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CONTRIBUTION OF FRUITS AND VEGETABLES   
TO HUMAN NUTRITION AND HEALTH 

 
Fruits and vegetables are very important for human nutrition and health. Diet low in fat and rich 
in fruits and vegetables, along with exercise and weight control can help prevent some diseases 
such as heart diseases and some types of cancer. Many phytochemicals found in fruits and 
vegetables have a remarkable ability to disrupt the formation of tumors and in the prevention of 
other diseases. Phytochemicals have several modes of actions, but many of them act as 
antioxidants. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Some fruits and vegetables 
 
Some important health components in fruits and vegetables include: 
Vitamins. Fruits and vegetables are important sources of vitamins (Table 1). Vitamins are 
commonly classified into water-soluble (vitamin C, thiamin, riboflavin, niacin, B6, B12, folacin, 
biotin and pantothenic acid) and fat-soluble (vitamin A, D, E and K). Generally water-soluble 
vitamins are more susceptible to postharvest losses than fat-soluble vitamins. Vitamin C 
(ascorbic acid) is very susceptible to breakdown. Vitamins A and B are much less susceptible to 
losses, but can be degraded at high temperature and in the presence of oxygen. Some of the 
postharvest factors that can cause losses in vitamins include: high temperature, high oxygen 
content and mechanical injury. Vitamins C and B are not stored in the human body and must be 
replenished daily. However, Vitamins A, E and D can be stored in the human body. 
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Table 1. Vitamins present in some fruits, vegetables and root crops. 
 
Vitamin    Source 
 
A (retinol)   Carrots, green leaves (carotene), papaya, tomato. 
B1 (thiamin)   Green vegetables, some fruits 
B2 (riboflavin)   Green leafy vegetables, pulses 
B6 (Pyridoxin)   Bananas, peanuts 
Niacin (nicotenic acid) Peanuts, pulses 
Folic acid Broccoli, Avocado, beets, cabbage, lettuce, dark green leaves, 

spinach 
C (ascorbic acid)   Cauliflower, citrus, guava, mango, papaya,    

  spinach, sweet pepper, tomato 
 
Antioxidants. Fruits and vegetables contain many phytochemicals that have positive health 
effects, by acting as antioxidants. Vitamins C and E are potent antioxidants. They can inhibit the 
synthesis and action of free radicals. About 90% of the sources of vitamin C in the human diet 
are from fruits and vegetables. Several polyphenols, found in many plants, are very important for 
health and several of them are antioxidants.  
 
Pigments. Fruits and vegetables contain several pigments that have positive health effects. Plant 
pigments are diverse and are classified in 4 general groups: chlorophylls, Carotenoids, 
Flavonoids and Betalaines. Several carotenoids have been shown to act as antioxidants, and 
some of them are pro-vitamin A. For example, lycopene (a carotenoid found in tomato) is linked 
with several positive effects including the reduction of the risk of prostate cancer. Beta-
carotenes, found in many plants such as carrots, are pro-vitamin A. Several flavonoids have been 
associated with the reduction and/or prevention of several diseases, including some types of 
cancer.  
 
Fibers. Many fruits and vegetables are good sources of dietary fibers, which are linked to several 
positive health effects, including the reduction in the risk of colon cancer, hernia, diabetes, 
obesity and constipation. 
 
Mono-unsaturated fats. Mono-unsaturated fats are found in several fruits and vegetables as 
olives, peanuts, and avocado, and they are healthier than the saturated fats. They do not promote 
cancer, nor do they cause heart problems. Saturated fats are found mainly in animal products 
such as meat, cheese, lard and butter. They are notorious for promoting heart disease, but their 
role in cancer is not clear yet.  
 
Minerals. Fruits and vegetables contain about 0.1 to 4% total minerals. These include N2, P, K, 
Ca, Mg, Na, Cl, S, Fe, Cu, Co, Mn, Zn, I, Mo.  
 
