average, pork fat will develop rancidity about twice as fast as beef fat.
Ground beef, comminuted meat items and un-seasoned pork sausage have a shorter storage life than
whole-muscle cuts because, in going through the grinder, air and bacteria are incorporated among the
pieces. This close contact of air and bacteria accelerates rancidity and/or more rapid microbial growth.
Seasoned sausage has a very short storage life because the various seasonings such as salt accelerate
development of off-flavors and rancidity. Curing materials and smoke provide some antioxidant
protection for hams and bacon that are frozen. The storage life of bacon is typically 4-6 months, while
sausage will have a storage life of 2-4 months when properly packaged.
The term "variety meats" refers to livers, hearts, cheek meat, kidneys, brains, tongues, lips, tripe, tails,
melts, chitterlings, snouts, ears, stomachs, glands, and head meat. These variety meats represent about 4%
Meats, Frozen
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of the live weight of a beef, averaging about 40 lbs (18 kg). In pork, they represent about 6% of the live
weight of the pig, averaging about 12 lbs (5.4 kg). These products are typically high in moisture content
and very susceptible to microbial contamination and spoilage, thus careful chilling and storage is critical
to the quality of the variety meats. Additional information is available elsewhere in this manual, under
Meats, Variety.
For carcass chilling after animals or poultry are harvested, careful operation of the chilling cooler is most
important in getting the best quality product from the original carcass and preventing excessive weight
loss due to moisture evaporation. The refrigeration equipment should have the capacity to reduce the
temperature of the load to the desired internal temperature of the pieces in the recommended time. The
equipment should be operated so that a relative humidity of 85-90% is present in the room at all times to
prevent excessive shrinkage.

Chilling of Carcasses and Variety Meats
Beef
(side)

Hogs (medium)

Veal or Lamb

Variety Meats

225 lbs
(102 kg)

180 lbs
(82 kg)

50 lbs
(23 kg)

--

0.75 BTU (0.79
kJ)

0.55 BTU
(0.58 kJ)

102°F
(39°C)

103°F
(39°C)

100°F
(38°C)

100°F
(38°C)

32-34°F
(0-1°C)

32-34°F
(0-1°C)

34-38°F
(1-3°C)

-5°F
(-20°C)

45°F
(7°C)

40°F
(4.4°C)

36°F
(2°C)

32-34°F
(0-1°C)

Chill room period

20 hours

20 hours

12 hours

4 hours

Holding room temperature

32-34°F
(0-1°C)

32-34°F
(0-1°C)

34-36°F
(1-2°C)

32-34°F
(0-1°C)

Holding room relative
humidity

85-90%

85-90%

85-90%

80-85%

Average weight
Average specific heat
Average body temperature
Chill room temperature
Chill to internal temperature
of

0.70 BTU (0.74
0.75 BTU (0.79 kJ)
kJ)

Freezing of Meat
There is strong evidence that meat intended to be frozen should be held at 32-34°F (0-1°C) long enough
for equilibrium of the temperature throughout the carcass and for completion of rigor mortis. Aging for
tenderness, as practiced in fresh meats, may shorten the expected storage life due to the early
development of off-flavors, but if properly done will achieve improved tenderness and flavor. All meats
may be frozen in 1 day after chilling if tenderness is not an issue.
Meat for freezing should be cut into the desired pieces and well trimmed with excess fat removed.
Packaging should be in one of the many materials available to prevent moisture loss or desiccation
(freezer burn) of the product during freezing and storage. Low oxygen permeability is a prime
Meats, Frozen
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requirement for any wrapping or packaging material to be used for frozen meat. Further, the products
must be wrapped or packaged tightly to prevent surface ice crystal formation during frozen storage. Good
packaging materials, proper packaging techniques and proper sanitation each contribute significantly to
lengthening frozen storage life.
Latent Heat of Freezing (approx.)

Specific Heat Below Freezing (approx.)

BTU/lb

kJ/kg

BTU/lb·°F

kJ/kg·K

Beef

95

221

0.40

1.67

Pork

95

221

0.30

1.26

Veal

95

221

0.40

1.67

Lamb

95

221

0.45

1.88

Variety Meats

95

221

0.40

1.67

Meat should be frozen in a blast freezer at 0°F (-18°C) or below. Higher freezing temperatures do not
necessarily damage the texture, but color will not be as attractive and the expected storage life is likely to
be shortened. Extremely low temperatures such as those used in cryogenic freezers are not detrimental.
The influence of freezing temperatures on color and tenderness of beef is noteworthy. A cherry-red color
is desirable in beef for purchase appeal and at point of use. Beef frozen at temperatures higher than 0°F (18°C) will be dark in color and dark when thawed. Beef frozen at -120°F (-83°C) will have an
unattractive light pink color in the frozen state, but an attractive red color when thawed. Beef frozen at 30 to -40°F (-34 to -40°C) will provide a desirable color in both the frozen and thawed state.

Palletizing Meat Products
When boxed meat is palletized prior to chilling and/or freezing, place the cartons on clean pallets in a
pattern which will provide a minimum of 2 inches (5 cm) of air space around the sides and ends of each
carton. Standardization of net weight and cartons helps in export shipment; therefore, a pallet size of 48 x
40 in (122 x 101 cm) is recommended, even though Australia and Europe may use other sizes. Use firm
spacers that will provide 2 in (5 cm) of air space between each layer.
The blast freezer should be tested to ensure that proper heat transfer will occur and that the product will
be rapidly frozen. No more than 6 layers should be placed on a pallet. It is recommended that 48 thirtypound (13.6 kg) cartons per be placed on each pallet or 25 sixty-pound (27.2 kg) cartons per pallet. Do
not cover palletized cartons to be frozen with sheet poly film or stretch wrap. This restricts the air
flow around the cartons. Spacers may be removed when the center temperature of the product has reached
0°F (-18°C) or colder.

Freezing Speed
Both product freezer type and freezer conditions affect the speed of freezing. In addition, product
composition and properties such as moisture content, ingredients, initial and final temperatures, shape and
density, kind of surfaces and heat conductivity, will all influence freezing rate. Freezing at a speed of 1.52 inches (5 cm) per hour (rate of movement of the ice crystal front) permits the moisture in meat to freeze
with fine crystalline form. Research has suggested that the least muscle fiber damage occurs when meat is
Meats, Frozen
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frozen at a rate of 1.55 inches (3.95 cm) per hour at a temperature of -58°F (-50°C). This means that little
juice will be lost after thawing. Rapid freezing also reduces drying losses during freezing and frozen
storage.
Meat frozen slowly will form large ice crystals that damage the cellular structure and cause a change in
texture. Slow freezing of meat is a common mistake. Even though microorganisms do not grow at 0°F (18°C), they may increase in number during slow freezing and then multiply rapidly when meat is thawed.
The by-products of microbial growth on meat prior to freezing or during thawing can cause chemical
changes within the meat, such as oxidation and off-flavors. A fast freezing rate provides more desirable
meat quality because of the small ice crystals formed within the muscle fiber and the minimum of water
movement from the sarcoplasm to the extracellular spaces.
Drip losses are directly related to thaw rate. Fast thawing will cause a smaller amount of moisture loss
than slow thawing. A direct relationship exists between the freezing and thawing rates. For less drip loss,
fast-frozen meat should be thawed quickly and slow-frozen meat should be thawed slowly.
WFLO is indebted to Dr. Joe Sebranek, Iowa State University, for the review and revision of this topic.

Meats, Frozen
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Meats, Ground, Comminuted and
Restructured
Revised 2008

Storage Conditions
Chilled

28-30°F
(-2.2 to -1.1°C)

Frozen

0 to -10°F
(-17.7 to -23.3°C)

Meat is a highly perishable food commodity, which, unless appropriately stored, will rapidly deteriorate
from growth of microorganisms and loss of flavor and/or color. In addition, industry has developed
ground, comminuted and restructured meat items that are marketed for both the retail and the institutional
markets. The two major hindrances to marketing these products have been rapid discoloration and flavor
loss. Both color and flavor deterioration continues as storage continues. Lipid oxidation is one of the
major causes of deterioration in the quality of ground, comminuted and restructured meat products,
particularly during frozen storage. Oxidative deterioration of the lipids directly affects color, flavor,
texture, nutritive value, and safety. The term "warmed-over flavor" (WOF) is used to describe the rapid
onset of rancidity in cooked meat during refrigerated storage. Oxidized flavors are readily detected after
24 hours, in contrast to the more slowly developing rancidity that becomes evident after prolonged freezer
storage. Vacuum and modified atmosphere packaging along with the use of antioxidants and
polyphosphates in some products during the manufacturing process have provided significant storage
quality benefits. Storage recommendations are based on fresh (never frozen) lean components.
A somewhat unique form of comminuted meat that is available for further processing is fat-reduced beef
(FRB) and fat-reduced pork (FRP). The lean is separated from fat in high-fat, fresh trimmings to produce
a meat ingredient that is functionally and organoleptically comparable to the traditional lean meat
trimmings used in processed meats. This product typically contains no more than 10% fat and can be used
at any level to produce low-fat processed meat products such as Hamburger patties, hot dogs, sausage,
luncheon meats, canned products such as chili, and pizza toppings.
There is no universal data on the shelf life of these reduced fat products at present. It is appropriate to
follow the freezer storage specifications provided by the manufacturer.
A large number of ground, comminuted and restructured meat products already exist in a variety of
formats; therefore, good manufacturing guidelines will be given by product type. Storage life for specific
products has also been included.
1. Raw Chilled: (Bone-in or boneless, sectioned and formed.) These products are chilled to 28°F (-2.2°C)
and held at this temperature at all times. The restructured products should be held at 28-30°F (-2.2 to 1.1°C) and certainly no greater than 34°F (1.1°C). Shelf life of 21-30 days is expected.

Meats, Ground, Comminuted and Restructured
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2. Raw Frozen: (Bone-in or boneless, sectioned and formed.) These products are blast frozen within 8
hours of fabrication and held at -10°F (-23.3°C). Storage life of 6 months is normal and up to 1 year is
acceptable.
3. Pre-Cooked Chilled: (Bone-in or boneless, sectioned and formed, chunked formed.) This group of
products will vary considerably in storage life. It is recommended that they be held at 30-32°F (-1.1 to
0°C). Uncured items will last 60 days and cured items 90-180 days. The concern for the cook-in products
is survival and germination of spore formers in the pasteurized environment. It is recommended that
cook-in products be held no higher than 32°F (0°C).
4. Pre-Cooked Frozen: (Bone-in or boneless, sectioned and formed, chunked and formed.) These
products should be blast-frozen within 24 hours of heat processing. Recommendations are -10°F (23.3°C) for holding and storage. Storage life depends mostly on packaging and retardation of rancidity.
Typical storage life is 6 months, with 12 months for some products under ideal conditions.
Chilled Storage at 28-30°F
(-2.2 to -1.1°C)
Storage Period in Days
Ground Beef Patties

7

Chub Pack Ground Beef

15

Turkey Ham (Chunked and Formed)

60

Beef Roast (Chunked and Formed)

60

Sizzlelean (restructured breakfast strips)

90

Raw Chicken Breast

45

Breast of Turkey

90

Turkey Ham

60

Turkey Salami

50

Turkey Franks

60

Pork Roast Pre-Cooked

60

Turkey Breast

90
Frozen Storage at 0°F
(-18°C)
Maximum Storage Period
in Months

Beef, Ground Patties, IQF

6

Beef, Whole Muscle, Marinated, Breaded, Par
Cooked, IQF

9

Beef, Seasoned Finely, Ground

3

Beef, Steaks

9

Beef, Roasts

6
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Beef, Corned

9

Beef, Pastrami

9

Pork Roast Pre-Cooked

6

Turkey Breast

9

Beef, Roll-Ups

6

Beef, Trailmaster Steak

6

Beef, Cube Steak

6

Beef, Patties

6

Beef, Breaded Cubed

6

Beef, Steak Peppered

6

Beef, Steak Fingers

6

Beef, Biscuit Steak

6

Beef, Flavored Cubed

6

Beef, Fritters

6

Beef, Luncheon Steak

6

Beef, Salisbury Steak

6

Beef, Portions

6

Chicken, Nugget

6

Chicken, Pattie

6

Chicken, Fillet Raw

4

Chicken, Roll, Fully Cooked

3

Chicken, Breast

9

Chicken, Cutlet

9

Turkey, Roll Fully Cooked

3

Turkey, Ground

2

Turkey, Breast

9

Pork, Choppette

6

Pork, Roll-Ups

6

Pork, Steak Floured

6

Pork, Ham

9

Veal, Steak Breaded

6

Veal, Steak Parmigiana

6

Veal, Patties

6

Veal, Chopped Steak

6

Veal, Roll-Ups

6

Veal, Portions

6
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Thawing
When thawing restructured meat items, care should be taken to avoid long-term exposure to warm
temperatures. It is recommended that all products be thawed at less than 40°F (4.4°C) using less than
1,082 ft/min (5.5 m/sec) air velocity and 85% relative humidity when 24 hours or more are needed to
thaw the product. Short-term thawing will reduce potential bacterial growth. The meat surface
temperature should not rise above 40°F (4.4°C) for a period greater than 10 hours during thawing.
WFLO is indebted to Dr. Joe Sebranek, Iowa State University, for the review and revision of this topic.
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Meats, Mechanically Separated
Revised 2008

Storage Life
0°F
(-18°C)

-20°F
(-29°C)

Months

Months

Beef, mechanically separated

1-3

2-6

Veal, mechanically separated

1-3

2-6

Pork, mechanically separated

1-3

2-5

Chicken, (mechanically separated)

1-3

2-5

Turkey (mechanically separated)

1-3

2-5

Fish (mechanically separated)

1-3

2-5

Monitoring Calcium Content
The U.S. Department of Agriculture Food Safety and Inspection Service (USDA/FSIS) has determined
that meat produced by mechanical separation systems can have similar composition as meat trimmings
and, if so, can be fairly identified as "meat." The advanced meat and bone separation machinery does not
crush or grind bones in the process of removing skeletal tissues like machinery previously used to
produce mechanically separated meat.
However, to ensure that advanced systems are operating with good manufacturing practices, the final
USDA rule limits the calcium content in the produced meat to no more than 150 mg/100 g. Products that
exceed the calcium content limit must be labeled "mechanically separated meat." Numerous meat and
poultry processing plants now have advanced meat and bone separation systems to improve recovery of
lean tissue from carcasses.

Characteristics of Mechanically Separated Meat
Mechanically separated meat, regardless of how it is labeled, is much more vulnerable to both oxidative
and microbial change than its intact counterpart due to the breaking of cell walls and much greater total
surface area of the small particles. Unfrozen, mechanically separated meat will more readily support
microbial growth than intact meat pieces because a) the surface area is greater, b) nutrients for bacteria
are made more readily available due to the rupture of meat cells, and c) moisture levels are high.
Inevitably, mechanically separated meat will be inoculated with ubiquitous spoilage bacteria. Good plant
sanitation is essential to minimize the number of bacteria available for inoculation of the meat.
Refrigeration is essential to inhibit the growth of the bacteria that are present on the meat. It has been
suggested that fresh mechanically-deboned poultry be used within 3 days, whereas frozen deboned
poultry should be used within 30 days. When frozen blocks of mechanically deboned meat or poultry are
Meats, Mechanically Separated
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to be used, they should be flaked while frozen to speed the thawing process. When used for cured
products containing nitrite, care must be taken to ensure that frozen deboned meat has thawed sufficiently
to uniformly absorb the nitrite. Products containing mechanically-deboned meat should be cooked to at
least 160°F (71°C). In all cases, mechanically separated meat must be frozen quickly (shallow containers,
blast freezing) but even then, expected frozen storage life is significantly less than for most other meat
products.
There are several techniques that may be used to extend shelf life of frozen mechanically separated meat
products from 1-3 months to as long as 4-6 months. The first is reduction in storage temperatures from
0°F (-18°C) to -20°F (-29°C). Controlled atmosphere (CA) storage under carbon dioxide or nitrogen or in
vacuum has been found to be beneficial for storage of mechanically separated meat products to reduce
contact with oxygen, and addition of antioxidants will extend frozen shelf life up to 6 months. When
antioxidants are combined with -22°F (about -30°C) or lower storage temperature, shelf life may be
extended to as long as 10-12 months.
Mechanically separated red meat and poultry meat may contain higher levels of calcium, unsaturated fats,
and fluoride than do conventionally hand-boned meat. Comminuted meats of this type may also possess
relatively high levels of bacteria. Due to the potentially high unsaturated fat level and microbial content,
comminuted meat, such as mechanically separated meat, is readily susceptible to spoilage and rancidity
development. Therefore, it is important to pay close attention to the blast freezing process for
comminuted meat, and to store these products for only a few months, even when utilizing the lowest
feasible storage temperature.
WFLO is indebted to Dr. Joe Sebranek, Iowa State University, for the review and revision of this topic.
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Meats, Canned
Revised 2008

Storage Conditions
Non-Perishable
Temperature:
Perishable
Relative Humidity

30-50°F
(-1 to 15.5°C)
26-30°F
(-3 to -1°C)
70% or below

Storage Period

Variable with the product

Freezing Point

22-25°F
(-6 to -4°C)

Temperature
Temperature is the most important variable in the warehousing of canned foods. The beneficial effects of
reduced temperatures have been well established by science and in practice. Generally speaking the speed
of chemical reactions will double with each 18°F (10°C) rise in temperature. The importance of this
general relationship is evident when one considers the many ways in which chemical reactions may alter
the flavor, texture, and/or nutritive value of canned foods. For example, chemical reactions occurring at
50°F (10°C) during storage are likely to take place about twice as rapidly at 68°F (20°C). Therefore, the
effect of storage temperature is well recognized and is a highly effective means of maintaining food
product quality.
Temperature is also a limiting factor in bacteriological changes that occur in canned products during
storage. Because of microbial changes, it is highly desirable to maintain accurate and constant
temperature control in the warehouse. In this case, as for chemical changes, the lowest practical
temperature will provide longer shelf-life for the products in question.

Internal Can Corrosion
Internal can corrosion occurs when the food product reacts with the metal of the can. Can corrosion is
speeded by high temperatures and retarded by low temperatures. Food quality, nutritive value, and
microbial changes will all change more quickly at high storage temperatures.

External Can Corrosion
External can corrosion in storage can cause large losses to the warehouse. The presence of moisture at the
surface of the can will facilitate rust formation. The common way for moisture to occur is condensation
from the surrounding air. A dry warehouse atmosphere with low relative humidity and constant
Meats, Canned
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temperature is important in this regard. This reinforces the importance of proper air circulation and
adequate temperature control.

Effect of Freezing
Chilled storage is desirable for all canned foods, but they should not be allowed to freeze. Most canned
foods are not subject to major changes in flavor, color, or nutritive value, but the texture of some products
may change with freezing. Products such as corned beef hash will show a marked change in physical
consistency when frozen. Hard (low temperature) freezing is likely to break can seams, causing leakers
and microbial spoilage.

Retorted Flexible Containers
Retortable flexible laminated structures that are thermally processed at retort temperatures are typically
shelf stable. High barrier plastic containers are capable of withstanding thermal processing temperature
and are used for many meat items.. A significant source of warehouse damage of these products is from
physical abuse by forklifts or from stacking too high. In both cases, damage occurs from leakers and
microbial spoilage.

Perishables
The "Perishable—Keep Under Refrigeration" types of canned meats are usually limited to canned, whole
or part hams, picnics and loins, plus canned luncheon meats of various sizes. These items are not
completely sterile because the full sterilization process would change the flavor and texture. Consequently
these meat items are only heated to pasteurizing temperatures of 160-180°F (71-82°C), similar to fresh
milk, and must be kept under refrigeration to prevent spoilage. In general, they should be stored at 3238°F (0-3°C).
Ham cooked in see-through packages is referred to as cook-in, packaged ham. The type of material used
in packaging the ham is important. For best results, the cook-in material should contain a barrier material
such as saran. When the cook-in ham is sealed and placed directly into a carton, it has a shelf-life
expectancy of up to 6 months at 38-40°F (3-4.4°C). A longer storage life may be maintained when the
product is stored at 28-29°F (-2 to -1°C). If the cook-in ham is removed from the multiple-packed carton
and exposed to light, color loss may occur; consequently limiting the light exposure for these kinds of
cured meats can be an important consideration.
The storage period for perishable canned meat items varies with the amount and purity of seasonings
used. If properly pasteurized and held under refrigeration, canned meats spoil very slowly. Information on
the recommended storage period of each item should be obtained from the canner, and storage conditions
should follow the processor's specifications.
WFLO is indebted to Dr. Joe Sebranek, Iowa State University, for the review and revision of this topic.
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Meats, Variety
Revised 2008

Storage Conditions
Sanitation

Variety meats should be thoroughly washed and drained.

Chilling

Chill to a maximum of 36°F (2.2°C) within 4 hours after removal from the carcass.

Packaging

Vacuum packaging variety meat protects against weight loss and quality deterioration.

Boxing

Boxes containing 30 lbs (13.6) of meat should be made of 200-lb (91-kg) test, waterresistant, corrugated fiber material. When 30-60 lbs (13.6-27.2 kg) are boxed, use 275-lb
(125-kg) test material.

Packing

Place variety meats at 36°F (3.3°C) or colder within 30 minutes after harvest.

Box Marking Clearly mark each box with the pack date and code date.
Palletizing

Provide at least 2 inches (5cm) air space around the sides and ends of each box.

Freezing

Blast freeze to reach 40°F (4.4°C) within 15 hrs after harvest, 28°F (-2.2°C) within 60 hrs
after harvest, and 0°F (-18°C) within 120 hrs after harvest.

Storage Life

Varies with cooling rate, draining, and packaging methods. See Tables 1 and 2.

Inconsistent quality of variety meats packaged and frozen for domestic and/or export markets suggests a
need for guidelines. The economic opportunities associated with improved quality for both the producer
and storage warehouse are significant. Wholesome, high quality, convenient products can be consistently
marketed, provided one adheres to good sanitation, chilling, and handling practices.

Sanitation
Microflora associated with unfrozen and temperature-abused animal variety meats have been identified.
Variety meat items are generally contaminated with a combination of bacteria commonly associated with
unfrozen red meat, with Micrococcus being the most frequently isolated gram-positive bacterium and
Escherichia coli the predominating gram-negative isolate. It is not uncommon to find variety meat
possessing aerobic plate counts greater than 104 and often greater than 10³ per cm². The method of
washing, draining, and packaging greatly influences the microbial level.
All meat items arriving at a warehouse direct from the slaughter floor should be thoroughly washed and
drained to remove most of the surface contamination. Care should also be taken to maintain facilities and
equipment sanitation so that no more than 100 organisms/in² (16 organisms/cm²) originate from this
source. Meticulous attention to equipment sanitation will help minimize bacterial pick-up. Conveyors,
scalders, washers, drain tables, racks, trays, and other in-line equipment must be thoroughly cleaned and
sanitized after each production shift, using USDA-approved materials and concentrations.
Microbiological cleanliness should be monitored and routinely verified by random swab samples of the
equipment for aerobic plate count. Effectively cleaned and sanitized equipment should not exceed an
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aerobic plate count of 100 per in² (16 per cm²) of surface. Prior to packaging, all variety meats should be
drained of blood, water, and fluid to avoid weakening the shipping container. Sanitation must not be
limited to production shifts. Good sanitary habits should also be practiced during operation breaks, by
cleaning of knives, gloves, boots, and other equipment. Hands and gloves should be washed and
frequently sanitized during each operation shift.

Chilling
Rapid chilling of variety meats is a major factor in maintaining quality and extending storage life. Rapid
temperature reduction is absolutely necessary reducing bacterial growth. Therefore, these products should
be chilled as rapidly as possible to a uniform product temperature of 34°F (0°C) or lower. A good
manufacturing practice is to reduce perishable products to a maximum of 36°F (2.2°C) within 4 hours
after removal from the carcass. Maintain the product holding area at 36°F (2.2°C) or less. This may be
accomplished through tray chill, rack chill, hydro chill (i.e., liquid immersion and/or spraying), or blast
freezing at -5°F (-20.6°C) with an air velocity of 500-1000 ft/min (152-305 m/min). One may expect a
significant increase in aerobic plate count of variety meats when subjected to 86°F (30°C) for 6-12 hours.
Plate counts may increase from 5,000 per in² (790 per cm²) at slaughter to 323,000 per in² (50,000 per
cm²) at 12 hour post-slaughter when meat is held at 86°F (30°C).

Packaging
Variety meat items are packaged and packed in a multitude of ways, often to buyer specifications. As a
general rule, products over 30 lbs (13.6 kg) are packed without overwrapping in wax-coated boxes. Tento thirty-pound (4.5-13.6 kg) boxes are used for variety meats that are individually wrapped or in a polylined box.
Poly-liner bags or sheet liners can be troublesome if the film becomes folded into the frozen meat. They
do, however, provide good product protection from freezer dehydration. Therefore, when poly-liners are
used, care should be taken to assure that the bags do not become folded into the meat. Polyvinyl chloride
bags having a minimum wall thickness of 3 mils are recommended. Poly bags should be closed with a
positive seal, such as the use of a twist tie or heat seal.
The best method for protecting unfrozen variety meat against weight loss and quality deterioration during
transit and storage is vacuum packaging following a thorough wash immediately after removal from the
carcass. When protection from weight loss, off-odor, and excessive microbial growth during refrigerated
transportation is the goal and if the product is not to be displayed, freezing in polyethylene-lined boxes
may be more practical.

Boxing
The box or carton used for variety meats should be constructed of materials adequate to withstand normal
production and transportation abuse. Wet strength adhesive should be used in the construction of the
corrugated paper. Boxes should be staple-free and the inside surface should be wax coated or covered
with some other moisture resistant lining. Box size should permit a desirable net weight but not over 60
lbs (27.2 kg). Boxes containing 30 lbs (13.6 kg) of meat should be made of 200-lb (91-kg) test, waterresistant, corrugated fiber material. When 30-60 lbs (13.6-27.2 kg) are boxed, use 275-lb (125-kg) test
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material. Box style may consist of a 2-piece full telescope or 1-piece folded inter-locked box. Depth of
box should not exceed 6 inches (15 cm) in order to facilitate chilling and freezing. Box filling should
avoid bulging tops or bottoms to reduce difficulties in pallet stacking. A 0.5 inch (13 mm) head space
within the box is suggested. Either code or open dating should be printed on each box with 3/4 inch (2
cm) letters. Mark top and both ends of the box "KEEP FROZEN 0°F (-18°C) OR COLDER." Box weight
should be clearly marked and should include metric weights when for export. Bilingual titling should also
be used for export.

Packing Procedures
Packing procedures in general use are cold pack and/or hot pack. Cold pack procedure requires a welldrained product to be chilled to 36°F (2.2°C) at the geometric center. The hot pack (50-100°F or 1037.8°C) commonly used for variety meat includes boxing of well-drained, un-chilled product. Dry ice
may be used for each 10 lbs (4.5 kg) of meat and is spread throughout the box. Avoid dumping the dry ice
in a localized area. This quantity of dry ice will serve to increase the rate of chill when used with air
cooling at 28-30°F (-2.2 to -1.1°C).
A 60-lb (27.2-kg) box of hot-pack liver would represent approximately 3,612 BTUs (3,811 kJ) when the
specific heat is 0.86 BTU/lb·°F (3.6 kJ/kg·K) and the T (delta T) is 70°F (21.1°C). One pound of dry ice
pellets or snow could remove 100 BTUs (1 kg removes 233 kJ). Consequently, it would take 36 lbs of dry
ice pellets or snow to cool a 60 lb box of liver from 100 to 30°F (37.8 to -1.1°C). It is important to note
that the use of dry ice can only serve to start a rapid chill. Product not packed with dry ice should be
quickly removed from the slaughter floor to a blast chilling unit for rapid cooling.
Regardless of the packing procedure employed, product must be promptly removed to the initial chill
within 30 minutes after harvest. During worker lunch periods, work breaks, or other production
interruptions, all product in the pack-off-process should be held at 36°F (2.2°C) or colder. Staggering
lunches and breaks may be a suitable alternative to assure temperature control at all times.

Box Marking
Each packed box should be clearly marked with pack date and shift in cryptic or open code as preferred.
The markings should be 3/4 inch (2 cm) minimum height and located on the same end panel as the USDA
inspection legend. Code dating will assist in product rotation during storage. The general storage life of
frozen variety meats is 2-9 months depending upon the class of animal, microbial load, rapidity of
handling, and composition of the particular type meat. See Tables 1 and 2.
Additional information on palletizing boxed meat is located elsewhere in this manual, under Meats,
Frozen.

Freezing
Meat products begin a process of deterioration immediately after being removed from the carcass. The
rate of deterioration can be controlled by expeditious reduction of product temperature to 0°F (-18°C) or
colder. The first 30 minutes after harvest is the most critical period. Therefore, all variety meat products
should be moved from the harvest area within 30 minutes after being removed from the carcass and
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placed in a blast chill or freezer to start the chilling cycle. A good practice would be to reduce the internal
temperature to:
•

40°F (4.4°C) or colder within 15 hours after harvest

•

28°F (-2.2°C) or colder within 60 hours after harvest

•

0°F (-18°C) or colder within 120 hours after harvest

These time/temperature requirements may be accomplished through the use of a cooler at 28-36°F (-2.2 to
2.2°C) when the air circulation over the product is 500 ft²/min (152 m/min). The blast freezer should be
over-rated at -25°F (-31.7°C) with air circulation at 500-1000 ft²/min (152-305 m/min). Place all
palletized product within the blast freezer so that air flow through the spacers is not interrupted. The
product temperature should be 0°F (-18°C) or colder within 120 hours after being removed from the
carcass.
The blast freezer capacity along with the total load, product temperature, product flow, pallet
characteristics, temperature, and air flow will all influence the rate of freezing. It is recommended that the
smaller hot-packed boxes be frozen to 0°F (-18°C) within 72 hours and the large hot-packed boxes in 120
hours. Comparable palletized cold pack (40°F/4.4°C or less) product should be frozen to 0°F (-18°C) in
72 hours. Each firm is encouraged to conduct studies using thermocouples placed in the geometric center
of the palletized boxes to determine the time, temperature, and uniformity of freezing within the freezer
for each package character and size. WFLO also provides a computer program to estimate the time it
takes to freeze product to a given temperature.

Storage Life
There is very limited information available on the 0°F (-18°C) storage life of animal variety meats. A few
studies have been conducted on the microbial composition of liver, heart, tongue, kidney, lung, and
esophagus with specific reference to Salmonella. Other studies were concerned with packaging type and
weight losses of frozen offal. Even though the export of variety meats throughout the world is a large
business, very little research data are available on these products. One of the most important features
governing 0°F (-18°C) storage life of variety meat is cooling and draining the products prior to packaging.
Vacuum packaging appears to extend the shelf life of chilled variety meat. However, studies are not
available on the improved shelf life compared to poly wrapped items.
Despite the lack of storage information on variety meats, it is clear that rapid freezing of variety meats is
very important in maintaining product quality. However, extremely rapid freezing may cause problems of
weight loss during thawing along with loss of color. Because research data are not available, the
commercial industry has practiced a variety of systems for handling, packaging, and freezing variety
meats. For example, it has been suggested that brain and kidney should be slow frozen while cheek meat,
lip, snouts, head meat, and weasand are best fast-frozen. This points out that the chemical and physical
composition of each variety meat is unique and different, and each may require different freezing
conditions to provide the most suitable quality.
General commercial practice suggests that one may store variety meat without wrapping or packaging in a
box for 2-3 months, while keeping a similar product 4-5 months if loosely poly wrapped and 8-9 months
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when vacuum-packaged. It appears that, with adequate packaging, most variety meats can be kept at 0°F
(-18°C) for 12 months.
Lack of research data has caused industry wide variation in the recommended handling and storage of
variety meat and further serves to indicate a need for research information specifically designed to study
the most suitable freezing method and storage life of each product type. Storage life data presented in
Tables 1 and 2 are estimates based on eleven industry reports of Good Manufacturing Practices (GMP).
No original research reports have been found to substantiate the presented data.
TABLE 1, Chilled and Freezer Storage Life (Polylined Box)
Not Based on Research Data
Beef

Pork
Chilled
32°F
(0°C)

Frozen
0°F
(-18°C)

Chilled
32°F
(0°C)

Frozen
0°F
(-18°C)

Days

Months

Days

Months

Liver

5

3

Liver

7

4

Tongue

5

6

Tongue

7

5

Intestines (Ined)

5

3

Kidney

7

6

Intestines (Large)

5

3

Lung

8

6

Oxtail

8

6

Pancreas

6

4

Brain

5

3

Feet

7

6

Kidney-Edible

7

4

Tail

7

6

Sweetbreads

6

3

Ear

7

6

Leg Tendon

8

6

Chitterlings

5

6

Tripe (Honeycomb)

5

6

Spleen

7

5

Tripe (Scalded)

5

6

Cheek Meat

8

6

Heart

8

6

Snout

7

6

Head Meat

8

6

Heart

8

6

Cheek Meat

8

6

Oxlip

5

6

Weasand

5

6

Trachea

8

Gullet

Lamb

6

Chilled
32°F
(0°C)

Frozen
0°F
(-18°C)

8

6

Days

Months

Spleen

7

5

Liver

7

4

Lung

8

6

Tongue

7

6

Salivary Gland

8

5

Kidney

7

4

Pancreas

6

4

Lung

8

6
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Rennet

5

4

Pancreas

6

4

Feet

7

6

Spleen

7

4

Kidney-Pet Food

7

6

Heart

8

6

TABLE 2, Storage Life in Months, Frozen at 0°F (-18°C)
Not Based on Research Data
BEEF

Naked

Poly Wrapped

Vacuum
Packaged

Liver

2

6

9

Tongue

2

6

9

Intestine (Ined)

2

6

8

Intestine (L)

2

6

8

Oxtail

2

6

9

Brain

2

4

8

Kidney-Edible

2

6

9

Sweetbreads

2

4

8

Leg Tendon

2

6

9

Honeycomb Tripe

2

6

9

Scalded Tripe

2

6

9

Heart

2

6

9

Head Meat

2

6

9

Cheek Meat

2

6

8

Oxlip

2

6

8

Weasand

2

6

8

Trachea

2

6

8

Gullet

2

6

8

Spleen

2

6

8

Lung

2

6

8

Salivary Glands

2

6

8

Pancreas

2

6

8

Rennet

2

6

8

Feet

2

6

8

Kidney-Pet Food

2

6

8

LAMB
Liver

2

6

8

Tongue

2

6

8
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Kidney

2

6

8

Lung

2

6

8

Pancreas

2

4

8

Spleen

2

6

8

Heart

2

6

8

PORK
Liver

2

6

8

Tongue

2

6

8

Kidney

2

6

8

Lung

2

6

8

Pancreas

2

4

6

Feet

2

6

8

Tail

2

6

8

Ear

2

6

8

Chitterlings

2

6

8

Spleen

2

6

8

Cheek Meat

2

6

8

Snout

2

6

8

Heart

2

6

8

WFLO is indebted to Dr. Joe Sebranek, Iowa State University, for the review and revision of this topic.
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Melons and Cantaloupes
Revised 2008

Thermal Properties
Honeydew
English

Metric

Moisture, %

89.66

--

Protein, %

0.46

--

Fat, %

0.10

--

Carbohydrate, %

9.18

--

Fiber, %

0.60

--

Ash, %

0.60

--

Specific Heat Above Freezing

0.94 Btu/lb*°F

3.92 kJ/(kg*K)

Specific Heat Below Freezing

0.44 Btu/lb*°F

1.86 kJ/(kg*K)

129 Btu/lb

299 kJ/kg

Latent Heat of Fusion

Watermelon
English

English

Moisture, %

91.51

91.51

Protein, %

0.62

0.62

Fat, %

0.43

0.43

Carbohydrate, %

7.18

7.18

Fiber, %

0.50

0.50

Ash, %

0.26

0.26

Specific Heat Above Freezing

0.95 Btu/lb*°F

0.95 Btu/lb*°F

Specific Heat Below Freezing

0.42 Btu/lb*°F

0.42 Btu/lb*°F

132 Btu/lb

132 Btu/lb

Latent Heat of Fusion

Casaba
English

Metric

Moisture, %

92.00

--

Protein, %

0.90

--

Fat, %

0.10

--

Carbohydrate, %

6.20

--
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Fiber, %

0.80

--

Ash, %

0.80

--

Specific Heat Above Freezing

0.95 Btu/lb*°F

3.99 kJ/(kg*K)

Specific Heat Below Freezing

0.45 Btu/lb*°F

1.87 kJ/(kg*K)

132 Btu/lb

307 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature

Relative
Humidity

Storage
Period

Freezing Point

°F

°C

%

Weeks

°F

°C

Cantaloupes

35-40

2-4

90-95

2-3

30

-1

Casaba Melons

45-50

7-10

90-95

4-6

30

-1

Crenshaw Melons

45-50

7-10

90-95

2

30

-1

Orange-Flesh Melons

45-50

7-10

90-95

1-2

30

-1

Honeydew Melons

45-50

7-10

90-95

2-3

30

-1

Persian Melons

45-50

7-10

90-95

2

31

-0.5

Watermelons

50-60

10-26

90-95

2-3

30

-0.5

It should be noted that riper melons can be stored at the lower temperature.
Most melons are cold-sensitive, especially near 32°F (0°C). Chilled melons show surface discoloration, ripen
unevenly, develop pits, and are off-flavored. For cold-sensitive melons listed, the higher the sugar content or
maturity, the less chill sensitive.
Melons with suggested storage temperatures of 45-50°F (7-10°C) should never be allowed to cool below 40°F
(4.4°C), because exposures of a few days can result in chilling injury. Treating Honeydew melons with ethylene at
warm temperatures before storage initiates ripening and reduces their chilling sensitivity, and thus they can be stored
at 37-41°F (2.5-5°C). Alternatively, harvesting Honeydew melons at a higher stage of maturity (11.0% soluble
solids instead of the required minimum 10%) allows the melons to tolerate low storage temperatures without causing
chilling injury.
Hot water dips (135-140°F = 57-60°C for 3 minutes) can be effective for decay control on cantaloupe melons.
Improved sanitation is needed if plastic film bags or liners are used in storage at 40°F (4.4°C). Modified
atmospheres containing 10-15% CO2 are beneficial to cantaloupes and other melons.
Watermelons should not be exposed to ethylene or to products that produce substantial amounts of ethylene such as
bananas, apples, pears, or cantaloupes, as it hastens softening and development of off-flavor. Watermelons should be
moved to consumers within 2-3 weeks after harvest because of the loss of sweetness and crisp flesh texture. All
melons should be inspected before acceptance for storage.

Diseases of Melons
Alternaria Rot

Often follows sunscald and chilling injury. Irregular, circular, small russet or
chestnut-brown spots, either in rind only or extending into the flesh as a

Melons and Cantaloupes

2

WFLO Commodity Storage Manual
grayish-black, moist, spongy mass that can be lifted from the healthy flesh. Later
covered with velvety, black mold.
Control: For cantaloupes, refrigerate between 35 and 40°F (2 and 4.4°C). For
other melons, do not expose to temperatures below 45°F (7°C), or disease will
become more serious when melons are removed from storage, except
Honeydew melons that have been treated with ethylene.

Anthracnose

First green and water-soaked spots, later turning reddish-brown and definitely
sunken. Flesh of melons near diseased portions has a bitter taste. Finally pink
spore masses show up. On young watermelon fruit, small, depressed black
spots, circular raised welts in rind, later with brown, sunken centers and may
produce pink spore masses.
Control: Selection of resistant varieties and field sanitation. Prompt cooling and
refrigeration since disease does not develop under 50°F (10°C).

Not of great importance except on ripe melons or those stored for some time or
mechanically damaged. Occurs as secondary invader often on Honeydew, after
Penicillium Blue
low temperature injury. Characteristic light-blue or light-green spore masses.
Mold Rot
Control: Adequate refrigeration and avoidance of long storage.
Most often on Honeydew and Orange-flesh melons, less so on cantaloupes.
Small, black, shallow spots later covered with a velvety-green mold. Usually at
the stem scar of cantaloupes. Resembles Alternaria rot, but is distinguished by
Cladosporium
presence of dark green mold, later turning black, by shallow nature of decay and
Rot
by absence of brown colors in light-skinned types.
Control: Similar to Alternaria rot.
Brown areas on light-colored melons, white or pink mold with spongy, soft
diseased tissues.
Fusarium Rot
Control: Avoid mechanical injuries and promptly refrigerate to proper storage
temperature.

Phytophthora
Rot

Primarily on Honeydew melons but also on cantaloupes. Brown, slightly sunken
areas later water-soaked and covered with a dirty-white felt-like mold. Diseased
flesh, although practically normal in color, has slightly sour taste. Skin loosens
and forms blisters.
Control: Remove all melons showing disease and refrigerate promptly.

Rhizopus Soft
Rot

Softening and water-soaking of diseased tissues, with slightly sour odor and
taste. If diseased tissues are pulled apart, coarse fungus filaments can be seen.
Control: Avoid bruising and injuring melons; refrigerate promptly.
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Diseases of Watermelons
Anthracnose
Myco Sphaerella
Black Rot

See above.
Sometimes causes blossom and stem end rot. Water-soaked, turning black, firm
and with large numbers of little black bodies on the rind.
Control: Careful handling at all stages and holding watermelons at 50°F (10°C)
tends to prevent or retard black rot.

Similar in symptoms. Initially water-soaked, finally appearing chocolate-brown
with flabby diseased tissues. Pythium-rotted tissues have marshy odor,
Pythium Rot and
phythophthora-rotted tissues have slightly sour odor and taste and show
Phytophthora
concentric rings on rind. May spread rapidly from fruit to fruit in a load or bin.
Rot
Control: Holding watermelons at 50°F (10°C) retards the spread of the fungus.
Attacks through wounds or follows other decay invaders. Softening and watersoaking of stem end tissues, becoming brown and shriveled.
Stem End Rot

Control: Field and packing plant sanitization. Maintain proper storage
conditions since it is primarily a rot which becomes well established before
storage.

Physiological Disorders

Chilling Injury

Reddish-tan patches on surface or a general "smoking" appearance of fruit rind;
may be slightly sunken in severe cases; increased decay after transfer from
storage temperature to higher temperatures.
Control: Avoid prolonged exposure to lower than recommended temperatures.

Ground Spot

Avoid storing cantaloupes and other melons with large ground spots. This area
will darken during storage and also lose moisture rapidly.

Pale to bright yellow patches on the surface sometimes associated with
Solar Yellowing exposure of the fruit to the sun. Has no adverse effect on edible quality.
(Honeydews)
Control: Good cover of vines reduces exposure to sun.
Solar Damage
(Cantaloupes)

Sugar Cracks
(Honeydews)

Depending on sun exposure, areas can be sunken or remain dark green.
Control: Good leaf cover during ripening.
Raised corky welts on strands are a rudimentary net, similar to that on
cantaloupes. They have no adverse effect on eating quality. They are indicative
of riper fruits.
Control: None needed but fruit may be too ripe for commercial shipments;
these areas develop decay during storage.

