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Chilling Injury of Fruits and Vegetables Stored above Freezing Temperatures

Class Produce T (7€) Symptoms
A (0°C=5°C) Apple (some cultivars) 2-3 Internal browning, brown core, soggy tissues, and soft scald
Asparagus 0-2 Dull, gray-green. limp tips
Avocado 4.5-13 Grayish-brown discoloration of flash
Lima bean 1-4.5 Rusty brown specs, spots or areas
Cranberry 2 Rubbery texture, red flash
Guava 4.5 Pulp injury, decay
Cantaloupe 2-5 Pitting, surface decay
Watermelon 4.5 Pitting, objectionable flavor
Orange 3 Pitting and brown stain
Pomegranate 4.5 Pitting, external and internal browning
Potato 3 Mahogany browning, sweetening
Tamarillo 34 Surface pitting and discoloration
B (6°C-10°C) Snap bean 7 Pitting and russeting
Cucumber 7 Pitting, water-soaked spots. and decay
Eggplant 7 Surface scald, Alfernaria rot, blackening of seeds
Lime -9 Pitting. turning tan with time
Honeydew melon 1-10 Reddish-tan discoloration, pitting. surface decay,
failure to ripen
Casaba, Crenshaw and 1-10 Pitting, surface decay, failure to ripen
Persian melon
Okra 7 Discoloration, water soaked areas, pitting, decay
Fresh olive 7 Internal browning
Papaya 7 Pitting, failure to ripen. off flavor, decay
Sweet pepper 7 Sheet pitting. Alternaria rot on pods and calyxes,
darkening of seeds
Pineapple 1-10 Dull green when ripened
Pumpkin 10 Decay. especially Alfernaria rot
(hardshell and squashed)
Tomatoes (ripe) 7-10 Water soaking
C (11°C-20°C)  Banana (green or ripe) 11.5-13 Dull color when ripened
Grapefruits 10 Scald, pitting, watery breakdown
Jicama 13-18 Pitting, membranous staining, red blotch
Mango 10-13 Grayish scald-like discoloration of skin, uneven ripening
Sweet potato 13 Decay. pitting, internal discoloration, hard core when cooked
Tomato 13 Poor color when ripe, Alternaria rot

“Approximate lowest safe temperature.

Source: R. E. Harderburg et al. The Commercial Storage of Fruits. Vegetables, and Florist and Nursery Stocks, USDA,
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Fig. 2 Schematic overview of the
mechamsms by which heat
treatments enhance chilling
tolerance in fruits and vegetables
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Typical Heat Treatments for Controlling Physiological Disorders and Enhancing Quality of Selected Fruits

and Vegetables

Commodity Physiological Disorders/Injury Temperature (“C)/Time Heating Medium Used
Apple Scald and improving 38/4 days or Hot air
firmness 42/2 days
Asparagus Inhibition of curvature 47.5/2-5 min Hot water
Avocado Browning 38/3—10 h followed Hot air and water
by 40/30 min
Pitting 38/60 min Hot water
Cactus pear Rind pitting 38/24 h or 55 /5 min Hot water or air
Citrus fruits Rind pitting 34-36/48-T2 h Hot air
50-54/3 min hot water
Guava Increased hardness 46/35 min Hot water
and yellowing
Green pepper Pitting 40/20 h Hot air
Mango Pitting 38/2 days or 54/20 min Hot air
Tomato Pitting 38/2-3 31 days Hot air
48/2 min or 42/1 h hot water
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