Examples of the major types of cancer and relation with the diet 
Conclusions by the World Cancer Research Fund and the American Institute for Cancer 
Research indicate that poor eating habits account for a third of all cancer, about the same 
proportion attributable to smoking. Diet rich in fruits and vegetables and less fats, along with 
exercise and weight control, is thought to be able to reduce cancer incidence by 30-40%, 
equivalent to about 3-4 million cases per year worldwide. Diet and lifestyle are thought to be 
effective in preventing, or at least reducing the major cancer types such as breast, prostate, colon, 
and lung cancer. In Thailand and Sri Lanka, for example, about 2-3 of every 100,000 women die 
of breast cancer every year, while 30 to 40 women die in the USA, and diet might be the reason 
for that. Potential reduction through diet and style can reach up to 33 to 50%. Potential reduction 

of prostate cancer through diet and lifestyle is 10 to 20%, and risk may be reduced by eating 
cooked tomatoes, among other things. Potential reduction of colon/rectal cancer through diet and 
lifestyle is about 60 to 75%, and risk may be reduced with a diet rich in calcium and dietary 
fibers. Potential reduction of lung cancer through diet, lifestyle and not smoking is 90 and 95%, 
and risk may be reduced by consumption of vegetables such as carrots. 
 
Several components in fruits and vegetables were shown to interfere in the different processes of 
developing of malignant tumor cells. These processes are as follow: initiation of potentially 
cancerous changes in a cell´s DNA altering the genetic make-up of the cell. The cell usually 
divides more freely than usual. Several causes can lead to this problem, among the most 
important are free radicals generated by oxygen. Active oxygen molecules (free radicals) damage 
structural and macromolecular components of the cell. They are also capable of generating more 
free radicals from other chemical components. Procarcinogens (chemical carcinogens) are other 
possible causes of this process. The body contains several mechanisms to eliminate the negative 
effects of procarcinogens. This is done through 2 sets of enzymes produced in the liver called 
phase 1 and phase 2 enzymes. Phase 1 enzymes break-down these chemicals into fragments 
enabling them to become carcinogens and capable of damaging cellular DNA. Phase 2 enzymes 
can bind with these fragments and eliminate them. Antioxidants such as polyphenols in green 
tea, lycopene in tomatoes, vitamin C and E and beta carotene in several fruits and vegetables can 
act against free radicals, and therefore act as protectors. Other possible protection against 
chemical contaminants procarcinogens are allyl sulfides in garlic and onions, which are effective 
in limiting the production of phase 1 enzymes. Sulforaphane found in broccoli, cauliflower, and 
other cruciferous promote the production of phase 2 enzymes. Estrogens seem to promote fast 
growth of breast cells in women, and a possible prevention measure are the isoflavones in soy 
products and some vegetables, which act as week estrogen and compete with estrogen. 
 
The progression of the cancerous lesion into a mass that can invade other tissues is possibly 
caused by tumor cells that release growth factors promoting the development of new blood 
vessels, a process known as angiogenesis. Oxo-2 inhibitors such as the resveratrol in red grapes 
may suppress the production of growth factors by the tumor. 
 
 
Some potential health hazards of horticultural crops 
Horticultural crops can be the cause of some health hazards when they are not used in adequate 
sanitary manners. Some of the possible hazards may include: 
 
Toxins. Some natural toxins such as alkaloids can be produced in potato exposed to light, 
however they can be eliminated by interrupting the exposure to the light, and storing the potato 
in the dark. Mycotoxins such as aflatoxins can be produced in some dried fruits and nuts infected 
with Aspergillus flavus. Aflatoxins are the most known potent carcinogens. The infection of 
apples by Penecillium expansum results in the production of another mycotoxin (patulin).  
 
Micro organisms. Bacteria can be developed especially in some vegetables (due to their high 
pH), and therefore they can be a potential health hazard, unless they are disinfected adequately 
before consumption.  
 
Agricultural chemicals such as pesticides and heavy metals. Horticultural crops can be a 
major vehicle in the contamination with different agricultural chemicals, especially pesticides. 
The presence of these chemicals can be due to their intentional use either before or after harvest 
or due to other external contamination sources such as industries and contaminated water.  
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Figure 4. Banana ripening rooms (by using ethylene) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                               

Figure 5. Interior of a banana ripening room (Dr. E.M. Yahia). 
 
Ethylene production 
Some fruits produce more ethylene than others. Climacteric fruits usually produce more ethylene 
than non-climacteric fruits. Ethylene produced by one fruit can act on another fruit near by 
sensitive to Ethylene gas and causes its ripening and senescence. Ethylene production and action 
can be reduced very significantly at low temperature.  
 
Table 1 summarizes the different groups of fruits in relation to ethylene production.  
 

Table 1. Classification of horticultural crops according to their ethylene production (µl/kg.hr) at 
20ºC. 
 