Vein Tract

The smooth bands that separate the well-netted portions of some cantaloupes
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Browning
(Cantaloupes)

turn tan to dark brown. Condition is a symptom of aging and water loss, and
detracts from appearance.
Control: Prompt refrigeration
temperatures near 32°F (0°C).

to

recommended

temperatures;

avoid

Freezing
Cantaloupes and all melons are frozen as fruit cocktail items either as individuals or mixtures. Soft-ripe
freeze best, but they do lose some of their crispness because of freezing. Most packs have 30-50% sugar
syrup added for sweetening. A limited quantity is frozen as "melon balls," having a diameter of 0.75 to
1.0 inches (2 to 2.5 cm).
WFLO is indebted to Dr. Marita Cantwell, Department of Vegetable Crops, University of California at Davis, for reviewing and
revising this release.
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Milk, Condensed and Evaporated
Revised 2008

Thermal Properties
Canned, condensed, sweetened

Evaporated

English

Metric

English

Metric

Moisture, %

27.16

--

74.04

--

Protein, %

7.91

--

6.81

--

Fat, %

8.70

--

7.56

--

Carbohydrate, %

54.40

--

10.04

--

Fiber, %

0.0

--

0.0

--

Ash, %

1.83

--

1.55

--

Specific Heat Above Freezing

0.56 Btu/lb*°F

2.35 kJ/(kg*K)

0.85 Btu/lb*°F

3.56 kJ/(kg*K)

Specific Heat Below Freezing

--

--

0.50 Btu/lb*°F

2.08 kJ/(kg*K)

39 Btu/lb

91 kJ/kg

106 Btu/lb

247 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature
Storage Period
Relative Humidity
Freezing
Point

70°F
(21°C)

50°F
(10°C)

40°F
(4°C)

32°F
(0°C)

A few weeks

A few
months

6-12 months

1 year+

controlled by gas-tight packaging

Sweetened Condensed Milk

5°F
(-15°C)

Evaporated Milk and
Unsweetened Condensed Milk

29.5°F
(-1.4°C)

Condensed Milk
Condensed milk products are produced by evaporation of water from milk or modified milk. Modified
milk includes milk that has been altered with respect to the proportion of normal components, milk in
which one or more of the normal components has been removed or replaced with another constituent,
such as the removal of milk fat to produce skim milk and substitution of vegetable fat for milk fat, or milk
to which new chemicals such as salts or sweeteners have been added.
Unsweetened whole, part-skim, or skim milk should be stored under refrigeration at temperatures of less
than 50°F (10°C). Temperatures at or slightly above 32°F (0°C) will result in better retention of quality
Milk, Condensed and Evaporated
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than a temperature of 50°F (10°C). Temperatures should be reasonably constant to minimize growth and
separation of lactose crystals. Freezing is not desirable since excessive lactose crystallization will occur
and the resulting crystals are difficult to redissolve following thawing. Storage temperatures above 60°F
(15°C) should be avoided since undesirable changes, such as a darkening in color and proteolysis, will
occur relatively rapidly.

Sweetened Condensed Milk
Sweetened condensed milk is a defined product consisting of 28.5% total milk solids, 8.5% milk fat and
42% sugar. This product is thermally processed and sold in a canned form. Other sweetened condensed
products containing milk are custom-processed for use in confectionery, bakery, and other food products.
They vary in composition by specification and are made by combining sweeteners, butterfat, vegetable
and other animal fats, and normal or modified milk solids-non-fat, the latter ranging in concentration from
15 to 28%. The products differ in concentration of total solids and sweetener, and vary from viscous to
highly viscous. Bulk products are thermally processed and sufficiently concentrated to ensure short-term
stability. These products can be transported in tank trucks or packaged in 55-gal (208-L) steel drums, 5gal (19-L) pails, or smaller 6- and 14-oz (170- and 400-g) cans.

Evaporated Milk
Evaporated milk is obtained by concentrating whole milk to approximately half its original volume. The
U.S. Food and Drug Administration (FDA) Standard of Identity requires this product to contain a
minimum of 7.5% milk-fat and 25.0% total milk solids. When this product is canned and sterilized it is
considered non-perishable. However, changes in physical properties may occur when the product is stored
for extended periods at temperatures above 60°F (16°C). These changes may include a change in
viscosity, separation of fat or other solids, and darkening. The FDA Standard of Identity allows the
addition of stabilizers such as carrageenan which delay separation of fat and other solids. When added,
such milk can be stored at 60-65°F (16-18°C) up to 6 months without significant change. Evaporated milk
is packed in 5.3 fl. oz (158 mL) and 13 fl. oz (384 mL) cans for consumer use and in No. 10 cans for
institutional trade.

Evaporated Skim Milk
Evaporated skim milk is obtained by concentrating skim milk to a point where it contains a minimum of
20% total milk solids and not more than 0.5% fat. The resulting product is canned and sterilized. This
product should be stored at a temperature of less than 60°F (16°C).

WFLO is indebted to Dr. Charles H. White, Food Science and Technology, Mississippi State University, Mississippi, for the
review and revision of this topic.
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Milk, Non-Fat Dry
Revised 2008

Storage Conditions
100°F
(38°C)

70°F
(21°C)

40°F
(4°C)

0°F
(-18°C)

60%

2 Months

5 Months

10 Months

20 Months

40%

5 Months

9 Months

15 Months

30 Months

Canned (vacuum)

10 Months

15 Months

30 Months

--

Relative Humidity

Dehydrated skim milk, which is legally defined as non-fat dry milk in the United States, is produced in
vast quantities and serves as a highly nutritional ingredient in many foods and feeds. A 4-oz. (113-g)
portion is expected to supply more than half of the U.S. recommended daily dietary allowance of all
nutrients involved in nutrient labeling except for vitamins A and C. Of all the nutrients contained,
undoubtedly protein is the most important, since casein, the primary milk protein, has excellent nutritive
value and is a reference protein used to evaluate nutritive value of other proteins. However, the nutritive
value of casein can be significantly damaged if the storage temperature is too high or excessive amounts
of water vapor are present. Thus, to retain nutritive value of milk solids, the product must be stored at low
temperature and packaged to minimize penetration of water vapor. Non-fat dry milk should be packaged
in materials no less protective than 50-100 weight Kraft paper bags with polyethylene liners. Water vapor
permeability should not exceed 0.35 gram per 100 square inches (645 cm2) at 100°F (38°C) and 90%
relative humidity.

Mold Growth on Bags of Non-Fat Dry (NFD) Milk Powder
A problem of mold growth on lower bags of NFD milk powder, especially in spring and early summer,
prompted the Agricultural Stabilization and Conservation Service of the United States Department of
agriculture (USDA) to issue a warning about this potential problem in March 1985. The release contained
the following information:
Cause: Most NFD milk is stored in unheated buildings in the northern part of the country. The floors,
floor pallets, and lower bags of NFD milk are cold, remaining so until they gradually warm as the weather
changes. Problems arise when warm humid air of spring and early summer replaces the cold dry air of
winter. The floors, pallets, and lower bags "sweat" as moisture condenses and the conditions for mold
growth become quite favorable.
Prevention: Warehousemen should inspect their warehouses and the NFD milk every day as warmer
humid weather arrives. Use a good strong light to examine the floors, lower bags, and between upper and
lower boards of floor pallets for moisture and mold. Good ventilation, forced air circulation, heating, and
dehumidification may be used to reduce moisture and prevent mold. Large portable fans mounted close to
the floor can be used. Discretion should be used with vent fans, especially if the outside humidity is much
Milk, Non-Fat Dry
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higher than the inside humidity. Dry outside air can be circulated through the warehouse when outside
humidity is low.
Liability: Warehousemen should be aware that losses from mold contamination of CCC owned
commodities, if caused by negligence and/or inaction of the warehouseman, will be for the
warehouseman's account. If a moisture or mold problem is detected in your facility, advise the Kansas
City Commodity Office immediately. Your losses could be mitigated by prompt notification and
corrective action.

WFLO is indebted to Dr. Charles H. White, Food Science and Technology, Mississippi State University, Mississippi, for the
review and revision of this topic.
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Mistletoe
Revised 2008

Storage Conditions
Temperature
Relative Humidity

32°F
(0°C)
85-90%

Storage Period

3-4 weeks

Freezing Point

25°F
(-3.9°C)

Mistletoe is perishable like many foliage plants, and refrigeration as low as 32°F (0°C) is highly desirable
to maintain good appearance. Even a 50°F (10°C) storage temperature is much superior to 70°F (21°C).
Loss of moisture, as evidenced by shriveling, is one of the main causes of deterioration. Decay of leaves
or berries is another cause of deterioration, especially when they have been severely damaged during
handling or held at a high temperature without sufficient ventilation.
Mistletoe will keep best if packaged in moisture-retentive film bags or cartons with perforations for
ventilation. If packages are not properly ventilated, the leaves and branches with their berries may fall off,
leaving a naked stem. Leaf abscission is more severe at warm temperatures and with relative humidity
approaching 100% in sealed bags than in perforated bags held at lower temperatures. Moisture loss
becomes visually apparent as slight shriveling of stems, leaves, and berries, when it exceeds 5%. When
the moisture loss reaches 10-15%, the shriveling becomes serious. While mistletoe probably can be sold
and used even after it is slightly shriveled, it is much more attractive when the leaves and stems are fresh
and green and the berries white and firm.
Berry and leaf abscission and decay of packaged mistletoe are much worse at warm temperatures
encountered in marketing than at temperatures of 45°F (7°C) or below. Research has shown that Dithane
M-45, Botran, or Hyamine 3500, each at 2000 ppm in combination with alpha naphthalene acetic acid at
20 ppm, will effectively control decay and berry and leaf abscission for 2 weeks at 75°F (24°C). From a
strictly legal standpoint, the labels of the three fungicides, Dithane M-45, Botran, and Hyamine 3500,
should be checked to determine if they are registered for use on minor crops such as mistletoe. Abscission
of berries and leaves is stimulated by exposure to low concentrations of ethylene. Recently it was reported
that addition of silver thiosulfate to vase water and absorption by the stems prevented the harmful action
of ethylene.
The principal fungi likely to be encountered in handling mistletoe are Rhizopus, Aspergillus, Alternaria,
and Cladosporium spp.

WFLO is indebted to Dr. Michael S. Reid, University of California, Davis, for the review and revision of this topic.
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Mushrooms
Revised 2008

Thermal Properties
English

Metric

Moisture, %

91.81

--

Protein, %

2.09

--

Fat, %

0.42

--

Carbohydrate, %

4.65

--

Fiber, %

1.20

--

Ash, %

0.89

--

Specific Heat Above Freezing

0.95 Btu/lb*°F

3.99 kJ/(kg*K)

Specific Heat Below Freezing

0.44 Btu/lb*°F

1.84 kJ/(kg*K)

132 Btu/lb

307 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature

Storage Period

Relative Humidity

0-1.1

3-5 days

87-92%

32-34

0-1.1

5-8 days

87-92%

32-38

0-3.3

6-8 weeks

4.5 to 5.0 lb. plastic
pails w/tight lids

Frozen

0 to -10
-10 to -20

-18 to -23
-23 to -29

3 months
6 months

Vapor-proof packaging

Canned

70-75
40-45

21-24
4-7

1 year
2 years

30-50%

70
36

21
2.2

6 months
1 year

Preferably gas-tight
Vacuum packaging

30.4

-0.9

°F

°C

Fresh

32-34

CA Storage
Refrigerated Quick-Blanched

Dehydrated
Freezing Point

Fresh Mushrooms
Over 75% of the mushrooms grown in the U.S. are marketed fresh. Cultivated mushrooms are delicate
and discolor quickly after harvest, particularly if bruised. The addition of calcium chloride to irrigation
water used in cultivation can increase shelf life of fresh mushrooms by making tissues less susceptible to
damage by bruising. Trimming stems close to the caps also improves shelf life by delaying cap opening
Mushrooms
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and browning. Mushrooms are not ordinarily stored prior to fresh sale but should be cooled quickly after
harvest using vacuum or forced-air cooling systems and kept refrigerated for accumulation purposes
before marketing or processing. They are sometimes cold stored after the pre-processing operations just
prior to canning in order to increase canned product yield, according to research at Pennsylvania State
University.
Mushroom quality is based on maturity, size, trimming, freedom from open veils, disease, spots, insect
injury and decay. High quality requires a uniform, well-rounded cap with smooth glossy surface and fully
intact veil. The cap color should be white or dark brown, and lack of growth medium on caps and absence
of browning or other discoloration are also desirable quality factors, while visible open caps and absence
of a stipe are negative factors. U.S. grades for mushrooms include No. 1 and No. 2. Sizes range from:
Small (button), 0.75 to 1.25 inches (1.9 to 3.2 cm); Medium, 1.25 to 1.8 inches (3.2 to 4.5 cm); and Large,
1.8 inches (> 4.5 cm), measured as cap diameter. Mushrooms are commonly packed in trays or cartons
with a perforated polyethylene film over-wrap to reduce moisture loss. Water condensation inside
packages should be avoided.
Deterioration is marked by yellow to brown to black discoloration of the surfaces, dehydration, elongation
of the stems or expansion of the caps, opening of the veils, and decay. Storage at 32°F (0°C) will retard
the deterioration of tissues. If allowance is made for a marketing period of 1 day at higher temperatures
immediately after storage, mushrooms should be kept at 32°F (0°C) for only 3-5 days or at 40°F (4.4°C)
for about 2 days. When pre-cooled, mushrooms can be held for 7 to 9 days at 32 to 33.8°F (0 to 1 °C)
with 95% RH, or 3-5 days at 35.6°F (2 °C). High relative humidity (RH) is essential to prevent
desiccation and loss of glossiness. Refrigeration during transportation and display for sale is also
essential. Mushrooms can absorb odors from some other products such as green onions, and therefore
they should not be transported or displayed together.
Commercial washes containing sulfites are not legal for fresh mushrooms and do not prevent spoilage and
deterioration, but have been used in the past to give an initial attractive white appearance and extend
usage for subsequent processing. A potential new wash process developed at Penn State for fresh
mushrooms is currently under commercial development. Non-exclusive licenses are available from Penn
State University Intellectual Property Office. Moisture-retentive film over-wraps or film caps are usually
beneficial in reducing moisture loss, but increase spoilage caused by surface bacteria especially with
washed mushrooms. Such over-wraps if sealed may provide a modified atmosphere (MA). In fact, it has
been reported that controlled atmosphere (CA) storage may extend storage life at 32-41°F (0-5°C) by
retarding cap opening and inhibiting mold development. A CA atmosphere containing about 10% CO2 is
probably best, and the beneficial effect persists after mushrooms are removed to air. Reduced O2 levels
have little or no value; in fact, O2 levels of 2-5% stimulate growth according to a University of California
study. Oxygen levels below 6% are now discouraged as a safety measure to prevent the potential
outgrowth of Cl. botulinum spores in fresh market mushrooms. Film-wraps must be perforated with at
least two 1/8-in (3-mm) diameter holes per package for ventilation.

Freezing
Frozen mushrooms are prepared as slices and stems, buttons, or large whole pieces. The most important
step is speed, from the time fresh mushrooms are received at the freezer plant until they are fully frozen.
A rapid freezing rate is essential. One processor aims for a center temperature of -10°F (-23°C) to be
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reached in 3-5 minutes in diced or in 20 minutes in whole mushrooms. Because such rates are difficult to
obtain in the freezing of packaged mushrooms, individual quick freezing (IQF) is recommended to obtain
a high-quality frozen mushroom. Mushrooms have been successfully frozen on a semifluidized belt,
approximately 1 layer deep for caps and 4-5 layers deep for diced. Both liquid nitrogen and powdered dry
ice have also been successfully used to freeze mushrooms rapidly. Mushrooms packed in pouches for
boil-in-bags may be first individually quick frozen and then filled into the bag, or they may be filled in the
unfrozen state. The latter technique is considered less desirable. In either case a sauce may be added, the
bag sealed and placed in a carton, and the freezing completed in a plate freezer. Vacuum packaging of
mushrooms is desirable in order to eliminate discoloration from oxidation. A sauce coating may serve the
same purpose. Mushrooms are particularly sensitive to the time-temperature relationship in storage and
will darken rapidly in frozen storage at temperatures above 0°F (-18°C) if not blanched during processing.
Since blanched mushrooms toughen extensively after freezing, blanching is usually avoided. Browning of
un-blanched mushrooms during frozen storage can also be controlled by the Penn State wash process
without the use of sulfites.

Canning
Over 4 million cases of canned mushrooms are consumed in the U.S. annually. About 75% of the pack is
in the form of pieces and stems packed in tins, with about 10% each packed as buttons or sliced. Less than
10% of the total is packed in glass, usually as whole or sliced buttons. Some marinated mushrooms are
packed in glass as well. Because of the substantial heat processing required, canned mushrooms are not
white but usually a light gray or tan. Speed of handling and processing and acidification help retain a
lighter color and improve firmness. Use of vacuum hydration prior to blanching increases canned product
yield and improves color according to research at Pennsylvania State University.

Dehydration
Dehydration of mushrooms has been practiced for many years, with the dehydrated product being used
primarily as a condiment so that the inevitable dark-brown color was not detrimental. With the advent of
freeze-drying, dehydrated mushrooms of excellent quality became possible. A part of the frozen
mushroom pack is now being used for freeze-drying. To maintain original quality, freeze-dried
mushrooms should be packed in an oxygen-free atmosphere and, if held for more than just a few months,
at cooler temperatures.

WFLO is indebted to Professor Robert B. Beelman, Food Science Department, Pennsylvania State University, University Park,
Pennsylvania, and Dr. Elhadi Yahia, Universidad Autonoma de Queretaro, for the review and revision of this topic.
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Nectarines
Revised 2008

Thermal Properties
English

Metric

Moisture, %

86.28

--

Protein, %

0.94

--

Fat, %

0.46

--

Carbohydrate, %

11.78

--

Fiber, %

1.60

--

Ash, %

0.54

--

Specific Heat Above Freezing

0.92 Btu/lb*°F

3.86 kJ/(kg*K)

Specific Heat Below Freezing

0.45 Btu/lb*°F

1.90 kJ/(kg*K)

124 Btu/lb

288 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature

31-32°F (-0.5 to 0°C)

Highest Freezing Point

30.4°F (-0.9°C)

Relative Humidity
Storage Period

90-95%

4-6 weeks depending on variety

In general, current nectarine cultivars are less susceptible to internal breakdown, including flesh browning
and mealiness, or chilling injury (CI) than current peach cultivars. In most of the cases, flesh bleeding is
not an internal breakdown (IB) symptom. All nectarines should be pre-cooled quickly after harvest to
temperatures lower than 36°F (2.2°C). Forced air cooling is one of the most common cooling method,
although hydro-cooling is very common in some areas. Good sanitation practices are very important
during pre-cooling, packing, and storage of nectarines.
Modern nectarine cultivars can be stored at least 6 weeks at 32°F (0°C) and maintain acceptable exterior
and interior appearances and flavor. Cultivars not susceptible to CI store well for at least 3 weeks at 41°F
(5°C). In CI susceptible cultivars, with longer storage, the exterior does not change but the flesh becomes
dry and brown. In highly CI susceptible cultivars, flesh mealiness and browning may occur within 1-2
weeks storage at 41°F (5°C) which makes this a very undesirable storage temperature for nectarines.
Shifting fruit to 41°F (5°C) after storage for 1 or 2 weeks at 32°F (0°C) is also undesirable, as it results in
fruit with severe CI and poor flavor. CI in these fruits may be as severe as in fruit stored continually at
41°F (5°C). Internal disorders caused by improper storage often are not apparent until nectarines are
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examined after ripening at 65°F (18.3°C) or above. No CI develops at 50°F (10°C) or greater, but that
temperature is unsatisfactory because of rapid flesh softening, water loss, and decay development.
Shriveling may be a problem in storing nectarines if care is not taken to maintain low temperature and
high relative humidity. Shriveling becomes visible with a weight loss of 6-8%. This problem has been
reduced by picking earlier in the day, short cooling delay, fast cooling, waxing, careful control of the
temperature, air velocity, and relative humidity during storage.
The possibility of using controlled atmosphere (CA) to extend storage has been investigated. The major
benefits of CA (1-2% O2 + 5% CO2) during storage/shipment are retention of fruit firmness, color
changes, and limited control of CI. 10% O2 + 10% CO2 are sometimes used for reduction of CI during
storage/shipment. Oxygen levels below 1% and CO2 levels above 15% should be avoided because of
associated development of off-flavors or skin brown discoloration and pitting development. The use of
postharvest fungicide/waxing application is essential to extend post-harvest life.
The storage and market diseases of nectarines and their control are described and illustrated in USDA
Agricultural Handbook No. 414 issued in 1972. Brown rot is the most important disease of nectarines
after harvest. Rhizopus rot is second only to brown rot as the most important market disease of nectarines.
Infections occur primarily through wounds, so careful handling is important. Short delay cooling and
refrigerated storage near 32°F (0°C) is the primary control measure for Rhizopus rot. This fungus will not
grow below 45°F (7°C).
WFLO is indebted to Dr. Carlos H. Crisosto, Plant Sciences Department, stationed at Kearney Agricultural Center, University of
California, Davis, for the review and revision of this topic.
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Nuts and Nutmeats
Revised 2008

Thermal Properties
Almonds

Filberts

English

Metric

English

Metric

Moisture, %

4.42

--

5.42

--

Protein, %

19.95

--

13.04

--

Fat, %

52.21

--

62.64

--

Carbohydrate, %

20.40

--

15.30

--

Fiber, %

10.90

--

6.10

--

Ash, %

3.03

--

3.61

--

Specific Heat Above Freezing

0.53 Btu/(lb*°F)

2.20 kJ/(kg*K)

0.50 Btu/(lb*°F)

2.09 kJ/(kg*K)

Specific Heat Below Freezing

--

--

--

--

6 Btu/lb

15 kJ/kg

8 Btu/lb

18 kJ/kg

Latent Heat of Fusion

Peanuts, raw

Peanuts, dry roasted with salt

English

Metric

English

Metric

Moisture, %

6.50

--

1.55

--

Protein, %

25.80

--

23.68

--

Fat, %

49.24

--

49.66

--

Carbohydrate, %

16.14

--

21.51

--

Fiber, %

8.50

--

8.00

--

Ash, %

2.33

--

3.60

--

Specific Heat Above Freezing

0.53 Btu/(lb*°F)

2.23 kJ/(kg*K)

0.50 Btu/(lb*°F)

2.08 kJ/(kg*K)

Specific Heat Below Freezing

--

--

--

--

9 Btu/lb

22 kJ/kg

2 Btu/lb

5 kJ/kg

Latent Heat of Fusion
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Pecans

Walnuts, English

English

Metric

English

Metric

Moisture, %

4.82

--

3.65

--

Protein, %

7.75

--

14.29

--

Fat, %

67.64

--

61.87

--

Carbohydrate, %

18.24

--

18.34

--

Fiber, %

7.60

--

4.80

--

Ash, %

1.56

--

1.86

--

Specific Heat Above Freezing

0.52 Btu/(lb*°F)

2.17 kJ/(kg*K)

0.50 Btu/(lb*°F)

2.09 kJ/(kg*K)

Specific Heat Below Freezing

--

--

--

--

7 Btu/lb

16 kJ/kg

5 Btu/lb

12 kJ/kg

Latent Heat of Fusion

Storage Conditions
Nuts and nutmeats should be stored in the following conditions:
•

Clean, dry room

•

Air free of odors

•

Relative humidity low

•

Provision for air circulation

•

No contact with ammonia gas

•

Separate from odoriferous commodities

•

Tempering facilities, from freezer storage

•

Rodent and insect protection

•

Eliminate moldy nuts

It should be noted that unshelled nuts will store for about twice as long as shelled nuts, but most nuts are
shelled to reduce the weight and space by about one half. Shelled nuts absorb moisture and flavors
readily, stale easier, and consequently require good packaging and more careful handling.
Temperature
°F

Relative Humidity %

Expected Storage Life

°C
Almonds

In shell
Shelled
Vacuum or gas pack
Frozen

32-45
32
32-50
0

0-7
0
0-10
-18

60-75
60-75
*
**

1 year or more
1 year
1 year or more
1 year or more

Brazil Nuts
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In shell
Shelled
Vacuum or gas pack
Frozen

32-40
32
32-40
0

0-4
0
0-4
-18

65-70
65-70
*
**

1 year
6 months or more
1 year
1 year or more

65-70
*
**

1 year
1 year or more
1 year or more

65-70
65-70
**

1 year
1 year
1 year or more

Cashew Nuts
Shelled
Vacuum or gas pack
Frozen

32-40
32-40
0

0-4
0-4
-18
Chestnuts

In shell
Shelled
Frozen

32-45
32-34
0

0-7
0-1
-18

Filberts (Hazelnuts)
In shell
Shelled
Vacuum or gas pack
Frozen

25-45
32
32-40
0

-4 to 7
0
0-4
-18

60-70
60-70
*
**

1 year or more
1 year
1 year
1 year or more

65-70
65-70
*
**
*
*

1 year or more
1 year
1 year
1 year or more
3 months
6 months

65-75
65-70
*
**

1 year
1 year
1 year or more
2 years or more

65-75
65-70
*
**

1 year
1 year
1 year or more
3 years

65-70
65-70
*
**
*
*

1 year
1 year
1 year or more
3 years
3 months
6 months

Macadamia Nuts
In shell
Shelled
Vacuum or gas pack
Frozen
Blanched, salted

32-50
32
32-40
0
32-50
0

0-10
0
0-4
-18
0-10
-18
Pecans

In shell
Shelled
Vacuum or gas pack
Frozen

32-50
32
32-50
0

0-10
0
0-10
-18
Peanuts

In shell
Shelled
Vacuum or gas pack
Frozen

32-50
32
32-50
0

0-10
0
0-10
-18
Pistachio Nuts

In shell
Shelled
Vacuum or gas pack
Frozen
Blanched, salted

32-50
32
32-40
0
32-50
0

0-10
0
0-4
-18
0-10
-18
Walnuts
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In shell
Shelled
Vacuum or gas pack
Frozen

32-40
32
32-40
0

0-4
0
0-4
-18

70-75
70-75
*
**

1 year
1 year or more
2 years or more
2 years or more

* Relative humidity does not affect storage stability of nutmeats vacuum or gas packed, but should be
70% or lower to prevent rusting of metal containers.
** Relative humidity need not be controlled for nutmeats in freezer storage. The RH resulting from
standard operating procedure is satisfactory.
*** Separate rooms are not necessary if nutmeats are packed in tin, glass, or moisture-proof containers or
if pallets are stretch wrapped.
Like all other foods, nutmeats lose quality in storage. The lower the storage temperature, the longer their
good quality is retained. Following is the relative good quality storage life at various temperatures for
pecans and peanuts. The time-temperature relationships are also approximate for other nutmeats.
Relative Storage Life, at Various
Temperatures, of Nutmeats in the Shell
Temperature

Pecans

Peanuts

°F

°C

Months

Months

70

21

4

6

50

10

9

9

32

0

18

24

0

-18

24

48

All nuts are artificially or sun and air dried after harvesting. At the time of harvesting, most nuts have 20
to 50% moisture by weight. With this moisture content, molds will grow on the surface of the shells and
inside on the nutmeats. By circulating warm air over and through the nuts, or by drying them in the sun,
the moisture content is usually reduced to less than 10% by weight. In some cases it is desirable to reduce
the moisture content below 5% for safe storage. The shell is porous; with this low moisture content,
molds will not grow.
Nuts having moisture content above 10% should be stored at relative humidity of 60% or less, particularly
if storage temperature is about 40°F (4.4°C). If stored at 0°F (-18°C), moisture content is well below 10%
and relative humidity (RH) may be permitted to rise to 75-80% or the actual freezer RH.
Refrigeration further retains the good quality of nuts and nutmeats by:
1. Inhibiting color changes
2. Retarding the development of rancidity
3. Delaying staleness
4. Preventing insect growth
5. Preventing growth of most molds
Nuts and Nutmeats
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Handling
Inspection of nuts and nutmeats when received at a warehouse is a must. Very few food items can have as
many things happen to them that may subsequently be the basis for a damage claim as nuts and nutmeats.
Molding and ammonia damage are the most common.
These damages can happen prior to receipt at the warehouse, and the claim can be made against the
warehouseman unless damage is identified and recorded at the time of receipt. In most cases it is
impossible after storage in a warehouse to determine whether the damage occurred prior to or after
refrigeration.
When inspecting nuts and nutmeats at the time of receipt at a warehouse, be sure to look for the
following:
This indicates that the nuts have been wet, either by condensation or other means.
Moist or damp
Mold can develop on and in the nuts unless dried by warm, circulating air before
bags
stacking in the warehouse.
Oil-soaked
cartons

This indicates that the package has an inadequate oil-proof barrier between the shelled
nutmeats and the outer container. Oil-soaked cartons turn rancid very rapidly and
transmit the odor to the nutmeats. Repackaging is advised if the rancid odor has not
developed. Once the nuts become rancid, the process can not be reversed.

Evidence of
insect
infestation

A dozen or more different types of insects can infest nuts and nutmeats. Serious
infestation is evidenced by cobwebs and the nuts or nutmeats sticking together.
Fumigation and discarding of the damaged pieces are necessary in this case. Probably
no shipment of nuts or nutmeats is entirely free of insects, but temperature of below
45°F (7°C) ceases insect activity, thus preventing further damage, and at 0°F (-18°C) and
below most insects and larvae die in 72 hours.

Signs of
ammonia
damage

The seed coats (skin) of nutmeats blacken when exposed to ammonia, while the shells
and embryos are not discolored. The seed coats of shelled nuts are about 10 times as
sensitive to blackening as those of unshelled nuts. Pecan meats and walnuts are more
sensitive than other nuts. Concentrations of ammonia not detected by odor can darken
nutmeats over a period of months, even at refrigerated temperatures. Ammonia
damaged nuts are unsalable for most uses, though the flavor is unaffected. Packaging
nuts and nutmeats in glass, tin, or high gas barrier films protects them from ammonia.
Blackening due to ammonia is irreversible and not to be confused with browning due
to high moisture and high temperature. Warehouse refrigeration systems using nonammonia refrigerants are highly desirable for storage of nuts.

Presence of
undesirable
odors

The fat and/or oil of nutmeats, like butter fat, can go rancid and also readily absorb
foreign odors. Most nutmeats offered for sale or storage contains large quantities of
fat, 40% or more by weight. This large quantity of fat will absorb almost any odor. Since
the odor of most nutmeats is distinctive and relatively faint, foreign odors picked up
from other foods, or by developing rancidity, are readily detectable. Foreign odors in
nutmeats are not removed even by using rapid air circulation around the individual
pieces or by using charcoal as an odor absorbing material.
If the dock atmosphere is high in humidity or it is raining, nuts and nutmeats should be
moved rapidly into the storage room to prevent their picking up excess moisture. If the
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atmosphere is dry, exposure to elevated temperatures of several hours' duration is not
harmful.

Condition of Storage Rooms
Storage rooms for the holding of nuts and nutmeats should have special care, not only to protect the
quality of the commodity, but to show the prospective customer that the warehouseman recognizes the
perishable nature of nuts and nutmeats and is prepared to protect them. The special care should include:
The room should have dry floors and not have free water available to wet the nuts,
Clean, dry space nutmeats, or the containers. This can result in mold growth. Also, it should be free of
dirt and dust that can be picked up or blown onto the nuts.
Nuts and nutmeats, except those in hermetically sealed metal, glass, or special film
containers, will pick up almost any foreign odor because of their high fat content, and
Air free of odors
in most cases it cannot be removed. Slip-type cover, metal containers are not airtight and therefore do not prevent odor transfer to their contents.
The low moisture content of nuts and nutmeats makes it easy for them to absorb
moisture from the air and thus mold, unless the relative humidity of the storage
room is kept low. Careful research has shown the best relative humidity for the
storage of each type of nut and nutmeat. The recommended relative humidities
should be maintained.
For long-time storage, the moisture of common nuts in refrigerated storage should
be ±2% of the following percentages: Almonds 8%; Brazil nuts 7%; Cashew nuts 8%;
Relative humidity
Coconut 20%; Filberts 18%; Macadamia nuts 15%; Pecans 6%; Peanuts 7%; Pistachio
controlled
nuts 15%; Walnuts 7%.
Since many nuts on entering refrigerated storage are higher in moisture than
indicated above, they will lose moisture and weight under "good refrigerated storage
practice." If the moisture content on entering refrigeration is below the above
figures, the nuts will gain moisture and weight. This possible change in weight should
be understood by the warehouseman and the owner of the nuts as the nuts are
entering storage.
Provision for air This is to prevent "pockets" of high relative humidity forming in corners of the room,
circulation
with attendant condensation on the commodity.
It is usually recommended that nuts and nutmeats be stored only in brine or Freon
refrigerant cooled rooms. However, this is not always possible and, therefore, they
No contact with sometimes have to be in a plant that uses ammonia in its refrigeration system.
ammonia gas Because of the rapid and extreme blackening that occurs on contact with even small
concentrations of ammonia gas, extra care and control of the ammonia system is
necessary. Ammonia damaged nuts and nutmeats cannot be salvaged.
All rodents and many insects will infest nuts and nutmeats. Evidence of their
Rodent and
presence in the room with nuts and nutmeats is sufficient cause for condemnation of
insect protection the product by health authorities. Rooms should be rodent proofed, and this will
normally be sufficient to prevent insects from entering. Insects present from
Nuts and Nutmeats
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previous contamination will cause no further damage if the room is at 45°F (7°C) or
below, and most insects die at 0°F (-18°C) or below.
Nuts and nutmeats, except those in hermetically sealed cans, glass, or special films,
Separation from should not be held in the same room with other foods. This is because of their high
other
fat content which will readily absorb any odor given off by the other foods, and most
commodities foods do have an odor, however faint. Nuts also have a lower moisture content than
most foods and can pick up moisture from the other foods.

Tempering
facilities

Tempering facilities, to prevent condensation when the product is removed to
outside atmospheres, are normally not necessary for nuts and nutmeats held at
temperatures of 32°F (0°C) or above. However, if the climate is very humid or if it is
raining, warming up of the product to 45°F (7°C) before removal from the storage
room is advisable. Excess condensation can result in mold growth. Nuts and
nutmeats held at 0°F (-18°C) or below should be allowed to warm up to 45°F (7°C) in
a 24-36 hour period before being exposed to outside temperatures. Also, nutmeats
at 0°F (-18°C) are very fragile and will break or chip easily if handled roughly.

Freezing
Lowering the freezing temperatures for storage further enhances the shelf life of nuts, but the energy cost
associated with temperature reduction increases significantly. Thus, it is not the normal practice to freeze
nuts and nutmeats to preserve their quality, because cooler temperatures are sufficient for the ordinary
marketing channels. However, freezing is not injurious to their color, flavor, or texture for their use in the
fresh market, for confections, butters, etc. In case of pecan nutmeats, it has been found that when they are
hermetically sealed in cans and stored at -4°F (-20°C), pecan quality is preserved for up to 25 years.
Research evidence indicates that rapid freezing of nuts and nutmeats is not necessary, and preventing
fluctuations of temperatures during storage is not as critical in maintaining quality as is the case with
other frozen foods.
Moisture-proof packaging, too, is not a necessity with this low moisture product, as is the case with other
frozen foods where dehydration, commonly called freezer burn, is a problem; however, it protects against
condensation upon removal.
When the freezing of nuts and nutmeats is indicated, there is no special preparation or handling necessary.
Nutmeats should be in rigid containers to prevent scuffing and breaking. They are merely placed in the
freezer room. However, on removal from the freezer room, if the container is not a moisture-proof barrier,
care should be taken by tempering to raise the temperature to at least 45°F (7°C) before exposing to
outside warm and humid atmospheres.
WFLO is indebted to Dr. Manjeet S. Chinnan, University of Georgia, Griffin, Georgia, for the review and revision of this topic.
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Odor Control
Revised 2008

Introduction
Incidents of odor transfer among various foods stored in refrigerated and frozen warehouses are not
infrequent. In fact, the most frequent inquiry to IARW and WFLO over many years has involved odor
transfer problems. Odors emanating from foods such as meats, fish, shellfish, cheese, fruit, onions, garlic,
coffee beans, and many vegetables, as well as from soap flakes, tobacco, smoke, alligator hides, batteries,
and various chemicals have resulted in many cases of flavor damage to other stored products. Substantial
economic loss, either from product deterioration or claims, can occur when odor is transferred from one
stored commodity to another.
Odors associated with various foods and many non-food items stored in PRW’s are volatile organic
compounds (VOC’s). These compounds are transferred either through air currents or diffusion from their
source, and are absorbed or adsorbed by other foods. Odor absorption is especially prevalent with
products high in lipid content. As such, cheese or ice cream products can begin to taste and smell like
fish, potatoes or other uncharacteristic and undesirable products.
Foods that are known to be significant sources of odorous VOC’s include, but are not limited to: potatoes,
licorice candy, onions, cheeses, oranges, shallots, apples, blueberries, pears, cabbage, carp, coffee beans,
beef jerky, cod fish, smoked meats, crayfish, chives, garlic, ginger root, herring, hops, paprika pods, pet
food, pickles, rose bushes, sausage, shrimp, squid, strawberries, tuna fish, and turmeric.
Foods that are known to be particularly vulnerable to odor transfer from other foods and non-food items
include: carrots, cheeses, ice cream, nuts, dried fruit, candies, pecans, cookies, meat products, corned
beef, cranberries, butter, bagels, French fries, ice, ice cubes, peppers, nonfat dry milk, margarine, raisins,
kiwifruit, corn-on-the-cob, and luncheon meats.

Odor Control by Ventilation
Odor within an enclosed space can be treated by ventilation with ambient air from outside sources.
Effective room ventilation can even be carried out within refrigerated spaces as long as the duration of
ventilation is relatively brief and the temperature within the space does not increase more than a few
degrees. However, this short-term solution to deal with odor inside the refrigerated space is usually not
completely effective or desirable, either because the ventilation duration is too short or because the odor
recurs from its source in a relatively short time.
Unwanted odors can be removed from spills on shipping and receiving dock areas by treatment of the
odor sites with oxidative chemicals such as chlorine (1 part laundry bleach to 9 parts water) followed by
water rinsing and ventilation. This option is not available for use in warehouse spaces where the
temperature is below 32°F (0°C) or where there is no floor drain.
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Packaging for Odor Transfer Control
Many food and non-food products are enclosed in high barrier packaging materials such as metal cans and
drums, glass or plastic jars, or various types of polymeric flexible packages that prevent the passage of
VOC’s. As long as these packages remain intact, odor transfer through the package is virtually
impossible. Even though some flexible polymeric packaging materials provide a lesser barrier to the
passage of VOC’s than others, such as low density polyethylene (LDPE), they are all reasonably
effective. However, broken or torn high barrier packages allow VOC’s to enter the warehouse
environment. It should be noted that many products, whether stored above or below their freezing points,
are not enclosed in high barrier packaging materials. In these instances some action must be taken to
eliminate VOC’s from the warehouse space and thereby preclude the potential for odor transfer among
stored products.

Activated Carbon Odor Control
An effective option for removal of odor chemicals (VOC’s) on a porous, relatively inert material is
through the use of activated carbon. Activated carbon is a microcrystalline carbon that has been
manufactured to produce extensive internal porosity, thereby providing an extensive surface area with the
capability of adsorbing VOC’s from the air.
VOC molecules are attracted to and accumulate onto the surface of activated carbon. One pound of
activated carbon has a surface area of about 125 acres, and one kg has a surface area of about 112
hectares. As a result of this extensive surface area, activated carbon has the capability to adsorb large
amounts of organic odor molecules from the air. It should be noted that when air containing odorous
VOC’s is passed through a container of granular activated carbon, the VOC’s are attracted to and held
onto the surface walls of the micro-pores. Air leaving a correctly operated container is essentially free of
VOC’s and is therefore odor free.

What is Activated Carbon?
Activated carbon is manufactured from coal and other organic raw materials with high carbon content
such as animal bones, wood, nutshells, fruit pits, and rice hulls. The raw material is crushed, mixed with a
binder, re-compacted, and then re-crushed into granules of 1-5 cm3. The granules are heated in a high
temperature furnace at 1,112°F (600°C) in the absence of oxygen to produce a char. The char is
“activated” by the action of oxidizing agents such as steam, air, or carbon dioxide at temperatures of
1,470-1,650°F (800-900°C). The activation process produces a pore structure inside each granule that is
an extensive network of labyrinth-like tunnels. The pores developed in the carbon granules range in size
from 0.001 to <0.000001 cm (4 x 10-4 to <4 x 10-7 inch). Another term for activated carbon is activated
charcoal.

Characteristics of VOC Adsorption from Warehouse Air
When air laden with VOC’s is passed through a container packed with activated carbon, called the
adsorbent, the VOC molecules, called the adsorbate, adhere to the internal surfaces of the adsorbent. If an
insufficient amount of adsorbent is present some odorous VOC molecules will remain in the air and be
Odor Control
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returned to the warehouse space. This can be corrected by adding more adsorbent or by slowing the rate
of passage of the air stream through the activated carbon. There is some heat gain in the air leaving the
container of adsorbent. The degree to which VOC’s are removed from the air stream is influenced by a
number of factors, including:
• The nature of the activated carbon in terms of granule size, porosity, and carbon source
• The quantity of activated carbon present
• The concentration and chemical nature of the VOC’s in the air stream
3

• The flow rate (ft /min or L/s) of air through the activated carbon
• The temperature of the air stream
• The degree to which the surface area of the activated carbon is saturated with adsorbate
Operation of Activated Carbon Air Filter Systems

Most food odors are easily removed from the air in a warehouse by activated carbon, so a good grade of
standard carbon should work quite well. A special kind or grade of carbon is not necessary. Coconut
shells are a satisfactory raw material for use to manufacture granular activated carbon for removing
VOC’s from air. The key to successful removal of odor chemicals from warehouse air is to design an
effective system to carry odor-laden air through an appropriately sized activated carbon adsorber.
Adsorber systems vary in diameter from 24 to 144 in (61 to 366 cm) and in height from 35 to 138 in (89
to 351 cm). They contain from 150 to 11,875 pounds (68 to 5,386 kg) of granular activated carbon, and
airflow rates through the systems vary from 100 to 10,000 ft3/min (47 to 4,700 L/sec). Transportable
adsorber systems containing from 100 to 5,000 pounds (45 to 2,270 kg) of activated carbon are available
as standard items from several manufactures, and can be purchased or leased.
The time required for activated carbon to become saturated with VOC’s varies considerably from a few
weeks or months to a year or more. Once the activated carbon in a system becomes saturated it will no
longer remove odor chemicals from air passed through it. In this case the system supplier can remove the
spent carbon and replace it with either reactivated or virgin material. Suppliers can reactivate spent carbon
for reuse or it can be discarded.
Activated Carbon System Suppliers

Commercial suppliers can easily be found by using various Internet search engines, using key words such
as “Activated Carbon Odor Control.”

Ozone Odor Control
Ozone is a highly reactive oxidative molecule with the formula O3. It controls odor from VOC’s and other
chemicals in the warehouse air by oxidizing them to non-odorous components. Because ozone is unstable,
it must be generated onsite using an ozone generator. Ozone generators have been used successfully to
eliminate ammonia odor in warehouses. However, because of the potential for ignition and/or an
explosion, it is necessary to locate ozone generators outside the room or space where ammonia vapors are
present and conduct the ozone into the room or space through a hose or duct.
Odor Control
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Ozone can hasten the elimination of ammonia odor from warehouses and corrugated shipping cases at
ambient temperature; however, ozone is less effective at freezing temperatures. Ozone also causes
objectionable flavor changes to many foods, including those high in lipids, if they are not in good barrier
packages. Even low levels of ozone will cause oxidative rancidity to develop in high lipid foods without
protective packaging.
It should be noted that ozone is toxic to plants and animals. Ozone also degrades rubber and corrodes
many metals. According to the United States Occupational Safety and Health Administration (OSHA),
the maximum allowable exposure for people during an 8-hour period is 0.10 ppm. Exposure to ozone
concentrations between 1 and 100 ppm can cause asthma-like symptoms. Short exposure to ozone
concentrations above 100 ppm can cause throat irritations, hemorrhaging, and pulmonary edema.
Therefore, it is most important that people not be exposed to ozone concentrations in excess of 0.10 ppm
for any significant duration.
In 1987 the TRREF (the precursor to WFLO) Ozone Committee recommended that ozone only be
considered for odor removal in warehouses devoid of people and food products to avoid the risks of offflavors in food and safety hazards to people.
WFLO is indebted to Dr. Donald Schlimme, University of Maryland, and Dr. Stephen Neel, World Food Logistics Organization,
for the review and revision of this topic.
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Okra
Revised 2008

Thermal Properties
English

Metric

Moisture, %

90.17

--

Protein, %

2.00

--

Fat, %

0.10

--

Carbohydrate, %

7.03

--

Fiber, %

3.20

--

Ash, %

0.70

--

Specific Heat Above Freezing

0.95 Btu/lb*°F

3.97 kJ/(kg*K)

Specific Heat Below Freezing

0.49 Btu/lb*°F

2.05 kJ/(kg*K)

129 Btu/lb

299 kJ/kg

Latent Heat of Fusion

Storage Conditions
Fresh

Frozen

Brined

Temperature

45-50°F
(7-10°C)

0 to -11°F
(-18 to -24°C)

50°F
(10°C)

Relative Humidity

90-95%

-----

-----

Storage Period

7-14 days

5 months to 1 year

3-6 months

Freezing Point

28.7°F
(-1.8°C)

-----

-----

High quality okra pods are bright green, turgid, tender, and free from any blemishes. Very young pods,
generally less than 1.5 inches (4 cm) long, and overly developed pods, generally greater than 3.5 inches (9
cm) long, have poor, grassy flavor and are tough and stringy, respectively. Okra must be harvested every
1-2 days to achieve this narrow harvest window. Avoid okra harvested in rainy weather because contact
with liquid water causes pod discoloration.
Okra is sensitive to chilling injury (CI) when exposed to temperatures below 45°F (7°C), even briefly,
and can result in discoloration, pitting, and decay. Pods should not contact ice except for retail sale and
then not for longer than 48 hours, or pitting and water-soaked blisters will develop. Temperatures above
50°F (10°C) allow accelerated yellowing, toughening, and decay. Relative humidity (RH) of less than
90% result in shriveling. Packing in perforated film will reduce shriveling and physical injury during
handling. However, temperature control is critical because fluctuating temperatures can cause
condensation within the packages, which results in surface discoloration of the pods. An atmosphere of 510% CO2 can increase shelf life, although higher amounts are injurious.
Okra
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Cooling fresh okra to its optimum storage temperature presents a problem because the pods, being highly
perishable, need to be cooled quickly. However, the pods are both damaged by exposure to water or ice
and also lose water easily. Forced air cooling is the best compromise, especially for okra packed in
perforated films.
Brined okra is refrigerated immediately to preserve color and flavor. It is no longer used in "low sodium"
soups and other products.
Okra bruises easily, which shows as blackened spots within hours of injury. Okra containers should not
exceed 30 lbs. (13.6 kg) and should be handled gently to prevent unnecessary bruising.

Freezing
Okra is more frequently a foodservice item than a retail item. It is used as a cooked vegetable in gumbo
soups and Creole dishes. Tender, young pods are the only ones used, as the older pods are fibrous and
woody. The stems are cut off, and the pods are blanched in steam for 2-3 minutes. After cooling in cold
water, they are packaged and frozen.
Frozen okra requires somewhat lower freezer temperatures than most vegetables, particularly if not
packaged in pouches. Thus a -5°F (-20.6°C) storage temperature is required to maintain adequate quality
and to minimize weight loss and in-package desiccation for 6 months. For a full years' storage, -11°F (24°C) storage is suggested to maintain high quality levels.
Percent Loss in Quality (Sensory Basis) for Frozen Okra
Temperature

Months in Storage

°F

°C

6

12

18

24

10

-12

48

50

56

62

0

-18

30

38

42

48

-10

-23

20

28

32

36

-20

-29

10

16

20

22

WFLO i s i ndebted t o D r. J eff B recht, I nstitute of F ood a nd A gricultural S ciences, U niversity o f F lorida, f or t he r eview a nd
revision of this topic.
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Olives, Fresh and Salted
Revised 2008

Thermal Properties
English

Metric

Moisture, %

79.99

--

Protein, %

0.84

--

Fat, %

10.68

--

Carbohydrate, %

6.26

--

Fiber, %

3.20

--

Ash, %

2.23

--

Specific Heat Above Freezing

0.90 Btu/lb*°F

3.76 kJ/(kg*K)

Specific Heat Below Freezing

0.49 Btu/lb*°F

2.07 kJ/(kg*K)

115 Btu/lb

267 kJ/kg

Latent Heat of Fusion

Dry Storage Conditions
Temperature
Uniform Air Circulation
Relative Humidity
Storage Period

45°F
(7°C)
85 to 90%
2-4 weeks* (2 weeks optimum)

* Longer storage is dangerous because of excessive molding of the olives.

Brine Storage Conditions
Temperature
Uniform Air Circulation

32 to 34°F
(0 to 1°C)

Brine Strength

7% salt (NaCl)**

Storage Period

7 to 8 months***

** On-going brine only.
*** Projected from actual storage of olives for 7 months in polyethylene lined bins 4' x 4' x 2½', with an
air-tight seal, with all olives submerged in brine.
Fresh olives may be shipped in small quantity for home pickling. Occasionally there is need for storage
due to market conditions. However, most olives stored under refrigeration are subsequently processed as
California canned black ripe olives. In large crop years, it is advantageous for the commercial processors
to refrigerate a portion of the crop prior to processing.
Olives, Fresh and Salted
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Olives in dry refrigerated storage remain biologically active and continue to ripen. Riper fruits become
over-ripe thus increasing cullage. This phenomenon does not occur to any extent if the olives are stored in
brine and refrigerated.
The olives from dry storage are processed as direct cure olives. This practice is limited to the Ascolano,
Manzanilla, and Mission varieties. The Sevellano must be stored in brine for 1 month before being
processed. Obviously, the refrigerated brine storage of olives has several advantages.
Olives belong to the cold-sensitive fruits, and are subject to chilling injury (CI) at temperatures below
40°F (4.4°C) the flesh of fresh green olives turns brown. Furthermore, on pickling, an abnormal, very
undesirable taste is always present. For some reason, still unknown, olives refrigerated in brine do not
discolor or possess an off-taste after processing.
Pickled ripe olives, including black ripe, green ripe, and Greek style, can be preserved by freezing at 0°F
(-18°C) or lower. At present there is little commercial interest in preserving olives by freezing, but it has
been determined that the best color and texture is retained by immersion freezing and storing dry (IQF).
Some commercially freeze-dried olives now are available in the market.

Salt Cured Greek Style Ripe Olives
In the salt curing process, olives become shriveled and very high in salt content. Curing by this process
usually r equires 2 m onths or l onger. Most of t he s alt i n w hich t hey ha ve be en c ured i s r emoved b y
screening, and the olives coated with olive oil by shaking with a small amount of the oil. They should be
shaken or rolled occasionally to prevent molding. If handled properly after salt curing, olives can keep for
several months.
If refrigerated in ho usehold a ppliances or commercial installations at 45°F (7°C) i n closed, a ir-tight
containers, the olives keep very well for 1 year or more without appreciable change in texture or taste.

WFLO is indebted to Dr. Martin W. Miller, University of California at Davis, and Dr. Stephen Neel, World Food Logistics
Organization, for the review and revision of this topic.

Olives, Fresh and Salted
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Onions and Onion Sets
Revised 2008

Thermal Properties
Onion

Dehydrated Flakes

English

Metric

English

Metric

Moisture, %

89.69

--

3.93

--

Protein, %

1.16

--

8.95

--

Fat, %

0.16

--

0.46

--

Carbohydrate, %

8.63

--

83.28

--

Fiber, %

1.80

--

9.20

--

Ash, %

0.37

--

3.38

--

Specific Heat Above Freezing

0.94 Btu/lb*°F

3.95 kJ/(kg*K)

--

--

Specific Heat Below Freezing

0.45 Btu/lb*°F

1.87 kJ/(kg*K)

--

--

129 Btu/lb

300 kJ/kg

6 Btu/lb

13 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature

Duration Relative Humidity or
Packaging
Months

°F

°C

32
32
32
32
32

0
0
0
0
0

1-2
6-8
3-6
6-8
1

65-70%
65-70%
65-70%
65-70%
95-100%

0
0

-18
-18

12
6-12

Gas-tight packaging

50
36

10
2

3-6
12

Freezing
Point
°F

°C

30
30
30
30
30

-1
-1
-1
-1
-1

Fresh
Bermuda
Globe
Spanish
Sets
Green Onions
Frozen
Whole, sliced
Rings,
breaded
Dehydrated
Any type

Vacuum packaging

Fresh Onion Storage
Onions should not be stored unless adequately cured (dried) either in the field or by artificial means. It is
necessary to dry the neck tissues and outer scales until they rustle when handled, otherwise the bulbs will
Onions and Onion Sets
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rot in storage. They can be artificially cured by blowing heated air at 110-115°F (43-46°C) through mesh
bags for 8-12 hours or longer. The cold storage of Bermuda-type (higher moisture) onions often has been
a very hazardous undertaking, due mainly to the unpredictable behavior of the field-cured onion.
Onions are held in 60 lb. sacks, slatted crates, in pallet boxes holding about ½ ton of loose onions, in bins,
or in large bulk storage. When in sacks, these should be loaded cross-wise or "air-stacked" 5-6 high. The
stacks should be set on floor racks. Individual stacks should be separated a few inches to allow free air
circulation. Airflow of 1 cfm/ft3 of product is adequate. When in crates or pallet boxes, they can be stored
one on top of the other to make full use of the storage space. Onions should be held at 32°F (0°C) for
maximum quality and shelf life. Storage at ambient temperature may be acceptable for short periods (11.5 months) depending on the variety.
Sprouts, or top growth, are an indication of too high storage temperature, whereas root growth indicates
too high relative humidity (RH). Of the two, top growth is the more objectionable because once started it
is most difficult to check. Field applications of maleic hydrazide are used for reducing sprout growth in
storage. If onions are to be dehydrated in a short period, they should be held at 86-95°F (30-35°C), since
the flakes from such onions retain more color.
A comparatively low relative humidity of 65-70% is recommended for successful storage of dry onions.
Higher humidity, at which most other vegetables keep best in storage, dispose onions to rot, surface mold,
and root growth and can reduce the storage period by half. Green onions, commonly called scallions, are
an exception and benefit from a RH of 95% or higher. They are often packed with crushed ice in waxed
cartons for distribution. Relative humidity is not a factor in dehydrated onion storage because of sealed
containers.
The warehouse personnel should examine and note the condition of the different lots of onions as they
arrive for storage. Sometimes onions are damaged by more or less severe freezing in the field, and this
condition might be mistakenly laid to mismanagement in the storage. Also, onions, particularly those of
the Sweet Spanish type, sometimes develop a physiological condition (translucent scale) resembling
freezing injury when harvest is preceded by hot weather. After storage, this has been mistaken at times for
freezing, and claims have been made for damage because of it. Prompt curing and prompt cold storage
after harvest and curing is an effective control for translucent scale.
The mild or sweet Bermuda-type onions, such as Granex grown in Georgia, can usually be held at 3234°F (0-1°C) for 1-4 months. If the tops and roots are removed and the onions are cured for 2 weeks at
room temperature before storage, they can be stored 4 months or longer. In recent research, best quality
retention of Granex onions was in a controlled atmosphere (CA) of 3% O2 with 5% CO2 at 32-34°F (01°C). The Granex onions stored under CA conditions remained less pungent than those stored in air.
Jumbo-size onions had poorer keeping quality in storage than medium-sized onions.
Onions should not be stored with any commodities that have a tendency to pick up odors, as, for instance,
dried fruits or apples, and certainly not with shell eggs; moreover, the optimum RH is different for these
products. Onions may be stored with garlic. However, both of these products can cause odor transfer
problems with other products and could possibly cause odor contamination to the storage area.
When onions are removed from storage during warm weather, especially if they are to be shipped to
southern points where warm, humid weather prevails, precautions should be taken to prevent them from
becoming wet with moisture condensed on the bulbs from the outside air, which will saturate the loose
Onions and Onion Sets
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scales and the bag material and be very difficult to dry out. In this damp condition, mold and decay will
soon follow. The best procedure to prevent this is to "step-up" the temperature gradually. When the
onions are warm enough, condensation will not occur. If it is not convenient to warm the storage room,
the lot to be removed should be transferred to a temperature of about 50°F (10°C) for 24-36 hours before
removal to the outside atmosphere. Unless the outside temperature and humidity are very high, onions
from 50°F (10°C) should not become damp on removal, especially if packed together tightly.

Onion Sets
The conditions for the satisfactory cold storage of onion sets resemble those for large onions. Because of
their small size, the sets tend to pack closely, so good air circulation is necessary at a low relative
humidity, such as is used for onions. They are stored in shallow trays which permit ventilation, are
handled in 25 lb. bags, and should be stacked to allow as much air circulation is possible.

Diseases and Injuries

Bacterial
Soft Rot

Occurs most commonly in onions harvested during warm rainy seasons. Can usually be
detected only by pressing the onion, which may force a mushy mass out of neck. Outer
scales may become mushy and outer dry skin may slip during handling.
Control: Better curing procedures and field sanitation. Prompt refrigeration after curing,
with adequate ventilation.

Black powdery spore masses of the fungus on or between outer scales. Spreads in storage
by contact through bruises and wounds or aerial dissemination of spores. Under moist
Black Mold
conditions, the scales may be destroyed by the disease.
Rot
Control: Maintain a low humidity and low temperature.
Fusarium
Bulb
Rot

Semi-watery to dry decay progressing up scales from the base. Decay usually covered with
dense, low-lying white to pinkish mold. Advanced stage shriveled mummies.
Control: Field sanitation. Do not store badly affected lots. Cull out infected onions in
slightly affected lots before storage. Maintain low temperature and humidity.

Neck tissue infected at harvest time. Initial softening and water-soaking of scales,
becoming grayish and finally gray-brown, covered with dense layer of white mold growth
and grayish-brown, powdery masses of spores. Colored varieties less susceptible than
Gray Mold
white ones.
Rot
Control: Cull out severely infected lots. If onion necks are moist and curing is slow,
artificial drying with warm air will help significantly.

Sun Scald

Affected areas become soft and slippery, lose moisture very readily, and change to
bleached, sunken, leather-like areas. Opens way for decay invasion, especially bacterial
soft rot. Immature and moist onions usually injured most severely. Caused by high
temperature and intense sunlight at harvest time.
Control: Avoid direct exposure to the sun in the field. Secondary invasion by decay
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organisms is controlled by prompt and adequate refrigeration.
Occurs usually after 4-6 months of storage. Can affect all scales in severe cases, but usually
confined to outer 2 or 3 edible ones. Mostly a problem with large bulbs.
Translucent
Control: Place onions into cold storage immediately after curing is completed. Avoid
Scale
prolonged storage for onions exposed to very high temperatures during last 2 months
before harvest.

Preparation for Processing
Dried or dehydrated onions have been available for many years, and whole, chopped, sliced, and rings
have become important frozen vegetables in recent years. Since the characteristic pungency and flavor of
onions are developed by an enzyme reaction which occurs when the onion is crushed or eaten, and since
the enzyme involved would be destroyed by blanching, it is fortunate that un-blanched frozen onions are
relatively stable.
White varieties of onions are preferred for freezing and drying. These include such varieties as Southport
White Globe, White Creole, and White Sweet Spanish.
Onion sizing is important; for the diced and chopped styles, large onions are preferred because of the
economy of peeling; for boiling, onions a diameter of 0.75 to 1.25 inches (2 to 3 cm) is preferred; and for
stew vegetables a diameter of 1.5 inches (4 cm) is customary. Roots and tops may be removed before or
after peeling.
For diced onions, a dicer set to cut 1/8 to 1/4 inch cubes may be used. Diced onions may be either
individually quick frozen (IQF) or broken up after freezing, but prior to packaging, to make them free
flowing. Plastic bags are usually used for packaging. Fresh diced and sliced packaged onions need to be
stored at 32°F (0°C).
Pearl onions are a special variety of onions which develop small white bulbs desirable for pickles and for
specialty items. In recent years they have been incorporated into several of the increasingly popular
gourmet-type frozen vegetables such as "green peas and pearl onions."
Onion rings are usually prepared from large Spanish or Bermuda onions, cut into ¼ in. slices and
separated into rings which are dropped into a batter of whole eggs and milk, drained, evenly coated with
flour, and deep-fat fried. Package in greaseproof, paper-lined cartons.

Freezing
For all onion products, the more rapid the freeze, the better the product keeps in storage, but conventional
quick freezing procedures are adequate for satisfactory quality for 1 year. A possible exception is breaded
rings where fat breakdown may cause rancidity and excessive crumb burn-off may cause bitterness in
products that are conventionally frozen and stored at little below 0°F (-18°C) for longer than 8-10 months.
Frozen onions present a much lower possibility of odor transfer to other products than fresh onions.
However, the possibility of odor transfer exists if the onions are put in the freezer in an unfrozen state and
are not properly packaged.

Onions and Onion Sets
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Dehydration
Large quantities of onions are dehydrated, and substantial quantities are imported. To retain quality, it is
important to dry the onions down to not more than 5%, preferably 4% or less, moisture content and to
package in water vapor proof containers, preferably with a vacuum. This can be done in ovens at 260°F
(130°C) for 1½ hours and 212°F (100°C) for 3 hours. Alternately, they can be sun dehydrated at 115°F
(46°C) for 8-9 days.
Although used primarily as a flavoring ingredient, dehydrated flaked onions can make substantial
contributions to nutrient requirements. One ounce (28 g) can provide 10% of the recommended dietary
allowance of iron and vitamin C and 3-6% calcium, protein, vitamins B1, B2, and niacin.
Even if vacuum packed, dehydrated onions will not maintain freshly processed quality for much longer
than 1 month if stored at usual room temperature. To retain quality and nutritive value for as long as 6
months, storage temperatures should be reduced to 46°F (8°C). If storage of a year or longer is
contemplated, storage temperature should be reduced to 36°F (2°C) or lower.
If the dehydrated onions are not vacuum packed, they should be stored at low relative humidity and/or
low temperatures (near 32°F = 0°C).

WFLO is indebted to Dr. Marita Cantwell, Extension Vegetable Postharvest Specialist, Department of Vegetable Crops,
University of California, Davis, for the review and revision of this topic.
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Oranges
Applies to Valencia and other round oranges
Revised 2008

Thermal Properties
English

Metric

Moisture, %

82.30

--

Protein, %

1.30

--

Fat, %

0.30

--

Carbohydrate, %

15.50

--

Fiber, %

4.50

--

Ash, %

0.60

--

Specific Heat Above Freezing

0.91 Btu/lb*°F

3.81 kJ/(kg*K)

Specific Heat Below Freezing

0.47 Btu/lb*°F

1.96 kJ/(kg*K)

118 Btu/lb

275 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature
°F

°C

Relative
Humidity

Storage Period

Florida and Texas

32-34

0-1

85-90%

8-12 weeks

California

41-45

5-7

85-90%

4-6 weeks

Harvested in March

48

9

Harvested in June

37

3

85-90%

3-4 weeks

Arizona

Oranges are arbitrarily grouped as to their maturation periods, but it is primarily the late, or Valencia,
orange that is stored. This variety is normally marketed from March through June. If held on the tree too
long for late shipment, the fruit often re-green, change in grade, or become soft or over-mature. Valencia
oranges are of excellent quality and have high sugar content if picked at the right time. The freezing point
of the flesh ranges from 26.4 to 28.4°F (-3 to -2°C) and that of the rind from 25.4 to 26.5°F (-4 to -3°C).
Most early season fall and winter varieties do not store as well as Valencia, and Navel oranges will
develop off-flavors during long storage. Florida and Texas Valencia oranges can be stored successfully
for 8-12 weeks at 32-34°F (0-1°C). California and Arizona oranges are more subject to rind disorders than
Florida or Texas oranges at low temperatures, since Western oranges are more chilling sensitive. A
temperature of 41-45°F (5-7°C) is suggested for most California oranges. However, Arizona and desertgrown California Valencia oranges may be injured even at this temperature. A temperature of 48°F (9°C)
Oranges
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has been found best for Arizona oranges harvested in March, and 37°F (3°C) for fruit harvested in June.
Depending upon the state of production and time of year, California and Arizona Valencia oranges can be
kept 6-8 weeks at 37°F (3°C), 4-6 weeks at 41-45°F (5-7°C), and 3-4 weeks at 48°F (9°C). California
Navel oranges are sometimes stored 2-6 weeks at 41-45°F (5-7°C) to allow orderly marketing.
Care should be exercised to select prime fruit for commercial storage. The fruit should be in excellent
eating condition and should not be picked too early or too late in the season. Emphasis should be placed
on careful picking, handling, grading, and sorting out soft, over-mature, creased, bruised, and injured
fruit. Fruit with long, sharp stems should not be packed, for such stems injure other fruits which become
sites for decay development. There are no shortcuts in preparing oranges for successful long-term storage,
and quality does not improve during storage.
Oranges should not be stored with apples, cheese, eggs, or butter, or in places where there is a possibility
for the orange odor to penetrate into rooms holding these products. It is desirable that oranges in storage
be examined frequently to detect peel breakdown and decay before they become serious. The length of
storage should be based on the condition of the fruit, taking into consideration the need for a reasonable
marketing period after removal from storage.
Controlled atmospheres (CA) of 5-10% oxygen and 0-5% carbon dioxide may aid in quality retention of
oranges. However, CA is not commonly used because tolerable oxygen and carbon dioxide levels do not
significantly inhibit decay, which limits orange shelf life the most.

Decay Control
Decay may develop in the fruit during storage, and some fruits may develop various physiological
disorders that further promote decay. The development of decay can be reduced by careful handling,
chemical treatments in the packinghouse, and optimum temperature management during transit and
storage. Decay control during storage can be accomplished by treatment with Thiabendazole (TBZ),
sodium ortho-phenylphenate (SOPP), imazalil, pyrimethanil, and/or fludioxonil. Two biological
pesticides, Aspire and BioSave-10, have been approved for decay control. A combination of these
treatments is suggested for maximum benefit and to avoid development of fungal strains resistant to
certain fungicides. Wax is also applied to the fruit to prevent shriveling and to improve appearance. In
storage, unimpeded air circulation around the cartons of oranges is desirable. A relative humidity of 8590% minimizes water loss and fruit shriveling.

Storage of Fresh Squeezed Orange Juice
A product that has recently become very popular with consumers is freshly squeezed orange juice with no
further processing. In this process, the oranges are cleaned, squeezed under nearly sterile conditions for
juice extraction in commercial machines, and finished to remove seeds and larger pieces of pulp by
passing the juice under pressure through a screen. Such juice is then filled into sterile containers under
sterile conditions similar to "aseptic packaging." Such juices are said to have better flavor quality and
nutrition due to lack of exposure to heat. However, they are very sensitive to fermentation and to "cloud
loss" or clarification because they have not been pasteurized and their enzymes have not been deactivated
by heat. Fermentation and associated off flavors, as well as clarification, occur much more rapidly as
temperatures increase. Consequently, for best storage stability, it is recommended to store these juices as
Oranges
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near the freezing point as possible until consumption. Shelf life for consumer acceptable products of this
kind is about 14-20 days if the juices are kept at 32-35°F (0-2°C) and diminishes proportionately as
storage temperature increases. Quality of such products is a reflection of the total thermal history the
product has experienced, and quality deterioration from even short exposures to higher temperatures is
additive, thus reducing the already short shelf life.

Diseases and Disorders

Aging

Aging is characterized by wilting, shriveling, and browning of rind around the stem
"button" or elsewhere on upper parts of fruit. Oil cells in affected rind may collapse,
thus resembling pitting. The fruit flavor may have a pronounced aged taste.
Control: Avoid prolonged storage.

Black Rot
(Alternaria)

A black core rot at stem end following long (12-14 week) storage, which may or may
not be evident without cutting.
Control: The stored fruit should be marketed before significant amounts of black rot
develop. Market promptly after removal from storage.
These rots are identified by characteristic soft, watery, discolored areas or spots,
which later produce easily distinguished blue or green spores. Infections usually
begin at wound sites created during harvesting, handling, and packing.

Control: Use of postharvest fungicides and careful handling to minimize injury are
Blue Mold
and Green Mold primary means of control. Maintenance of temperatures below 50°F (10°C) greatly
slows its growth, and between 40 and 45°F (4.4 and 7°C) rot growth is so slow as to
be practically negligible during usual commercial handling time for oranges. Blue
mold will grow slowly at low temperatures that prevent green mold development.
Blue mold can spread from one fruit to another by direct contact.

Chilling Injury

Chilling injury (CI) is characterized by areas of the peel that collapse and darken to
form pits. The pitting is not targeted to the oil glands. Less severe symptoms may
show up as circular or arched areas of discoloration or scalding. Symptoms of CI are
typically more pronounced after fruit are warmed to room temperature following
exposure to the chilling temperature.
Control: Store fruit at recommended storage temperatures.

Freezing

In frozen fruit, membranes between segments are water-soaked. Rind may be
discolored brown or gray in severe cases, or both rind and flesh may become soft and
mushy. Oranges may taste bitter for a time after defrosting. Fruit frozen on the tree
is soft and light in weight, exhibits woodiness in pulp, and has cavities within or
between segments.
Control: Avoid freezing temperatures.

Granulation

Oranges

Juice sacs become dry but do not separate from each other or from segment walls.
Affected fruit feels firm but light in weight. This disorder is favored by drought
conditions and is most common in over-ripe fruit.
3

WFLO Commodity Storage Manual

Control: This orchard disorder is sorted out in packing houses by flotation or other
devices that separate fruit based on fruit density.

Oil Spotting
(Oleocellosis)

Caused by the release of oil from oil glands when turgid fruit receive even slight
bumps and abrasions. The oil is toxic to the surrounding cells. Symptoms appear as
irregularly shaped green, yellow, or brown areas.
Control: Avoid harvesting turgid fruit, such as when dew is present or immediately
after rain or irrigation.

Postharvest
Pitting

Pitting is characterized by clusters of collapsed oil glands (often 5 to 20) scattered
over the fruit surface that can begin to develop two days after packing. Collapsed
regions turn bronze/brown or brown/black over time. This disorder is associated with
low oxygen levels within the fruit following application of low-oxygen permeable wax
coating and holding at warm temperatures.
Control: Rapidly cool fruit after packing and use wax coatings with good gas
permeability.

Stem End Rind
Breakdown
(SERB)

Characterized by the collapse of rind tissue around the stem end of citrus fruit. The
affected area is irregular in shape and becomes dark and sunken. A thin ring of
unaffected tissue immediately around the stem (button) is a distinctive symptom of
SERB. Symptoms usually develop after harvest and during storage within 2-7 days
after packing. SERB is more common and severe on small fruit and on well-colored
fruit. Thinner-skinned fruit from humid growing environments tend to be more
prone to SERB than thicker-skinned fruit grown in arid environments. Fruit with SERB
are much more prone to decay.
Control: SERB is primarily associated with conditions promoting fruit water loss.
Postharvest practices that reduce water loss such as maintaining high humidity
during degreening, rapid handling, and wax application are currently the best means
for reducing SERB.

Stem End Rot

Usually caused by infection with either Diplodia or Phomopsis, the principal decay
organisms in areas with abundant summer rainfall (e.g. Florida). Decay develops
primarily from preharvest infections of the button at the stem end of the fruit.
Infected areas soften and turn tan or brown. Affected fruit do not shrivel and usually
show no surface fungus growth. Affected fruit taste flat and bitter; affected tissues
have a rancid odor.
Control: Use of postharvest fungicides. Rapidly reduce fruit temperature and store
fruit at the lowest safe temperature will hold decay in check.

WFLO is indebted to Dr. Mark A. Ritenour, Institute of Food and Agricultural Sciences, University of Florida, Fort Pierce,
Florida, for the review and revision of this topic.
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Oysters
Revised 2008

Thermal Properties
English

Metric

Moisture, %

85.16

--

Protein, %

7.05

--

Fat, %

2.46

--

Carbohydrate, %

3.91

--

Fiber, %

0.0

--

Ash, %

1.42

--

Specific Heat Above Freezing

0.91 Btu/lb*°F

3.83 kJ/(kg*K)

Specific Heat Below Freezing

0.51 Btu/lb*°F

2.12 kJ/(kg*K)

122 Btu/lb

284 kJ/kg

Latent Heat of Fusion

Storage Conditions
The expected storage periods cited are based on good quality raw material handled by good commercial
practices, and periods of time stated are from time of harvesting, processing, or freezing.
Temperature
°F

°C

Expected Storage
Life

In shell

38-42

3-6

10-14 days

Shucked meats

34-37

1-2.8

9-14 days

34

1

14 days

Fresh

Chill-Pak
Frozen
In shell

usually not frozen in this manner

Meats in hermetically sealed containers

-20

-27

8-12 months

IQF

-20

-27

6-12 months

Breaded

-20

-27

6-10 months

Blast Frozen Polybags

-20

-27

1 year max.

Retail Metal Cans

0

-18

12-18 months

Mylar Pillow Packs

0

-18

3-4 years
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The storage life of fresh oysters may vary significantly due to differences in physical condition at the time
of harvest and the type and number of bacteria present. Retention of good quality in fresh oysters requires
that the temperature be held as close to 32°F (0°C) as possible. Exposure to higher temperatures for even
short periods of time (1-2 hours) in which the temperature is raised to above 50°F (10°C) results in
increased drip (liquid); a flaccid appearance; a flabby, soft texture; stale, watery flavor; and accelerated
bacteria growth. Prolonged storage results in the development of a cloudy appearance in the liquid as well
as the above characteristics and is usually accompanied by spoilage odors and oxidative rancidity.
Freshly shucked oysters are generally above pH or acidity of 6.0 (up to 6.6), and even when stored at
close to 32°F (0°C) become more acidic (lower pH) in a few days. For this reason some buyers do not
accept shucked oysters testing lower than pH 6.0.
Frozen oysters should be protected from quality loss by the use of proper packaging materials. It is
important that storage temperature remains constant to prevent moisture transfer within the package. This
is especially true with IQF and breaded oysters as the void spaces provide ample opportunity for
sublimation and redeposition of ice crystals resulting in dehydration and oxidation. Therefore, avoid
fluctuating storage temperature, as this is more important to maintaining quality than storage at a
temperature several degrees higher than that recommended. Frozen oysters exhibit quality loss by yellowbrown discoloration, general darkening, toughening, and a rancid, bitter flavor.

Handling
Shell oysters need to be protected from drying conditions, heat, steam, steam condensation, or fresh
water or the shells will open and the natural protection provided by the shell will be lost. They should be
washed with potable water just before shucking, under carefully regulated conditions to avoid excessive
uptake of water.
Shucked oysters should be placed in containers immediately after washing and sorting. The containers
should be iced or chilled immediately. They need to be chilled as quickly as possible and crushed ice is
often used for this purpose.
Frozen oysters usually are in the breaded form. However, oysters are sometimes frozen in cans, poly
bags, plastic cups, or IQF (Individually Quick Frozen). Freezing should be completed before the product
is packed in master cartons. Although oysters frozen in cans do not thaw rapidly, exposure to elevated
temperatures may cause quality loss, elevated bacteria levels, and discoloration, especially on the surfaces
exposed to the head space within the can. Exposing IQF oysters to above 32°F (0°C) for even short
periods of time may cause the glaze to melt and upon refreezing will cause the oysters to freeze together.
Exposure of breaded oysters to elevated temperatures causes the breading to become soggy and unsightly.

Freezing
Only the freshest of oysters should be frozen. Oysters that are delayed in being frozen will have a short
storage life and will show a combined quality loss typical of mishandled fresh and frozen oysters.
Moisture-vapor-proof packages or metal containers are a necessity, as discoloration, dehydration, and
toughening develop if protection is not provided.
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WFLO is indebted to Michael Jahncke, Virginia Seafood Agricultural Research and Extension Center, Hampton, Virginia, for the
review and revision of this topic.
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Papaya
Revised 2008

Storage Conditions
Temperature

Relative Humidity

Storage Period

Freezing Point

°F

°C

°F

°C

Partially Ripe

50-55

10-13

85-90%

1-3 weeks

29.9-30.3 -2 to -1

Fully Ripe

40-50

4-10

85-90%

2-3 days

29.9-30.3 -2 to -1

Papaya fruit are pyriform (pear-shaped), spherical or cylindrical. The pyriform, hermaphroditic fruit is the
most common in commerce, and they belong to the ‘Solo’ group (such as the cultivars Kapoho, Rainbow,
Sunup, Sunrise, and Sunset weighing from 300 to 700 g). Sizes of other varieties range from 200 g to 10
kg, with flesh thickness from 0.06 to 0.16 inches (1.5 to 4 mm). Flesh is greenish-white in immature fruit
to pale orange-yellow, salmon pink, or red depending on cultivar when ripe.
Important quality characteristics include size, shape, smooth skin, and absence of blemishes. Consumers
in Western countries also prefer fruit without a heavy musky, sweaty odor found in some Southeast Asian
cultivars.
Papayas are popular in the areas in which they grow and are gaining popularity elsewhere due to
availability of air and marine transportation, modified and controlled atmospheres, and quarantine
treatments.
Papaya fruit is commonly harvested on basis of color development, depending on the purpose of the fruit
after harvest. Minimum harvesting stage should include some development of yellow color. In Hawaii, in
addition to color development minimum grade standard requires 11.5% soluble solids content. Less
mature fruit are lower in sugar and ripen poorly. Fruit are marketed as color break, ¼, ½, and ¾ ripe, and
are normally ready to eat when there is 75% or more skin color.
Optimum temperature for papaya fruit shipping and storage is 45 to 55 °F (7 to 13°C), depending on fruit
ripening stage, and 90 to 95% relative humidity (RH). Fruit at color-turning (break) stage can be stored at
45°F (7°C) for 14 days and will ripen normally when transferred to room temperature, and ripe, full color
fruit can be held for > 1 week at 33.8 to 37.4ºF (1 to 3°C).
Papaya fruit are susceptible to chilling, but become less susceptible as they ripen. Mature-green papayas
are most sensitive to chilling and begin showing injury symptoms after 10 days at 36°F (2°C) or 14 days
at 41ºF (5ºC). Chilling injury (CI) can also occur in papayas that are less than half ripe when stored at
temperatures less than 50°F (10°C). Papayas that are more than half ripe (at least 50% yellow) can be
stored at 40-50°F (4.4-10°C) without developing symptoms of chilling injury. Symptoms include skin
scald, hard white areas in the pulp, and water soaking of internal tissues.
Display temperatures should not be less than 10 °C (50 °F) if fruit is not fully ripe. Fully ripe fruit at the
edible stage can be held at 1 to 34 to 37°F (3°C) for up to one week. Fruit should not be stacked more
than 2 or 3 deep in racks, and wicker baskets with uneven bottoms and sides should be avoided, or at least
a layer of protection placed between racks and fruit. Diseased and bruised fruit should be routinely
removed from display, and fruit in display should not be mist.
Papaya
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Optimum temperature for fruit ripening is 73 to 82°F (22.5 to 27.5°C), where it will take 10 to 16 days to
reach full skin yellowing from the color-break stage. At temperatures higher than 82ºF (27.5ºC) severe
weight loss can result.
Papayas are thin skinned and easily damaged if handled roughly. While in storage, fruit should be
frequently examined for spoilage. Postharvest decay is a major problem and can be controlled by either
dipping the papayas in a hot-water bath (120°F or 49°C) for 20 minutes followed by a cool-water spray or
by applying a carnauba wax containing thiabendazole (1 g/liter of wax).
A forced hot air treatment (quarantine procedure) is now in use for disinfestation of fruit flies from
papayas to be shipped into the U.S., and a vapor-heat treatment (as a quarantine procedure) is now in use
for disinfestation of fruit flies from papayas to be shipped into the U.S. and Japan. It involves a
programmed heating/relative humidity regime as follows:
1. Heat treatment for 2 hours at 110°F (43.3°C), 40-50% relative humidity (RH).
2. Increase to 115°F (46°C) with 70-80% RH and heat until fruit center is 113-114°F (45-45.6°C),
which takes about 2 hours.
3. Increase temperature to 120°F (48.9°C) maintaining 70-80% RH, and heat until the temperature
reaches 116°F (46.7°C) at the fruit center, which takes about 1 hour.
4. Increase to 90% RH and continue heating until the centers of all fruits reach 117°F (47°C), which
takes about 30 minutes.
5. Spray cool the fruit to room temperature.
Controlled atmospheres (CA) of 3-5% oxygen and 5-10% carbon dioxide can be used during marine
transport to delay ripening of papayas and permit shipping at 55-60°F (13-16°C) to avoid chilling injury.

Freezing
A high quality papaya puree can be made by first steaming the whole fruit for 2 minutes followed by
cooling under water sprays. The fruit is sliced and crushed and the pulp scraped mechanically from the
skin. The peel and seeds are separated from the pulp mechanically through a centrifugal separator. The
macerated pulp is acidified to pH 3.5 with citric acid and then further pulverized and screened to remove
fiber and seed specks. Acidification adds to the quality of the puree by retarding enzymatic activity and
inhibiting microbial growth. Final inactivation of enzymes and sterilization of microbes is accomplished
by passing the puree through a heat exchanger at 205°F (96.1°C) for 2 minutes. The heated puree is
cooled and frozen at -10°F (-23.3°C). The puree is usually packaged in retail-sized containers, although
some bulk-sized containers are used for the ice cream trade.

WFLO is indebted to Dr. Harvey T. Chan, Jr., HI Food Tech, Hilo, Hawaii, and Dr. Elhadi Yahia, Universidad Autonoma de
Queretaro, for the review and revision of this topic
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Parsnips
Revised 2008

Thermal Properties
English

Metric

Moisture, %

79.53

--

Protein, %

1.20

--

Fat, %

0.30

--

Carbohydrate, %

17.99

--

Fiber, %

4.90

--

Ash, %

0.98

--

Specific Heat Above Freezing

0.89 Btu/lb*°F

3.74 kJ/(kg*K)

Specific Heat Below Freezing

0.48 Btu/lb*°F

2.02 kJ/(kg*K)

114 Btu/lb

266 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature
Relative Humidity
Storage Period
Highest Freezing Point

32°F
(0°C)
98-100%
4-6 months
30.4°F
(-0.9°C)

Parsnips have nearly the same storage requirements as topped Carrots and should keep for 4-6 months at
32°F (0°C) with 98% relative humidity. Only sound, healthy roots should be stored, never bruised or
damaged roots. Parsnips are not injured by slight freezing while in storage but should be protected from
hard freezing and should be handled with great care while in a frozen condition. Parsnips held at 32-34°F
(0-1°C) for 2 weeks after harvest attain a sweetness and high quality equal to that of roots subjected to
frosts for 2 months in the field. Parsnips should be promptly cooled after harvest to 41°F (5°C) or below
by hydrocooling or package icing.
Parsnips dry out easily in storage; hence, it is essential that humidity be kept high. Ventilated
polyethylene box or basket liners will aid in preventing moisture loss. Waxing is not particularly effective
in preventing wilting. Parsnips should be stored in a relative humidity as close to saturation as possible.
Parsnips, like carrots, may increase in phenolic content and acquire a bitter flavor when exposed to
ethylene. Therefore, parsnips should not be stored with ethylene-releasing fruits such as apples, pears, or
peaches.
Parsnips
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The major storage diseases are gray mold, bacterial soft rot, and watery soft rot. Parsnips commonly
undergo a color change from white at harvest to a dull yellowish brown during storage, which is
associated with abrasion and bruising damage during harvest. This surface browning is due to enzymatic
oxidation of phenolic compounds. Recommended low temperature and high relative humidity will retard
both the discoloration and decay.

Freezing
The parsnips are washed, peeled, trimmed, and sliced or diced depending on use. They may need to be
covered with a 5% salt brine to prevent darkening prior to blanching. The cooled pieces are then packaged
dry, frozen, and stored at 0°F (-18°C) for 1 year or longer.

Diseases and Injuries
Commonly occurs on the shoulder. Black or dark brown oblong region, slightly sunken.
Canker
Control: Crop rotation, sterilized seed. No warehouse control.
Black Rot

Small to large black areas, initially superficial and dry. Mostly on side of root. A definite
black margin separates healthy and diseased tissue.
Control: Use sterilized, treated seed. No postharvest control. Will grow even at 32°F (0°C).

Bacterial
Soft Rot

Gray Mold

Commonly occurs at the crown and at other injury sites. Soft, watery lesions are gray to
brown. A putrid odor develops in advanced stages.
Control: Avoid injury and grade out injured roots. Sanitation and maintenance of
temperature below 2°C (36°F).
Usually occurs at injuries. Lesions are light brown, spongy, water soaked with gray to
brown spores. Nesting occurs, spreading the rot from infected to sound roots.
Control: Avoid injury and store at 0°C (32°F).

Infections occur in the field before harvest and are promoted by cool, rainy weather.
Affected tissues are water soaked with fluffy, white fungal mycelium. Spores develop later
Watery Soft
and are bluish to black.
Rot
Control: Grade out infected roots before storage. Promptly market remaining roots.

WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for reviewing and
revising this release.
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Peaches
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Thermal Properties
Fresh

Dried

English

Metric

English

Metric

Moisture, %

87.66

--

31.80

--

Protein, %

0.70

--

3.61

--

Fat, %

0.90

--

0.76

--

Carbohydrate, %

11.10

--

61.33

--

Fiber, %

2.00

--

8.20

--

Ash, %

0.46

--

2.50

--

Specific Heat Above Freezing

0.93 Btu/lb*°F

3.91 kJ/(kg*K)

0.61 Btu/lb*°F

2.57 kJ/(kg*K)

Specific Heat Below Freezing

0.45 Btu/lb*°F

1.90 kJ/(kg*K)

0.83 Btu/lb*°F

3.49 kJ/(kg*K)

126 Btu/lb

293 kJ/kg

46 Btu/lb

106 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature

Storage Period

Relative Humidity or Packaging

°F

°C

Fresh Air Storage

32

0

2-6 weeks*

90-95%

Fresh CA Storage**

32

0

4-8 weeks*

90-95%

Freezing Point

30

-1

Frozen

0
-10

-18
-23

Up to 1 year

Vapor-proof packaging

12-16 months

Vapor-proof packaging

65
40

18
4

Canned

9-12 months
Up to 2 years

* Depending on variety (cultivar) and maturity at harvest.
** Controlled atmospheres containing 1-2% oxygen + 3-5% carbon dioxide (balance nitrogen) delay
ripening and softening of peaches. A CA of 4-6% oxygen + 15-17% carbon dioxide (balance nitrogen)
may be used to reduce incidence and severity of internal breakdown (chilling injury) during long-distance
transport.