Class Production Commodities 
Very low Less than o.1 Artichoke, asparagus, cauliflower, cherry, citrus, grape, 

jujube, strawberry, pomegranate, leafy vegetables, root 
vegetables, potato, most cut flowers 

Low 0.1-1.0 Blackberry, blueberry, casaba melon, cranberry, cucumber, 
eggplant, okra, olive, pepper, persimmon, pineapple, 
raspberry, watermelon 

Medium 1.0-10 Banana, fig, guava, honeydew, melon, mango, plantain, 
tomato 

High 10-100 Apple, apricot, avocado, cantaloupe, kiwifruit, nectarine, 
papaya, peach, pear, plum 

Very high More than 100 Cherimoya, passion fruit, sapote 

 
Action 
As a plant hormone, ethylene initiates its action through the binding with a receptor protein.  
 
Control 
There are several means to control the negative effects of ethylene, including physical and 
chemical methods. Low temperature can reduce both ethylene production and action. The 
optimum temperature for Ethylene production is (18-25ºC). Temperatures above 35ºC inhibit 
ethylene production. For chilling sensitive crops, chilling temperatures can increase ethylene 
production. Modified and controlled atmospheres significantly reduce the undesirable effects of 
C2H4. Several chemicals can effect either the production or the action of ethylene. For example, 
silver thiosulfate (STS) is widely used in the flower industry to inhibit ethylene action and to 
prolong the shelf life of cut flowers. 1-MCP is another chemical introduced recently for several 
crops, which inhibits ethylene action, and prolongs postharvest life in some products.  
 
Promotion of fruit ripening and color 
Ethylene is widely used to initiate or accelerate fruit ripening in several fruits such as banana and 
tomatoes. It is also commonly used to improve color development in fruits such as oranges 
(especially those grown in the tropics where orange color is commonly not produced). The 
process of color enhancement is called “de-greening”.  
 
Optimum conditions for the initiation and acceleration of fruit ripening or de-greening include a 
temperature of 17-25ºC, high relative humidity (90-95%), 5-100 ppm C2H4, sufficient air 
circulation for temperature and gas uniform distribution in the room, adequate air ventilation to 
eliminate the accumulation of CO2 in the room.  
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Figure 6. Absorption (elimination) of ethylene in a storage room (Dr. E.M. Yahia). 
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PRE-HARVEST FACTORS AFFECTING POSTHARVEST 
QUALITY 

 
Several factors before harvest affect quality of horticultural crops after harvest. Some of these 
factors are related to the plant, others are related to the environment or to cultural practices. 
 
Cultivars. The quality of the seed or the plant material is an important factor affecting the 
quality of the fruit produced. Several parameters of quality are controlled genetically. 
 
Cultural practices. All cultural practices have direct effect on the final quality of the 
horticultural commodities. 
 
Seeding or planting period. Many plants are very sensitive to environmental conditions, and 
thus quality will not be optimized when crop is produced under adverse conditions. Producing 
summer plants during the winter or vice versa will not be appropriate, unless protection practices 
are implemented. 
 
Planting density. Planting density will affect both the quantity and quality of the produce. High 
density planting increases competition between plants, reduces light availability, and thus may 
decrease quality. Low density plantings usually lead to large size, better colored fruit or 
vegetable, which may have shorter shelf life. Larger fruits are generally more sensitive to 
physiological disorders. 
 
Irrigation. Irregular watering usually reduces fruit size, increases splitting, physiological 
disorders, reduces water content in the plant or plant part. 
 
Fertilization. Poor management of fertilizers will increase physiological disorders due to 
deficiencies of some minerals, wherever, increase of others leading to toxicity. In both cases 
quality will be negatively affected.  
 
Pruning. Pruning reduces the load and increases the growth of fruit (increasing size) and 
chemical use after harvest. 
 
Thinning. This operation reduces the competition between fruits or plants, and thus promotes a 
good balance between the vegetative and fruit parts, and improves size and quality.  
 
Protection from pests and diseases. Pathogens and insects have a very negative effect on 
quality. Poor management of plant protection programs can lead to very poor quality and 
reduced yield and increase pre and postharvest losses. 
 
Environmental factors. Temperature is the most important environmental factor that affects 
quality of horticultural crops. Very low or very high temperatures may injure sensitive crops. 
Chilling injury and heat injury respectively, adequate light intensity and light quality is important 
for the formation of some pigments (colors). Wind and rain may cause negative effects on some 
crops. 
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Figure 6. Absorption (elimination) of ethylene in a storage room (Dr. E.M. Yahia). 
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PRE-HARVEST FACTORS AFFECTING POSTHARVEST 
QUALITY 

 
Several factors before harvest affect quality of horticultural crops after harvest. Some of these 
factors are related to the plant, others are related to the environment or to cultural practices. 
 
Cultivars. The quality of the seed or the plant material is an important factor affecting the 
quality of the fruit produced. Several parameters of quality are controlled genetically. 
 
Cultural practices. All cultural practices have direct effect on the final quality of the 
horticultural commodities. 
 
Seeding or planting period. Many plants are very sensitive to environmental conditions, and 
thus quality will not be optimized when crop is produced under adverse conditions. Producing 
summer plants during the winter or vice versa will not be appropriate, unless protection practices 
are implemented. 
 
Planting density. Planting density will affect both the quantity and quality of the produce. High 
density planting increases competition between plants, reduces light availability, and thus may 
decrease quality. Low density plantings usually lead to large size, better colored fruit or 
vegetable, which may have shorter shelf life. Larger fruits are generally more sensitive to 
physiological disorders. 
 
Irrigation. Irregular watering usually reduces fruit size, increases splitting, physiological 
disorders, reduces water content in the plant or plant part. 
 
Fertilization. Poor management of fertilizers will increase physiological disorders due to 
deficiencies of some minerals, wherever, increase of others leading to toxicity. In both cases 
quality will be negatively affected.  
 
Pruning. Pruning reduces the load and increases the growth of fruit (increasing size) and 
chemical use after harvest. 
 
Thinning. This operation reduces the competition between fruits or plants, and thus promotes a 
good balance between the vegetative and fruit parts, and improves size and quality.  
 
Protection from pests and diseases. Pathogens and insects have a very negative effect on 
quality. Poor management of plant protection programs can lead to very poor quality and 
reduced yield and increase pre and postharvest losses. 
 
Environmental factors. Temperature is the most important environmental factor that affects 
quality of horticultural crops. Very low or very high temperatures may injure sensitive crops. 
Chilling injury and heat injury respectively, adequate light intensity and light quality is important 
for the formation of some pigments (colors). Wind and rain may cause negative effects on some 
crops. 
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Chemicals. Many hormones and growth regulators are used in agriculture and they can affect 
quality in different ways; positive or negative.  
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RESPIRATION 
 
Fresh horticultural crops are live organs, which respire continuously on and off the plant. 
Respiration is the oxidative process (using O2) of converting organic materials such as 
carbohydrates, organic acids and lipids, into simple compounds (CO2) with the concomitant 
release of energy. 
 
During respiration horticultural crops commonly use hexose sugars as substrates, however they 
can also use other substrates such as organic or fatty acids, and in the process the substrate is 
oxidized by O2 and degraded to CO2, and heat is produced, referred to as “vital heat” or “heat of 
respiration”. 
 
“Vital heat” is very important from the stand point of cooling, designing of refrigeration 
equipments and packaging materials. The faster the product respires, the more heat it generates 
and the warmer it will be, unless it is cooled adequately. 
 
Respiration is a direct measure of postharvest or storage life. Products that respire very fast are 
classified as very perishable, and generally have a shorter postharvest life than those that respire 
slowly. 
 
Table 1. Classification of some horticultural crops according to their respiration rate (mg 
CO2/kg.hr. at 5°C). 
 
Class Respiration 

rate 
Commodities 

Very low < 5 Dates, dried fruit and vegetables, nuts 
 
 

Low 5-10 Apples, beets, celery, cranberry, garlic, grapes, honeydew melons, 
citrus fruits, kiwifruit, onions, papaya, persimmon, pineapple, 
potato, sweet potatoes, water melons 

Medium 10-20 Apricot, bananas, blueberry, cabbage, cantaloupe, carrots (topped), 
celeriac, cherry, cucumber, fig, lettuce, mango, nectarine, olive, 
peach, pear, plum, summer squash, tomato  
 

High 20-40  Avocado, blackberry, cauliflower, leeks, lettuce, lima bean, radish, 
raspberry  
 

Very high 40-60 Artichoke, bean sprouts, broccoli, Brussels sprouts, cut flowers, 
green onions, okra, snap bean, watercress  
 