Peaches
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Storing Fresh Peaches
If the grower/packer intends to ship fresh market peaches to distant distribution centers, the peaches are
harvested at the mature stage of maturity when ground color changes from green to yellowish-green. This
allows the peaches to ripen under controlled temperatures prior to retail marketing or processing, with less
bruising during the harvest and transportation. Peaches are harvested partially-ripe (yellow ground color)
for local markets and for processing.
Rapid cooling of harvested peaches to temperatures near 32°F (0°C) is important to retard ripening and
decay. Failure to cool fruit to a low enough temperature to protect it from decay and ripening is a
common fault. Clingstone peaches and some varieties of Freestone peaches can be held up to 4-6 weeks at
32°F (0°C) to lengthen the canning or freezing season. Ripening after storage may be needed to attain
more uniform firmness of the processed product and can be achieved by warming the peaches to 68°F
(20°C) and keeping them at that temperature for 1-2 days.
Peaches are very perishable and do not lend themselves to prolonged cold storage. Sound, well-matured
peaches can be stored for 2-6 weeks at 31-32°F (-0.6 to 0°C) depending in part upon the variety and
growing season. Peaches will freeze at temperatures below 30°F (-1.0°C). Therefore, to assure that
peaches in cold storage due not freeze due to cold spots or improper air circulation, the storage air
temperature should not fall below 31°F (-0.6°C). Peaches can be held longer at 32°F (0°C) than at 3650°F (2.2-10°C) without losing capacity to ripen normally when exposed to ripening temperatures.
Some peaches, depending on variety, that are held longer than 1-4 weeks at 36-48°F (2-9°C) often fail to
ripen satisfactorily on removal to higher temperatures. Instead, they develop internal breakdown or
chilling injury (CI), a disorder in which the flesh becomes dry or mealy, sometimes mushy, often badly
discolored, and with a watery translucent area around the stone. Flavor deterioration is also very evident
and the appearance is dull rather than bright. Shifting fruit from 32 to 41°F (0 to 5°C) after 1-2 weeks'
storage will result in very severe CI. This frequently occurs during marketing. No internal breakdown
develops at or above 50°F (10°C), but these temperatures are unsatisfactory because of rapid flesh
softening and decay incidence. Preripening (conditioning) the peaches at 70-75°F (21-24°C) for 1-3 days
before placing them in 32°F (0°C) storage is one method to alleviate or delay CI.
CA storage in 2% O2 and 5% CO2 at 32°F (0°C) or 17% CO2 and 6% O2 has been reported to reduce
internal breakdown and flavor loss and allow longer storage, sometimes up to 6 weeks. Cultivars differ in
their response under CA conditions, so each cultivar should be tested under CA conditions to determine
its suitability for CA storage. Commercial use of CA is still limited to holding small quantities awaiting
processing and during marine transport of fresh market peaches.
Peaches ripen satisfactorily at temperatures between 65 and 77°F (18 and 25°C). However, ripening at
65°F (18°C) may result in less decay than ripening at higher temperatures. For peaches stored for short
periods, better quality and less decay occur when peaches are ripened after storage than when they are
ripened before storage. But the longer peaches are stored, the greater the amount of decay likely to
develop during ripening and marketing afterwards.
Research has shown that storage for 10-14 days at 31-32°F (-0.6 to 0°C) will measurably reduce rhizopus
decay during subsequent ripening, but will have little effect on brown rot. Also, dipping peaches for 2-2.5
minutes in 125°F (52°C) water will reduce postharvest decay. The heat treatment kills decay-producing
organisms on the surface and under the skin. Good sanitation practices must then be followed during
Peaches
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subsequent handling to prevent recontamination. Combination of fungicides with hot water may serve as
a method of controlling this contamination. With the addition of fungicides, the water temperature can be
lowered to 115°F (46°C) and chemical concentrations reduced to 1/10th the effective concentration in
room temperature water and still obtain decay control.

Diseases and Disorders
Potentially serious as a field disease in southeastern, eastern, and mid-western
states. Rarely causes serious marketing losses, but may cause storage losses. In
early stages, small brown spots may be slightly moist but normally are firm and
dry. As spots enlarge tissue beneath collapses and leaves a dry depression 1/8 to
Anthracnose 1/4 inch (3-6 mm) deep, surrounded by a firm circular margin. At late stages, a
grayish fungal growth and circular pinkish spore masses are in the center of the
depression.
Control: Hot water treatment and prompt cooling to 32°F (0°C).
Field disease found in peach growing areas east of the Rocky Mountains. At first
faint brown spots often with light green halo occurring on any area of fruit. Later,
spots coalesce and become dark brown to black and deep cracks may form in the
Bacterial Spot infected areas. Spots normally do not enlarge as their numbers increase during
storage.
Control: No warehouse control.
Occurs in most of the commercial peach growing areas. At first greenish-tan, then
tan circular spots occurring in any area of the fruit. As spots enlarge, infected area
becomes brown to black and may contain yellowish-gray spore masses. In all
stages the infected skin is tough or leathery. Orchard infections are usually worse
in warm, wet weather. Decay present at harvest will develop during storage even
at 32°F (0°C), although very slowly.
Brown Rot

Peaches

Control: Combination of blossom and preharvest sprays of approved fungicides
greatly reduce brown rot in the field and while the fruit are ripening after harvest.
Dips of 2-2.5 minutes in 125°F (52°C) water will kill the decay-producing organism
on and under the skin of the fruit. Fungicides give better decay control when
added to 115-125°F (46-52°C) water than when they are added to 70°F (21°C)
water. Temperatures below 41°F (5°C) reduce rapidity of decay development and
decrease "nesting" of decaying fruits.
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Usually occurs on freshly harvested peaches depending on environmental
conditions, but may be severe when peaches are stored too long, especially at
improper temperatures. Spots at first are a light tan with a lighter tan wrinkled
margin. Infected skin slips readily with slight pressure, and the tissue beneath the
skin is brown, soft to mushy, and watery. Later, a white-gray fungal growth
Gray Mold Rot
appears, which turns gray within 2-3 days. The organism causing gray mold
(Botrytis cinerea) can grow and infest peaches even at 32°F (0°C) and cause
nesting of fruit during long storage periods.
Control: Avoid prolonged storage. Careful handling and sanitation are important.

Rhizopus Rot

Second to brown rot, the most important market disease of peaches. Light brown
to tan lesions that are somewhat moist and infected skin slips easily with slight
pressure. Flesh discolored light tan to brown. Later stages at first white then
grayish fungal growth with many black spores. Severe nesting occurs when
infected fruit is held at moderate temperatures.
Control: Careful packinghouse handling to avoid any bruising damage and good
sanitation particularly in hydrocooling water. Transit temperatures below 40°F
(4°C). Two to 3 minute dips in 125°F (52°C) water or in 115-125°F (46-52°C)
suspensions of fungicides will kill organisms in and on the fruits.

Mucor Rot

Similar in appearance to rhizopus rot, although it differs in early stage as the tan
skin is firm and does not slip easily when pressure is applied. Later gray-white
fruiting bodies very similar to those of rhizopus develop. Mucor can rot peaches
stored at 32°F (0°C) fairly rapidly, whereas rhizopus will not rot fruit stored below
45°F (7°C).
Control: Careful handling and effective sanitary procedures. No chemical
postharvest treatment known.

Small tan spots which when scooped out leave small saucer-like cavity with entire
circular edges. Later white growth and finally a blue spore mass surrounded by
white border appear. Disease appears usually on peaches with prolonged storage
Penicillium Rot or chilling damage.
(Blue Mold)
Control: Packinghouse and storage sanitation. Careful handling to avoid skin
breaks. Avoid prolonged house storage. Growth of this fungus rarely occurs at
32°F (0°C).

Diplodia

Soft brown spots with skin tougher than rhizopus rot, but softer than brown rot.
Infected flesh is tan to brown, somewhat watery, and sometimes has sour odor.
Later, infected skin is covered with white cottony growth which becomes gray
with black fruiting bodies. This disease occurs after peaches are harvested. It
originates mostly because of packinghouse or storage contamination.
Control: Sanitary procedures and recommended refrigeration.

Peaches
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Scab

Widespread, except in Oregon and Washington. Distinct, olive-green to black,
circular spots often on side of peach uppermost as fruit hangs on tree. Later may
cause large, dark, sooty areas, misshapen fruit, and, after cracking, opening way
to other decay. Does not spread in transport or storage.
Control: No warehouse control.
Dryness, mealiness, loss of flavor. Breakdown starting around pit is grayishbrown, water-soaked, mealy flesh.

Internal
Breakdown or
Control: Avoid exposure to temperatures between 36 and 48°F (2 and 9°C)
Chilling Injury
throughout postharvest handling. Store in CA or preconditioned (limited control)
storage. Do not exceed the storage potential of each variety.

Bruising

Sometimes mistaken for rot. To distinguish, remember bruised peaches have
mottled white and brown appearance in flesh, and skin is not brown, whereas in
decay both skin and flesh are brown.
Control: Careful harvest, avoid picking over-mature, not packing too tight, and
avoidance of rough handling in transit.
Irregular, somewhat sunken, often reddish or greenish brown spots, and on one
side of fruit, usually not gummy.

Hail Injury
Control: Covering the trees in the orchard with screen to protect against hail, but
this is very expensive.

Freezing
The major problem with frozen peaches is their tendency to brown readily. To delay this, ascorbic acid
should be added. Shelf life of frozen peaches at 0°F (-18°C) can be doubled from less than 1 year to
nearly 2 years if ascorbic acid is added. Other methods of delaying browning are by increasing syrup
concentration or reducing storage temperature. During storage at -40°F (-40°C), there is little loss of
ascorbic acid (vitamin C).
Frozen peaches are mostly a western (California) product. A 60% sugar syrup is usually used, with about
1 part of syrup to 5 parts of peaches. Darkening is inhibited on thawing if 250-300 ppm of ascorbic acid
by weight of the peaches is added to the syrup.
For the food service, baking, and ice cream trades, packs to 32 lb (14.5 kg) net in plastic containers with
plastic covers are used. Packs of 40 lb (18.2 kg) net weight are often made in a barrier foil-lined bag
which is subjected to vacuum of 12-15 in (300-375 mm), heat-sealed, and secured in a corrugated
container. This too is usually a 1 part 60% sugar syrup to 5 parts of fruit pack. Peach puree may be used
in place of the syrup. A substantial amount of Freestone peaches are frozen in barrels, and IQF frozen
slices are available in plastic 1.5 lb (682 g) packages.

Peaches
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Storing Canned Peaches
Because of their greater firmness retention and attractive smooth appearance, halves of the Cling peaches
predominate for the retail market. The less attractive Freestone varieties are considered more flavorful
and are therefore usually frozen. In recent years Clings have constituted well over 80% of the total pack
of canned peaches.
Storage temperature of 65°F (18°C) is adequate to retain 90% of vitamins A and C content up to 1 year. If
canned peaches are to remain in the channels of trade for longer than 1 year, they should be stored in
refrigerated warehouses at 40°F (4°C). As with other canned products, care should be taken in storage to
avoid large temperature fluctuations, and the canned goods should be tempered before transfer to higher
temperatures to avoid peeling and other damage to labels and rusting of cans.
WFLO is indebted to Dr. Adel A. Kader and Dr. Carlos H. Crisosto, Plant Sciences Department, University of California at
Davis, for the review and revision of this topic.

Peaches
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Pears
Revised 2008

Thermal Properties
English

Metric

Moisture, %

83.81

--

Protein, %

0.39

--

Fat, %

0.40

--

Carbohydrate, %

15.11

--

Fiber, %

2.40

--

Ash, %

0.28

--

Specific Heat Above Freezing

0.91 Btu/lb*°F

3.80 kJ/(kg*K)

Specific Heat Below Freezing

0.49 Btu/lb*°F

2.06 kJ/(kg*K)

120 Btu/lb

280 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature

Relative Humidity

°F

°C

Storage

30-32

-1 to 0

90-95%

Ripening

60-72

16-22

85-95%

Freezing Point
°F

°C

29

-1.5

Storage Period*
Anjou

6-7 months

Bartlett

2-3 months

Bosc

3-4 months

Comice

4-5 months

Hardy

2-3 months

Kieffer

2-3 months

Packham's Triumph

5-6 months

Seckel

3-3.5 months

Winter Nelis

7-8 months

* These storage times allow for additional time for transportation and subsequent marketing. The storage
life of Anjou, Comice, and Bosc can be extended 1-2 months by packaging in polyethylene liners or
Pears
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storage in controlled atmospheres (CA) of 1 to 2% oxygen, less than 1% carbon dioxide, and balanced
nitrogen.
For best storage quality, pears should be cooled rapidly after harvest. Fruit temperatures should be
brought down to 32°F (0°C) within 48 hours. The storage life may be 33% longer at 30°F (-1.1°C) than at
32°F (0°C). At 30°F (-1.1°C), precise temperature control is needed to prevent freezing. Pears low in
solids may be damaged by freezing when stored below 30°F (-1°C). Intermediate temperatures of 36.550°F (2.5-10°C) are harmful to some cultivars of pears; Bartlett pears stored in this temperature range are
dry textured.
The time that pears can be held safely in storage at 30-32°F (-1.1 to 0°C) varies with cultivar as shown
above. If held beyond their normal storage life, some cultivars may not ripen properly and attain good
flavor. Even though they may appear in good condition, the flesh will not soften, the skin "scalds" or
turns brown, and breakdown occurs.
Pears lose weight rapidly due to evaporation, so relative humidity in storage rooms should be carefully
maintained. When weight loss is a problem in the top bins of a stack in a commercial storage, the addition
of polyethylene covers will reduce weight loss and visible shrivel. Most pears for long storage are
packaged in folded-over polyethylene liners with needle point or 1/4 inch (6 mm) perforations. The liners
are opened when pears are removed from cold storage. For ripening purposes, the relative humidity can
be lower, at 85-90%. Some winter pears require 4 to 6 weeks of cold storage before they will ripen
normally at room temperature. Anjou, for example, need to be held at 30-31°F (-1 to -0.6°C) for at least
30 days before they will ripen with good quality.
Pears are good candidates for controlled atmosphere (CA) storage (1.0-2.0% O2 + less than 1.0% CO2).
Storage period of some varieties can be extended by several months with CA storage. However, fruit
maturity and growing district are important factors in determining storage potential.

Diseases and Injuries
This brown to black discoloration of the skin of Anjou and Packham's Triumph pears does
Superficial
no harm other than marring appearance. It may occur even in fruit held under good
Scald
refrigerated storage conditions for long durations.
(Anjou
Scald)
Control: An antioxicant, Ethoxyquin, is applied as a dip, spray, or in wrapping paper.
Occurs usually late in the storage season, usually at punctures. Decayed tissue is gray to
black, dry in center, gelatinous at edge, and easily removable as a core from surrounding
Alternaria
flesh.
Rot
Control: Prevent skin breaks and remove from storage promptly when noted.
Frequently appears on pears as scattered spots. This is the most common and most
destructive rot of pears in storage. Affected areas have a straw to brown color and soft,
watery tissues. One phase of the disease develops when the fungus (Penicillium
Blue Mold
expansum) grows down the stem and rots the tissues of the neck.
Rot
Control: Prevent skin breaks and lower fruit temperature to 30-31°F (-1 to -0.5°C). Use of
approved fungicides, along with good housekeeping practices to prevent infection during
Pears
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packing.
Core
Breakdown

Often accompanies pear scald. Soft, brown breakdown in core area, accompanied by
disagreeable odor. Due primarily to over-maturity before harvest, or to holding pears too
long at low storage temperatures.
Control: Harvesting at optimum maturity should largely eliminate this problem.
Primarily on Anjou pears. Pears have small, brown corky regions in the flesh which cause
surface pitting if near the skin.

Cork Spot

Control: It is due to growing conditions, not storage conditions, although it may first be
observed in storage. Fruit with cork spot can be stored almost as long as normal fruit,
although market value is depreciated.

Characterized by firm, dull brown, water-soaked decay with bleached borders and, when
Gray Mold more advanced, by dirty white to gray masses or "nests" of decayed fruits.
Rot
Control: Use approved fungicides; cool promptly to 30-31°F (-1.0 to -0.5°C).
This brown to black discoloration of the skin, which is frequently accompanied by
softening of the underlying tissues, is associated with fruit that is not fully mature at
Senescent harvest and is stored at temperatures above optimum.
Scald
Control: Harvest at optimum maturity for long storage and cool promptly to desired
storage temperature.

Freezing
Injury

Symptoms are a glassy, water-soaked external appearance, with a tan, pithy region
around the core. Pears frozen severely may break down completely or show marked
sunken areas where slightly bruised while frozen.
Control: For pears with low soluble solids content, hold at 30-31°F (-1 to -0.5°C). Even
severely frozen pears will recover if thawed gradually at temperatures not exceeding 36°F
(2°C).

WFLO i s i ndebted t o Dr. Adel A. K ader, Department o f P lant Sciences, University o f C alifornia at Davis, for t he r eview and
revision of this topic.
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Peppers, Dry Chili
Revised 2008

Storage Conditions
Temperature

32-50°F
(0-10°C)

Relative Humidity

60-70%

Storage Period

6 months

After harvest at full maturity, chili peppers are dried and placed in covered piles to distribute the moisture
content equally. Some water may be added after drying in order to make the peppers less brittle. They are
then packed tightly into sacks holding 200 lbs (91 kg) or more.
Dry chili peppers are best stored in a relative humidity (RH) of 60-70% at a temperature in the range of
32-50°F (0-10°C). This low RH helps keep chili peppers at the optimum moisture content of 10-15%.
When the moisture content of chili peppers drops to 6-9%, they become dry, brittle, and may shatter and
lose color more rapidly. Exact temperature maintenance, within the range noted above, is less important
than careful humidity control. The low moisture content of chili peppers usually discourages mold if
humidity conditions are right. If humidity control is difficult, then dropping the temperature to 32°F (0°C)
will reduce mold growth on the peppers or the sacks. With higher moisture content, the pods may be too
pliable for grinding. The chief storage problem is insect infestation; if the temperature is maintained
below 40°F (4.4°C), insect activity ceases. For insect dis-infestation, fumigation may be necessary.
The use of polyethylene film liners within boxes or sacks allows better storage and reduces the dust
problem. They maintain a constant moisture content in the chili peppers during storage and until the time
of grinding, thus permitting successful storage or shipment under a wider range of relative humidity.
Packed in this manner, dry chili peppers can be stored 6-9 months at 32-50°F (0-10°C).
Manufacturers of chili pepper products hold part of their supply of the raw material in cold storage at 3250°F (0-10°C), but they prefer to grind the peppers as soon as possible and store them in the
manufactured form in airtight containers.
When receiving dry chili peppers for storage, ascertain by careful inspection that 1) the peppers are
properly cured; 2) they are not unduly moist (ask the owner to state the average moisture content of the
lot or have a moisture analysis made by a commercial laboratory if in doubt); and 3) the peppers are not
already molded or wet or heating in the center of the sacks. Heating is rare except if the peppers are
poorly handled or not sufficiently dried. Inspect the peppers in storage at intervals. The red color of chili
peppers and their condition is better retained by refrigerated storage, although there is still some storage
of peppers in unrefrigerated warehouses. For extended storage of a year or more, store dry chili peppers in
the freezer.
Freshly harvested chili or other hot peppers should be stored under the same temperature and RH
conditions as those for sweet peppers, around 45°F (7.5°C) and greater than 90% relative humidity.
WFLO is indebted to Dr. Marita Cantwell, Department of Vegetable Crops, University of California, Davis, for the review and
revision of this topic.
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Thermal Properties
English

Metric

Moisture, %

92.19

--

Protein, %

0.89

--

Fat, %

0.19

--

Carbohydrate, %

6.43

--

Fiber, %

1.80

--

Ash, %

0.30

--

Specific Heat Above Freezing

0.96 Btu/lb*°F

4.08 kJ/(kg*K)

Specific Heat Below Freezing

0.43 Btu/lb*°F

1.80 kJ/(kg*K)

132 Btu/lb

308 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature

Storage Period

Relative Humidity or
Packaging

Freezing Point
30.5°F
(-0.8°C)

°F

°C

Raw

45

7

2 weeks

90-95% with ventilation

Frozen

0
-10

-18
-23

1 year
2 years +

Vapor-proof packaging

Dehydrated

75
36

24
2.2

6 months
1 year

Gas-tight, preferably
vacuum packaging

Canned

75
45

24
7

6 months
1 year +

Raw Peppers
Bell peppers are subject to chilling injury (CI) at temperatures below 45°F (7°C). The thick fleshed types
seem to store better than the thin walled peppers. Remove the red colored peppers and those showing
decay or mechanical injury. The optimum temperature is 45°F (7°C), and storage for 2-3 weeks should be
possible. More ripening, evidenced by color change, will occur at 55°F (13°C) than at 50°F (10°C). No
coloring takes place below 50°F (10°C). Ethylene does not significantly affect color change in bell
peppers.

Peppers, Bell
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Temperatures below 45°F (7°C) usually predispose peppers to Botrytis and Alternaria decay, although
peppers from some production areas are more tolerant of chilling temperatures. Sheet pitting, one of the
manifestations of chilling injury, begins to appear in 2-4 days on peppers stored at 32°F (0°C) and
becomes serious in about 9 days on green bell peppers. Red ripe bell peppers likely can be held a week at
40°F (4.4°C) without injury. Colored or red peppers are less susceptible to chilling injury than maturegreen peppers.
Many bell peppers are waxed before shipping to reduce moisture loss and scuffing. Peppers must be held
in high relative humidity (RH), with 95% considered optimum, otherwise they will gradually shrivel or
become flabby. Film wrapping or carton liners can assist in maintaining a higher humidity around the
peppers. Film-wrapped peppers develop less pitting when exposed to chilling temperatures than nonwrapped peppers, and they should have a storage life up to a week longer than non-packaged peppers.
Some high-quality colored peppers are film wrapped.
Bell peppers are often packed with no washing and are often room-cooled. In different regions, precooling is done commercially by forced-air cooling, vacuum cooling, or hydro-cooling. However, hydrocooling may increase incidence of soft rot, even when the water is chlorinated. Hydro-cooling may be
safe in drier climates, although late season conditions may also favor decay in hydro-cooled peppers.

Diseases and Injuries
Bacterial
Soft Rot

Due to various common bacteria in conjunction with wounds.
Control: Minimize physical damage; if using water, ensure strict sanitation.

Early stages of decay are greenish and water-soaked, changing later to gray or grayishbrown. As spots enlarge, they become irregular with distinct demarcation between healthy
Botrytis and diseased areas. No objectionable odor. Disease likely to occur on peppers weakened
Gray Mold by chilling injury or stored too long and/or at too low temperature.
Rot
Control: Do not store at lower than 45°F (7°C) and 92-95% RH or for longer than the
recommended period of 2 weeks.

Pythium
Rot

Rhizopus
Soft Rot

Small water-soaked spots near the blossom end, enlarging rapidly. Diseased tissues
becoming grayish-green, watery, soft, and slightly sunken. In later stages, slightly brown
and covered with white cottony fungus growth. Favored by hot, wet weather.
Control: No field control known. During wet weather, do not store peppers when showing
water-soaked spots. Will spread to healthy peppers and develops very rapidly after
removal from storage.
More or less soft and watery, sometimes causing leaks. Under moist conditions, develops
profuse white fungus growth known as "whiskers" in which black spore masses are
eventually found and which cause "nesting" of the peppers. Fungus spreads rapidly by
contact between healthy and diseased peppers in the center of moist containers.
Control: Remove all injured, bruised, or decaying peppers before packing and refrigerate
promptly at 45-50°F (7.5-10°C) to retard spread of decay.

Chilling
Peppers, Bell

Symptoms are sheet pitting and surface scald on peppers, deterioration and decay of the
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Injury

calyxes, and the occurrence of numerous spots of Alternaria rot. Seeds may be discolored.
Control: Do not store bell peppers below 45°F (7°C). Peppers stored at 41°F (5°C) will show
chilling symptoms after 9-12 days storage.

Freezing
Injury

Outer wall soft, flabby, water-soaked, dark green, with surface pitting following. With
severe freezing, stems and stem caps often appear water-soaked and discolored and core
and seeds turn brown.
Control: Do not expose peppers to temperatures below 32°F (0°C).

Preparation for Processing
Bell peppers are washed, inspected, and graded for color and size. The peppers may be fed by hand into
an automatic coring machine which removes and ejects the stem, pithy placenta, and seeds and at the
same time cuts the pepper into halves. The halves are washed under strong water sprays to remove any
remaining seeds or pithy material. Some operators slice the top off the stem end and mechanically
squeeze out the placenta and seeds. Other operators pass the whole pepper through rollers which crush the
pepper and then remove the placenta and seeds by hand or by screening.
Bell peppers are processed either as whole green, in which case they are usually not blanched; cored and
halved (un-blanched or blanched); or diced (un-blanched or blanched). Both green and red bell peppers
can be processed un-blanched, but they frequently are blanched in water or steam for about 2 minutes to
help preserve color and flavor and reduce bacterial and mold counts.

Freezing
Red (mature ripe) and green (immature, mature) peppers can be frozen. Some are packed in small 10-oz
or 3-lb (280-g or 1.4-kg) cartons or polybags for the retail and food service market. Close to half are
packed in 30-60 lb (13.6-27.2 kg) poly-lined cartons while the rest are further processed as ingredients in
canned or frozen products.
Rapid freezing methods, such as belt or fluidized bed freezers, are recommended for diced peppers
because slow freezing for this item results in bleeding and adverse texture changes. It is preferable to
remove the peppers from the boxes when blast freezing them; the quicker freezing resulting will reduce
chances of damage and/or cracking. Storage at 0°F (-18°C) is adequate if peppers were blanched and are
not intended for longer than 1 year in storage. At -10°F (-23°C) they can be stored for 2 years and longer.

Dehydration
Substantial quantities of diced bell pepper are dehydrated and marketed as such, usually for further
processing, or further comminuted for use as a condiment. The more rapid the dehydration and the lower
the temperature, the better the sensory and nutritional quality of the reconstituted product. Because of
cost, freeze-drying can be considered, and fluidized bed drying is preferable to other slower methods of
dehydration. To maintain sensory and nutritional quality for 1 year, dehydrated peppers should be stored
in cooler temperature of 36°F (2°C), and at even lower temperatures if they are to be stored for longer
than 1 year.
Peppers, Bell
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Fresh-Cut Peppers
Minimally processed peppers (dices or slices) require lower storage temperatures than used for the intact
peppers. For fresh-cut peppers, storage at 32-41°F (0-5°C) will give a shelf life of 7-10 days. Chilling
injury of the cut peppers is not important. The same storage conditions apply to red or colored fresh-cut
peppers. Modified atmosphere packaging with CO2 levels between 5-10% will help reduce microbial
growth.

WFLO is indebted to Dr. Marita Cantwell, Department of Vegetable Crops, University of California, Davis, for the review and
revision of this topic.
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Storage Conditions
Cool, Dry Place
Temperature

Wet- canned and pouch

Semi-moist

Dry

Duration

75°F
(23.9°C)

18 months

40°F
(4.4°C)

2 years

75°F
(23.9°C)

12 months

40°F
(4.4°C)

18 months

75°F
(23.9°C)

18 months

40°F
(4.4°C)

2 years

There are now an estimated 67 million dogs, 83.9 million cats and many other pets in the United States,
which subsist almost exclusively on specially prepared nutritious pet foods. Unlike human food, pet foods
have been labeled for their nutritive value for many years. This is important because most commercial pet
foods are intended to be the sole diet of the pet. Contrary to the advertising, pets will thrive on practically
all properly formulated foods and prefer not necessarily the all-meat, or specially flavored foods, but, like
humans, prefer the food to which they are accustomed. Variety in texture and flavor is not essential in the
food for a pet.
Although there are more similarities than differences in the nutrient requirements of dogs and men, on a
pound for pound basis dogs require more food. Thus, an active, grown, middle-sized dog weighing 20-30
pounds requires half as many calories as an active adult man. The dog's protein requirements are fully
equal to those of a man 8 times his weight, and while some of the vitamins, such as vitamin C, are not
required, others like Niacin, the B vitamins and minerals are required at higher levels.
For many years pet foods were available only in the wet, specifically canned and pouch, and dry forms,
but semi-moist dog foods made their appearance in the early 70’s. These foods retain their moist-like
appearance by replacement of part of the water with a viscous substance like propylene glycol, although
not allowed in cat food, which reduces water activity to the point where there is little or no bacterial
growth so that the food does not need to be heat processed or sterilized. Mold activity may be arrested by
the addition of mold inhibitors, such as sorbates or propionates. Thus, from the standpoint of spoilage by
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microorganisms, pet foods, whether canned, pouched, dry, or semi-moist, do not require refrigeration as
long as the integrity of the container remains undamaged.
Nutrient losses, however, do occur in the same manner as in the ingredients from which the pet foods are
produced. Furthermore, sensory quality is a major consideration, but those values may not be the same as
for human food, while nutrition quality is even more important than in human food, because so many pets
subsist entirely on the one pet food they are fed. Thus, to maintain nutrient quality of pet foods, whether
they are canned, semi-moist, or dry, they should be stored at ambient temperatures but not extreme
temperatures. All pet foods are usually packaged adequately so that relative humidity is not a factor.
Pet food ingredients are frequently by-products or trimmings accumulated during processing of primary
products. Such materials should be collected and handled under safe and sanitary conditions, as if they
were intended for human consumption. Animal products particularly should be handled and stored at
40°F (4.4°C) or lower, and if stored for more than just a few days, they should be frozen until used.

Storage with Human Food
Finished pet food can be handled the same way and stored in the same warehouse as human food.
However, there are US federal regulations covering the handling of inedible meat. The US Department of
Agriculture (USDA) Food Safety Inspection Service (FSIS) issued a Sanitation Directive, effective
January 25, 2000, to replace Regulation 3142, Warehouse Handling and Storage of Inedible Meat. The
new directive states that meat for pet food must be separated by time and space from food for human
consumption. For example, inedible meat must be handled to avoid cross contamination and separated by
sufficient space to avoid contamination. These regulations apply to all federally inspected establishments,
but some regulations may be waived by the federal inspector in certain circumstances. From the Good
Manufacturing Practices and public relations standpoint, it would be wise to adhere to these regulations in
a non-federally inspected establishment, such as a warehouse, for sanitary and health reasons.
All meat to be used for pet food must be denatured, that is, treated with charcoal or USDA approved dyes
to prevent it from getting into the human food chain. Of course, if the pet food is giving off any odors,
consider the risk of odor transfer to other products in the warehouse.
WFLO is indebted to Nancy K. Cook, Pet Food Institute, Washington, D.C., for review and revision of this topic.
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Storage Conditions
The following information applies to both photographic film and photographic paper. The same
conditions are recommended for both products. Relative humidity (RH) in the storage room should be
between 40% and 55%, preferably nearer 40%. Humidity above 55% increases the potential for change or
damage. For color and motion picture film, relative humidity should not exceed 50%. Film adequately
protected by vapor-barrier packaging may be stored at RH up to 70%.
Upon removal from refrigeration, the film or paper should be allowed to warm-up before opening any
vapor or moisture seals to prevent condensation and subsequent damage from occurring upon opening.
Storage Temperatures
2 Months

6 Months

12 Months

1 Year+

75°F (24°C) or lower

60°F (16°C) or lower
45-55°F (7-13°C) for color

50°F or lower
(10°C)

0 to -10°F
(-18 to -23°C)

Storage temperature requirements vary with different film types. Professional film normally would be
entirely different than requirements for consumer film. Specific recommendations printed on the box of
film should be followed.
Some scientific film must be stored at 0 to -10°F (-18 to -23°C) for their entire storage life.
Refrigerated storage is not absolutely required for black and white film, but they do age less in
refrigerated storage.
Tempering of the film after storage is very important to avoid condensation on, and therefore damage to,
the film.
Photosensitive materials deteriorate with age, but the rate of deterioration is largely dependent on storage
conditions. High temperature and high relative humidity will speed the deterioration, while, conversely,
low temperature and humidity will slow down the deterioration process with the exception of high-speed
film products (ISO 1000 or higher) where background radiation may be the dominant factor in product
change. Eastman Kodak's Storage and Preservation of Motion Picture Film states: "Sensitized films must
be considered perishable just like meat or dairy products and given proper care."
Photographic film is a sensitive product and must be protected from moisture as well as damaging
oxidizing vapors such as hydrogen sulfide, sulfur dioxide, ozone, formaldehyde, paint, etc.
Moisture/vapor resistant packaging is adequate in temperate climates; for climates with higher humidity
and temperatures, packaging requirements should be obtained from the manufacturer. All film should be
stored at least 6 inches off the floor, and protected from heat sources, accidental water damage and mold.
Film in original manufacturer's shipping cartons can be stacked 6 cases high and motion picture film
should be stored no more than 6-8 cans high.
Photographic Film

1

WFLO Commodity Storage Manual
Color film is more sensitive than black-and-white, but neither should be subjected to long periods of
ambient storage once opened. Regardless of the care in storage, all film should be used before its
expiration date.

Care of Processed Film
In order to slow potential image and color changes, processed film should, in general, be stored in a dark,
dry and cool place.
Although storage temperature may not be as critical for processed film as for the unexposed or
unprocessed film or paper, an even lower relative humidity is desirable. Thus, a temperature of 70°F
(21°C) or less may be adequate, but relative humidity recommended is between 25 and 40%. The 100 rule
(°F + RH) generally applicable to seed storage is generally applicable for processed film, except that RH
below 25% should be avoided because excessive brittleness may result. Within these limits, the low
temperature and low humidity storage will not only slow image changes, but also protect against mold
growth and insect infestation. In general, both extremely low and extremely high humidity should be
avoided. When materials are to be kept for long periods of time (archival keeping), proper enclosure
materials (envelopes, boxes, etc.) should be used.
Negatives for current use can be kept in normal room conditions. If humidity regularly
approaches 60%, a dehumidifier should be used. Light can affect dyes, thus keep in a dark
Negatives
place. For extended storage for long periods, more elaborate care is needed. A temperature
of 0°F (-18°C) and a RH of 30 to 35% are excellent for long term storage.

Color
Slides

Color
Prints

Slides and transparencies can be kept for long periods in normal room conditions. When not
being viewed or displayed, they should be stored in the same way as color negatives, i.e., for
very long life, store in the dark at 0°F (-18°C) and RH between 30-35%. Light can affect dyes,
thus keep in a dark place.
Projection life of a color slide will vary depending on type of film. Kodachrome will give
evidence of a 10% loss of magenta dye after 240, l5-second projections. Ektachrome slides
will withstand 2-3 times as many projections before the same amount of magenta loss would
occur. Generally, a 10% dye loss will be perceived as a just noticeable difference.
The best conditions for extended storage of color prints are the same as those for other
color photographic products, i.e., dark, dry and cool place, store below 75°F (24°C) and 50%
RH, in the dark. For longer term storage, keep prints at reduced temperatures. If stored at
0°F (-18°C), prints should be conditioned before sealing for storage.
Upon removal from refrigeration, the film or paper should be allowed to warm-up before
opening any vapor or moisture seals to prevent condensation and subsequent damage from
occurring upon opening.

Reference
Storage and Care of Kodak Films and Papers, Kodak P ublication N o. E -30. S ingle c opies c an be
obtained free by request to Department 412-L, Eastman Kodak Co., Rochester, NY 14650.
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WFLO is indebted to Douglas J. Lang, Director, Film Team, Eastman Kodak, Rochester, New York, for the review and revision
of this topic.
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Thermal Properties
English

Metric

Moisture, %

86.50

--

Protein, %

0.39

--

Fat, %

0.43

--

Carbohydrate, %

12.39

--

Fiber, %

1.20

--

Ash, %

0.29

--

Specific Heat Above Freezing

0.92 Btu/lb*°F

3.85 kJ/(kg*K)

Specific Heat Below Freezing

0.46 Btu/lb*°F

1.91 kJ/(kg*K)

124 Btu/lb

289 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature

45-50°F
(7-10°C)

Relative Humidity

85-95%

Storage Period

2-4 weeks, depending on cultivar and ripeness stage

Freezing Point

30°F
(-1°C)

Fresh Market
Pineapples are sensitive to chilling injury (CI) and should not be held below 45°F (7°C). Susceptibility to
chilling varies with fruit maturity and cultivar. Pineapples subjected to too low a temperature take on a
dull hue, develop water soaking of the flesh, darken at the core (endogenous brown spot), and are
particularly subject to decay when removed from storage. Among those people associated with the
production of pineapples for the fresh market, it is generally recognized that a fruit should not be
harvested until 1/8 of the outer surface, commonly called the shell, shows a yellow color. This insures a
reasonably good quality of fruit, based upon sugar content, acid level, and the presence of substantial
quantities of volatile flavor components. Harvesting pineapples at the mature-green stage is not
recommended, as pineapples do not ripen after harvest.
There are times that the external shell color may be less than 1/8 yellow, yet the internal ripeness may be
of good quality with more than 12% soluble solids content. This is generally due to weather conditions
Pineapples
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during fruit development and ripening. Judgment as to the exact relationship between shell color and
internal quality must be made at the time of harvest and can only be made by the grower.
Pineapples can be stored at 45-54°F (7-12°C) for 2-4 weeks under commercial handling conditions,
depending on cultivar and fruit maturity. Two weeks is the practical limit for fruit stored at 54°F (12°C);
longer storage is possible at 45°F (7°C).
Therefore, it is critical that refrigerated storage of pineapples be uninterrupted. Prolonged display (4-7
days) at room temperature in a retail outlet can, and frequently does, negate all prior careful handling of
the fresh product. The longer a fruit is kept out of refrigerated storage, the more likely the fruit will be of
poor eating quality.
Fresh pineapple is now dipped in a food grade fruit wax preparation to increase internal carbon dioxide
concentration to 5-10% during subsequent handling. This treatment reduces the problem of internal brown
spot. Fruit treated in this manner and stored at 45°F (7°C) can be expected to retain quality for at least 3
weeks of storage plus up to 1 week of display.

Diseases and Injuries
Caused by a fungus which generally enters the fruit through a wound. Conditions
leading to the maintenance of an open wound in a moist condition, such as rain or wet
storage, will lead to an increased incidence of this disease. It is characterized as a soft,
wet rot of fruit and core, accompanied by an abnormally yellow color and a strong,
fruity odor. In severe cases, the fruit may be reduced to an almost empty shell,
Thielaviopsis containing little but blackened fibers of the vascular system.
Rot
Control: Through careful handling of fruit, it will be possible to minimize mechanical
damage, including cuts and bruises. Little or no Thielaviopsis rot occurs in fruit held at
45°F (7°C), but it may develop when the pineapples are placed at room temperature.
The symptoms can become severe in 4-7 days. Control of this rot is possible by using
registered postharvest fungicide treatments.
A physiological disorder of the flesh, beginning at the base of the fruitlets (eyes) near
the core of the fruit. In the early stages, the spots are watery in appearance and turn
gradually to light brown spots. These spots appear about halfway between the core
and the shell. In its more severe form, the individual spots enlarge, merge, and
eventually involve most of the fruit. This disorder has also been called endogenous
brown spot (EBS) and is a form of chilling injury.
Internal Brown
Spot (IBS)
Control: Continued storage at 45°F (7°C) has resulted in the lowest incidence of the
disease when fruit is later displayed at room temperature. It is recommended that
storage temperatures of fruit be maintained at 45°F (7°C) and that the display time at
room temperature be kept to a minimum. The majority of pineapples are treated with
food grade fruit waxes. This treatment results in maintaining a satisfactory shell
appearance and reducing internal brown spot in fruit held under refrigeration for 3
weeks. Quality is maintained for an additional week of display.

Pineapples
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Fresh Cut Products
Fresh pineapples are increasingly being marketed as value-added, fresh-cut and ready-to-eat slices,
wedges, cubes, or other products that are packaged for foodservice or retail markets. These products
should be kept at 32-41°F (0-5°C). The lower the storage temperature, the longer the shelf-life of the
finished product will be, ranging from 7 to 14 days.

Freezing
Frozen pineapple chunks have been an item of commerce for quite a few years. The principal variety
frozen is the Smooth Cayenne, grown in Hawaii and, to a limited extent, in Puerto Rico and other tropical
regions. The Red Spanish variety may develop off-flavors when it is frozen. Pineapple, more than most
other fruits, has a good texture when thawed due to its slightly fibrous structure.
In recent years, other pineapple products such as crushed and tidbits have been made available as frozen
products for the institutional market, principally the bakery trade. Frozen juice concentrates are available
for reprocessing.
Pineapples for freezing are prepared in about the same way as for canning. Bins of fruit arriving from the
plantation are unloaded onto conveyor belts or into flumes of water. Next, they are washed thoroughly,
graded into three or four sizes, and mechanically peeled and cored to produce a cylinder. The cored
cylinders are inspected, trimmed, and diverted to a slicing machine and a fixed blade chunk cutter. The
chunks are conveyed directly to an IQF or tunnel blast freezer at -30°F (-34°C). Individually frozen pieces
are packed in polyethylene bags prior to packaging and frozen storage. Bulk-frozen packages are filled
directly from the product line (crushed or tidbits), syruped, and frozen in a low-temperature blast freezer.
Juice concentrate is usually prepared in the same manner as orange juice concentrate and, for reprocessing
or repackaging, is packed in collapsible wooden bins or 55-gal (208-L) steel drums lined with
polyethylene bags.
Frozen pineapple products can be stored in vapor-proof packages at 0°F (-18°C) for up to 1 year or at 10°F (-23°C) for up to 1.5 years.
WFLO is indebted to Dr. Adel A. Kader, Department of Plant Sciences, University of California at Davis, for the review and
revision of this topic.
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Thermal Properties
English

Metric

Moisture, %

85.20

--

Protein, %

0.79

--

Fat, %

0.62

--

Carbohydrate, %

13.01

--

Fiber, %

1.50

--

Ash, %

0.39

--

Specific Heat Above Freezing

0.91 Btu/lb*°F

3.83 kJ/(kg*K)

Specific Heat Below Freezing

0.45 Btu/lb*°F

1.90 kJ/(kg*K)

123 Btu/lb

285 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature
Relative Humidity

31-32°F
(-0.6 to 0°C)
90-95%

Storage Period

3-6 weeks

Freezing Point

30°F
(-1°C)

Plums should be cooled within a few hours of harvest. Internal breakdown is aggravated by delays
at high temperatures before initial cooling. Fruit should be cooled to 41-50°F (5-10°C) for next day
packing, but should be cooled to near 32°F (0°C) if longer delays are expected. Many varieties of
plums exhibit internal breakdown symptoms if kept at 36-48°F (2-9°C) for longer than 1-3 weeks,
depending on variety and maturity at harvest.
Research has shown that some late-season plums, such as Casselman and Angelino, benefit from
30°F (-1°C) storage temperatures, thereby rendering 3 or even 4 month storage periods
commercially possible. However, for this option to be feasible, the fruit should be of high maturity
with a soluble solids content of at least 13%. It is important to note that fruits with lower soluble
solids may freeze at 30°F (-1°C).
The storage period for plums differs with the variety, as follows:

Plums

1

WFLO Commodity Storage Manual
Storage Life
at 32°F (0°C)

Remarks

Angelino

Full, dark purple or 3/4 of surface
dark purple, remainder light,
greenish yellow

5-6 weeks

Ripens in early to mid August in
California; can be stored for up
to 4 months in a controlled
atmosphere of 1-2% O2 and 5%
CO2

Black
Amber

Full red color with "spring"
(firmness)

3-5 weeks

Harvested mid to late June

Casselman

3/4 of surface distinct red or full
light yellow

5-6 weeks

Ripens in late July; a slowripening variety

El Dorado

Full dark red surface color or part
red and rest of surface yellow
3-5 weeks
color (D color standard); shoulders
smooth with good spring

Ripens in late June and early
July in California; may be stored
4-6 weeks in an atmosphere of
7% O2 + 7% CO2

Friar

Full red with good spring

3-4 weeks

Ripens near end of July; flesh
softens slowly

Kelsey

Full light green color or trace of
red; smooth surface and good
spring

2 weeks

Ripens in late July in California;
susceptible to internal
breakdown

Laroda

Full dark red color or dark red at
blossom end and remainder full
light greenish yellow

3-4 weeks

Ripens near end of July

Late Santa
Rosa

3/4 of surface distinct red or full
light yellow color

3 weeks

Ripens early to mid July;
sometimes tends to split

Nubiana

Full dark purplish blue or 3/4 of
surface dark to purplish blue;
remainder light amber color
characteristic of variety; good
spring

2 weeks

Ripens in late July in California

President

3/4 of surface reddish purple and
under color light yellowish green
or full light greenish yellow

3 weeks

Ripens in late July and early
August

Queen Ann

Full dark purple or 80% surface
dark purple color with remainder
light greenish yellow; good spring

3-4 weeks

Ripens mid-August

Red Beaut

3/4 of surface distinct red or full
light greenish color

1-2 weeks

Ripens about 1 week before
Beauty; highly susceptible to
internal breakdown

Roysum

3/4 surface distinct red or full light
3-4 weeks
yellow (F color standard)

Variety

Minimum Color Requirements

Plums

Ripens slowly but evenly; some
surface cracks that heal over;
harvested mid to late
September
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Santa Rosa

40% of surface red color or full
light greenish yellow (C color
standard)

3-5 weeks

Ripens early to mid-June in
California; early picked plums
develop scald, flesh becomes
hard and discolored; well
colored plums subject to flesh
discoloration

Simka

Full dark red or dark red and full
light yellow color

3 weeks

Ripens last half of July in
California

Wickson

Full yellowish green or trace of
red (A color standard)

4 weeks

Ripens in late June in California;
flesh becomes tough and often
discolored; imperfect ripening

Diseases
The most common postharvest diseases of plums are blue mold rot, brown rot, Cladosporium rot,
gray mold rot, and Rhizopus rot. Fruit maturing late in the season is particularly subject to brown
and g ray mold rot, and fruit that has become cracked during growth or during harvesting and
handling is especially susceptible to blue mold and Cladosporium rot. Rhizopus mold grows only at
temperatures above 45°F (7°C), and consequently develops only in plums that are not properly precooled or refrigerated in storage or transit.
Control of p lum di seases c onsists o f us ing pr otective f ungicides in t he o rchard, pos tharvest
fungicide-wax a pplications i n the pa ckinghouse, c areful handling t o p revent b ruising or c racking,
and good temperature management.

Disorders
Common di sorders, not caused by pa thogens, include ha il injury, he at i njury, r usseting, s plit pits,
ammonia injury, internal breakdown, shriveling, freezing injury, and bruising.

Plum Curculio

In eastern half of the US, this insect causes skin punctures that often are
followed by brown rot.
Control: Field control by spraying and other practices.

Russeting

Found on practically all varieties of plums and prunes in all producing
sections, but most common on Tragedy plums and Italian prunes grown on
the West Coast. Irregular, rough russeted spots on surface caused by insects,
weather conditions, or mechanical damage on tree.
Control: No warehouse control.

The diseases and disorders listed above are discussed in detail in "Market Diseases of Stone Fruits:
Cherries, Peaches, Nectarines, Apricots, and Plums," US Department of Agriculture, Handbook No.
414.

Plums
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Freezing
Some freezing of purple plums and prunes is done for the institutional market a nd for further
processing. When fruit i s prepared f or f reezing, i t is ha lved a nd pitted a nd t hen pa cked i n s yrup,
usually in barrels. In some European countries, plums and prunes are pitted with equipment similar
to, bu t larger t han, that used f or cherries. F or us e i n f urther processing, f rozen pl ums a nd pr unes
may be held for 1 year or longer at 0°F (-18°C) or lower.
WFLO is indebted to Dr. Adel A. Kader and Dr. Carlos H. Crisosto, Plant Sciences Department, University of California
at Davis, for the review and revision of this topic.

Plums
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Thermal Properties
Air-popped

Oil-popped

Moisture, %

4.10

2.80

Protein, %

12.00

9.00

Fat, %

4.20

28.10

Carbohydrate, %

77.90

57.20

Fiber, %

15.10

10.00

Ash, %

1.80

2.90

Specific Heat Above Freezing

0.49 Btu/lb*°F
or
2.04 kJ/(kg*K)

0.48 Btu/lb*°F
or
1.99 kJ/(kg*K)

Specific Heat Below Freezing

--

--

6 Btu/lb
or
14 kJ/kg

4 Btu/lb
or
9 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature

32 to 40 °F (0 to 4.4 °C)

Relative Humidity

80% to moisten
70% to maintain
60% to dry

Storage Period

4 - 6 months

Moisture content is the critical factor in maintaining maximum popping volume in popcorn.
Popcorn will yield the highest popping volume when the kernel moisture content is near 13.7%.
Higher or lower kernel moisture will result in decreased popping volume. Fortunately the moisture
content of popcorn in storage can be regulated by controlling the relative humidity of the air.
Popcorn within a range of 12-16% moisture can be brought to the optimum (13.7-14%) by storing in
open containers, either paper or cloth sacks, for approximately 10 days at a relative humidity of
70% and a temperature of 70 °F (21 °C). For large sacks, i.e., 25-lbs. and up, and extremely wet or
dry popcorn, more days will be required for all kernels to reach equilibrium at the optimum
moisture content.
The following conclusions are derived from a WFLO-sponsored project at Iowa State University on
the "Cold Storage of Popcorn."
Popcorn
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1. Popping volume of popcorn, when kernels are stored at optimum moisture content, is neither
improved nor injured when grain is stored at temperatures as low as -10 °F (-23 °C) for prolonged
periods (120 days) of time.
2. Popcorn stored in polyethylene bags or other types of lined bags to prevent moisture loss can
be stored for long periods of time (4 to 6 months) at temperatures of 32 to 40 °F (0 to 4.4 °C)
without a significant change in popping volume. Storage at 70 °F (21 °C) for 60 days with this type
of container resulted in some loss in moisture, but only a slight loss in popping volume.
3. Popcorn stored in cloth bags without liners for 120 days at 32 °F (0 °C) or lower lost only a
slight amount of moisture. Popping volumes were slightly lower when stored at 32°F (0 °C) than at
below freezing temperatures. Popcorn stored in cloth bags at 45 to 70 °F (7 to 21 °C) without
humidity control were subject to drastic and unfavorable changes in moisture content and in
popping volume.
Drying conditions prior to storage or extreme moisture changes during storage can adversely affect
popping volume. Equalization of moisture gradients within the kernel may result in large tensile
stresses in the endosperm causing endosperm fracture. Studies conducted at the University of
Kentucky Agricultural Engineering Department on endosperm fracture in popcorn have indicated:
1) Stress cracks in kernel endosperm developed during storage (12 to 36 hours after drying) rather
than during the heating or rapid cooling phase of the drying process.
2) Only small differences in expansion volumes existed between the single crack (one fracture plane
in a kernel) and multiple crack (several fracture planes in one kernel) samples.
3) Generally, the presence of stress cracks in kernels lowered popping expansion volume by less
than 10%.
4) The number and severity of stress cracks appeared to be related to the temperature and relative
humidity of the drying air.
(a) Few cracks developed in kernels in storage after high humidity drying (61% RH) when drying
air temperatures were 80 to 120 °F (27 to 49 °C).
(b) A much greater number of stress cracks developed in kernels in storage after drying with low
humidity (26%RH) and 100-120°F (38-49 °C) air temperatures.

Insect Control
Insect control is also an important consideration in the storage of popcorn. Processors cannot be
certain that popcorn thoroughly fumigated at time of shipment will not become infested with insects
in transit or in the consumer's unrefrigerated warehouse. Refrigerated storage of popcorn can assist
with insect control. Killing insects in food commodities by means of low temperatures is generally
accomplished with temperatures of 0°F (-18 °C) for 24 hours; or temperatures of between 10 and
15°F (-12.2 to -9.4 °C) for 5 days. Once insects have been controlled with time and temperature
freezing, protecting the commodities from further insect attack by storing them at low temperatures
of 50°F (10 °C or below) are established methods of insect control. These methods offer several
advantages over control with insecticides: (1) the commodity is not contaminated with foreign or
Popcorn
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poisonous residues; (2) it does not acquire an off-flavor or abnormal odor; (3) operators are not
endangered; (4) there is no fire hazard.

WFLO is indebted to Ken Ziegler, popcorn breeding project leader, Department of Agronomy, Iowa State University, and
Dr. Stephen Neel, World Food Logistics Organization, for the review and revision of this topic.

Popcorn
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Potatoes, French Fries
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Storage Conditions

Temperature
Storage Period
Relative Humidity or Packaging

Frozen French Fries

Raw Potatoes for French
Fries

Small Cuts

Larger Cuts

45-50°F
(7.2-10.0 °C)

0°F
(-18 °C)

0°F
(-18 °C)

1-10 months*

12 months**

18-24 months**

90-95%

Vapor-proof packaging

*Sprout suppressors are required for raw potatoes to achieve listed storage periods.
**Commercial processors prefer to store only 6-9 months.

Introduction
Frozen potato products claim a growing percentage of the world's potato production. Almost 85% of
U.S. frozen processed potatoes are marketed as frozen French fries. The remaining 15%, mostly
byproducts of French fry processing, are processed into hash browns, so-called "tater tots," and
similar "preformed" products. These are made mainly of French fry trimmings and are formed into
various products on what is known as the "patty line."
Storage of Raw Potatoes for French Fries
Raw potato storage is designed to control tuber respiration and its byproducts and prevent greening,
sprouting, dehydration, and decay. Storage is also intended to minimize reducing sugar
concentrations in order to favor light colored fries.
Respiration is roughly defined as: C6H12O6 + O2 = CO2 + H2O + Energy (Heat). Respiration requires
oxygen to break down reducing sugars (C6H12O6, or glucose and fructose) to liberate energy (and
heat), carbon dioxide, and water. Skillful storage involves supplying sufficient oxygen to maintain
respiration while removing respiratory products, carbon dioxide, water, and heat, any of which can
reduce tuber quality and/or cause serious decay.
Potatoes form chlorophyll and turn green only when exposed to light. Therefore, greening is
controlled by keeping storages dark as much as possible. Greening is usually accompanied by
increasing levels of glycoalkaloids, mostly solanine, which can be poisonous at high concentrations
or when consumed in large amounts. Practically speaking, glycoalkaloids are not a serious
consideration at even supernormal levels of potato consumption. Many other crops such as tomatoes
and lima beans also contain toxic alkaloids which could be harmful if consumed to great excess.
Most processing potatoes are stored in bulk piles in common or ambient storages that lack
refrigeration and depend solely on skillful movement of ambient air for controlling temperature and
Potatoes, French Fries
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humidity. A small percentage of the crop is held in refrigerated facilities for late processing into the
following summer.
Common storage relies on common sense and attention to detail. Success is also highly affected by
the condition of the crop going into storage. The utmost care should be taken to place only clean,
healthy, mature tubers of the correct moisture content and temperature into well-prepared storage
facilities. Varieties differ in storability. Russet Burbank stores better than all other leading
processing varieties.
During the first two weeks of storage, potatoes are typically held at about 55 °F (12.8 °C) and high
relative humidity (90-95%) to favor suberizing or wound-healing. Following the healing period,
temperatures are slowly dropped (0.5 °F or 0.3 °C per day) until the final holding temperature is
reached. Because both sugar concentrations and chip color increase with declining storage
temperatures, most potatoes for frozen French fry processing are stored relatively warm at
approximately 45-50 °F (7.2-10.0 °C), depending on the variety. Some varieties can be stored
slightly cooler without sugar buildup and subsequent darkening of fries while others should be
stored slightly warmer.
Common or ambient storages depend on air movement for cooling and maintaining tuber health.
Most modern structures are designed to uniformly and consistently deliver up to 20 ft3/min
(0.6m3/min) per ton of potatoes from the bottom upward through the top of the pile (8-20 ft or 2.46.1m); many older structures have much less ventilating capacity. Good air movement is especially
important early in the season for removing field heat and/or excess moisture. The presence of
disease or field frost also calls for high rates of air movement to cool and dry the potatoes.
Air can be moved either in ventilation (air in/air out) or recirculation (movement only within the
storage) mode. Storages are cooled by ventilating; that is, moving in cool outside air (mostly at
night) and simultaneously exhausting warm storage air. Care must be taken to avoid chilling or
freezing potatoes near ventilation inlets. For that reason, external and internal air is typically mixed
in a proportioning chamber or "plenum" to provide the proper temperature prior to contact with
tubers. Because air movement can remove tuber moisture, especially early before wounds have
healed and skins have fully thickened, relative humidity is held at 90-95% throughout the storage
season unless the crop is threatened by excess moisture or disease. Severe disease, such as late
blight followed by bacterial decay, can completely destroy the crop unless extreme measures are
taken. Therefore, every attempt should be made to cool and dry crops at risk from decay. High
relative humidity is also not recommended for poorly insulated storages prone to condensation on
roof and walls.
After tubers have reached the final storage temperature, fans may be operated only intermittently in
either circulation or ventilation mode. After the final storage temperature is reached, ventilation
may be needed only to provide adequate oxygen, prevent excess carbon dioxide, and equalize
temperatures throughout the storage.
Most modern potato storages are fully instrumented and automated. However, facilities should be
inspected daily to assure that all is well and the crop is sound. Odors suggesting decay and/or
ammonia should be immediately investigated. Infrared heat-detecting devices are useful in locating
"hotspots" caused by disease organisms. Diseased areas can sometimes be corrected by operating
fans continuously, reducing relative humidity as much as possible, and forcing more air through the
Potatoes, French Fries
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affected area(s) by diverting flow from other sections. Obviously, severely blighted or otherwise
compromised potatoes should never be placed in long-term storage.

Frozen Storage of French Fries
Potato products that have been processed and partially fried, commonly called “Par-fries”, can be
held long-term in a frozen state. Enzyme systems are destroyed during par-frying, and the tissues
therefore remain basically stable until thawed. Smaller cuts can be stored up to 12 months and larger
cuts up to 18 or 24 months at about 0 °F (-18 °C) without serious loss of quality due to dehydration.
However, processors prefer to store only 6-9 months. Par-fries should remain frozen, preferably at
about 0 °F (-18 °C), until shortly before final cooking and consumption.
Due to the extremely low temperatures involved, humidity is not a critical factor in storage of parfries. Par-fries eventually lose moisture and quality even when frozen and cannot be stored
indefinitely.
Frozen fries are almost as fragile as eggs and should be handled accordingly. Damaged boxes
almost certainly indicate a high percentage of broken fries. According to the U.S. Potato Board,
dropping boxes twice from a height of 3 ft (1 m) decreases the proportion of fries over 2 inches long
(5 cm) from about 40% to 20%. Standard boxes or cases of frozen fries should not be stacked
unaided in storage at more than 8 high or 110 inches (2.8 m). Higher stacks tend to crush boxes near
the bottom and cause breakage of fries.
Boxes should never be piled directly on the floor or flush against walls or ceilings for extended
periods. They should be carefully stacked on pallets to promote air circulation beneath. Further, a
gap of at least 2 inches (5 cm) should be maintained between boxes and walls or ceilings, not only
to avoid drawing heat from the outside, but also to promote good air movement.

Transportation
Par-fries should be held at about 0 °F (-18 °C) and kept frozen until shortly before final cooking and
consumption. Therefore, every attempt should be made to use reliable refrigeration facilities at all
stages of storage and transport. Par-fries which have been thawed and refrozen develop musty, stale
flavor and odors and have poor texture and darker color when fried.
As noted above, par-fries are typically packaged in plastic bags of various sizes and placed in
cardboard boxes holding up to 50 lbs (about 18.6 kg) each. Cardboard boxes are stacked on pallets
and wrapped for stability before being placed in trucks or shipping containers. Processors prefer that
total transportation and storage time combined not exceed 6-9 months for maximum quality.
WFLO is indebted to Dr. Alvin R. Mosley, Oregon State University, Portland, Oregon, for developing this release.
Technical advice and editorial assistance provided by G. Vogt of Simplot, M. Topolewski of Lamb Weston, W. Wise of
the Oregon Potato Commission, and P. Twigg of WFLO. Review and revision of this topic was by Dr. Stephen Neel,
World Food Logistics Organization.

Potatoes, French Fries
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Storage Conditions
Temperature
°F

°C

Storage
Period

Relative Humidity or
Packaging

40-50

4.4-10

0-3 months

95%

38
40
45
45
45-50
50-60

3
4.4
7.2
7.2
7.2-10
50-60

5-10 months
5-10 months**
1-10 months**
1-10 months**
1-8 months**
1-3 weeks

90-95%
90-95%
90-95%
90-95%
90-95%
85-90%

-10 to 0

-23 to -18

12 months

Vapor-tight packaging

45
32

7
0

3-6 months
6-12 months

Vacuum pack
Vacuum pack

Raw Product
Early Crop
Late Crop
Seed Potatoes
Table
For French Frying
For Dehydrating
For Chipping
Reconditioning Only
Frozen Product
Dehydrated Product

* If cured/wounds healed before storage
** Sprout suppressors must be used for long storage periods

General Information
A high quality fresh-market potato tuber will be turgid, well shaped, uniform, brightly colored, and free
from adhering soil, mechanical damage, greening, sprouts, diseases, and physiological defects. United
States Department of Agriculture (USDA) market grades, based primarily on external conditions and
appearance are Extra No. 1, No. 1, Commercial and No. 2. The minimum diameter for U.S. No. 1 or No.
2 is 1 7/8 to 2 inches (4.8 to 5.1 cm) for round potatoes, and 4 oz (118 g) for long potatoes. Sometimes an
additional requirement is imposed in that ≥ 60% of the tubers must be a minimum of 5 oz (148 g). A ‘Bsize’ grade (tubers < 1 7/8 to 2”, 4.8 to 5.1 cm) is becoming more common, primarily for round red and
white potatoes.
Oblong and long russets are commonly wholesale marketed in ‘Count’ boxes of 60, 70, 80, 90 or 100
tubers in a 50 lb (22.7 kg) carton, thus averaging approximately 13, 11, 10, 9 or 8 oz (380, 325, 296, 266,
or 237 g) each, respectively. These are retailed bulk for consumers to select individual tubers. Common
retail packages of 5 and 10 lbs (2.27 and 4.55 kg) plastic and paper bags generally contain tubers from 5
to 8 oz (150 to 240 g). B-size tubers are sold in pint, ‘strawberry’ baskets or in bulk. Pre-peeled tubers
are generally packaged in plastic trays covered with plastic wrap.

Potatoes, Irish
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Recommended raw potato storage conditions depend greatly on type of end use (seed, table, or
processing), disease incidence, risk of sprouting and to a certain degree on variety. The cooler the storage
temperature can be, the lower both the tuber respiration rate and the disease risk and the longer the
dormancy period. In general, tubers may start to sprout 4-6 weeks after harvest if maintained at room
temperature. At lower temperatures this dormant period can be greatly extended.
The highest freezing point of most varieties is 31°F (-1°C). Potatoes are readily injured by freezing and
should be protected accordingly.
Tubers should be stored in the dark. Light causes greening of the tuber surface due to chlorophyll
development with a resulting bitter taste. Light also promotes synthesis of glycoalkaloids, which also
cause a bitter taste and may cause health problems if consumed in very large quantities.
Potatoes should be stored separately from other fruits and vegetables to avoid transfer of odors or flavors.
Careful culling of injured or diseased potatoes should precede storage. Potatoes intended for storage
should be handled carefully to avoid bruises and cuts. Tubers that are badly cut or bruised become
discolored, wither and decay much more rapidly than uninjured potatoes. This is especially true of early
potatoes harvested during hot weather.
Avoid storing potatoes from fields where late blight or other decay type disease was prevalent or from
wet areas in fields. Potatoes may impart an "earthy" odor to apples and pears, and may acquire an offflavor from odor volatiles released by other produce items.
Both mature and immature Irish potatoes have the ability after harvest, with moderate temperature and
high humidity conditions, to quickly develop corky tissue in the skin where wounds have occurred. This
"wound healing/curing" reduces tuber water loss and also protects against invasion by decay causing
organisms. Under optimum conditions, this corky protective tissue develops within 24 to 48 hours after
the injury occurs.
Newly harvested potatoes are held at moderate temperatures (50-60°F/10-15.6°C) and rather high
humidity of 95% with good aeration for 10-14 days after harvest to complete the wound healing/curing
process. They then may be stored at lower temperatures. At temperatures below 45°F (7°C) and above
95°F (35°C), this wound healing/curing does not take place rapidly enough to offer protection against
fungal or bacterial invasion. At temperatures above 60°F (16°C) high tuber respiration rates become a
concern if the tubers are to be held for long-term storage.
In order to control shrinkage in potatoes, the desired relative humidity (RH) is 95% or higher. However,
due to lack of sufficient storage insulation (dew point/condensation), non-uniformity of some air
distribution systems and certain disease situations, lower RH may be required in actual storage situations.
Use only air, at this RH, which is colder than the tubers. During the first 4 to 6 weeks of storage, when
wound healing/curing occurs and temperatures are declining, high humidity is much more critical than
later. High humidity reduces weight loss and tuber flattening due to pressure. Humidifiers are used to add
water to the air.
Management decisions for storing potatoes are affected by the duration of the storage period, generally
early versus late crop harvest. Recommended holding temperature depends on the anticipated length of
storage, raw product end use and condition of the potatoes.
For short term storage of less than 3 months most Irish potatoes, except seed and table stock, are not
cooled below 50°F. Although the storage life is shortened at the higher temperatures, if early potatoes are
to be used for chipping purposes, a storage temperature of 55 to 60°F (13 to 15.6°C) is recommended.
Even if held for only a few days at colder temperatures, such as 45°F (7.2°C), reducing sugars may
accumulate and result in undesirable dark-colored chips. Maintaining dormancy is not a major concern for
this short period and the expense of cooling to lower temperatures may not be worthwhile. Allowing
cycling of storage temperatures is not conducive to end use quality.
Potatoes, Irish
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When late crop potatoes are to be kept longer than 3 months the temperature is lowered after the wound
healing/curing period is completed. The general practices are as follows:
Seed
Potatoes

The temperature may be lowered to approximately 38°F (3°C) where dormancy will persist
indefinitely. It is not necessary to use a temperature as low as 32°F (0°C). Storage at 32°F
(0°C) may cause mahogany browning. Thirty-six to 38°F (2-3°C) is usually cold enough to
maintain dormancy, thus suppressing sprouting.

Table
Potatoes

Table potatoes are usually stored at 40-45°F (4.4-7°C). At lower temperatures a noticeable
sweet flavor occurs due to conversion of starch to sugars. This can usually be reversed by
raising the storage temperature to 50-55°F (10-13°C) for a week. Potatoes stored for more
than 2-3 months are usually treated with a sprout inhibitor. Storage of table stock Russet
Burbank potatoes is best at 45°F (7°C) with 95% relative humidity. Under these conditions
tubers of Russet Burbank treated with a sprout inhibitor will remain sprout free and
maintain quality for 10 months or more.
Below 45-50°F (7-10°C) current Irish potato varieties undergo a transformation of starch to
sugar, becoming sweet, thus reducing processing quality. Depending on the variety, age of
the potato and the extent of the sugar accumulation, this can usually be reversed by
holding the potatoes at 55-60°F (13-16°C) for 1 to 3 weeks (reconditioning). Cooking tests
will show if the sugars have been reduced below the point of causing browning in the
processed product. Most varieties can be stored at 50°F (10°C) for approximately 3
months before sprouting begins, and after this, sprout growth will be rapid. Potatoes
stored for more than 2 to 3 months are usually treated with a sprout inhibitor. General
guidelines for specific end uses are:

Processing
Potatoes

French fries: Potatoes for French fries are usually stored at about 45 to 50°F (7 to 10°C)
and fried without reconditioning, or they are stored at 40 to 42°F (4.4 to 5°C) and
reconditioned before frying. Reconditioning is sometimes less than satisfactory.
Chipping: Potatoes for chips are very often stored at 48 to 55°F (9 to 13°C). With "cold
chipping" varieties that are being developed, these temperature recommendations may
become lower. Temperatures of 60 to 65°F (15 to 18°C) favor internal and external
sprouting.
Dehydrated: Same as French fries.

Controlled atmosphere storage has not been shown to lengthen storage life more than 2 to 3 weeks.

Major Diseases and Disorders
Note that control temperatures of 38-40°F (3-4.4°C) do not apply to processing potatoes. The lowest
control temperature recommended for processing potatoes is 45-55°F (7.2-12.8°C) depending on the
variety.
Alternaria
Tuber Rot
Potatoes, Irish

Occurs most frequently in Northern-grown potatoes harvested and stored during cool,
humid weather. Opens way for secondary invasion by disease organisms. Various
shaped, quarter inch to 2 inch diameter, lesions on tubers are dark brown to black.
Lesions are slightly sunken with raised margins. Adjacent skin is slightly puckered.
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Underlying tissue is black and often surrounded by a yellowish zone. Affected areas
appear similar to those infected with late blight, but the decay does not spread
irregularly into healthy tissue as late blight does.
Control: Field application of fungicides, vine killing prior to harvest and careful
harvesting and handling will reduce disease spread. Storage below 50°F (10°C), 38-40°F
(3-4.4°C) is preferred, in a well ventilated storage and elimination of free moisture will
stop fungal spore germination. Reduce storage temperature rapidly after curing period.
External rot symptoms occur usually as a result of secondary invasion. Vascular ring
turns light yellow to yellow brown. Decayed tissue is soft cheesy consistency and may be
forced from ring by pressure on tuber.
Bacterial Ring
Control: Use certified disease-free seed. Disinfect equipment after handling infected
Rot
lots. Severely affected lots should be culled and marketed immediately. Store promptly
at 38-40°F (3-4.4°C) in a well ventilated storage, raising temperature later if necessary to
avoid sweetening.

Bacterial Soft
Rot

Black Heart

Following heat injury bruising or certain fungal disease, decay is cream-colored first, and
then becomes brown to black. Soft but not watery with well-defined edges. Outer parts
of tuber may remain intact while inner parts decay. As decay advances, decomposed
tissue becomes mushy and wet. This tissue will turn chalk-white when dried. Secondary
invasion by other rots may cause slimy and ill-smelling decay. Appears also as lenticel
(breathing pore) infection in potatoes exposed to excessive moisture.
Control: Field sanitization. Protect potatoes against bruising and heat injury or freezing
temperatures. Severely affected lots should be culled and marketed immediately.
Potatoes that are washed should be dried before storage or packing in plastic
containers. Cull out all potatoes showing decay, before storage. Cure at 50 to 55°F (1013°C) and 85% relative humidity in a well ventilated storage. Reduce temperatures
quickly after curing.
Usually occurs in storages with inadequate ventilation and high temperatures. No
external symptoms. Discoloration in center of tuber starts as pink color, eventually
turning to black, leathery tissue. Caused by lack of oxygen.
Control: Harvest when tuber pulp temperature is below 70°F (21.1°C). Reduce
temperature well below 70°F (21.1°C) promptly and ventilate well to provide oxygen.

Black Leg

Browning

A specific type of soft rot that enters tuber through the stem end. See Bacterial Soft Rot
for control.
Discoloration of skinned areas on early crop potatoes. Most serious if followed by hot
dry winds in the field, during transit or during packing. If browned potatoes are stored
wet, moist sticky surface decay may follow.
Control: Warehouseman should ventilate well with cool air having 95% RH or higher. Air
must be cooler than the potatoes to avoid condensation and keep them dry.

Brown Rot

Potatoes, Irish

Little external symptoms. Internally, moist yellow to brown discoloration and softening
of water-conducting tissues, with a grayish, watery ooze from cut vascular surface,
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without application of pressure. The oozing without pressure clearly differentiates the
disease from ring rot with which it is often confused. Later, center becomes soft and
brown and only thin crust holds potato together. If other potatoes come into contact
with these, they will be smeared by the rotted ones and secondary decay invasion may
finally cause foul odor.
Control: Field sanitization. Potatoes that are known or even suspected to be diseased
should never be stored in cold storage.
Dry Rot
Early Blight

See Fusarium Rot.
Same as Alternaria Tuber Rot.
If frozen solidly, potatoes become soft, rubbery and exude moisture. Slightly frozen
tubers show darkening of the water-conducting tissues and dull red or bluish-gray to
black areas in the flesh, or just under the surface of the skin. Decay rarely follows
internal necrosis, but bacteria invade severely frozen tubers causing a foul odor.

Freezing
Injury

Control: Obvious frozen tubers should be removed before storage. Usually, tubers will
show symptoms if left in the field for at least 3 days before harvest. Severely affected
lots should be culled and marketed immediately. Do not allow the storage temperature
in the bin or in "frozen pockets" (through poor aeration) to drop below 30°F (-1°C) or
rise above about 50°F (10°C) (the heat of respiration from decay organisms). If field
frozen potatoes are found in the storage, the bins should be well ventilated until the
damaged tubers are dried out.
Brown to black, moist or dry rot with white, yellow, or pink mold often in cavities
throughout potatoes. May enter from stem end, but more commonly through injuries
anywhere on the surface.

Fusarium Rot

Greening

Control: Careful handling of tubers to avoid cutting and bruising and curing at moderate
temperatures and high humidities, 55°F (13°C) and 95% RH) before cooling to holding
temperature, to encourage wound healing. Store in well ventilated storage below 50°F
(10°C). Fungicides provide some control.
Caused by exposure to sunlight or light in storage or retail channels for some period of
time. Have bitter taste which is unpalatable and may even be mildly hazardous to health
because of the presence of solanin which is poisonous if taken in sufficient doses.
Control: Always store Irish potatoes in darkness and avoid extended exposure to light.

Hollow Heart

Too rapid or irregular growth. Interior cavities lined with light brown or brown dead
tissue.
Control: No warehouse control. It is neither caused by nor develops during storage.

Often associated with pressure bruising during harvest or in storage. Blackening of
internal tissues usually in area between skin and water-conducting tissues. Not always
Internal Black evident until tubers are cut, but flat or sunken area may indicate location of black spot.
Spot
Often becomes evident after handling potatoes which have been stored for several
months.

Potatoes, Irish
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Control: Add moisture or ventilate with 95% RH air in the storage to prevent desiccation
and pressure bruising. Before grading and shipping after prolonged period of storage,
warm potatoes to at least 55-60°F (13-16°C).
Internal
Brown Spot

Irregular, indefinitely outlined light-brown, scattered promiscuously through the tuber.
Frequently found at bud end. Diseased tissue is firm or somewhat corky.
Control: A field disease not caused by cold storage. Seems to occur mostly in hot, dry
seasons.
Soft, jelly-like decay, especially in elongated type potatoes.

Jelly-End Rot Control: Provide uniform moisture during growing period. Not caused by cold storage
but may show up there. Adequate ventilation in storage aids in preventing wet
breakdown.

Late Blight

Reddish-brown, brown or purplish-brown areas on the skin which is papery when dry.
Fairly firm granular, yellowish or brownish areas in the outer flesh of tuber. Rarely more
than 1/2" deep in flesh, appears anywhere on tuber. Commonly followed by bacterial
soft rot and Fusarium rot which may invade the entire tuber.
Control: Field sanitization. Keep potatoes dry. Store at 50°F (10°C) in a well ventilated
storage and market promptly.

Leak (also
Pink Rot)

Extensive metallic-gray color on red-skinned tubers; brownish or water soaked
appearance on other type tubers. Injuries may start in moist areas in the field or at the
ends of tubers. Internal tissues granular, cream-colored at first, changing to reddish
brown or inky-black; most evident symptom is extremely watery nature of diseased
tissues, resulting in large quantities of yellowish or brownish liquid exuding under slight
pressure.
Control: Protection from mechanical injury. Keep tubers as cool, less than 55°F (13°C),
and as dry as possible during storage and transit. Keep storage well ventilated. Reduce
irrigation towards end of growing season.

Mahogany
Browning

Reddish-brown patches or blotches in flesh, due to prolonged holding at or near 32°F
(0°C). Is not freezing injury.
Control: Store at 38°F (3°C) or above. Large varietal differences in susceptibility.

Internal discoloration due to Potato Leafroll Virus (PLRV), dark brown to black at stem
end and in vascular strands throughout tuber gives dark-brown netted appearance to
flesh when tuber is pared lengthwise. Earlier stages resemble some other diseases or
Net Necrosis even freezing injury. Increases during storage.
Control: Control aphids. Use PLRV-free seed. Use resistant varieties. Russet Burbank is
especially susceptible. Prompt storage at 40°F (4.4°C).
Pressure
Flattening /
Bruising
Potatoes, Irish

Potatoes show a surface depression that is caused by a combination of dehydration of
the tuber and external pressures during storage. This will progressively develop during
storage. The tissue beneath the depression may turn dark and is often referred to as a
pressure bruise. Some varieties are more susceptible than others.
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Control: Maintain the relative humidity as close to 95% as possible. Keeping the pile
depth less than 16 feet (5m) reduces the incidence.
On early potatoes, appears as sunken, injured areas, later turning black and sticky,
followed by bacterial rots.
Scald
Control: Minimize exposure to sun and wind. Place at temperatures and humidity
suitable for healing.
A crack or split in the surface of the tuber, due to harvesting and handling that
penetrates through the skin. It will have a shattered or net-like appearance. The edge of
the bruise has the same discoloration as black spot bruises, but differs in that with the
shatter bruise the skin is damaged and the flesh is penetrated. Turgid, cold tubers are
Shatter Bruise
very vulnerable. Very high specific gravity tubers are also vulnerable.
Control: Do not harvest vulnerable tubers with pulp temperatures below 45°F (7°C).
Handle tubers very gently.

Silver Scurf

More or less circular, small, superficial, brownish spots in skin. Eventually expanding and
developing a silvery, bronze or golden color. Causes undesirable surface blemishes.
Permits excessive water loss and shriveling in storage.
Control: Decrease the storage temperature as rapidly as possible after curing.

Stem End
Browning

Transit
Bruising

Dark-brown or black discoloration of stem end usually in vascular strands may be
aggravated by some diseases, rapid vine kill.
Control: Store resistant varieties. Retarded by prompt storage below 50°F (10°C), 3840°F (3-4.4°C) is preferred. Avoid rapid vine killing.
Caused by pressure and rubbing in transit. Similar to but differs from freezing injury in
that bruising symptoms are confined to vicinity of flattened areas.
Control: Nothing a warehouseman can do. Load to minimize movement. Protect by use
of pads or tight loading.

Quarantine issues are important for export and import of potato tubers. Among the most common
quarantined diseases and nematodes are cyst nematode (Globodera spp.), viruses and viroids, brown rot
(Pseudomonas solanacearum), ring rot (Corynebacterium sepedonicum) and powdery scab (Spongospora
subterranean). Currently, potato tubers may not be imported into the U.S. from any country except
Canada.

Frozen Products
More pre-cooked potatoes are frozen than any other vegetable. Most of these are in the French fry form.
However, some are in mashed, whipped, diced, scalloped, baked, hash browned, puffs, and cakes forms.
"Oil blanched" and incompletely cooked French fries are a big item for the institutional trade where the
finishing is done in deep fryers just before serving.
Potatoes, Irish
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The variety, season, growing location, harvest condition, storage management, and other factors affect the
quality of potatoes for freezing purposes. In general, the potatoes are prepared for freezing in the same
manner as if they were to be served freshly prepared. Avoid the use of low temperature potatoes, below
45-50°F (7-10°C), or recondition them before processing. This avoids the risk of undesirable flavor and
reduces the amount of surface sugars that need to be removed by washing before freezing in order to
prevent browning of the processed fries.
Freezing of the product may be done before or after packaging. Loose pieces are frozen on a continuous
belt in an ammonia, blast-freezing tunnel. This method requires only about 10 minutes at -40°F (-40°C).
The product leaves the freezing operation at a core temperature of -10°F to 10°F (-23 to -12°C). Colder
core temperatures increase breakage in the handled product, so 5-10°F (-15 to -12°C) is often used for
French fries. Occasionally over-wrapped, retail-size cartons are frozen in a blast freezer. It may take up to
2-1/2 hours for the product to reach 0°F (-18°C) by this method.
For retail trade, frozen French fries are usually packed in poly bags of 1-2 pounds.
For the institutional trade, the 36 to 39-lb. case, with 6 bags per case, is common. Cased products are held
in storage at 0°F (-18°C) or lower for 9-12 months.
A storage unit which will maintain a constant temperature below 0°F (-18°C) is recommended for long
term storage. Frozen products kept under these conditions will deteriorate less and maintain quality.
Frozen French fries held at a constant -6°F (-21°C) can be held for at least a year with very little loss due
to storage. Relative humidity is not a factor, since we assume uniform temperature and vapor proof
packaging.

Dehydrated Products
Potatoes contain about 80% water. During dehydration the total solids ratio can be expected to increase
by 4 to 5 times. Some of the nutrient ratios, however, do not increase to this extent because of losses
sustained during high temperature dehydration. These losses could be minimized if potatoes were freeze
dried, but cost of this technique is prohibitive. Frequently, antioxidants and sulfites are used, which not
only prevent discoloration, but also improve nutrient retention. Vacuum packing also aids in the extension
of shelf life.
Two ounces of dehydrated potatoes will reconstitute into a half pound of mashed potatoes. A half pound
of reconstituted product will provide about 200 calories, vitamins C, B1, B2, niacin, iron, protein and
calcium.
To minimize discoloration and maintain these valuable nutrients at levels approaching the freshly
dehydrated potatoes for as long as 3 months, dehydrated product should be stored at 45°F (7°C), even if
vacuum packed. If stored for longer periods, dehydrated products should be held at lower temperatures,
and if storage for a year or longer is anticipated, dehydrated potatoes should be stored in freezers.

WFLO is indebted to Dr. Al Mosley, Crop Science Department, Oregon State University, and Dr. Elhadi Yahia, Universidad
Autonoma de Queretaro, for the review and revision of this topic.
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Poultry Products
Revised 2008

Thermal Properties
Chicken

Turkey

English

Metric

English

Metric

Moisture, %

65.99

--

70.40

--

Protein, %

18.60

--

20.42

--

Fat, %

15.06

--

8.02

--

Carbohydrate, %

0.0

--

0.0

--

Fiber, %

0.0

--

0.0

--

Ash, %

0.79

--

0.88

--

Specific Heat Above Freezing

1.04 Btu/lb*°F

4.34 kJ/(kg*K)

0.84 Btu/lb*°F

3.53 kJ/(kg*K)

Specific Heat Below Freezing

0.79 Btu/lb*°F

3.32 kJ/(kg*K)

0.54 Btu/lb*°F

2.28 kJ/(kg*K)

95 Btu/lb

220 kJ/kg

101 Btu/lb

235 kJ/kg

Latent Heat of Fusion

Storage Conditions
Chilled

Deep-Chilled

Frozen

Temperature

32-40°F
(0-4.4°C)

28-30°F
(-2 to -1°C)

0°F
(-18°C)

Relative Humidity

95-100%

As high as possible

As high as possible

Storage Period

Dependent on
sanitation,
temperature, and
packaging

Dependent on product and
3-4 weeks (can be 6-8
packaging; 12 months at 0°F (weeks if special
18°C) or lower for most
packaging is used)
products

Freezing Point

Approximately 27°F (-3°C)
NOTE: If poultry has been injected with a basting solution or marinated in a
salt containing solution, freezing point will be lower.

The storage life of chilled, deep-chilled, and frozen poultry is influenced by pre-storage handling as well
as packaging and storage conditions. Feed used, cleanliness of processing conditions, scalding
temperatures, de-feathering operations, chilling procedures, and temperature all influence the length of
storage life.
Feeds containing relatively high percentages of polyunsaturated fatty acids will yield poultry meat with a
high percentage of unsaturated fats. Such fat is sometimes referred to as "soft" fat. It is more subject to
the development of rancidity and off-flavors than the more saturated fats. Chicken meat contains an
Poultry Products
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abundance of naturally occurring antioxidants, but turkey meat has relatively low levels and therefore is
more prone to exhibit off flavors due to rancidity.
Sanitation during processing is essential to the production of wholesome poultry meat products. The shelf
life of chilled poultry is directly related to the numbers of bacteria present on the surface at the time of
packaging. Chlorination is permitted for bacterial control, but only up to 20 ppm if the poultry is to be
shipped to Canada. Recent use of trisodium phosphate has given even better bacterial control.
Ostrich and Emu:
Ostrich and emu meat is dark red in color with little visible marbling. It is generally recognized that, for a
quality product, the meat must be vacuum packaged for either frozen or chilled distribution. Shelf life of
properly packaged meats is currently estimated as 6 days at 32-35°F (0-2°C) and 6 months at 0°F (-18°C).
These birds are dry picked during processing and dry chilled, preferably shrouded as the hide is removed
during processing. For the refrigerated warehouse, these meats should always be handled as frozen
products.
Packaging:
Packaging materials have a most important role in maintaining the quality of poultry in chilled and frozen
storage. With chilled and deep-chilled poultry, the main requirement is a moisture barrier to prevent
dehydration. As chilled poultry will lose moisture when packaged, an absorbent pad is of value to remove
free fluid from the package. With deep-chilled poultry, free water is kept frozen so temperature control is
a major consideration. With frozen poultry, the packaging material should be impermeable to moisture.
This prevents dehydration classified as freezer burn. Impermeability to oxygen will inhibit oxidative
rancidity. The packaging material should adhere tightly to the product to minimize ice crystal formation
between the packaging material and the product as a result of temperature fluctuation in the freezer. Tight
fitting packaging also retards bacterial growth and thus lengthens shelf life.
Advances in packaging methods and materials have been very rapid in recent years. Cooked poultry
products owe a great deal of their success to unique packaging and processes. Oxygen barrier protection
is important for long term storage or if the product is to be vacuum packed. Vapor barrier protection is
important where moisture loss is a concern. Not all plastic films are high in either oxygen or moisture
vapor barrier qualities. Those which are usually will cling tight to the product, although some of the
newer films are constructed of laminates which will adhere to the product tightly and still not be high in
oxygen barrier properties. In short, a loose fitting film is not necessarily consistent with a poor oxygen
barrier.

Chilled and Deep-Chilled Products
The popularity of selling "fresh" deep-chilled turkeys vs. frozen turkeys during holiday seasons requires
the warehouse to be particularly alert to temperatures and conditions which affect "bloom" and skin color.
High turnover of product at this time can cause room temperatures to creep up as new, warmer product is
brought in to be chilled.
The shelf life of chilled poultry is a function of storage temperature. Most chilled poultry is maintained at
temperatures of 28-38°F (-2 to 3.3°C) during marketing. While sanitation in the processing plant is vital
to a long shelf life, control of storage temperature is even more important. The following table gives
Poultry Products
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expected shelf life for bacterial spoilage, assuming good commercial processing, at several storage
temperatures.
Storage Temperature
Time in days

°F

70

50

40

35

32

30

°C

21

10

4

2

0

-1

1

3

6

12

18

30

Deep-chilled pou ltry must be he ld a t 2 8-30°F ( -2 t o -1°C). U nder i deal p ackaging a nd ha ndling
conditions, a shelf l ife o f 8 w eeks i s p ossible. With the l ower temperatures and l onger shelf l ife, other
factors than bacterial spoilage, such as rancidity, take on a significance far greater than with a shelf life of
less than 2 weeks. For this reason, package requirements of deep-chilled poultry should require an oxygen
barrier to minimize development of oxidative rancidity. Use of such packaging material may extend shelf
life an additional 2-4 weeks.
Some points needing special attention with chilled and deep-chilled poultry include:
1. Surface freezing oc curs i f t emperatures d rop below 28° F ( -2°C), a nd w ith s lightly l ower
temperatures for p rolonged periods of t ime t here i s d evelopment of darkened b ones in chicken
broilers. F or poultry t o be marketed a s f resh or non -frozen, t he a mbient t emperature of storage
should be above 26°F (-3.3°C) at all times.
2. Weight l oss o r m oisture drip p roblems i n p ackaged p oultry b ecome accen tuated as h olding
temperatures rise above 31°F (-1°C). This results in weight control and appearance problems.
3. Tray packed poultry parts have a tight stretch-type plastic film covering them. The tight, clinging
film pr otects the p arts f rom dr ying out a nd g etting f reezer bu rn. I f t his film i s punc tured, t he
product w ill de hydrate a nd di scolor. Therefore, caution s hould be u sed w hen h andling a nd
moving the cases of product so as not to damage the containers.
4. Processors are using a combination of gas-tight film/bags and carbon dioxide atmosphere to
package both consumer and bulk size quantities of poultry parts and meats. Various combinations
of processes are used, such as 1) "pillow pack," in which the normal air is flushed out with carbon
dioxide or ni trogen be fore the pr oduct i s p ackaged a nd s ealed; 2) va cuuming a nd f lushing w ith
carbon dioxide or ni trogen before packing and sealing; and 3) vacuuming, flushing with carbon
dioxide or nitrogen, and then re-vacuuming before packing and sealing. The extended shelf life
provided by these types of packaging can be shortened if the system's integrity is broken through
puncturing of the box or the plastic film/bag. Recent developments in tray packaging include the
use of heat to seal top film to a foam tray. Warehouse operators must be aware that not all foam
trays have barrier properties, so vacuum losses could occur if packaging is improper.
5. Shelf i s usually established b y t he w arehouse customer, acco rding t o the pre-storage pr ocedure
used. The shelf lives of these products can vary widely, depending upon whether they are raw or
cooked, vacuumed only, vacuumed and gas flushed, etc. Product which has not been sold in the
allotted shelf life time frame will need to be frozen in order to provide a decent (but not perfect)
color and shelf life for later sale.
6. Information from a l iterature search sp onsored b y WFLO ci tes v ariables that m ost lik ely w ill
affect refrigerated ( non-frozen) s helf l ife of poultry meat. S torage t emperature i s the pr imary
Poultry Products
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variable. Other variables include the level and makeup of the bacterial population on the product,
fatty aci d co mposition, and t emperature of t he pr oduct delivered t o t he r efrigerated w arehouse.
The most important temperature reduction period is the time taken to reduce the temperature at
the center of the package to 40°F (4.4°C).