Extremely 
high 

> 60 Asparagus, mushroom, parsley, peas, spinach, sweet corn 
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Table 2. Respiration rate at 15°C and potential postharvest life of some horticultural crops at 
optimum temperature. 
______________________________________________________________________ 
Crop   Respiration rate  Postharvest life 

mL CO2/kg.hr.   Weeks or days 
at 15°C 

______________________________________________________________________ 
Potato     8   16-24 wks  
Grapes    16   4-16 wks 
Lemon    20   4-8 Wks 
Orange    20   6-12 wks 
Apples    25   8-30 wks 
Cabbage   32   4-8 wks 
Carrots    45   12-20 wks 
Green banana   45   4-6 wks 
Peach    50   2-6 wks 
Strawberries   75   1-5 days 
Lettuce   200   1-2 wks 
Ripe banana   200   3-4 days 
Bean    250   1-3 wks 
Peas    260   1-3 wks 
______________________________________________________________________ 
 
Factors affecting respiration 
There are several factors that affect the respiration rate of horticultural crops, and consequently 
affect the potential postharvest life. Some of these factors are internal such as variety and 
maturity stage at harvest, but the most important factors are the external factors, especially the 
environmental conditions such as temperature, humidity and atmospheric gases (O2, CO2, C2H4, 
CO). 
 
Temperature Quotient, (Q10), Van´t Hoff ´s law 
For every increase of 10°C in temperature, the biological activity or chemical/biochemical 
reactions (such as respiration rate) increases 2 to 4 folds. For example, If we assume that the 
optimum holding temperature for a fruit is 0°C, its deterioration rate at 0°C = 1, its postharvest 
life at this temperature is 30 days, and its Q10 at this temperature 3 (although Q10 is not constant 
at different temperatures), then its postharvest life can be as follow (considering that other 
factors are constant): 
 
Temperature  Biological activity   Deterioration rate Postharvest life 
0°C       1x   30 days 
10°C    3x   3x   10 days 
20°C    9x   9x   3.3 days 
30°C    27   27x   1.1 days 
40°C    81   81x   0.4 day 
 
This example shows the profound effect of temperature on the postharvest life of fresh 
horticultural products. Temperature also has a very profound effect on quality of these products.  
 

 

 
 
Significance of the respiration process 
The process of respiration is very significant for the handling of fresh horticultural crops. It 
determines metabolic activity and therefore the postharvest life of these crops, the extent of the 
loss of organic (reserve, dry matter) materials, loss of flavor components, production of energy, 
and heat, and aging and senescence of the tissue. 
Horticultural crops are commonly divided, according to their process of respiration into 2 
classes: 
 
Climacteric crops: those that are characterized by a sudden increase (climax) in their respiration 
activity, which coincides with the initiation of the process of maturation and ripening. Examples 
of climacteric crops include apple, apricot, avocado, banana, fig, guava, kiwifruit, mango, 
muskmelon, nectarine, papaya, passion fruit, peach, pear, persimmons, plantain, plum, tomato 
and cut flower such as carnation. 
 
Non-climacteric crops: are those that do not present a sudden increase in their respiration 
activity. Examples of non-climacteric crops include blackberry, cacao, carrot, cashew, cherry, 
cucumber, date, eggplant, grape, grapefruit, lemon, lime, loquat, okra, olive, orange, pea, pepper, 
pineapple, pomegranate, potato, prickly pear, raspberry, strawberry, summer squash, mandarin, 
watermelon.  
 
Non-climacteric products do not ripen after harvest and therefore they should be picked when 
they are fully ripened. However, climacteric crops can be ripened after harvest either naturally or 
artificially and therefore they can be picked before they are completely ripe (after they achieve 
their physiological maturation) and can be ripened after harvest. This is advantageous from the 
standpoint of long distance transport of horticultural crops, where less ripe crops can tolerate 
handling. Climacteric crops generally produce more ethylene than the non-climacteric crops.  
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Figure 3. Harvesting of grapes (courtesy of Dr. Rawia Basiouni). 

 
Mechanical harvesting. Some crops are harvested mechanically, such as nuts and some crops 
intended for processing (such as tomatoes). Mechanically harvested crops are commonly 
damaged and easily decayed and machines usually have high unit cost. Mechanical harvesting is 
done only once, and therefore harvested product may not be uniform (in ripeness, size, color, etc) 
when harvested.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Mechanical harvesting of nuts (U.C. Davis). 
 