Freezing
The rate of freezing of poultry affects color and drip loss during thawing. A faster freezing rate gives a
lighter colored product and one less subject to drip loss. The bloom or appearance of a frozen bird is a
result of ice crystal size in the skin and in a very thin surface layer of the muscle. The amount of fat in the
skin (skin thickness) is of great importance with respect to the effect of freezing rate on frozen
appearance. A bird with much fat in all surface skin, such as a duck or goose, gives a good appearance
irrespective of f reezing method. W ith t urkey f ryers or o ther thin s kinned bi rds, the color c an b e va ried
from white to dark red as the freezing rate is varied from fast to slow.
When young birds are frozen, they develop a dark color along the long bones of the legs and wings. This
discoloration of the bone and surrounding flesh results from the pigments in the bone marrow expanding
during freezing and oozing through the immature bone. This is not harmful, but gives a poorer appearance
after the chicken is cooked than non-darkened parts of older or non-frozen birds. The only method found
thus far that eliminates bone darkening can be accomplished by conventional cooking of the chicken or
through the u se o f m icrowave h eating. W ith m icrowave h eating, t he m arrow can b e heat d enatured
(cooked) without heating the surrounding meat to cooking temperatures. Meat and bone discoloration in
young c hickens c an be significantly r educed by c ooking t he f rozen pr oduct directly f rom t he frozen
condition th ereby minimizing th e th awing tim e. I t is im portant to n ote t hat it i s difficult to d etermine
exact freezing rates of poultry because of great variations in size and density of the various products, or
the presence or absence of injected solutions containing salt.
The temperature of incoming f rozen pr oducts is critical. When pallet loads are frozen at the processing
plant, there are times when complete freezing is not achieved prior to shipment. All birds may be crust
frozen but large turkeys may not be completely frozen, especially those in the center of the pallet load.
When temperatures are measured on frozen turkeys, the thermometer is generally inserted to a depth of
only a bout 0.5 i nches ( 1 c m). F or he avy t urkeys, a depth o f a t l east 2 i nches (5 c m) w ould be m ore
appropriate.
Frozen Shelf Life:
The shelf life of frozen poultry is influenced by many factors, as determined by rancidity and off-flavor
development o r b y d ehydration o f su rface a reas. A mong t he more i mportant v ariables i s freezer
temperature, packaging, handling prior to freezing, and type of product.
Expected Shelf Life at 0°F (-18°C) with Good Handling and Packaging
Consumer pack turkeys

12-15 months

Canner pack turkeys (if individually packaged)

8-12 months

Canner pack fowl (if individually packaged)
Consumer pack chicken roasters
Consumer pack chicken broilers, whole
Poultry Products
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Chicken parts(poly wrapped)

12 months

Mechanically deboned chicken neck and back meat

Up to 3 months

Mechanically deboned turkey frame meat

Up to 2 months

Turkey parts, consumer pack
Ground turkey

12-15 months
4-6 months

Turkey roasts, uncooked

12 months or more

Breaded and fried poultry

Up to 9 months

Ducks and Geese, consumer packed
Ostrich and Emu

12-15 months
6 months

Freezing Damage:
The poultry industry has become very adept at adding water or broth into its products. Any poultry
product which has its name qualified to indicate it is "injected," "basted," "marinated," or "with broth"
will have a higher than normal moisture content. Generally speaking, this can be anywhere from 2% to as
much as 40%, but probably averages 12%.
Slow freezing which causes large ice crystals to form can cause substantial damage to the cooked poultry
muscle structure. The higher the water content, the more likely this damage will occur. The damage takes
the form of striation or separation of the muscle fibers and strata. The muscle tends to have a less smooth
appearance when cut and appears rather coarse. Slow freezing with the formation of large ice crystals also
causes extensive leaching when the product is thawed out. It is not uncommon to see weepage during
thawing of 7-8% or more.
Improper packaging, packaging materials, and the like can cause stale flavors and rancidity to occur.
Cooked poultry products with high fat content, such as poultry frankfurters, lower quality poultry rolls,
salami, sausages, and breaded fried items, are more prone to this type of spoilage or off-flavor than low
fat items like chicken breast, turkey breasts, turkey ham, and the like.

U.S. Regulatory Notes
Definition of Terms:
Nomenclature of pr oducts, c ooking/processing method, packaging method, and packaging materials a re
extremely i mportant i n understanding s torage conditions and shelf lives of t hese pr oducts. Many of t he
following definitions are based on USDA regulations.
Breaded, pre-cooked (or fully cooked), and fried: This product has been fully cooked either before or
after the breading has been fried.
Breaded and fried: This means that the breading material has been set, usually in vegetable oil, to give it
color and bind. The poultry itself is still uncooked.
Cook-in-bag: A c ooking process f or poul try w hich pr ovides a m eans t o v acuum pa ck w ith a he at
shrinkable film that clings to product as it is cooking. This results in a product that is virtually sterile, but
the product must be kept below 40°F (4.4°C) at all times because of low salt content, no s odium nitrite
Poultry Products
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(cure), a nd the danger of Clostridium organisms g rowing unde r t hese c onditions. I t i s a nd s hould be
regarded as a perishable product.
Fresh: According to USDA regulations, to be labeled "fresh" poultry must never have been stored at a
temperature of less than 26°F (-3.3°C).
Fully cooked: Cooked to an internal temperature of 160°F (71°C) per USDA regulations. In the case of
cured products, t he temperature ne ed be on ly 155° F ( 68°C). T here i s no pa rtial c ooking of poul try
allowed. On breaded products, the breading may be set by cooking, but the poultry portion must be either
raw or fully cooked. All poultry products must be labeled as "fully cooked," "oven prepared," or similarly
acceptable USDA terminology if they are cooked.
Glazing: There are two valid definitions for this term when used with poultry. It is possible to apply a
coating o f caramel co lor or o ther materials and gelatin t o give a " browned o ff" appearance t o a t urkey
breast c ooked i n a ba g a nd not e xposed to the dr y heat of t he oven. I t i s a lso possible t o apply a t hin
coating or mist of water to a r aw frozen poultry part so that it is covered with an ice "glaze" to prevent
drying out during frozen storage.
Keep Frozen: When on a poul try pr oduct l abel, t he product must be kept f rozen a t 0°F ( -18°C), 10° F
(5.5°C) tolerance at all times.
Keep Refrigerated: When on a pou ltry pr oduct l abel, the p roduct m ust b e k ept r efrigerated a t a
temperature of less than 40°F (4.4°C), no tolerance. Product should not be frozen.
Keep Refrigerated or Frozen: When on a poultry product label, the product may be either refrigerated
or frozen.
Suitable for Freezing: When on a poultry product label, the product is normally refrigerated, but could
be frozen.
Re-bagged: Refers to poultry products which have been cooked in a plastic or moisture proof fibrous or
plain f ibrous c asing a nd t hen s tripped of t heir c ooking c asings a nd placed i n yet a nother pl astic b ag,
vacuum packed, clipped, and then sold. Shelf life of these products is markedly shorter than the "cook-inbag" product due to contamination experienced from handling during the re-bagging.
Labeling:
Products received for storage should have labels consistent with requested storage conditions. In the US,
fresh or similar terms may not be used on labels of poultry products which have been completely frozen at
any time during processing. Terms of "not frozen" or "never frozen" should not appear on products placed
in frozen storage, but can be used on de ep chilled or other refrigerated poultry products, providing they
were n ever s tored a t a temperature be low 26° F ( -3.3°C). D ual d eclarations o f " Keep R efrigerated o r
Frozen" are permissible.
Freezing:
USDA Gr ading r egulations r equire t hat a po ultry pr oduct b e dow n t o 0° F ( -18°C) w ithin 7 2 hour s of
being c hilled a nd pa ckaged. N o m ention is m ade of how or w ith w hat equipment t his is to be
accomplished. In practice, this is not unrealistic if the product is appropriately packaged, bagged, boxed,
palletized, pallet layers separated or spaced, and adequate air movement utilized.

Poultry Products
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USDA Inspection regulations are s omewhat m ore extensive an d are covered i n d etail in the Directives
and Meat and Poultry Inspection Manual cited earlier. Some of the highlights are:
1. All products must be at 40°F (4.4°C) or lower before leaving a USDA inspected plant but may
rise t o 5 5°F ( 13°C) be fore r eaching t he of f-premises f reezer if n o m ore t han 2 h ours elapse
between packaging and freezing.
2. Approved freezing methods are:
a) Blast freezing with high velocity air at -20 to -40°F (-29 to -40°C)
b) Immersion freezing through super chilled brine or other liquid
c) Continuous blast freezing on a moving belt, i.e., liquid nitrogen, liquid carbon dioxide, or
mechanical/ammonia
d) Holding freezer with air circulation and temperatures of 0 to -20°F (-18 to -29°C)
3. Raw stuffed poultry has special handling considerations and must be frozen within 24 hours.
4. Designated employees of off-premises freezers must keep a log or record to include:
a) Time of arrival of product at freezer
b) Time product entered freezer
c) Product temperature when placed into freezer
d) Product temperature after 72 hours in freezer

WFLO is indebted to Dr. Paul Dawson, Clemson University, Clemson, South Carolina, for the review and revision of this topic.
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Storage Conditions
Temperature
Relative Humidity

31-32°F (-0.6 to 0°C)
90-95%

Storage Period

2-3 weeks

Freezing Point

30°F (-1°C)

Fresh Italian prunes can ordinarily be kept in storage at 31-32°F (-0.6 to 0°C) with 90-95% relative
humidity for 2-3 weeks if the prunes are shipped immediately after harvest. If the prunes are held in cold
storage at the shipping point, then the maximum storage period should be 2 weeks before the transit
period. Fresh prunes should not be exposed to temperatures between 36 and 48°F (2 and 9°C) to avoid
internal breakdown, including flesh browning, bleeding, and loss of flavor.
If prunes are held too long in storage, there is danger of shriveling, mealiness, abnormal flavor, and
internal browning near the pit. These conditions may not be apparent in cold storage, but on removal from
storage the fruit may deteriorate rapidly, sometimes losing as much in 3 days after storage as has taken
place during the entire storage period.
Ripening of Early Italian prunes can be enhanced by exposure to 34°F (1°C) temperatures for a few days.
These prunes develop more color, have less acid, and are softer than prunes ripened immediately without
a cold treatment.
Internal browning, the most serious disorder of Italian prunes, is a physiological disorder associated with
ripening. The fruit is predisposed to it in the orchard, but subsequent handling contributes to its severity.
Factors contributing to the disorder are low tree vigor, high summer temperatures, and delayed harvest.
Italian prunes shipped after storage at shipping points should not be stored again at the receiving markets.
Bruising greatly increases susceptibility of prunes to decay in storage.
The common diseases of Italian prunes are similar to those of Plums and Cherries.

Freezing
Some freezing of purple plums and prunes is done for the institutional market and for further processing.
In preparation for freezing, the fruit is halved and pitted and the fruit is packed in syrup, usually in
barrels. In some European countries, plums and prunes are pitted with equipment similar to, but larger
than, that used for cherries. For use in further processing, frozen plums and prunes may be held for up to
1 year at 0°F (-18°C) or longer at -10°F (-23°C).
WFLO i s i ndebted t o Dr. Adel A. K ader, Department o f P lant Sciences, University o f C alifornia at Davis, for t he r eview and
revision of this topic.
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Pumpkins and Winter Squash
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Thermal Properties
Pumpkins

Winter Squash

English

Metric

English

Metric

Moisture, %

89.76

--

87.78

--

Protein, %

0.95

--

0.80

--

Fat, %

0.13

--

0.10

--

Carbohydrate, %

8.59

--

10.42

--

Fiber, %

1.50

--

1.50

--

Ash, %

0.57

--

0.90

--

Specific Heat Above Freezing

0.95 Btu/lb*°F

3.97 kJ/(kg*K)

0.93 Btu/lb*°F

3.89 kJ/(kg*K)

Specific Heat Below Freezing

0.43 Btu/lb*°F

1.81 kJ/(kg*K)

0.45 Btu/lb*°F

1.87 kJ/(kg*K)

132 Btu/lb

306 kJ/kg

126 Btu/lb

293 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature
Relative Humidity
Holding Period
Highest Freezing Point

50 to 55°F
(10 to 13°C)
50-70%
1-6 mos. depending on cultivar
30.5°F
(-0.8°C)

Winter squash and pumpkins are chilling sensitive and require moderate storage temperatures of 50 to
55°F (10 to 13°C) to avoid chilling injury (CI). If stored at 32 to 45°F (0 to 7°C), both pumpkins and
squash develop CI and subsequent rot, mainly from Alternaria during marketing. Development of
Alternaria rot is the main symptom of previous exposure to chilling temperatures. The period required for
chilling injury varies, but generally for Acorn squash it is 15-20 days at 32°F (0°C), and 25 to 30 days at
40°F (4.4°C). In tests with six cultivars, Delicata was the most resistant to chilling injury when stored at
45°F (7°C), while Butternut and Spaghetti were highly susceptible to chilling. Some chilling (increased
decay) may occur after long-term (>2 months) storage of winter squash at 45-48°F (7-9°C). Therefore,
storage at 50-55°F (10-13°C) is considered best.
Relative humidity (RH) recommendations range between 50-70%, with 60% identified as optimum, for
pumpkins and winter squash. This is lower than for most vegetables. Higher RH may promote decay and
lower humidity causes excess water loss and texture deterioration. Weight losses exceeding 15% should
Pumpkins and Winter Squash
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be avoided. In Butternut squash, weight loss above 15% leads to hollow neck, which is not evident
externally but makes the squash inedible.
Approximate storage life at 50 to 55°F (10 to 13°C) for different cultivars follows: Table Queen (Acorn)
35-50 days; Quality, 80 days; Butternut, Connecticut Field and Cushaw, 60-90 days; and Hubbard 180
days or longer. Kabocha, Turban and Butternut squashes can be stored at least 90 days. At higher
temperatures 59 to 68°F (15 to 20°C), Table Queen will lose greenness, becoming undesirably yellow,
and acquire a stringiness of the flesh in 5 weeks. All pumpkins and winter squashes should be well
mature, clean, carefully handled, and free of injury and decay to store well. Hubbard squash should have
the stems completely removed to avoid physical damage to the product during handling. A 15% loss in
weight from shrinkage for 6 months' storage is about average.
Hubbard or other dark-green squash should not be stored with avocadoes, bananas, mangoes, or other
ethylene-producing fruit with similar storage temperature requirements, as ethylene greatly hastens
yellowing and senescence.
Pumpkins and winter squashes should be kept dry and supplied with good air circulation in storage. For
prolonged holding on farms, storage in a single layer on slotted shelves, which provides free air
circulation, is best. During distribution and in warehouses, storage in slatted bulk bins or crates is
satisfactory. Disinfect storage shelves and containers periodically to avoid carrying disease organisms
from one season to the next.
Curing of winter squashes and pumpkins at high temperatures (80°F or 27°C) before storage is no longer
recommended, and it is actually harmful to some cultivars. However, Italian workers have had good
success in storing Butternut for 5 months by placing them in a current of warm 79°F (26°C) air for 10 to
12 days before storage at 50 to 55°F (10 to 13°C).Wound healing after harvest can best be achieved by
holding these vegetables for a week at 70°F (21°C) before cooling below 60°F (15°C) for storage. This
may be accomplished by leaving the squash in the field under the plant leaves to protect from the sun.

Diseases and Injuries
Brown spots with subsequent pinkish white mold.
Fusarium
Rot
Control: Avoid mechanical injuries, scratching and breaking. Maintain 50 to 55°F (10 to
13°C) temperature. Fusarium grows slower at lower temperatures.
Rhizopus
Rot

Softening and water-soaking of flesh, which readily flattens but remains intact. Coarse,
white mycelium forms in the tissues with black spores developing in air spaces. Flesh has
slight sour odor and taste.
Control: Avoid bruising and mechanical damage. Maintain at 50 to 55°F (10 to 13°C).

Alternaria
Rot

Smooth tan lesions, which later develop into surface mold of greenish-black color. Lesions
develop yellowish, fairly dry and spongy pockets to a depth of ½ inch beneath skin surface.
Control: Avoid chilling injury by avoiding 32 to 45°F (0 to 7°C) temperatures and
maintaining at 50-55°F (10-13°C) during storage, transit, and marketing.

Black Rot Infection occurs in field. Lesions at first are water-soaked, then greenish or grayish-brown,
Pumpkins and Winter Squash
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becoming firm and black as fruiting bodies form.
Control: Avoid storing infected or insect- and mechanically-damaged fruit. Control in field
or carefully select disease-free fields for storage crop. Handle promptly at 50 to 55°F (10 to
13°C).

Bacterial
Soft Rot

Water-soaking and pronounced softening at infection site. Infected fruit become soft and
mushy and then hollow shells filled with liquefied tissues. Skin eventually ruptures, spilling
seeds and contents. Odor is usually offensive. Soft rot enters via injuries and spreads
rapidly at warm temperatures.
Control: Careful handling to avoid injuries and refrigeration during transit and marketing
will help prevent losses.

Freezing
Fully mature pumpkins are washed, cut up, and the seeds and stringy material removed. The pieces are
cooked by steam until the pulp is soft and easily removed from the shell. A pulper or finisher is used to
break up the p ieces and make a s mooth hom ogeneous paste. I t i s t hen c ooled r apidly, pa ckaged a nd
frozen. A t temperatures of 0° F ( -18°C) f rozen pr oducts can be s tored for 24 months, w hereas s torage
period is extended to over 36 months with storage temperatures of-10°F (-23°C).
WFLO i s i ndebted t o D r. J eff B recht, I nstitute of F ood a nd A gricultural S ciences, U niversity o f F lorida, f or t he r eview a nd
revision of this topic.
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Quinces
Revised 2008

Thermal Properties
English

Metric

Moisture, %

83.80

--

Protein, %

0.40

--

Fat, %

0.10

--

Carbohydrate, %

15.30

--

Fiber, %

1.90

--

Ash, %

0.40

--

Specific Heat Above Freezing

0.91 Btu/lb*°F

3.79 kJ/(kg*K)

Specific Heat Below Freezing

0.51 Btu/lb*°F

2.13 kJ/(kg*K)

120 Btu/lb

280 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature
Relative Humidity
Storage Period
Highest Freezing Point

31-32°F
(-0.6 to 0°C)
90-95%
2-3 months
28.4°F
(-2°C)

Quinces behave in storage similar to the early fall apple varieties, such as Jonathan or Grimes Golden.
Quince production in the U.S. has been declining for many years, so only a few are stored for processing.
Quinces are not eaten out of hand because of astringency. After storage, they are ripened at about 65-70°F
(18-21°C) and 85-90% relative humidity before processing. Quinces must be handled carefully as they
bruise easily. Quinces are subject to the same decay-causing pathogens as Apples and Pears.

Diseases and Injuries

Black Rot

Commonly found east of the U.S. Rocky Mountains. Brown, firm spots of all sizes and shapes
anywhere on the fruit, later becoming dark brown or black, sometimes with small black
pimples scattered on surface. On removal from storage, spots become soft and mushy.
Control: Orchard spraying. Prevention of mechanical damage and prompt refrigeration after
harvest.

Black

Most common east of the Mississippi River and apparently does not occur on the West Coast.

Quinces
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Spot

Black circular sunken areas on any part of fruit, in early stages surrounded by red rings, later
surface may crack. The disease does not develop or spread in storage.
Control: Orchard spraying.

Blue
Mold Rot

As in apples, blue mold rot, caused by Penicillium expansum, is the most common disease.
Control: Careful handling, fungicidal dips, and good refrigeration.

As in apples, but a relatively unimportant disease of quince. The rot is rarely initiated at
Brown temperatures below 50°F (10°C). Insect injuries and wounds are common sites of infection.
Mold Rot
Control: Careful handling, fungicidal dips, and good refrigeration.

WFLO is indebted to Dr. Adel A. Kader, department of Plant Sciences, University of California at Davis,
for the review and revision of this topic.
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Radishes
Revised 2008

Thermal Properties
English

Metric

Moisture, %

94.84

--

Protein, %

0.60

--

Fat, %

0.54

--

Carbohydrate, %

3.59

--

Fiber, %

1.60

--

Ash, %

0.54

--

Specific Heat Above Freezing

0.97 Btu/lb*°F

4.08 kJ/(kg*K)

Specific Heat Below Freezing

0.42 Btu/lb*°F

1.77 kJ/(kg*K)

136 Btu/lb

317 kJ/kg

Latent Heat of Fusion

Storage Conditions
Spring Radishes

Winter Radishes (Black)

Temperature

32°F
(0°C)

32°F
(0°C)

Relative Humidity

95% +

95% +

Storage Period

3-4 weeks (topped)

3-4 months (topped)

Freezing Point

30.7°F
(-0.7°C)

28°F
(-2.2°C)

Commonly used spring or summer radishes, including red or white, can be hydro-cooled efficiently after
mechanical harvest. It is important to cool promptly or radishes become spongy due to water loss. Using
34°F (1°C) water, they can be cooled to 40°F (4.4°C) in about 5 minutes. If they are topped and then
packaged in polyethylene bags, radishes can usually be stored 3-4 weeks at 32°F (0°C), and a somewhat
shorter time at 40°F (4.4°C). The film bags should be ventilated with a few small holes for aeration.
Storage life can be lengthened by trimming any thin side roots and by clipping the tops just above the
crown. The latter practice greatly retards regrowth of tops and reduces decay.
Bunched radishes with tops are more perishable than trimmed radishes. They can be stored at 32°F (0°C)
with 95% relative humidity (RH) for 1-2 weeks. The use of package and top ice keeps the tops fresh and
the roots firm. Radishes cannot withstand even brief freezing without major loss in quality after thawing.
Thus, if they are packed in ice, care must be taken that the ice is not below their freezing point. When
temperatures are higher than 32°F (0°C), a low oxygen atmosphere (1%) may be beneficial in reducing
top and root growth and softening.
Radishes
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Winter or black radishes can be stored much longer than spring radishes and require the same cold storage
conditions as topped carrots, turnips, and rutabagas. They should remain in good condition for 3-4 months
at 32°F (0°C) and high relative humidity.

Diseases
The diseases of radishes resemble those of rutabagas and turnips. Additional information is located
elsewhere in the manual, under Turnips.

Black
Spot

Black spot is characterized by a number of brown to black spots 1-3 mm in diameter on roots
with little internal discoloration.
Control: Black spot is controlled by maintaining 50-100 ppm chlorine in wash and hydro-cooler
water, and thereafter maintaining the roots at the proper temperature.

WFLO is indebted to Dr. Marita Cantwell, Department of Vegetable Crops, University of California at Davis, for the review and
revision of this topic.
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Rancidity and Antioxidants
Revised 2008

Types of Rancidity
The term "rancidity" is used to describe two entirely different processes:
•
•

Oxidative rancidity is a condition caused by fat oxidation
Hydrolytic rancidity is a condition caused by fat hydrolysis

Oxidative rancidity of fats such as lard, shortenings, salad and cooking oils refers to the
undesirable odors and flavors which develop when such products are exposed to the oxygen in the
air. Products containing these fats, including but not limited to food products such as fish, poultry,
meat, frozen vegetables and dry milk can become rancid as the fats in the products react to air. The
poly-unsaturated fatty acid portions of these foods react with oxygen to form peroxides. The
peroxides decompose to yield a complex of mixtures, including aldehydes, ketones, and other
volatile products. These products are responsible for "rancid" odors and flavors. It is important to
note that fish contain highly unsaturated (poly-unsaturated and mono-unsaturated) fatty acids which
make some fish products particularly susceptible to oxidative deterioration. Highly saturated
products, such as butter, are not as prone to oxidative rancidity due to the absence of polyunsaturated fatty acid compounds. These products also tend to be more solid at room temperature.
Hydrolytic rancidity refers to the odor that develops when triglycerides are hydrolyzed and free
fatty acids are released. This reaction of lipid with water sometimes requires a catalyst, but results in
the formation free fatty acids and salts from free fatty acids (soaps). In particular, short chain fatty
acids, such as common butter fats, are odorous.
Rancidity in foods may be very slight, indicated by a loss of freshness to very severe, indicated by
objectionable odors and/or flavors. Slight degrees of rancidity are much more common in foods than
severe rancidity, yet slight rancidity is a much more a practical concern. A slight degree of rancidity
may not be objectionable to consumers, but products which do not seem fresh will not attract repeat
purchases. If customers do not return to a product, the long-term effects of a slight degree of
rancidity can be very serious.
Even though meat is held under refrigeration or in a frozen state, the poly-unsaturated fat will
continue to oxidize and slowly become rancid. The fat oxidation process, potentially resulting in
rancidity, begins immediately after the animal is slaughtered and the muscle, intra-muscular, intermuscular and surface fat becomes exposed to oxygen of the air. This chemical process continues
during frozen storage, though more slowly at lower temperature. Air tight packaging will slow
rancidity development.

Rancidity and Antioxidants
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Factors Influencing Fat Oxidation
Temperature: The rate of fat oxidation is highly dependent on temperature. Considerable
improvement in storage stability can therefore be gained by lowering the storage temperature. As an
example, it has been found that the storage time for frozen raw, lean meat can be extended
approximately by 3 times by lowering the temperature from 5 to -13°F (-15 to -25°C). Temperature
fluctuations during storage should also be minimized.
Oxygen: Oxygen in the air may be displaced by an inert gas such as nitrogen or carbon dioxide to
retard oxidative rancidity, or the products may be packed under vacuum. These methods require the
use of packaging materials with low oxygen permeability.
Type of fat: In general, the softer the fat, the more unsaturated are the fatty acids and the more
susceptible they are to oxidation and oxidative rancidity. However, vegetable fats, although
unsaturated, are usually more stable than animal fats because they contain natural antioxidants. The
most common antioxidant found in vegetable fats is vitamin E. Coconut oil is more saturated and,
therefore, more stable than most other vegetable oils. Fish oils are highly unsaturated, and there for
more susceptible to oxidative rancidity and off odors and flavors. The process of Hydrogenation,
which involves the addition of hydrogen to unsaturated bonds, effectively hardens fat and increases
its saturation, therefore providing additional resistance to oxidation.
It is important to note that the susceptibility to oxidation of a product may be dependent on factors
other than the degree of un-saturation of the fat. One important factor influencing oxidation, other
than level of saturation, is the possibility for contact between the fat and pro-oxidants, antioxidants,
or oxygen. For this reason, ground or minced flesh products are less stable than whole flesh
products, since the muscle surface area has been increased through mincing or grinding, and oxygen
has been mixed throughout the product as part of the mechanical process. For this reason, further
processed products may be more prone to oxidative rancidity than whole-muscle cuts.
Light. Packages that exclude light can be used to protect the products against fat oxidation.
Metals. Metals such as copper, iron, manganese, and chromium increase rate of fat oxidation. As a
result, the preferred storage containers are steel drums, tin, or nonmetallic materials such as plastic.
Stainless steel is commonly used in processing plants so as to avoid excessive contact with metals
that increase fat oxidation. It is important to note that water with trace metal is often a cause of
rancidity in food products.
Products from fat oxidation. Traces of oxidized fat in ingredients can accelerate oxidative
rancidity in the remainder of the products. Blending oxidized products with un-oxidized products is
not recommended. Steam treatment under vacuum conditions has been effective in removing
products of deterioration (odorous substances) from some oils and fats.

Antioxidants
Food antioxidants are compounds that increase the resistance of fats to oxidation and consequent
deterioration or rancidity. Only specifically approved antioxidants are able to be added to lard,
tallow, and other foods susceptible to rancidity. In the United States, authorization of antioxidants
for use in meat products is a responsibility of the Food Safety Inspection Service (FSIS) of the
Rancidity and Antioxidants
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United States Department of Agriculture (USDA). Antioxidants used in dairy products, salad
dressings and oils are regulated by the Food and Color Additives Division of the U. S. Food and
Drug Administration (FDA). Antioxidant inclusion is restricted to specific limits and must be
declared on product labels. Some of the approved antioxidants are butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), propyl gallate, and tocopherols.
These primary antioxidants are often used in combination with citric or phosphoric acid. Use of one
or more of the primary antioxidants in combination with one of the acids is common because
combinations are much more effective than single antioxidants. Many food grade combinations are
possible. It is important to note that antioxidants can not be expected to stop rancidity. Their
effectiveness lies only in slowing down the rate of oxidation and varies with the antioxidant
combination used and with the food product to be protected.
Natural antioxidants, such as those contained in some spices, such as rosemary, sage, and marjoram,
have met acceptance for the retardation of rancidity in meat products. These and other natural
antioxidants not only retard the warmed over flavor (WOF) in precooked meat products, but provide
an agreeable aromatic aroma and flavor. Some spice extracts, particularly rosemary, are prepared
primarily for their antioxidant activity and do not include strong flavor components.
Natural antioxidants from fruit products, including but not limited to pear and plum extracts, have
also been shown to effectively reduce oxidative rancidity in ground meat products while providing
additional sources of nutrients and flavor.
WFLO is indebted to Dr. Joseph G. Sebranek, Iowa State University, and Dr. Stephen Neel, World Food Logistics
Organization, for the review and revision of this topic.
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Rhubarb
Revised 2008

Thermal Properties
English

Metric

Moisture, %

93.61

--

Protein, %

0.90

--

Fat, %

0.20

--

Carbohydrate, %

4.54

--

Fiber, %

1.80

--

Ash, %

0.76

--

Specific Heat Above Freezing

0.97 Btu/lb*°F

4.05 kJ/(kg*K)

Specific Heat Below Freezing

0.44 Btu/lb*°F

1.83 kJ/(kg*K)

135 Btu/lb

313 kJ/kg

Latent Heat of Fusion

Storage Conditions
Fresh

Frozen

Temperature

32°F
(0°C)

0°F
(-18°C)

Relative Humidity

95% +

Vapor-proof packaging

2-4 weeks

6-9 months

Storage Period
Highest Freezing Point

30.3°F
(-1°C)

Fresh rhubarb stalks in good condition may be stored up to 4 weeks at 32°F (0°C) and high relative
humidity (RH). Storage life of rhubarb is about 2 weeks at 40°F (4.4°C) and 1 week at 50°F (10°C).
Rhubarb can be hydro-cooled or air-cooled; the temperature of the stalks should reach 32-34°F (0 to
1.1°C) as soon as possible to reduce wilting. To retard moisture loss, the topped bunches or loose
stalks should be packed in polyethylene-lined crates, which are then stacked to allow ample air
circulation. Otherwise, there is danger of heating and mold growth. Removing the leaf so that about
0.25 inches (6 mm) of the leaf is left attached to the petiole, commonly called the stalk, will extend
storage and market life and save on package and transportation costs. Splitting of the petiole will be
more serious if the entire leaf is removed. Removal of the leaf prevents their accidental ingestion,
which can be harmful because of their high oxalate content. The film liners should not be sealed.
Fresh rhubarb cut into 1-inch (2.5-cm) pieces and packaged in 1-lb (454 gm) perforated
polyethylene bags can be held 2-3 weeks at 32°F (0°C) with high relative humidity.

Rhubarb
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Diseases & Disorders

Anthracnose

Soft, watery, translucent spots limited to the stalk. Usually, spots are oval and
with long axis lengthwise of the stalk. May have very small, black specks in the
center of spot, later stalks may become soft. Infection in field rapid in moist,
warm weather; does not require skin breaks.
Control: Culling. Recommended refrigeration during storage will prevent
growth.
Water-soaked, muddy green or greasy, wet and mushy.

Bacterial Soft
Rot

Gray Mold Rot

Control: Careful handling and prompt refrigeration to 40°F (4.4°C) or below. A
temperature of 32°F (0°C) is better. Infection can progress even under
refrigeration.
Most serious rhubarb disease in transit; small red spots on leaf stalk and watersoaked, brown areas at the base of stalk or in injured tissue. Rapid increase,
later showing grayish-brown fungus growth and grayish-brown spore masses.
Control: Field sanitation, careful handling, and prompt refrigeration to at least
40°F (4.4°C), with 32°F (0°C) being preferred.

Phyto-Phthera
Rot

Usually a field disease, often followed by Bacterial Soft Rot. Infection may be in
uninjured, as well as damaged, stalks; watery, greenish-brown decay, starting
at base of leaf stalks, followed by rapid tissue collapse.
Control: Field sanitation and culling of any stalks showing infection. Avoid
harvesting from infected plants. Transit and storage temperatures below 40°F
(4.4°C) will retard decay development.
Small, oval to oblong, reddish-brown spots, especially in first cuttings; later,
black spore bodies on surface of spots.

Stem Spot
Control: Field control by removing leaves showing infection and destruction of
dead leaves and stems at end of harvest.

Freezing
Forced or hot-house rhubarb is frozen in Washington State and in Michigan, while field rhubarb is
frozen in California and other parts of the U.S. All principal varieties freeze well, although the more
highly colored varieties provide a m ore attractive product. While flavor retention of all varieties is
good, freezing does alter substantially the texture of the fresh product. Since enzymatic changes in
frozen rhubarb occur slowly, it is possible to freeze rhubarb stalks without blanching and hold them
for as long as 6 months. For longer storage and better quality retention, a short steam blanch of 2
minutes is recommended.
For the retail market, the stalks are usually cut to 1 i nch (2.5 cm) or to fit the size of the package.
For i nstitutional u se a nd for f urther m anufacture, r hubarb is us ually un -blanched, st alks m erely
Rhubarb
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trimmed or cut to fit the package s elected, and f rozen i n bul k i nstitutional-size cartons or barrels.
Quickly f rozen, bl anched r hubarb m ay be s tored a t b elow 0° F ( -18°C) f or a y ear or l onger. U nblanched rhubarb, and/or rhubarb packed in large containers and therefore slowly frozen, should not
be held at 0°F (-18°C) for longer than 6-9 months. Some of the rhubarb pack is frozen at a 6:1 sugar
ratio. Polybag packs are usually packed without the addition of sugar.

WFLO is in debted to D r. Marita Cantwell, D epartment o f V egetable C rops, U niversity o f C alifornia at D avis, for t he
review and revision of this topic.
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Rutabagas
Revised 2008

Thermal Properties jealous
English

Metric

Moisture, %

89.66

--

Protein, %

1.20

--

Fat, %

0.20

--

Carbohydrate, %

8.13

--

Fiber, %

2.50

--

Ash, %

0.81

--

Specific Heat Above Freezing

0.94 Btu/lb*°F

3.96 kJ/(kg*K)

Specific Heat Below Freezing

0.46 Btu/lb*°F

1.92 kJ/(kg*K)

129 Btu/lb

299 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature
Relative Humidity
Storage Period
Highest Freezing Point

32°F
(0°C)
95-100%
4-6 months for fresh use
6-9 months for processing
30.1°F
(-1°C)

Rutabagas store best at 32°F (0°C) and very high (95% or above) relative humidity (RH). They lose
moisture and shrivel readily if not stored under high humidity conditions. The optimum relative
humidity for rutabagas is 98-100%, or as close to saturation as possible. Weight losses are less with
98-100% RH than with 90-95% RH, and decay is not increased.
Hand pre-peeled rutabagas packaged in consumer sized film bags keep in good condition for 4
weeks at 34°F (1°C). Abrasive pre-peeled last 1 week.
Losses in stored rutabagas are often serious. Rough handling of the roots when harvesting and
filling bins or other containers may increase storage losses. Rutabagas are often hot-waxed just
before being marketed to improve their appearance, keep them clean, and prevent undue moisture
loss and shriveling during the marketing period. Too heavy a wax coating may produce internal
breakdown. Waxing may not be necessary if in high (98%) humidity storage, especially if marketed
in perforated polyethylene bags. Waxing is not recommended for rutabagas prior to lengthy storage.

Rutabagas
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Diseases and Disorders
Diseases of rutabagas resemble those of turnips and carrots. Additional information is located
elsewhere in this manual, under Turnips.
Irregular streaks and patches in the inner tissues and water-soaked areas.
Also called water core, mottled heart, and dark center.
Brown Heart
Control: Apparently due to some condition in growing environment, such
as boron deficiency. Not due to cold storage or disease organism.

Gray Mold Rot
(Botrytis)

Freezing Injury

Decayed tissues are fairly firm to semi-watery, water-soaked and grayishtan to brownish in color. Gray mold (Botrytis) and grayish-brown velvety
spore masses are conspicuous.
Control: Use sanitation practices during harvesting and packing. Avoid
wounds as much as possible. Use storage and transit temperatures as
near as practical to 32°F (0°C).
Rare because rutabagas can stand slight freezing without injury. Severe
freezing causes water-soaked and light browning of the flesh, odor of
mustard, and fermentation.
Control: Prevent repeated slight freezing or severe freezing.

WFLO is indebted to Dr. Marita Cantwell, Department of Vegetable Crops, University of California at Davis, for the
review and revision of this topic.

Rutabagas
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Salsify (Vegetable Oyster)
Revised 2008

Thermal Properties
English

Metric

Moisture, %

77.00

--

Protein, %

3.30

--

Fat, %

0.20

--

Carbohydrate, %

18.60

--

Fiber, %

3.30

--

Ash, %

0.90

--

Specific Heat Above Freezing

0.87 Btu/lb*°F

3.65 kJ/(kg*K)

Specific Heat Below Freezing

0.49 Btu/lb*°F

2.05 kJ/(kg*K)

110 Btu/lb

257 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature
Relative Humidity

32°F (0°C)
95-98%

Storage Period

2-4 weeks

Freezing Point

29°F (-1.7°C)

Salsify resembles topped carrots in most aspects of its cold storage requirements. Slight freezing
does not injure salsify, but the roots should not be handled while in the frozen condition.
Storage near 32°F (0°C) is recommended. High relative humidity is a must since salsify is highly
sensitive to shriveling from moisture loss. Losses from shriveling can be minimized if perforated
film crate liners are used during storage and perforated film bags, such as used for carrots, are used
during marketing. At 32°F (0°C) and high humidity, salsify should keep 2-4 months.
Black salsify (Scorzonera) stores well at 30-32°F (-1 to 0°C). Extended storage is reported to be
possible with a controlled atmosphere of 3% oxygen and 3% carbon dioxide at 32°F (0°C).
For more information on storage diseases and disorders, see Carrots elsewhere in this manual.

WFLO is in debted to D r. Marita Cantwell, D epartment o f V egetable C rops, U niversity o f C alifornia at D avis, for t he
review and revision of this topic.

Salsify (Vegetable Oyster)
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Seeds, Vegetable
Revised 2008

Storage Conditions
Most vegetable seeds can be stored at 41°F (5°C) or lower for up to 12 months. When
storing seed for extended periods of time at 0°F (-18°C), equilibrate the seed for 4 weeks
at 41°F (5°C) and 25% relative humidity (RH). After equilibration is completed, store seed
Temperature in a moisture-proof container. Lettuce and onion seeds do not store well and should be
kept at temperatures below 0°F (-18°C) for short- and long-term storage. Wild rice seed
is held near 32°F (0°C) to prevent premature germination. Seeds should not be refrozen.
Relative
Humidity

20 to 25% RH preferable for most kinds; hard-seededness is induced in many legume
below 45-50% RH; dormancy has been induced in sorghum with 7 and 10% moisture
contents (35-45% RH). For peanuts and tree nut seeds, 50-60% RH is best and 65% RH
should not be exceeded. Wild rice seed is held at practically 100% RH.

Storage
Period

Differs for different kinds or species and, in some cases, with varieties (cultivars) within a
species. Onion seed is the most sensitive to storage conditions, and tomato seed the
least sensitive. In storage experiments at 50°F (10°C) and 50% RH, seeds of bean,
cucumber, pea, sweet corn, tomato, and watermelon did not decrease significantly in
germination over a 9-year period. Under similar conditions, seed stocks of cabbage,
carrot, celery, lettuce, okra, onion, pepper, spinach, and turnip did not decrease
significantly in germination during 36 weeks. The viability of seeds of most vegetable
species will be maintained at a satisfactory level for 10-12 months when stored under
conditions where the sum of the percent RH and the temperature (F) does not exceed
100.

Refrigeration is necessary for holding peanuts and tree nut seeds for more than 3 months, but under
refrigerated conditions germination may be extended for more than 3 years.
The mean moisture content (MC) of seeds, which is important from a standpoint of percent germination
and vigor, varies directly with air humidity and composition of the seed. Different seeds vary
considerably in both the moisture equilibrium at a given humidity and the rate of change of moisture
content, but a 20-25% relative humidity which gives moisture content of approximately 4-8% is ideal.
Lower RHs may remove too much seed moisture and cause dormancy, increase the rate of deterioration in
some kinds, or induce hard-seededness in susceptible kinds. Harrington's rule indicates that moisture is
more critical than temperature for seed storage. He suggests that a 1% reduction in moisture content
doubles shelf life, but not below 4%. A 10°F (5.6°C) reduction in temperature also doubles the life of the
seed. However, as temperature is reduced, seed moisture increases, unless the seed is stored in a
moisture-proof container. Bulk seed should be monitored for so-called "hot spots," which usually have
only a slight effect on average moisture content but can be devastating infection centers.
Seeds, Vegetable
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The original condition of seed influences the rate of deterioration during storage. Low temperatures must
be used to maintain germinability of seeds stored at high (65-70%) RH or those seeds containing more
than about 12% moisture. The low temperatures are needed to reduce the deterioration processes of the
high-moisture seed as well as to reduce the growth of storage fungi, which accelerate deterioration. Thus,
it is important to store high vigor seed at 41°F (5°C) or lower. Mold spores and insects are inactive at
approximately 41°F (5°C) and 8% MC or lower.
If the seed moisture is below 10%, freezer temperatures of 0-10°F (-18 to -12°C) can be used effectively
for vegetable seeds in vapor-proof containers, especially for long-term storage. Research suggests that dry
soybean seed, which is about 5.3% moisture content, should be slowly increased in moisture during
germination, or internal cracks and breaks will occur. Seeds held in moisture vapor-proof containers,
when packed at optimum moisture content for the kind or type, store better than seeds exposed to the
atmosphere.
Seeds held in refrigerated storage should be kept in moisture-resistant containers. If moisture-resistant
containers cannot be used, the refrigerated storage space for most seeds should be conditioned to 25%
RH. Upon removing such seeds from cold storage, the condensate should be removed by forced
circulation of dry air among the seed stacks. If necessary, the temperature of the free-moving air can be
increased up to 115°F (46°C), but never above 120°F (49°C). High temperature forced air circulation
should only be used for short periods of time, as it will cause seed deterioration.
Insect infestation and damage is significantly retarded at temperatures below 41°F (5°C). Some insects
and their eggs are not killed, however, until freezing temperatures are employed. Insects cannot reproduce
when the seed moisture is below 8%, and most insects will die at 4-6% MC.
Color changes in seeds are due to auto-oxidation and the browning reaction. Both reactions are
accelerated by exposure to light and high temperatures. Color changes are retarded by low oxygen and
high carbon dioxide atmospheres that are quickly reached in sealed, vapor-resistant containers.
The most practical method for predicting potential storability of seed lots is the accelerated aging test as
suggested by the Association of Official Seed Analysts Handbook #32. The test consists of subjecting the
seeds to specific stress conditions before performing a standard germination test. Seeds are placed in
chambers at 100% RH and temperatures of 105-115°F (41-46°C) for predetermined time periods.
Seed of several field, vegetable, and flower species have been successfully stored in liquid nitrogen vapor
(-320°F or -160°C) for many years. The National Center for Genetic Resources Preservation is preserving
certain germplasm in liquid nitrogen vapor to prolong seed storage life. Liquid nitrogen is not a medium
that would be recommended for short-term storage.

Effects of Ammonia on Seeds
In 1985, WFLO funded a Research Project to determine the risks that might be involved in storing seed
stock in refrigerated warehouses where an ammonia leak could occur. For complete details of the research
results, refer to WFLO Research Summary #85-1, June 1985, entitled "The Toxicity Effects of Ammonia
on the Germination and Growth (Vigor) of Seed Stock Stored in Refrigerated Warehouses." Following is
a summary of these results:
Seeds, Vegetable
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Exposure of dry soybean, corn, or peanut seeds to ammonia concentrations of 20 and 200 ppm did not
reduce seed quality as determined by germination and growth tests. Ammonia concentrations of 2,000
ppm or higher had an adverse effect on seed quality. Such levels of ammonia are substantially higher than
would ordinarily be encountered in a warehouse, except with a severe leak or spillage.
1. Crop seeds differ in sensitivity to ammonia. Corn was more sensitive than peanut. Peanut was
more sensitive than soybean.
2. Toxic effects of ammonia became more severe with exposure duration. For example, in soybean
20,000 ppm ammonia is not injurious after 2 hours but is lethal after 24 hours exposure, and in
corn 2,000 ppm ammonia is not injurious after 2, but is after 24 hours exposure. Thus, prompt
action in removing seeds from high levels of ammonia is recommended.
3. Cold temperatures (41°F or 5°C) protected corn and soybean seeds from NH3 toxicity at 2,000
and 20,000 ppm.
4. The ASAC-1000, which measures seed quality by determining leachate conductivity, was able to
detect the injurious effects of 2,000 ppm ammonia on corn seeds. However, leachate conductivity
also increased in the case of soybean seeds which were only marginally weakened by 2,000 ppm
NH3.
5. Imbibed soybean seeds were approximately 10 times more sensitive to NH3 than were dry seeds.
WFLO is indebted to Dr. Loren E. Wiesner, National Center for Genetic Resources Preservation, USDA-ARS, and Dr. Elhadi
Yahia, Universidad Autonoma de Queretaro, for the review and revision of this topic.

Seeds, Vegetable

3

WFLO Commodity Storage Manual

This page is intentionally left blank.

WFLO Commodity Storage Manual

Shrimp
Revised 2008

Thermal Properties
English

Metric

Moisture, %

75.86

--

Protein, %

20.31

--

Fat, %

1.73

--

Carbohydrate, %

0.91

--

Fiber, %

0.0

--

Ash, %

1.20

--

Specific Heat Above Freezing

0.87 Btu/lb*°F

3.65 kJ/(kg*K)

Specific Heat Below Freezing

0.52 Btu/lb*°F

2.16 kJ/(kg*K)

109 Btu/lb

253 kJ/kg

Latent Heat of Fusion

Storage Conditions
FRESH STORAGE
Temperature

Expected Storage Life

Aquaculture produced, heads
on

35-42°F (2-6°C) in ice

5 days maximum

Whole

35-42°F (2-6°C) in ice

3 days maximum

Headless

35-42°F (2-6°C) in ice

5 days maximum

Peeled

32°F (0°C) or in ice at 32°F (0°C)

5 days maximum

Peeled and Deveined

32°F (0°C) or in ice at 32°F (0°C)

5 days maximum

FROZEN STORAGE AT 0°F (-18°C)
Expected Storage Life
Whole or headless, block frozen, 24% glaze
Peeled or peeled and
deveined, IQF
Breaded

Cooked

Shrimp

12-13 months*
15% glaze

4- 6 months**

24% glaze

6- 8 months**

Raw

12 months

Cooked

12 months

Waxed carton, overwrapped, 24%
glaze

8-12 months

Waxed carton, overwrapped, not
glazed

2 months
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Sealed can

12 months

Vacuum sealed can

12 months

Water pack, sealed can

12 months

*Heavily glazed, packaged, block frozen shrimp can have a high quality storage life of 55 weeks at 10°F (-23°C) and 76 weeks at -20°F (-29°C).
**Block frozen shrimp may keep 3-6 months longer.
The expected storage periods cited are based on good quality raw material, handled by good
commercial practices, and periods of time stated are from time of catching, processing, or freezing.

Handling
Whole Shrimp

Should have heads removed as soon as possible after catching, as this part
spoils rapidly. The shrimp should be washed thoroughly after heading and
before packing in ice.

Headless Fresh
Shrimp

Should be packed in crushed melting ice and held in a room maintained
between 40 and 50°F (4.4 and 10°C). Good drainage must be provided to
prevent accumulation of melted ice, which includes proteolytic enzymes. At
lower temperatures, the ice doesn't melt fast enough to flow over the product
to keep shrimp wet. If not wet, a dark brown color develops and black spots
appear. Higher room temperatures shorten storage life. Shrimp should be
mixed with ice in equal parts and re-iced frequently to keep melting water
running over the shrimp.

Peeled and
Peeled Deveined
Fresh Shrimp

Should be packed in slush ice and held in a room maintained at 35-42°F (2-6°C).
They are much less likely to develop black spots, since the enzyme(s) that cause
this are on the shell and shell membrane. If packaged in moisture-vapor-proof
containers, they may be held without icing in rooms maintained at 32°F (0°C).

Cooked Shrimp

Are usually peeled first and then cooked in salt brine or a marinated solution,
layered in crushed ice, frequently in cans with perforated bottoms, and stored
at 32°F (0°C). Cooked shrimp lose quality rapidly, but are not subject to black
spot development because heating destroys the enzyme(s) causing black spot
formation. The principal quality loss is the development of off-odors and
flavors. Cooked shrimp should have a longer shelf life than its raw counterpart,
since heat will destroy inherent enzymes and bacteria. Any handling of cooked
product may introduce a serious health risk. Equipment and ice must be clean
and hygienic procedures must be used.

Breaded and
Cooked Breaded
Shrimp

Must be frozen immediately after processing and held at 0°F (-18°C).

Diseases & Injuries
Black Spot
Shrimp

Shrimp affected with black spot will have one or more black spots or bands at
2
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the base of the shell segments or across the back where the shell segments
overlap. In severe cases, much of the exterior of the shrimp becomes black and
the interior becomes a mushy mass. It was at first believed that microorganisms
or a mold were the cause of black spot, but studies in the 1950s showed that
the discoloration is caused by enzymes that are found within the shrimp.
Control: Black spot can be minimized by using proper handling practices,
namely icing the shrimp thoroughly and keeping them at temperatures close to
32°F (0°C). Washing of shrimp in a 1.25% sodium bisulfite solution for 1 minute
is effective in retarding black spot formation. The maximum amount of sodium
bisulfite allowed in the final product is 100 parts per million by U.S. Food and
Drug Administration Regulations (FDA). Treated shrimp need to be labeled as
such.

Chemical Ice for Shrimp Preservation
Bacterial decomposition and attendant undesirable odors and black spot development are important
factors of quality loss in fresh shrimp handling and storage. Several investigations have been made
on the use of antibacterial and antimelanosis (black spot) chemicals incorporated into ice to retard
these undesirable changes. Antibiotics, ascorbic acid-citric acid mixtures, sodium bisulfite, and
other materials, plus combinations of these, have been utilized. However, the results to date indicate
that none of these materials can be relied upon to extend the expected storage life of the product
more than 1-2 days. It should be noted that the use of chemical ice by the warehouse is not an
assurance of longer keeping quality. It should be further noted that the use of antibiotics are not
approved by the FDA
Application of any chemical for purposes of extending shelf life is governed by U.S. federal
regulations. Warehousemen should notify the owner of the shrimp immediately upon discovery of
out-of-condition shrimp and not attempt to apply chemicals or preservatives.

Freezing
The primary requirement for packing top quality shrimp and shrimp products is to reduce the time
interval between time of catching and finished freezing to a minimum. The longer this time interval,
the darker and tougher the product will be. Moisture-vapor-proof package materials, or their
equivalent, are a necessity to prevent drying out and discoloration. The equivalent of protective
packaging materials is glazing with water or a weak salt brine. However, glazing must be
continuous over each piece and re-glazing done when the protective film evaporates.
Cryogenic (Liquid N or CO2) freezing is more common for this high value product than for others,
not only because of improved quality resulting from the more rapid freezing rate, but also because
of reduction in drip loss which makes up for the increased cost.

Shrimp
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Frozen Storage
The primary changes in frozen shrimp are oxidation and dehydration. A good glaze will help to
prevent or delay both of these quality defects. Dehydration, commonly called freezer burn, results
from poor packaging, lack of glaze, and temperature fluctuations in cold storage. Systems with
minimal temperature changes and which can hold very low temperatures are best. Individually
quick frozen (IQF) shrimp are more subject to dehydration and quality loss during frozen storage
than are block frozen shrimp.
Temperature of storage, packaging, and glazing have a very significant effect on shelf life. Shrimp
stored at -20°F (-28.9°C) in a 5-lb (2.3-kg) carton with glaze kept 40% longer than those stored at 0
or -10°F (-18 or -23.3°C).
Shelf Life Data, in Weeks, before a Product was First Found Significantly Different from a Control
Sample
Weeks of Storage at
Product

Determinant
Attribute

-18°C
0°F

-23°C
-10°F

-29°C
-20°F

Cod fillets (cello wrapped in 5-lb
[2.7-kg] packs)

15

35

77

Texture at 0°F (flavor at -10 and 20°F)

Salmon, whole dressed (glazed)

37

42

70

Flavor and color

Shrimp, green headless (glazed in 5lb [2.7-kg] cartons)

55

55

76

Flavor

Alaska Pollack Surimi blocks

5

10

26

Strain value

Freeze Dried Shrimp
Peeled, deveined, cooked s hrimp i s f rozen and dehydrated i n a vacuum chamber without t hawing
until only 10% or less of its moisture remains. Packed in moisture-proof packages or cans, it retains
its q uality a nd c olor well for s hort periods of t ime without t he ne cessity of c ool t emperatures.
Research is in progress to determine what temperatures are ideal for protracted storage periods. It
reconstitutes quickly with the addition of water and does not need re-cooking. Institutional outlets
are the primary markets for the product at this time.

WFLO is indebted to Dr. Michael Jahncke, Virginia Seafood Agricultural Research and Extension Center, Hampton,
Virginia, for the review and revision of this topic.
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Spinach
Revised 2008

Thermal Properties
English

Metric

Moisture, %

91.58

--

Protein, %

2.86

--

Fat, %

0.35

--

Carbohydrate, %

3.50

--

Fiber, %

2.70

--

Ash, %

1.72

--

Specific Heat Above Freezing

0.96 Btu/lb*°F

4.02 kJ/(kg*K)

Specific Heat Below Freezing

0.42 Btu/lb*°F

1.75 kJ/(kg*K)

132 Btu/lb

306 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature

Storage Period

Relative Humidity
or Packaging

Freezing
Point

°F

°C

Cooler Storage

32

0

2 weeks

95-100%

31.3°F
(-0.4°C)

CA Storage

32

0

2-3 weeks

5% CO2 + 5% O2

31.3°F
(-0.4°C)

Frozen

0
-10

-18
-23

1 year +
2 years +

Vapor-tight packaging

Canned

60
45

15
7

6-12 months
1 year +

Raw Spinach
Spinach is very perishable and usually is not stored long in the fresh state. The storage temperature
should be as close to 32°F (0°C) as possible; spinach deteriorates rapidly at higher temperatures,
discoloring to a yellow color. Hydro-cooling and vacuum cooling are pre-cooling methods
frequently used for spinach. Crushed ice can be placed in the center of containers of bunched
spinach, followed by top icing, to remove field heat and absorb the heat of respiration.
Most spinach for fresh market is trimmed, washed, and packaged in perforated plastic bags. After
bagging, the consumer units are packed for distribution in corrugated cartons and are vacuum
cooled. Prepackaged spinach should be stored at 32°F (0°C) to reduce damage-induced bacterial
Spinach
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growth. At that temperature, shelf life is 1-2 weeks. Spinach stored at 41°F (5°C) has a shelf life of
only about 1 week.
A controlled atmosphere (CA) of 5% carbon dioxide and 5% oxygen at 41°F (5°C) may be
beneficial in retarding yellowing and maintaining quality of spinach about a week longer than by
refrigeration alone. Atmospheres with higher CO2 concentrations may cause darkening and
breakdown of the spinach. Low O2 atmospheres may cause off-odors.

Diseases & Disorders

Bacterial Soft
Rot

Downy
Mildew

Water-soaked, muddy green or greasy, with diseased tissues rapidly
becoming wet and mushy, with a putrid odor.
Control: Careful handling to avoid injuries which become sites for infection,
and prompt refrigeration below 36°F (2°C).
Irregular pale-yellow areas, possibly enlarging, water-soaked and brown,
with downy gray mold on lower surface of leaves and with secondary decay
invasion.
Control: Resistant varieties, crop rotation. No warehouse control. Do not
store or ship diseased spinach.

White Rust

Numerous small blister-like pustules on lower leaf surface, accompanied by
slight yellowing of adjacent leaf area, affecting both surfaces.
Control: Field sanitization. No warehouse control.

Freezing
Water blanching is usually preferred, as it is more uniform and will remove some of the bitter
flavor. Blanching at 200-210°F (93.3-98.9°C) for 1-2 minutes is adequate. Spinach should be cooled
in cold water immediately.
Spinach is packed as whole cut leaf as well as chopped (0.25 x 0.25 inches, or 6 x 6 mm) product.
Spinach is filled in retail packages or institutional sized packages before freezing in plate freezers.
There is also individually quick frozen (IQF) spinach for industrial reuse operations or for
packaging in polybags.
Well cleaned and adequately blanched spinach is somewhat less stable, in regard to flavor, than
other green vegetables. One year of storage at 0°F (-18°C) is probably near the limit of market shelf
life, and lower temperature is advisable for long term storage. Marketability of about 2 years would
be expected at product temperature of -10°F (-23°C).
WFLO is in debted to D r. Marita C antwell, D epartment o f V egetable C rops, U niversity o f C alifornia a t D avis, for th e
review and revision of this topic.

Spinach
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Strawberries
Revised 2008

Thermal Properties
English

Metric

Moisture, %

91.57

--

Protein, %

0.61

--

Fat, %

0.37

--

Carbohydrate, %

7.02

--

Fiber, %

2.30

--

Ash, %

0.43

--

Specific Heat Above Freezing

0.96 Btu/lb*°F

4.00 kJ/(kg*K)

Specific Heat Below Freezing

0.44 Btu/lb*°F

1.84 kJ/(kg*K)

132 Btu/lb

306 kJ/kg

Latent Heat of Fusion

Storage Conditions

Temperature
Relative Humidity or Packaging
Postharvest Life
Freezing Point

Fresh

Frozen

32°F
(0°C)

0°F
(-18°C)

90-95%

Vapor-proof packaging

5-10 days in air
10-21 days in air + 15%CO2

14-18 months

30.6°F
(-0.8°C)

Fresh Market
Rapid removal of field heat immediately after harvest is essential for maintenance of fresh market quality;
every 1 hour delay in cooling can reduce the percentage of marketable fruits by about 5%. Pallets of
strawberries can be cooled by forced-air cooling to 32°F (0°C) in 2-3 hours and distributed by refrigerated
truck at the same temperature. Storage and transport temperatures must be maintained at 32°F (0°C) until
the strawberries reach the retail market.
After several days in storage, fresh market strawberries will lose some of their fresh bright color and gloss
and begin to shrivel from moisture loss, and subsequent deterioration of fresh strawberry flavor will be
evident. Strawberries held at 50°F (10°C) have a life expectancy of only 1/3 that of strawberries held at
32°F (0°C).
Strawberries
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Modifying storage atmosphere by increasing CO2 and reducing O2 can benefit fresh strawberry shelf life
during 4-5 day transit periods or short-term storage of up to 3 weeks at 32-34°F (0-1°C). Elevated (1520%) CO2 atmospheres have been demonstrated to inhibit Botrytis and Rhizopus decay on fresh
strawberries. A CO2 enriched atmosphere is established around a pallet of strawberries by means of a
pallet bag sealed to an air tight base built into the pallet. The pallet bag may contain up to 20% CO2.
Higher concentrations should be avoided because of potential off-color and off-flavor development.
Strawberries pre-cooled to 35-38°F (1.7-3.3°C), serviced with "Tectrol Atmosphere" pallet system, and
center loaded on refrigerated trucks were removed from the atmosphere treatment on arrival after a 4-5
day transit period. After 3 days, the average loss was 12.9% vs. 20.3% for fruit not treated with CO2.
In surface transport at 34°F (1°C), a controlled atmosphere of 2% O2 and 15% CO2 at 32-45°F (0-7°C)
extends storage life and controls decay. Reducing O2 levels to below 2% and/or increasing CO2 above
20% may induce off flavors. Atmospheric modification is a supplement to maintaining optimum ranges of
temperature and relative humidity.

Retail Market
Sliced strawberries, sweetened by mixing with sugar at a 4+1 ratio, are packed in a 10-oz (284-g) or 16oz (455-g) rectangular fiber container with metal ends. Sugar syrup can also be added as a packing
medium at a 4+1 or 5+1 level.
It is important that the shipping cartons containing the retail packages be open palletized to allow
adequate air circulation in the freezing process. This is usually accomplished by assuring adequate space
between shipping cartons and placement of wood slats between these cartons to assure good air
movement. Storage of retail packages should be maintained below 0°F (-18°C), preferably at -10 to -15°F
(-23.3°C to -26.1°C).
Individually quick frozen (IQF) strawberries may be packed into 1.5- lb (682-g) polyethylene bags
directly after freezing or may be repacked from cartons which had been previously frozen by the IQF
method.

Diseases and Injuries
Fungus produces brown to black, slightly sunken lesions of varying size, but usually on
one side of the berry. The rot is shallow and under moist conditions produces salmon
colored spores on the surface. This disease is becoming increasingly important
throughout
the southeast.
Anthracnose
Control: No specific control measures are known. Storage near 32°F (0°C) will delay
disease development.
Gray Mold
(Botrytis)

Strawberries

Originates in field, often just under cap (calyx) of berry. Brown, relatively firm rot
extends throughout fruit. Later, berries become covered with gray mold growth. Severe
nesting may occur. Organism may grow and produce decay at 32°F (0°C). This is the most
common of the fruit rots. The disease causes severe losses in the field before harvest
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and also in storage and transit of the harvested fruit.
Control: Careful handling and continuous refrigeration recommended. Field and
packinghouse sanitation, rapid forced air cooling to 32°F (0°C), and use of CO2-enriched
atmospheres.
Affected areas of immature fruit are yellow to light brown at center and shade from this
to darker brown to purple or natural red of fully colored fruit. Usually, the tissues are
tough and leathery with little or no softening. On fruit on the market, a superficial white
Leather Rot
mold frequently develops.
Control: Field control by mulching. Prompt cooling to 32°F (0°C).
Affected berries are often one-sided. Tissues are dry, spongy, dark brown to black.
Usually, a distinct margin between decayed and healthy tissue. Infection most often is
Rhizoctonia on underside of the berry where it touches the soil.
Rot
Control: Field control by mulching and thorough culling; holding temperature near 32°F
(0°C) after prompt cooling.
Very common during marketing. Berries become soft, very watery or mushy and
disintegrate with slight pressure. Later, berries are covered with heavy white to gray
fungus growth which contains many black spores.
Rhizopus Rot
Control: Care in handling. Holding and shipping at temperatures below 40°F (4.4°C).
Sanitation in packinghouse, rapid forced air cooling to 32°F (0°C), use of CO2-enriched
atmosphere.

Pre-Freezing Handling
Strawberries should be harvested, processed, and moved to frozen storage within 12 hours for best
quality. However, with some loss of quality, strawberries may still be acceptable for processing after as
much as 2 days at 34°F (1°C). Caps are removed during field picking, and strawberries are delivered in
plastic crates for processing. In the processing plant, strawberries are washed to remove soil and loose
foreign material, size graded if necessary, and sort inspected to remove off color, damaged or otherwise
defective fruit. The strawberries may be packed with sugar or whole, halved, sliced, or pureed, depending
on the pack style desired.

Freezing
Not all varieties of strawberries freeze well or display the best appearance when thawed. For advice on
what varieties freeze well for any particular area in the U.S., the state's Agricultural Experiment Station or
Cooperative Extension Service has the desired information.

Strawberries
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Storage
Frozen strawberries lose flavor and color rapidly if held at adverse storage temperatures. At 0°F (-18°C),
strawberries will maintain quality for 14-18 months. At 5°F (-15°C), the quality deterioration is evident in
20 weeks. At 10°F (-12°C), quality is lost within 6 weeks.
WFLO i s i ndebted t o Dr. Adel A. K ader, Department o f P lant Sciences, University o f C alifornia at Davis, for t he r eview and
revision of this topic.
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Storage Conditions
White
Granulated

Brown

Powdered

Temperature

50-100°F (10-38°C)

50-100°F (10-38°C)

50-100°F (10-38°C)

Relative Humidity

60% or below

60% or below

60-70%

Storage Period

Less than 1 year

Less than 6 months

Less than 6 months

Note: Rotating of sugar stocks is recommended for all types.
The white sugars include products designated as coarse, sanding, fine, extra-fine (x-fine), fruit
(dessert), baker's special, and powdered (confectioner). The brown sugars include products
designated as "raw" and all types from light to dark in color, including soft, coated and free-flowing
brown sugars. It should be noted that Drivert, Easy Fond, and the free-flowing brown sugars may be
stored under conditions similar to white sugars.

Storage Issues
White sugars are inclined to cake and not pour easily if moisture is available to be absorbed. They
should be protected from all forms of moisture, high humidity, and condensation.
Brown sugars are inclined to dry out and become hard if held at too low a relative humidity or too
high a temperature. High moisture can be absorbed, and they become more like a syrup rather than a
granule. Brown sugar has a tendency to freeze at freezing temperatures due to its high moisture
content.
All sugars can mold in the presence of excessively moisture or humidity. They do not develop offflavors by themselves, but can absorb strong odors from other materials and become unfit for
regular use.
Rapid changes in temperature promote moisture migration within packaged sugar products,
resulting in point sources of high moisture and surface caking. This situation occurs more readily
when sugar is transferred rapidly to storage temperatures below 50°F (10°C), but is not a significant
problem within the recommended storage range of 50-100°F (10-38°C).
WFLO is indebted to Charles W. Baker, The Sugar Association, Inc., Washington, D.C., and Dr. Stephen Neel, World
Food Logistics Organization, for the review and revision of this topic.
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Summer Squash
Revised 2008

Thermal Properties
English

Metric

Moisture, %

94.64

--

Protein, %

1.21

--

Fat, %

0.18

--

Carbohydrate, %

3.35

--

Fiber, %

1.10

--

Ash, %

0.62

--

Specific Heat Above Freezing

0.97 Btu/lb*°F

4.07 kJ/(kg*K)

Specific Heat Below Freezing

0.42 Btu/lb*°F

1.74 kJ/(kg*K)

135 Btu/lb

315 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature
Relative Humidity
Storage Period
Highest Freezing Point

41-50°F
(5-10°C)
95%
1 to 2 weeks
31.1°F
(-0.5°C)

Summer squash are highly susceptible to water loss, therefore packaging in waxed cartons or in
containers with polyethylene liners is recommended to maintain firmness and quality.
Normally, summer squash, including crookneck, yellow straight neck, zucchini, and scallop, should not
be stored except long enough to accommodate normal delays such as holidays and weekends. If held at 32
to 40°F (0 to 4.4°C), chilling injury occurs after longer than 3 or 4 days. Deterioration is rapid on removal
from storage, evidenced by an increase in yellow color, surface pitting, decay, and rapid wilting. Summer
squash stored at 41°F (5°C) remain virtually free of chilling injury. Different cultivars vary substantially
in their chilling susceptibility. In a controlled atmosphere containing 5% CO2, storage can only be
extended an additional 4-5 days.
The storage life for most summer squashes at 41 to 50°F (5 to 10°C) is only 1 week for good quality
retention, and 2 weeks at most for fair to good quality. Quality of summer squash is definitely related to
size; the smaller ones have a more tender flesh, soft seeds, edible skin, and their flavor is mild and slightly
sweet. The skin is tender and easily wounded in handling, and highly susceptible to water loss. Yellow
and scalloped summer squash show damage most readily. Workers should wear gloves to prevent
fingernail punctures. Summer squash is subject to the same diseases as Cucumbers.
Summer Squash
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Freezing
Summer crookneck and zucchini varieties are the ones usually frozen. They should be harvested before
the rind is hard and the seeds large. Slice into 1/2 inch slices; blanch in boiling water for 3-4 minutes,
package, and freeze. At temperatures of 0°F (-18°C) frozen products can be stored for 14 to 16 months,
whereas storage period is extended to over 24 months with storage temperatures of-10°F (-23°C).
WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Sweet Potatoes
Revised 2008

Thermal Properties
English

Metric

Moisture, %

72.84

--

Protein, %

1.65

--

Fat, %

0.30

--

Carbohydrate, %

24.28

--

Fiber, %

3.00

--

Ash, %

0.95

--

Specific Heat Above Freezing

0.83 Btu/lb*°F

3.48 kJ/(kg*K)

Specific Heat Below Freezing

0.50 Btu/lb*°F

2.09 kJ/(kg*K)

104 Btu/lb

243 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature

55 to 60°F
(13 to 16°C)

Relative Humidity

85% to 90%

Storage Period

3-10 months, or longer, depending on variety

Freezing Point

30°F
(-1°C)

Chilling Temperature

Under 52°F
(11°C)

Sweet potato cultivars vary in color from white to cream to orange to purple, in flavor from sweet to nonsweet; mild- to intensely-flavored, and in texture from firm to very soft.
Sweet potatoes are graded into U.S. Extra No. 1, U.S. No. 1, U.S. Commercial, U.S. No. 2, and
Unclassified based largely on size, condition, and absence of defects. Desired sizes are 3.25 to 3.5 inches
(8.3 to 8.9 cm) in diameter and 0.53 to 0.59 kg (18 to 20 oz). During storage in the U.S., roots are
commonly handled in 800 lb (360 kg) bulk bins but are generally marketed in 40 lb (18 kg) boxes, but at
the retail level, roots are typically displayed loose unrefrigerated, at about 70 °F (21°C).

Storage
Long term storage for up to 10 months of fresh roots is possible if storage conditions are held at 55-60°F
(13-16°C) and a relative humidity (RH) of 85-90%. Air circulation in order to prevent temperature
stratification is important because close control of temperature is necessary for the maintenance of high
Sweet Potatoes
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quality sweet potatoes. Temperatures higher than 60°F (15.56°C) may result in sprouting and pithiness
and temperatures lower than 52°F (11°C) may result in chilling injury.
Research published in 1986 showed that cured roots stored 50 weeks at 60°F (16°C) with 90% RH had
total weight losses of 7 to 16% depending on the cultivar. Centennial was well adapted to storage for up
to 38 weeks.

Chilling Injury
Sweet potatoes are sensitive to temperatures below 52°F (11°C). The relationship between time and
temperature is such that several weeks at 50°F (10°C) may result in a similar degree of injury as 1 or 2
days at 35-40°F (3-4.4°C). Chilling injury (CI) is frequently not apparent until the roots are held for
several days at warmer temperatures. If chilling is severe, the symptoms may appear as sunken areas,
susceptibility to fungal diseases not usually associated with sweet potatoes, and an increased tendency of
the interior to darken if the roots are broken and exposed to air. Darkening and off-flavors have been
noted in cooked roots which have been chilled. Less severe chilling injury may be manifested in a
condition known as "hard core." No external or internal symptoms are noted until the roots are cooked.
Roots affected may have one or more hard spots generally near the center of the root or occasionally
nearly a whole root remains hard and appears to be uncooked. Because of the cryptic symptoms of
chilling, it is a good practice to avoid storage or transport temperatures less than 55°F (13°C).

Storage after Grading
Sweet potatoes are usually removed from storage, washed and re-graded prior to marketing. This results
in a product which from a storage standpoint is similar to uncured roots. During the grading process the
roots are often treated with a fungicide to reduce rot incidence and lightly waxed to limit moisture loss.
Washed and graded roots should be kept at high humidity and at temperatures above chilling and moved
through marketing channels as quickly as possible. Shelf life of washed and fungicide-treated roots is
only 2-3 weeks.

Storage for Processing
Because of the changes in pectin and starch levels which occur during curing and storage, uncured roots
are often preferred for canning and some frozen products, since uncured roots produce a firmer product.
The better flavor and texture of cured and stored sweet potatoes is evident in pureed products, including
baby food, dehydrated flakes, and some frozen products. Sweet potatoes stored for such uses should be
held in the same conditions as those stored for marketing as fresh roots.

Diseases and Injury
Diseases and other defects can be of field or storage origin. A number of diseases appear during curing
and storage but most are not under the control of the storage operator. The best precautions are careful
control of curing and storage conditions, and good sanitation procedures. Roots cured immediately after
harvest under proper conditions and harvested during good field conditions with minimum harvest injury
nearly always give fewer problems and less storage loss than poorly handled roots.
Sweet Potatoes
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Of field origin. Circular brown, slightly sunken superficial spots initially, enlarging to black or
greenish-black areas, ½ to 2 inches, possibly appearing rough with tiny bristles. Diseased
tissues are firm and bitter tasting. Non-diseased tissue also bitter when cooked.
Black Rot Control: Disinfection of seed roots. Propagation with vine or bed cuttings. Keep stock from
diseased fields separate. Market sweet potatoes from infected fields promptly. Careful
handling to avoid wounding. Washing or waxing potatoes may spread disease. Treatment
of roots with a registered effective fungicide and sanitizing grading equipment between lots
can greatly reduce losses.

Charcoal
Rot

Initially irregular-shaped, light brown discoloration with sharp line of demarcation between
diseased and sound tissues. Later, dark brown and firm, the skin shriveling. Final stage
shows a hard, dry, charcoal-like mummy. Three distinct color zones in diseased tissues
when potato is cut. Disease progresses slowly in storage.
Control: Do not store, ship or use as seed any potatoes showing slightest decay at tips.
Curing helps control decay through cork formation in injuries.

Dry Rot

First dark brown and firm, usually at end of potato; later becoming withered black and
hard. Surface of diseased areas seems covered with black pimples. Develops in storage.
Control: No definite control method except in seed stock selection.

Surface
and End
Rot

A considerable variety of rots with firm dry tissues, initially small, circular, light brown,
superficial spots and withering of ends of potatoes. Invasion occurs through wounds and
through tissue broken down by other organisms. Decay develops slowly, shriveling follows
severe infection.
Control: Careful handling to avoid wounding of tissues especially tips. Prompt curing under
optimal temperature and humidity conditions to promote rapid healing of wounds made
during harvest. Where possible, avoid wet-weather harvest.
Firm to spongy dark brown, especially at attached end of potato. Resembles black rot, but
is not bristly.

Foot Rot
Control: Potatoes showing evident decay should not be stored or shipped to distant
markets, or used in seed stock selection.
Growth
Cracks

Internal
Cork

Moderately deep lengthwise and crosswise fissures due to growing conditions primarily.
Often caused by Nematodes.
Control: Most growth cracks heal without becoming infected. Best not to store if doubtful
about subsequent rotting.
A virus disease of sweet potatoes that causes the development of dark brown to blackish
corky spots in the flesh which vary in size and shape and may occur singly or in groups.
Some spotted roots may be found when dug, but the problem may show a considerable
increase after 4-6 months storage.
Control: Proper storage at 55 to 60°F (13 to 16°C). Avoid storage at 70°F (21°C) or above.
Use resistant cultivars or varieties. Sweet potatoes suspected of being infected with
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internal cork should be marketed soon after harvest.
Initially brown and moderately firm, turning to black and firm with pimply surface.
Eventually dry black mummy. More prevalent in the South than elsewhere, develops slowly
Java Black
in transit or storage only after harvest.
Rot
Control: Careful handling and proper curing.
A very destructive and rapid developing transit and storage rot, evidenced by a soft and
watery appearance with a yeasty odor. Later tissues become cinnamon-brown to light
chocolate color, but never black. Final stage a hard brown mummy. Coarse, stringy
Rhizopus "whiskers" with white and black spore balls are often characteristic. Wet soil increases this
Soft Rot decay.
Control: Careful handling and prompt curing at harvest. Treat crowded roots with Botran or
other recommended fungicides before shipment, especially those coming out of storage.

Scurf

Very common, causing skin-deep small grayish spots and blotches, later merging into
brown areas. Spots often occur in field, but may enlarge in storage. Unless extensive,
usually overlooked by trade. Does not grow on plant parts above ground.
Control: Disinfect seed roots. Propagate by vine or bed cuttings.

Soil Rot
(Pox)

Soil rot of field origin causes dry, brown pits or pox Marks, of irregular size and shape, 1/4
to 1 inch in diameter, on root surface spots. May become rough with irregular margin as
they mature, always firm and dry not followed by other decay. Most serious during dry
seasons.
Control: Do not use as seed any potatoes showing symptoms. Plant in disease-free soils, if
possible; 7-9 year rotation reduces problem if severe. Also addition of sulfur to make soil
acid (pH 5.0) reduces incidence.

The sweet potato weevil [Cylas formicarius (F.)(Coleoptera: Brentidae)] is a serious field and storage
insect pest, where no adequate control is available and therefore infested roots should not be stored.
Roots should not be shipped from weevil infested production sites to other areas of the country. Fruit flies
(Drosophila spp.) and soldier flies [Hermetia illucens (Diptera: Stratiomyidae)] can be problems when
there are diseased, soured or damaged roots in storage, but both can be controlled with sanitation and/or
appropriate insecticide treatment. Viruses and the sweet potato weevil are serious quarantine issues. Viral
diseases are of concern if roots are used for propagation material.

Freezing
To avoid browning discoloration, peeled, sliced or diced sweet potatoes should be blanched in such a
manner that they are heated to a center temperature of 190°F (88°C) as rapidly as practicable. Following
such treatment, they can be frozen satisfactorily as such, or after further cooking. Much of the commercial
pack is sugar glazed, although the potatoes can be mashed, pureed, baked or just sliced and packed as
such, or as a component of frozen food dinners or canned soup. Cooked and glazed sweet potatoes retain
a satisfactory shelf life at 0°F (-18°C) for 8 months. If not thoroughly cooked or unglazed, shelf life may
be limited to 4-6 months.
Sweet Potatoes
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Roots intended for canning or freezing may be held without curing at 35-40°F (2-4.4°C) up to 10 days.
However, roots held at field temperatures for only 3 to 4 days will result in a decrease in firmness of the
processed product.
WFLO is indebted to Dr. Harold E. Moline, USDA, ARS, Horticultural Crops Quality Laboratory, Beltsville, Maryland, and Dr.
Elhadi Yahia, Universidad Autonoma de Queretaro, for the review and revision of this topic.
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Thawing and Tempering
Revised 2008
A reasonable amount of research is available concerning the thawing and tempering of frozen foods.
Nutritive losses, moisture or drip loss, quality deterioration and microbial dangers are well
documented for frozen foods in general and to some degree specific for certain commodity groups.
However, the majority of this is directed towards small quantities of product, such as a single turkey
or a loaf of bread. There is virtually no published information on thawing or tempering large bulk
items of commodities such as pallets, 55-gallon drums, 5-gallon pails, or 30 to 50-lb. frozen blocks
of fish and/or meat.
Thawing can be defined as increasing frozen product temperatures up to the melted or unfrozen
state. It is important to understand that while modern technology allows for rapid or blast freezing,
the thawing process should be much slower. It is recommended that the thawing process take four
(4) times as long as the freezing process. Products that are frozen over a two-day period should be
allowed 8 days to properly and slowly thaw. When products freeze, water in the cells expands to
become ice. The more rapid products are frozen, the smaller the ice crystals and the less potential
loss due to cell rupture, thus preserving product quality and minimizing microbial growth
opportunity. However, when products are thawed, slow temperature changes are necessary to
prevent the ice inside the cell from puncturing the cell wall, thereby draining valuable fluids from
the cell and leading to quality and microbial deterioration. Quick freezing and slow thawing are the
best methods for maximum quality, yield and safety. Many warehouse personnel assume that any
quality or nutritive losses have already occurred at the time of freezing, but fail to recognize that
improper thawing will severely affect the quality, nutritive value and safety of the products. This is
especially true with large-sized items, such as 5 gallon pails or 30 to 60-pound cases. These
products are susceptive to severe quality and microbiological risk, since the outside surface of the
product will remain at an elevated temperature for a much longer time than the frozen center,
thereby allowing more time for moisture loss and/or microbiological growth during the thawing
process. It is important to plan ahead when determining thawing time, taking into account when the
products are needed for commercial uses and thus allowing enough time for proper and slow
thawing. Accelerating thawing time by using warmer temperatures or warm water presents
significant food safety and quality issues.
Another consideration during thawing is the impact of thawing on the packaging materials.
Packaging materials may deteriorate or weaken during the thawing process as moisture and drip fro
the products permeates or soaks into the packaging material. These boxes or cases may become
soft, and have the potential to collapse as the products inside shrink and soften. Soft cases or
damaged boxes are at risk to collapse and cause injury or product damage.
Tempering typically means to increase the temperature of a frozen food item up to a temperature
point where it is usable and will not cause harm to subsequent processing operations or destroying
desirable properties in the food itself. The desired endpoint temperature for tempering is contingent
upon the type of product, and thus there is no standard temperature. For example, the common
endpoint temperature for tempering frozen products is approximately 26°F (-3°C), however the
common endpoint temperature for tempering frozen bags of hot dog buns (rolls) is approximately
72°F (22°C) for direct retail sale. In the first example, microbiological growth would very likely be
a prime consideration in determining the method and temperature of tempering, and in the latter the
formation of condensation on the product inside and/or the outside of the package along with mold
growth would be prime concerns. For the purposes of this section of the CSM we will use tempering
Thawing and Tempering
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in its broadest sense. Users of this section of the manual should also review the section on
CONDENSATION CONTROL, as it contains important information directly related to tempering.
When determining appropriate thawing and/or tempering times and procedures, consider the
following:

Product History
•

Has product been previously frozen and thawed? If yes, is there evidence of excessive
moisture loss or accumulation in packaging materials? Previously frozen and thawed
products may have quality and/or safety issues that the customer should be made aware of
prior to thawing or tempering again.

•

How far from the end of its shelf life was the product prior to freezing? If products were
frozen just before the pull date or at the end of the usable fresh shelf life period, they will
have a very short shelf life once thawed a final time. Customers should be aware of these
sensitive time constraints.

•

Is there any microbiological or quality data available to corroborate the product quality? If
products are out of condition or contain high bacterial loads prior to freezing, those bacteria
will become active once the products are thawed, potentially presenting a food safety risk
very quickly after the thawing process begins. This can be a risk to other products in the
facility, as well as to consumers.

•

What was the rate of freezing originally? If the products were frozen under normal freezer
conditions the freezing process may have taken days, depending on the size of the products,
freezer temperatures and packaging materials. Slow freezing allows for larger ice crystals
in the product cells, and can result in greater moisture loss during freezing as well as greater
potential moisture loss during thawing or tempering. Rapid freezing, such as blast or
Individual Quick Freezing (IQF) results in smaller ice crystals in the product cells, which
results in much less moisture loss during freezing as well as less potential moisture loss
during thawing or tempering.

Container Size
•

What type of storage container was used to freeze the product? Since thawing or tempering
occurs when heat is transferred in through the container surface, the amount of heat
required to thaw or temper products directly relates to the container volume. As a result, the
larger the storage container the less efficient the thawing process will be. If product must be
tempered or thawed, it is preferable to use the smallest practical container, to minimize the
risk of surface microbiological growth and moisture loss due to extended thawing periods.

Post-Thawing Spoilage Potential
•

Microbiological growth during and after the thawing or tempering process is a significant
concern. Meats and dairy products are especially prone to spoilage from lactic acid bacteria
as well as pathogens such as Listeria and E. coli. These pathogens and spoilage bacteria
grow effectively at refrigerated temperatures. It is important to consider the initial load of
microorganisms on the product prior to freezing, since the freezing process only disables
most bacteria rather than killing them. Since the bacteria are invisible to the human eye,
information about the age of the product prior to freezing, the quantitative bacterial loads
and the type of packaging are important. A visual inspection to look for off-color or off-
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condition products prior to thawing or tempering may detect potential problems. Proper
temperature controls and sanitation will help prevent serious product deterioration from
microbial growth during the thawing or tempering process. Packaged products that are
leaking (vacuum packaging that is torn or punctured) are of greater concern, since bacterial
in the package can begin to grow during the thawing or tempering process, under
refrigerated conditions. It is important to understand that while the center of a large block
of meat or dairy products is still frozen, the surface may be soft and thawed. The bacteria
on the surface of this product can begin to multiply while the center is still thawing out.
•

On certain fruits and vegetables products mold can quickly form under refrigerated
temperatures. It is important to understand that while the center of a pail or barrel of
products fruit product is still frozen, the surface under the lid may be soft and thawed. The
bacteria on the surface of this product (in the airspace between the lid and product) can
begin to multiply while the center is still thawing out.

Product Density
•

How dense or packed are the products to be thawed or tempered? Dense products, such as
solid fish or meat blocks, or pureed fruits and juices require more heat to thaw. Loosely
packed items, such as chicken wings or parts, have more available air space between the
frozen pieces and are quicker to thaw. Even though the cases may weigh the same, the
thawing or tempering times will differ based upon the density of the contents. It is also
important to note that the heat transfer into a loose pack may be very inefficient, and that
thawing times for loose packs could be much longer than one would expect from the
inefficient heat exchange needed.

•

What size is the container to be thawed or tempered? Identical products in different size
packaging will thaw at different rates.

•

What is the available air flow around the products to be thawed or tempered? If the
products are palletized or tightly packed, it is recommended that spacers be inserted to
reduce the density of the pallet while improving air flow around the boxes or containers.

Packaging Material
•

What is the condition of containers or cases? Since the container material, especially
corrugated box materials, are susceptible to deterioration during the thawing or tempering
process, it is important to note the quality of the containers being used for thawing. If the
case material is already showing signs of wear or tear, or appear prone to collapse,
preventative measures should be considered.

•

What is the leakage potential of product in existing container? If products to be thawed or
tempered are not in plastic liners or self-contained units, will drip and moisture loss drain
onto the floor, thus potentially creating a microbiological and/or sanitary mess?

•

Is there any chance for odors emanating from thawed product or its drip loss to contaminate
other products? If so, care should be taken to isolate the products being thawed or
tempered.

•

Will the container withstand thawing and the subsequent drip from the products and wet
conditions of the cooler? Once thawed, will the packaging material withstand transport to
storage coolers and/or to the customer or end user?
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•

Does the packaging material allow efficient heat transfer to the product? Some packaging
materials inhibit heat transfer while others promote heat transfer. Steel vs. plastic drums
and corrugated vs. wax impregnated boxes have different heat transfer indexes.

•

Is there inner packaging, and if so what effect will it have on tempering and thawing times?

•

Do the containers have hand holds or other hole-patterns to permit better circulation of air
within the container? If not, can spacers be inserted to improve air circulation?

Room Conditions
•

Has the room been cleaned from previous use so there are no odor or microbiological
contamination problems being created?

•

Will the thawing or tempering service create odor or microbiological contamination? If so,
has any additional cost for cleaning or re-conditioning been considered?

•

Does the thawing or tempering room have floor drains for leakage of liquids? If not, have
plans been developed for proper cleaning and sanitation programs?

•

What is the source of air for thawing or tempering? If air flow is pulled from areas with
possible contamination, it is foreseeable that contaminated air will enhance microbiological
growth and/or spoilage.

•

Where does the air from the thawing or tempering room go? If this air is circulated to other
areas where products can be contaminated, care should be taken to avoid distribution of
bacteria.

•

Does the air used for thawing or tempering have adequate:
o

Velocity – Appropriate for product type.

o

Movement – Appropriate introduction, distribution, equalization, venting.

o

Temperature – Appropriate for product with proper regulation & control.

o

Humidity – Appropriate for product, considering high humidity increases energy
transfer and speeds thawing or tempering.

Product Liability
•

Who has legal title to what's being tempered or thawed? If there is excessive drip loss or
microbial contamination evident after the thawing or tempering process, who is responsible
for losses. It is important to have a basic understanding of the finished product parameters
so that all parties are aware of potential losses due to drip or spoilage after thawing or
tempering. Pre-thawing inspection or testing are recommended.

•

Is the recordkeeping up to date? Consider the following:
o

Is product properly identified, labeled, date coded?

o

Was the incoming temperature and product history properly recorded?

o

Was the product originally frozen in-house or at an outside facility?

o

Were room temperatures, product temperatures and thawing times properly
recorded during tempering or thawing?

o

Is accurate thawing or tempering records on hand in case of a claim?
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Miscellaneous Recommendations
•

If multiple types of products are to be thawed or tempered at the same time, what are
implications of each product on the other(s)? Odor or microbiological contamination are
important considerations when thawing or tempering different types of products. Thawing
and/or tempering temperatures and air flow may be different, so only products with similar
thawing or tempering criteria should be placed together.

•

If tempering products, it is recommended that an agreed upon endpoint internal temperature
be established.

•

It is recommended that a minimum and maximum endpoint temperature range be
established, such that a reasonable tolerance is in place to protect the facility from claims if
specific temperatures are not met. As with all systems, there will be some degree of
variability in the thawing or tempering process, generally due to differences is fat content,
packaging, density or size of cuts. It is recommended that a tolerance of +/- 2°F be
established.

•

It is recommended that facilities monitor and record thawing or tempering curves, using
surface and penetration thermometers to ensure proper temperature changes during the
process.

WFLO is indebted to Dr. David S. Reid, University of California, Davis; and Dr. Stephen Neel, World Food Logistics
Organization, for the review and revision of this topic.

Thawing and Tempering
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Tobacco and Tobacco Products
Revised 2008

Storage Conditions
Temperature

Relative Humidity

Storage Period

2-4

80 - 85%

1-3 years

50-65

10-18

50 - 65%

1-3 years

Cigars

35-50

2-10

60 - 65%

2 months

Cigarettes

35-46

2-8

55 - 60%

4-6 months

Snuff

36-38

2-3

80 - 82%

3-5 months

°F

°C

Tobacco in bales

35-40

Tobacco in hogsheads

Controlled temperature and relative humidity storage of unmanufactured tobacco, bales or hogshead, for
"aging" is not a standard practice in the United States. Unmanufactured tobacco is normally aged 1½ to 3
years before it is used for cigarettes. The moisture content of the tobacco going into storage is critical to
get the proper chemical and biological activity necessary to "age" properly. If the moisture content is too
high mold will develop and if it is too low the tobacco will shatter during packing. Temperatures 65-75°F
(18-24°C) will stimulate the chemical and biological activity whereas temperatures 35-40°F (1.7 to
4.4°C) and lower will minimize it. The seasonal alternations in temperature thus stimulate and lessen
chemical and biological activity in the aging tobacco.
Cold temperature rooms have been used in the U.S. to hold high moisture content tobacco at packing
plants. This tobacco would come from the sales floor and would be held for short term storage before redrying for aging. Temperatures of 35-40°F (1.7 to 4.4°C) would be used for this process. This is done to
prevent deterioration in quality and prevent development of mold. Refrigerated storage of these tobacco
items assists in maintaining the desired moist and fresh quality and inhibits insect infestation. Particularly
for well sealed packaged cigarettes, humidity is not as critical as a constant temperature, preferably 35°F
(2°C).
One manufacturer suggests that cigarette cases in storage should be stacked on end on pallets large
enough to prevent over-hang or on clean wooden dunnage, at least 3 inches off the floor, right side up
with all flaps on the same side of the case. Stacking should be 3 layers to a pallet, triple deck, provided
such stacking does not cause bulging or buckling of the bottom cases. Stacking in this manner facilitates
automatic reopening of the case flaps for tax stamping.
Successful control of the cigarette beetle in tobacco exposed to zero and subzero temperature was
reported in 1951 by the U.S. Bureau of Entomology and Plant Quarantine (J. N. Tenhet and C. O. Bare,
Cold Storage to Control the Cigarette Beetle in Cigar Tobaccos, USDA-E 827, November 1951). In
tobacco cases holding 400 pounds stored at -10°F (-23.3°C), only 1 day was required for the tobacco
temperature at a depth of 5 inches to fall to 0°F (-18°C), compared with more than 5 days at 15 inches.
Additional cold storage information is reported in USDA Ag. Handbook 233(1972).
Tobacco and Tobacco Products
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Mortality of the insects depended on the circulation of air in the storage rooms, and upon the moisture
content of the tobacco. Exposure to -10°F (-23.3°C) in circulation air was more effective than exposure to
-20°F (-28.9°C) in still air.
For tobacco of medium order, a 3-day exposure to -10°F (-23.3°C) environment, with air circulation, was
as effective as fumigation. For soft tobacco, an exposure of 4-5 days was necessary. The low temperature
did not injure any of the tobaccos. Some of the dry tobaccos were improved by moisture pickup. All
samples were dry and hard on removal from storage but softened through moisture absorption as the
tobacco warmed up. Unprocessed tobacco should not be frozen. Unprocessed tobacco has higher moisture
content; and therefore freezing will cause discoloration.
There is a characteristic odor to baled tobacco, but it is not pungent or penetrating as is the case with
hops. When a storage room is emptied, all traces of aroma are easily eliminated by ventilation. However,
it is safest not to store any odor-producing or odor-absorbing commodities in the same room with
tobacco.
In cigarette and pipe tobacco manufacture, the shredded, granulated or chopped-up tobacco is heat
conditioned. In all heat-conditioning processes observed (Ag. Handbook 233), temperatures were not high
enough or maintained long enough to result in appreciable insect mortality. Cold or cool storage is of
great value in preventing or checking insect infestation. For moth and beetle, the threshold of activity is
approximately 60°F (16°C). Lower temperature reduces and arrests activity. If the tobacco is held long
enough, at a low enough temperature, the insects will eventually die. Cigarette beetle infestations in
hogsheads of tobacco (flue cured) are destroyed at 40°F (4.4°C), 45°F (7°C) and 48°F (9°C) with
respective exposures of 12, 20, and 32 weeks.
Tobacco currently is stored in bales, cases or hogsheads for domestic and export markets. Some insect
survival will occur in the process of re-drying tobacco before it enters storage. Cool storage prevents
discoloration of tobacco leaves.
Since pipe and chewing tobaccos are rarely fumigated after manufacture, they must be protected in
storage to prevent loss. Packaging is valuable in this respect.
WFLO is indebted to Mike Lynch, Flue-Cured Tobacco Cooperative Stabilization Corp., Raleigh, North Carolina, for the review
and revision of this topic.

Tobacco and Tobacco Products

2

WFLO Commodity Storage Manual

Tomato Plants
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Storage Conditions
Temperature
Relative Humidity
Storage Period

50-55°F
(10-13°C)
with moderate air movement
85-90%
5-10 days

Many of the vegetable transplants used by growers are greenhouse-grown plug-type plants that have been
grown in cell-trays. Tomato plants are widely grown and are shipped with the soilless growing medium
around the roots. They may continue to grow during shipping if temperatures are adequate. Temperatures
between 50 and 55°F (10 and 13°C) are desirable for shipping and storage of plug-type plants. Tomatio
plants are chilling sensitive. Slightly cooler temperatures during shipping or storage would have the
desired effect of reducing growth, but growth after transplanting may be retarded. Recent research
indicates that plants that are chilled prior to planting may have an increase in misshapen, unmarketable
fruit.
Fruit-grown transplants (bare-root) may be packed loose in a shipping container or they may be bundled
and wrapped in paper with moist peat around the roots. These are often packed in wire-bound crates and
can be stored at 50-55°F (10-13°C) without adversely affecting survival or fruit yield, provided the
combined time for handling, transit, and storage does not exceed 10 days.
It is extremely important that the plants are not over-packed or packed wet for shipment or storage.
Although a maximum temperature of 55°F (13°C) is desirable, plants may arrive at their destination with
higher plant temperatures inside the containers, especially when plants are shipped without refrigeration
during hot weather. Overheated plants may have more losses from rotting inside the containers, plant
pathogens such as early blight that are on the plants may begin their growth, leaves may be discolored,
and survival after planting may be reduced.
Containers should be opened when the plants are received. If containers are tightly packed, remove
several bundles from each carton to allow for air circulation and for cooling, if needed. Plants should be
kept dry. Cool plants should be protected from warm, moist air to prevent condensation from forming on
the plants. Do not stand plants in trays of water if they have wilted, as this may spread bacterial diseases
from infected to healthy plants.

WFLO is indebted to Dr. William J. Lamont, Jr., The Pennsylvania State University, University Park Pennsylvania, and Dr.
Elhadi Yahia, Universidad Autonoma de Queretaro, for the review and revision of this topic.
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Tomatoes and Tomato Products
Revised 2008

Thermal Properties
Mature Green

Ripe

English

Metric

English

Metric

Moisture, %

93.00

--

94.50

--

Protein, %

1.20

--

0.88

--

Fat, %

0.20

--

0.20

--

Carbohydrate, %

5.10

--

3.92

--

Fiber, %

1.10

--

1.20

--

Ash, %

0.50

--

0.50

--

Specific Heat Above Freezing

0.96 Btu/lb*°F

4.02 kJ/(kg*K)

0.97 Btu/lb*°F

4.08 kJ/(kg*K)

Specific Heat Below Freezing

0.42 Btu/lb*°F

1.77 kJ/(kg*K)

0.43 Btu/lb*°F

1.79 kJ/(kg*K)

134 Btu/lb

311 kJ/kg

135 Btu/lb

313 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature

Storage Period

°F

°C

Mature Green

55-65

13-18

2-3 weeks

Pink

50-55

10-13

Ripe

45-50
-10 to
0

Relative Humidity
or Packaging

Highest Freezing
Point
°F

°C

85-90%

31.0

- 0.6

7-10 days

85-90%

31.1

- 0.5

7-10

3-5 days

85-90%

31.1

- 0.5

-23 to
-18

6-9 months +

Vapor-proof
packaging

Raw

Frozen
Chopped, pureed

Fresh market tomatoes are usually harvested while still green, called mature-green, or partially red
colored, called vine ripe. Mature-green tomatoes can be reliably identified only upon slicing; the seed
coat has hardened and the locule gel developed so that seeds are pushed aside by the knife blade. Long
shelf life varieties may be harvested with more color development than conventional or normal ripening
types.
The objective in storage after harvest is to control the rate of ripening to extend the marketing period.
Tomatoes are sensitive to chilling injury (CI), therefore the recommended storage temperatures differ
Tomatoes and Tomato Products
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depending on the fruit ripeness stage. Storage temperatures below 55°F (13°C) cause CI and are
especially harmful to mature-green tomatoes; these temperatures make the fruit tasteless and susceptible
to Alternaria decay during subsequent ripening. Increased decay during ripening occurs after about 4-6
days' exposure at 32°F (0°C) or 6-9 days at 40°F (4.4°C).
Both the California Tomato Commission and the Florida Tomato Committee stress that whether tomatoes
are green, vine ripe, or Romas, prolonged exposure to low temperatures robs them of firmness and taste.
A temperature of 55°F (13°C) with 90 to 95% relative humidity is recommended to slow ripening. At this
temperature, most varieties keep in good condition for 2 to 3 weeks and change color very slowly. Above
60°F (15°C), the rate of color change increases quite sharply, and above 70°F (21°C), the rate of ripening
and other changes are maximized. Tomatoes held at 65°F (18°C) change color rapidly without excessive
softening. The optimum temperatures for ripening mature green tomatoes range from 65 to 68°F (18 to
20°C). Temperatures of 77°F (25°C) or higher induce rapid ripening, but reduce firmness and red color,
with the fruit turning orange-red to yellow instead of red.
Mature-green tomatoes are often gassed with ethylene at 68 to 70°F (20 to 21°C) and high humidity to
hasten ripening and to attain more uniform ripening. A concentration of 100 to 150 ppm ethylene for 24
to 48 hours is commonly used. Ethylene used to ripen tomatoes can be catalytically generated from
ethanol using commercially available units, or supplied from compressed air cylinders. Because air
mixtures of 3 to 32% ethylene are explosive, ethylene for ripening rooms is supplied from compressed
cylinders containing a < 3% ethylene in N2 mixture.
Cooling tomatoes to 70°F (21°C) or below before the ethylene exposure commences helps ensure uniform
ripening. Ethylene treatment is of no value for tomatoes that are already partially pink because they are
already producing ethylene. Light is not required for normal postharvest ripening and color development.
When tomatoes are fully ripe, the holding time can be increased by reducing the temperatures to 45 to
50°F (7 to 10°C). Some softening and loss of flavor will occur with storage in this temperature range;
thus, it is generally considered hazardous to hold ripe tomatoes in storage for more than a few days. Full
red color will not develop below 55°F (13°C) or above 85°F (29°C).
A temperature of 50 to 55°F (10 to 13°C) is recommended for pink-red to firm-red tomatoes produced in
greenhouses.
Very high relative humidity may lead to superficial mold growth on the stem scar; therefore an RH of 8590% is best. Superficial mold growth can be stopped by increased air circulation.
There is limited commercial use of low-oxygen atmospheres of 3 to 5% during international transport to
extend postharvest life by delaying ripening. Levels of 3 to 5% CO2 are beneficial for firm ripe fruit, but
may cause injury in green fruit.

Diseases and Injuries
Brown to black lesions develops around the stem scar or over the surface of fruits.
Decayed tissue extends into seed cavities, with gray or olive green mold eventually
Alternaria Rot appearing on the surface. Rot follows growth cracks, blossom-end rot, faulty-blossom
scars, but usually is seen after chilling injury.

Tomatoes and Tomato Products
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Control: Hold tomatoes at moderate temperatures and avoid storage below 50°F
(10°C). Avoid injuries of any type, particularly chilling injury.
Usually attacks ripe tomatoes. Circular, slightly sunken, water-soaked spots, slightly
darker, later dark or brownish with cream-colored or pink mold. Warm wet weather
Anthracnose favors spread.
Control: No warehouse control. Field control.
Bacterial
Canker

Very small, shallow, slightly raised white or light brown superficial spots. Later with
brown center and white halo.
Control: No warehouse control. Field control.
Green fruit are especially susceptible. Water-soaked spots first sharply outlined, later
entire fruit becomes soft, watery, colorless and foul-smelling, and bursts readily.

Bacterial Soft
Rot
Control: Careful handling and prompt removal of excessive field heat. Rot is worse
following hot, wet weather. Use clean water for washing or hydro-cooling. Move
susceptible tomatoes through ripening process rapidly. Avoid chilling.
Bacterial Spot

Small, shallow, superficial, dark raised spots first. Later becoming irregular, scabby and
dark. It is present at harvest.
Control: No warehouse control.

Blossom End
Rot

Buckeye Rot

Varies from a superficial brown or dark-green area near blossom end on green
tomatoes, later collapsing to become a firm, leathery, sunken and brown to black area.
Control: Disease control depends on cultural practices in the field that favor calcium
movement into fruits. Should be eliminated during selection and packing.
Decay may resemble a horse chestnut in color, may have concentric rings, or it may be
firm grayish-green to brown, with surface uneven and sunken in spots. Often on
tomatoes from South following hot, rainy weather. May develop during ripening on
tomatoes that appeared sound.
Control: Careful culling during grading removes most affected fruit. Do not delay the
ripening of suspected tomatoes.

On green tomatoes, tan or greenish-brown, somewhat leathery and slightly sunken
while on ripe fruits, distinctly sunken with greenish-black or shiny black centers and tan
or grayish-tan borders. Decaying tissue is shallow, black and spongy, and can be lifted
Cladosporium
out intact. Surface mold is velvety green. Cladosporium rot follows low temperature
Rot
injury.
Control: Avoid temperatures that cause chilling injury. Avoid storage below 50°F (10°C).
Brown to rusty tan blotches at stem end or on sides of fruit. Bacterial soft rot often
follows during ripening.
Late Blight Rot
Control: No warehouse control. Field control. Do not delay the ripening of suspected
tomatoes.
Tomatoes and Tomato Products
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On tomatoes from Mexico, rarely from Florida. Small, circular, slightly sunken, but
superficial, grayish-brown to brown spots. Often followed by secondary decay.
Nailhead Spot
Control: No warehouse control. Field control. Cull tomatoes with disease spots. Do not
delay the ripening of suspected tomatoes.
Rarely on green tomatoes. Most prevalent on tomatoes shifted repeatedly between 70
and 55°F (21 and 13°C) to control rate of ripening. Also serious when ripe tomatoes are
held beyond recommended period. Rot is watery, soft, deep penetrating with a
fermented odor. Rotted fruit collapse and may develop coarse, white mycelium
Rhizopus Rot
(“whiskers”) with black spores. Rot spreads on contact.
Control: Prompt removal of excessive field heat. Handle carefully at all times to avoid
bruising and cuts. Ripen tomatoes promptly and avoid delays mentioned above.

Soil Rot

Wet soil conditions favor development on low hanging tomatoes. Small to medium
circular, brown spots usually show typical concentric rings or zones of color. Later
become brown or reddish-brown and fairly firm, with cream-colored or brown mold
growth. Apparently can invade sound skin.
Control: Do not delay ripening of suspected tomatoes, especially after wet weather.
Only control is to stake tomato plants in field or avoid shipping for 5 days after rain to
allow culling after decay develops.

Sour Rot

Symptoms on mature-green tomatoes appear as pale lesions, dull and water-soaked,
with sour (vinegar) odor. On ripe fruits, the infected tissue is usually dark, soft, and
watery. Symptoms often start at the stem scar and due to wounding.
Control: Avoiding mechanical injury is an important preventive measure.
Irregular, light-green blotches, streaks or circles on green fruit, fading to red or
becoming yellow and brown as fruit ripen.

Virus Mottling
Control: Occurs wherever tomatoes are grown. Symptoms show at harvest. Field
control, and careful sorting of fruit when packed.

Watery Rot

Especially on tomatoes from southern states. On green tomatoes, the rot lesions have a
dull, greasy, water-soaked to bleached appearance and are quite firm. Decayed fruit
have a sour, fermented odor. May show dingy white, scum-like mold growth.
Control: Remove excessive field heat. Ripen suspected fruit promptly. Avoid chilling
injury.

Tomatoes injured by low, but non-freezing temperatures fail to color and ripen
satisfactorily. If seriously injured, they develop Alternaria Rot. (See Alternaria Rot.) For
mature green tomatoes, 1-2 days at 32°F (0°C) or 3-5 days at 41°F (5°C) will cause
Chilling Injury
chilling injury.
Control: Do not hold at temperatures lower than the recommended minimum.
Freezing Injury

Rapid breakdown of tissues in seriously frozen green and ripe tomatoes, becoming
watery. Green tomatoes with localized injury may thaw without collapsing, but become

Tomatoes and Tomato Products
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shriveled at the affected area. When in frozen state, green and ripe tomatoes appear
glassy and dull colored.
Control: Do not expose to freezing temperatures of 31°F (-0.6°C) and below.
Caused by SO2 used to control decay in some commodities; very pronounced sinking
Sulfur Dioxide and drying out of tissues at stem attachment, bleached greenish-tan.
Injury
Control: Nothing that a warehouseman can do after injury is caused.
Caused by high heat and intense sunlight in field; irregular water-soaked blisters
enlarging to bleached areas, secondary decay invasion.
Sun Scald
Control: Should be eliminated at time of packing. Nothing that a warehouseman can
do.

Frozen Tomatoes
Whole tomatoes do not freeze well because of their high moisture and low solids content, with the
possible exception of cherry tomatoes and firm-sliced tomatoes frozen cryogenically. Although these
products also lose a certain amount of their turgidity, they are, never the less, acceptable provided they are
consumed while they are thawed but still cold. If permitted to reach ambient temperature before serving,
they still tend to leak and are no longer of satisfactory quality. Despite attempts to develop and market a
cryogenically frozen sliced tomato, it has not proven to be economically feasible.
Chopped or pureed whole tomatoes may be frozen and held for 6-9 months at 0°F (-18°C) for further
processing. Relative humidity is not a factor, since we assume uniform temperatures and vapor proof
packaging.
Tomato products, such as purees, sauces, and paste, are widely used as ingredients in frozen products.
Pizzas, spaghetti, and a wide range of entrees include such tomato products and have good stability.
Variability in formulation of such products makes impossible a general statement on shelf life. Each
formulation to be used should be pre-tested for shelf life before initiating product sales.
WFLO is indebted to Dr. Jeff Brecht, Institute of Food and Agricultural Sciences, University of Florida, for the review and
revision of this topic.
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Trichinella Larvae Destruction
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The encysted larvae of a nematode called Trichinella spiralis may infest pork flesh. Although the
incidence of T. spiralis in swine is very low, estimated at less than 0.01% in the United States, if
consumed by humans, the larvae can live in human tissues. If consumed in significant numbers, the T.
spiralis larvae may introduce disease symptoms. This disease is called trichinosis and in the early stages,
the symptoms are loss of appetite, nausea, vomiting, periodic pains in the abdomen, and diarrhea.
In the case of pork, if an animal is infected, it has been estimated that about 25% of Trichinella larvae are
likely to be present in the hams and 20% in the shoulders. Infective larvae can survive in meat for long
periods of time. Species of Trichinella are also known to infest wild boar, horses, large carnivores in
tropical Africa, cougars, walruses, whales, bears and birds. Any species that consumes meat as part of the
diet is susceptible to developing trichinosis. Trichinella spiralis is essentially non-existent in domestic
U.S. pork but many regulations are still in place to ensure that this organism is not transferred to human
consumers.
Pork flesh can be rendered safe from trichinae by adequate cooking, freezing, or irradiating for
specified periods of time and at specific temperatures.

Cooking
Cooking destroys the worms, cysts, and larvae, if present, and this is the reason for the wide-spread
recommendations of cooking all pork products to 160°F (71°C). In reality, cooking to considerably lower
temperature of 137°F (59°C) is adequate in most cases and more recent cooking recommendations for
pork are often reduced from the previous 160°F (71°C). However, raw or undercooked pork that has not
been certified free of T. spiralis should not be eaten.

Freezing
Freezing at 5°F (-15°C) for 20 days will also destroy the parasite. In the U.S. Code of Federal
Regulations, Title 9, Part 318.10 (c) (2), the US Department of Agriculture Food Safety Inspection
Service (USDA/FSIS) divides treatment by refrigeration into two parts. The first treatment depends on air
temperature; the second uses internal product temperature. The following is modified from the regulation.
First Treatment. At any stage of preparation and after preparatory chilling to a temperature not above
40°F (4.4°C) or preparatory freezing, all parts of the muscle tissue of pork or product containing such
tissue shall be subjected continuously to a temperature not higher than one of those specified in Table 1,
the duration of temperature being dependent on the thickness of the meat or inside dimensions of the
container.
Table 1 - Required Period of Freezing at Temperature Indicated to Kill T. Spiralis in Pork***
Temperature
°F

°C

Group 1*—Less than 6 in or
15 cm
(Days)

Trichinella Larvae Destruction

Group 2**—6-27 in or
15-69 cm
(Days)
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-15.0

20

30

-10

-23.3

10

20

-20

-28.9

6

12

*Group 1 comprises product in separate pieces not more than 6 inches in thickness, or arranged on
separate racks with the layers not greater than 6 inches in depth, or stored in crates or boxes not exceeding
6 inches in depth, or stored as solidly frozen blocks not more than 6 inches in thickness.
**Group 2 comprises product in pieces, layers, or within containers, the thickness of which exceeds 6
inches but not 27 inches, and product in containers including tierces, barrels, kegs, and cartons having a
thickness not exceeding 27 inches.
***The product undergoing such refrigeration or the containers thereof shall be so spaced while in the
freezer to ensure a free circulation of air (1.5-2 inches or 3.8-5 cm) between the primal pieces, cartons,
layers, blocks, boxes, barrels, and tierces in order that the temperature of the meat throughout will be
promptly reduced to not higher than 5°F (-15°C), -10°F (-23.9°C), or -20°F (-28.9°C), as the case may be.
Second Treatment. In lieu of the methods prescribed in Table 1, the treatment may consist of
commercial freeze drying or controlled freezing, at the mass center of the meat pieces, in accordance with
the times and temperature specified in Table 2.
Table 2 - Alternative Periods of Freezing at Temperatures Indicated to Kill T. Spiralis in Pork
Maximum Internal Temperature

Minimum Time

°F

°C

0

-17.8

106 hours

-5

-20.6

82 hours

-10

-23.3

63 hours

-15

-26.1

48 hours

-20

-28.9

35 hours

-25

-31.7

22 hours

-30

-34.5

8 hours

-35

-37.2

½ hour

Irradiation
Irradiation treatments to sterilize trichinae in raw pork are approved for use by the USDA. Very low doses
(0.3-0.5 kGy) are sufficient to control trichinae that may be present in raw pork. These doses are too low
to reduce microbial counts by significant amounts and continued refrigeration of pork treated this way is
still necessary. Despite the effectiveness of irradiation, the availability of alternative methods for trichinae
control combined with the extremely low incidence of trichinae, has limited the use of irradiation
technology for inactivation of this parasite in raw pork.
WFLO is indebted to Dr. Joe Sebranek, Iowa State University, for the review and revision of this topic.
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Thermal Properties
Turnips

Turnip Greens

English

Metric

English

Metric

Moisture, %

91.87

--

89.67

--

Protein, %

0.90

--

1.50

--

Fat, %

0.10

--

0.30

--

Carbohydrate, %

6.43

--

7.13

--

Fiber, %

1.80

--

3.20

--

Ash, %

0.70

--

1.40

--

Specific Heat Above Freezing

4.00 Btu/lb*°F

0.96 kJ/(kg*K)

4.01 Btu/lb*°F

0.96 kJ/(kg*K)

Specific Heat Below Freezing

1.88 Btu/lb*°F

0.45 kJ/(kg*K)

1.74 Btu/lb*°F

0.42 kJ/(kg*K)

307 Btu/lb

132 kJ/kg

304 Btu/lb

131 kJ/kg

Latent Heat of Fusion

Storage Conditions
Temperature
Relative Humidity

32°F (0°C)
95%

Storage Period

4-5 months

Highest Freezing Point

30.1°F (-1°C)

Topped turnips in good condition can be expected to keep 4-5 months at 32°F (0°C) with the relative
humidity (RH) maintained at 95% or above. Shriveling may cause serious deterioration if RH is not kept
at a high level. At temperatures of 40°F (4.4°C) and above, decay will develop much more rapidly than at
32°F (0°C). Turnips are usually room cooled, but if water is used for cooling, a temperature differential of
18°F (10°C) or more should be avoided to prevent cracking.
Injured or bruised turnips should not be stored. Turnips are usually stored in slatted crates or bins that
allow good air circulation. Packaging turnips in perforated plastic bags aids in keeping the humidity high
around the roots during marketing and largely eliminates any shriveling. Peeled turnips can be kept in
perforated polyethylene film for 2 to 3 weeks.
Turnips are sometimes waxed with a water-miscible, carnauba-based wax to give a glossy appearance,
intensify the purple color of the roots, and to aid in reducing moisture loss during marketing. However,
waxing is not recommended before long-term storage.

Turnips
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Sprouting of turnips in storage can be controlled by pre-harvest spray with maleic hydrazide and strict
adherence to 32°F (0°C) storage.
Freezing injury in turnips is evidenced as internal and external water soaking. After frozen turnips are
thawed, they become soft and flabby and may show surface pitting. Injured tissue appears tan or gray and
may have a fermented odor.
Roots with boron deficiency may have brown spots, cracks and water-soaked appearance. Proper
fertilization is the only cure. Overmature turnips also can develop growth cracks.
Turnip greens are usually stored for only short periods, generally between 10 and 14 days. They should be
stored at 32°F (0°C) with crushed ice or protective plastic liners in the packages to reduce water loss.

Diseases and Injuries

Alternaria
Root Rot

Circular, dark-brown and firm. Frequently have concentric rings of light and dark-brown
tissue. Not moist or ill-smelling.
Control: Clean and treated seed. Handle carefully in the field. Cull out injured, bruised
and decayed turnips before storage. No warehouse control.

Similar to bacterial soft rot on Cabbage. Especially bad on young turnips which have not
Bacterial Soft been topped.
Rot
Control: Early harvest. Handle carefully. Keep vegetable near 32°F (0°C).
Similar to black rot on Cabbage.
Black Rot
Control: Store at 32°F (0°C).

Downy
Mildew

The fungus invades the root via the crown, especially when leaves are severely
mildewed. First, brown mottling or streaks extend from crown to root, and eventually
most of the center of the root will be black.
Control: Any leaf with mildew should be trimmed before packing. Storage at 32°F (0°C)
will retard spreading of the disease.

Gray Mold Rot

Similar to gray mold rot on cabbage. A moist, firm rot. Usually develops at injured areas.
Grows slowly even at 32°F (0°C).
Control: No warehouse control.

Rhizoctonia
Rot

Similar to rhizoctonia rot on Cabbage.
Control: Effectively controlled by keeping at 32°F (0°C) to 34°F (1°C).

WFLO i s i ndebted t o D r. J eff B recht, I nstitute of F ood a nd A gricultural S ciences, University o f F lorida, f or t he r eview a nd
revision of this topic.

Turnips

2

WFLO Commodity Storage Manual

Wheat Germ and Wheat Germ Oil
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Storage Conditions
Germ

Oil
Solvent Extract

Pressure Extract

Temperature

0-32°F
(-18 to 0°C)

0-32°F
(-18 to 0°C)

0-32°F
(-18 to 0°C)

Relative Humidity

65-70%

65-70%

65-70%

Storage Period at 0°F (-18°C)

1 year

1 year

3 months

Storage Period at 32°F (0°C)

3-5 months

3-5 months

2-3 weeks

The storage l ife of w heat g erm an d w heat g erm o il, ei ther so lvent o r p ressure ex tracts, can b e
extended for a period of time by using nitrogen packaging, or with the addition of vitamin E as a
natural antioxidant.
Wheat germ and wheat germ oil are excellent sources of several “B” complex vitamins. Effective
refrigerated storage helps to prevent rapid loss of these nutrients. The fat or oil in wheat germ and
wheat germ extracts may also become rancid if exposed to elevated temperatures.
WFLO is indebted to Dr. C. E. (Chuck) Walker, Kansas State University, Manhattan, Kansas, and Dr. Stephen Neel,
World Food Logistics Organization, for the review and revision of this topic.
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Wines
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Storage Conditions
Heat Exposure
Storage Time

Temperature

Never

86°F or above
(30°C)

Spikes of 30 min or less

85°F or below
(29°C)

1-4 weeks

75°F or below
(24°C)
50-60°F
(10-16°C)

Long-term storage

Cold Exposure
Storage Time

Temperature

Never

23°F or below
(-5°C)

Spikes of 30 min or less

32°F or below
(0°C)

1-4 weeks

50°F or below
(10°C)

Long-term storage

50-60°F
(10-16°C)

Bottled and bulk wines change with time in ways that are greatly influenced by storage temperatures.
Traditionally, wine is stored at cellar temperatures between 50 and 60°F (10-16°C) and our empirical
expectations of a properly aged wine are based on this temperature range. The hundreds of concurrent
aging reactions that contribute to the aroma, flavor, structure, color and healthiness of a wine all precede
at individual rates. They are exponentially and differently accelerated by elevated temperatures. Because
of these multiple and unpredictable changes in the aging of the wine, temperatures higher than the ideal
long-term storage range shown above are generally considered undesirable. While most commercial
wines are stabilized against aesthetically objectionable instabilities such as protein hazes or crystal
precipitates, there are no rapid or standardized tests to assure the sensory quality of a wine without
Wines

1

WFLO Commodity Storage Manual
actually tasting it. However, the subjective aroma and flavor qualities of a wine is the most important
criteria that determine the value of the product that can range across multiple magnitudes ($2 to $5,000
per bottle). Both the high and the low temperature tolerances of a given wine depend on its original
chemical composition, stabilization treatments at the winery, as well as its provenance and previous
storage history. On the positive side, wines stored at the temperatures can age and improve with the
development of “bottle bouquet” and the “softening” of harsh characters for a suppler “mouthfeel”. This
ability to develop and become more complex in the bottle has elevated wine from a mere beverage to a
glorious and precious experience.

Excessive Hot Temperatures:
The greatest storage hazards for wine are associated with elevated temperatures as well as with
temperature fluctuations. Any elevated temperatures, above 60°F (16°C), accelerate the maturation
process, may change their varietal character or their sense of origin, and can shorten the life expectancy of
a wine, especially white wine. Temperatures above 75°F (24°C) greatly and untypically age most wines,
leading to undesirable aroma, flavor and color changes. Diurnal temperature spikes during the
commercial shipping of wine are not unusual but should be avoided. Within the entire distribution chain
from winery to wine consumer, wines should never see an even short-term exposure to temperatures of
86°F (30°C) or above. In general, one should assure that wine be transported and stored refrigerated and
in an equally cautious fashion as ice cream, fresh produce or milk.
Impact from high temperatures may include:
1. Visible protein hazes are occasionally precipitated by elevated temperatures in marginally heat-

stabilized wines. These hazes constitute only an aesthetical flaw, but over-stabilizing a wine
against their appearance can hide damage to its sensory qualities.
2. Temperatures above 60°F (16°C) may stimulate the growth of dormant microbes, leading to off-

flavors, hazes, and excess carbon dioxide.
3. Temperature fluctuations test the integrity and position of the bottle closure, especially corks, and

can lead to the introduction of air to wine, with rapid spoilage following.
4. Leakage and seepage of wine past the closure caused by excessive temperatures and resulting

headspace pressure will damage the label and other packaging materials and may make the wine
un-saleable.
5. Storage at elevated temperature may cause excessive extraction of (off-) odors from the bottle

closures as well as increased scavenging and loss of protective sulfur dioxide or certain wine
aromas.
6. Early experience with shipping barrels of wine in excessive heat produced accelerated oxidation.

A significant browning of white wines, with aldehydic aromas of Spanish Sherry, caramel and
nuttiness, was given the name “Madeirization”. This is usually a grave defect unless the wine was
intended to be an oxidixed style (e.g., Madeira, Sherry, Port) in the first place.
7. Most wines naturally contain traces of a precursor to a probable human carcinogen, ethyl

carbamate, that can form at accelerated rates at elevated temperatures, especially above 86°F
(30°C).
Wines
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8. High temperatures also test the integrity of sparkling wine bottles by causing the already high

pressures (≈90 psi (6,000 hPa)) to rise dramatically. Consequently, loss of sparkling wine by
bottle bursting is reported as a result of high temperature exposure.

Excessive Cold Temperatures:
Impact from cold temperatures may include:
1. Wines stored at cooler than recommended temperatures below 50°F (10°C) may not develop their

full potential for aroma by nose and flavor by mouth.
2. Storage at extremely temperatures of 32°F (0°C) and below, even for as little as 1 hour, can cause

the natural precipitation of potassium bitartrate in the form of visible crystals in white wines and
in the form of colored crystals or a sludge-like mixture of crystals in red wines. This material is
not re-soluble in the wine. While its presence is considered only a visual defect, it can be
confused by consumers with broken glass which may create litigation issues.
3. At temperatures below 23°F (-5°C) wines with an alcohol content of 14% by volume and below

will start to freeze, causing corks to push out and eventually, bottles to break.
4. Moving bottles from very cold storage to a warmer environment will cause condensation of water

on the bottle, labels, and cork depending on the relative humidity of the surrounding air. This can
easily lead to mold growth and significant damage to the entire package.

Storage Positions:
1. Ideally, all wines are stored in refrigerated warehouses and shipped in refrigerated
containers/trucks with the temperature exposure continuously logged to assure that the
refrigeration system has indeed been working.
2. Wine bottles closed with corks, including bark and synthetic, should be stored upside down or
sideways to minimize the gas exchange between the outside atmosphere and the wine inside to
avoid accelerated oxidation. Individual cases of wine should be marked to indicate which
position the bottles are in.
3. In very hot climates, including shipments across the equator or through the Panama Canal, the
ability of refrigerated containers to maintain a steady cool temperature may be compromised.
4. In general, it is recommended to avoid shipping wine unrefrigerated during the hottest months of
the year.
5. When wine is storage or moved in containers on truck, railroad cars, or container ships, especially
in or through hot climates, one needs to be aware that wine stored in the upper part of the
container exposed to direct sunlight will heat up the fastest.
6. If refrigerated trucks are not available, it is preferable to use non-isolated containers in order to
avoid the accumulation of hot air in the container space above the pallets of wine during the day
and continuous heat dissipation during the night. Instead, the pallets inside the container should
be covered with insulation blankets or similar materials.
Wines
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7. Bulk wine trucked in not completely filled tankers tends to slosh significantly, increasing the loss
of sulfur dioxide and the risk of oxidation if the head space in the tank in not sparged with inert
gases such as nitrogen or argon.

Length of Storage:
If storage is provided without excessive ultra-violet (UV) light exposure, and the temperatures remain
constant (± 2-3°F or ± 1-1.5°C) and in the ranges listed, typical white table wines should retain their
quality for about three years after bottling. Red table wines, depending on winemaking style, may retain
or improve their quality for three to ten years. Note that these are very general guidelines, as some wines
are made to be consumed within their first year while others may age gracefully for several decades.
However, experience and research have shown that improper storage conditions, during distribution
through the entire supply chain, from producer to négociant to shipper to importer to distributor to retailer
or restaurant to consumer, is the most common cause of loss of a wine’s quality and value.
Documentation of both authenticity and provenance, temperature monitoring of shipments and storage
conditions, and the traceability of wines during their entire lifespan is crucial to prevent such losses.
WFLO is indebted to Dr. Christian E. Butzke, Enology Professor, Purdue University, West Lafayette, Indiana, for the review and
revision of this topic.

Wines

4

WFLO Commodity Storage Manual

Yogurt and Yogurt Products
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Storage Conditions
Refrigerated Yogurt
Temperature
Storage Period*

Frozen Yogurt

35-40°F
(2-4.4°C)

0 to -10°F
(-18 to -23°C)

-20°F
(-29°C)

35-45 days

1 month

3-5 months**

Relative Humidity

controlled by packaging

* May vary with formulation and method of preparation
** Storage periods longer than 5 months could result in flavor and body/texture degradation
Yogurt is a fermented dairy product resulting from the growth of Lactobacillus bulgaricus and
Streptococcus thermophilus in milk, to produce a smooth, viscous gel. Although its origin is lost in
antiquity it has been cultivated in Western Europe since the 16th century. The reason for its popularity in
Europe is due to the idea that formerly many people in Bulgaria consumed large quantities of yogurt, and
also many Bulgarians lived to be over 80 years old.
The sharp rise in yogurt consumption in the United States occurred during the last 20 years, when many
variations on the initial yogurt product were introduced. There is little doubt but that a substantial part of
this rapid growth is due to the magic of the name and its reputation as a nutritious health food. At this
time yogurt is a specific well-defined product used as a basic ingredient in an entire class of products, all
characterized by a typical yogurt flavor and forming a more or less gel structure. Some of the variations
simply add fruits and fruit-sugar mixtures while other variations are desserts and a variety of salad
garnishes. Even the bacterially fermented base can now be absent with imitation flavor added. It must
therefore be emphasized that refrigerated yogurt products are no longer a single type of product for which
specific recommendations on storage conditions can be given. Depending on the composition and method
of preparation, it is safe to assume that storage conditions for yogurt-based products are equivalent to the
products they resemble. Thus, for example, yogurt and liquid yogurt should be handled and stored in a
manner similar to milk. Frozen yogurt should be stored in a manner similar to frozen ice cream desserts.
The popularity of yogurt in America was undoubtedly the result of the addition of sweeteners and fruit.
Thus, the first American-type yogurt was refrigerated and distributed as other milk products. The five
styles of this refrigerated product are:
1. Sundae-style with the fruit on the bottom.
2. Swiss-style with the fruit evenly distributed throughout the product.
3. Western-style with the fruit at the bottom of the cup and fruit flavor in the upper portion of the

yogurt cup.
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4. Eastern-style with fruit at the bottom of the cup with no fruit flavor or color in the upper portion

of the cup.
5. Liquid Swiss-style with the fruit evenly distributed throughout.

Frozen Yogurt
The composition of frozen yogurt is similar to reduced fat/low fat ice cream. While the latter are carefully
standardized, federal standards for frozen yogurt have been proposed but have not been adopted. In the
meantime, numerous new yogurt-like or yogurt-flavor based products are being developed. The major
difference in the basic composition of ice cream and frozen yogurt is the substantial reduction in milk fat
and the increase in sugars in frozen yogurt. There are two types available similar to low fat ice cream.
One is hard frozen at manufacturing and is sold like ice cream. The other is soft-serve mix that is
dispensed from a soft-serve freezer as the consumer’s request. The vendor may purchase soft-serve mix as
a liquid in half-gallon or gallon containers or as a frozen product in these containers. The latter must be
thawed for 24 to 48 hours in a refrigerator before use.
Non-standardized frozen yogurts can be produced where no fermentation is involved. Body and texture,
whether hard or soft-serve yogurt, depends on the quantity of total solids, fat, non-fat milk solids, sugars
and stabilizer present. An appropriate flavor can be produced by one or a blend of fruit concentrates,
purees, or syrups. The usual stabilizers for sherbet function adequately in these high acid products.

Yogurt and Health
Yogurt, like milk, ranks high in nutritional quality, although like milk, it is not a good source of iron,
copper or vitamin C. Its protein is of excellent biological quality. It is claimed that yogurt is easier to
digest than milk because the milk protein is partially broken down by the bacteria. Also, yogurt is claimed
to have the ability to restore the normal balance of microflora in the large intestine after illness, among
other attributes.

Yogurt and Liquid Yogurt
When storage temperatures are elevated, the normal flora found in yogurt continue to grow and produce
acid. As a result free whey may develop and eventually the product will shrink from the sides of the
container. Normal shelf life under conditions of proper storage, 35-40°F (2-4.4°C), is 35 to 45 days.

Frozen Yogurt
When storage temperatures rise or fluctuate some ice crystals generated in the mechanical freezer will
melt. Subsequent re-cooling allows only refreezing to existing ice crystals. No new ice crystals develop.
Consequently, ice crystals become larger and larger thus become perceptible to the mouth senses. Frozen
storage at -15 to -20°F (-26 to -29°C) with minimum temperature fluctuations will hold the product stable
for 3-4 months.
WFLO is indebted to Dr. Charles H. White, Mississippi State University, for the review and revision of this topic.
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