Mechanical injury  
This is the major problem causing losses during harvesting, especially mechanical harvesting. 
Mechanical (physical) injury increases water loss, shriveling, losses of some important 
components such as vitamins, increase respiration rate, increase production of ethylene, 
facilitates infection with micro-organisms, and quality deterioration. 
 
Other important factors 
Harvesting is recommended to be done during cool hours of the day to reduce field heat, and the 
refrigeration capacity. Harvested crop should be maintained in a shaded area until it is 
transported to the pre-cooling or packing facility, or transported to the market. Maintaining the 
crop in a hot spot can significantly increase its deterioration, and reduces its life. The harvested 
crop should be transported as soon as possible to the pre-cooling or packing facility.  
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Table 3. Classification of horticultural crops according to their relative perishability and 
potential postharvest life (weeks) at optimum temperature.  
 

Perishability class Postharvest life Commodities 
Very high < 2 wks Apricot, blackberry, blueberry, cherry, 

fig, rasberry, strawberry, asparagus, 
bean sprouts, broccoli, cauliflower, 
cantaloupe, green onion, lettuce, 
mushroom, peas, spinach, sweet corn, 
ripe tomato, most cut flowers and 
foliage, minimally processed fruits and 
vegetables.  

High 2-4 wks Avocado, banana, grape (without SO2 
treatment), guava, loquat, mandarin, 
mango, honeydew melon, Persian 
melon, nectarine, papaya, peach, 
pepino, plum, artichoke, green beans, 
Brussels sprouts, cabbage, celery, 
eggplant, okra, pepper, summer squash, 
ripe tomato. 
 

Moderate 4-8 wks Some cultivars of apple and pear, grape 
(SO2 treated), orange, grapefruit, lime, 
kiwifruit, persimmon, pomegranate, 
pummelo, table beet, carrot, radish, 
potato. 
 

Low 8-16 wks Some cultivars of apple and pear, 
lemon, mature potato, dry onion, garlic, 
pumpkin, winter squash, sweet potato, 
taro, yam, bulbs and propagules of 
ornamental plants. 
 

Very low > 16 wks Tree nuts, dried fruits and vegetables 
 

 
Figure 8. Refrigerated room (Dr. Elhadi Yahia). 
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Table 2. Optimum CA storage conditions and recommendations for some pear cultivars. 
Cultivar Temp. 

ºC 
% O2 % CO2 Months Comments 

Anjou -1-0 0.5-2 < 0.5-2 5-8 Susceptible to scald 
Bartlett -1-2 1-3 0.5-3 3-6 > 0.5% CO2/1% O2 cause core browning 
Bosc -1-0 0.5-2 0-1.5 4-6  
Comice -1-0 0.5-3 < 1-3 5-6  
Conference -1-0 1.5-3 < 1-3 6-8  
 
Kiwi fruit. Storage of kiwi fruit in CA is practiced in several countries and its use is expanding. 
Optimum conditions are 1-2% O2, 3-5% CO2 at 0-5ºC. It is recommended that CA is established 
within 2 days after harvest at the latest, and ethylene concentration must be maintained below 20 
ppb to delay flesh softening and prevent incidence of white core inclusions. CA advantages include 
delayed senescence and firmness retention. O2 concentrations below 1% and CO2 concentrations 
above 7% cause injuries in the form of off-flavors and internal breakdown of the flesh.  
 
Cabbage. Cabbage is the only vegetable currently stored in CA prior to processing. Optimum O2 
(2-3%) and CO2 (3-6%) concentrations vary depending on cultivar and storage conditions. CA 
advantages for cabbage include reduced color changes, trimming loss, sprouting, and decay.  
 
Prospects for other fruits 
Excellent perspectives exist for the prolonged CA storage of other fruits such as avocados and 
bananas.  

Transport in MA/CA 
Transport of meat in MA started about 7 decades ago, and that of fruits and vegetables since about 
3-4 decades ago. The use of MA/CA can encourage the use of sea transport, since it is cheaper than 
air transport. Atmospheres for transport can be developed passively, semi-actively, or actively. 
Passive systems are MA regimes where the atmosphere is modified by fruit respiration and the 
permeability of a barrier material. In the semi-active systems, one or more gases is/are added or 
withdrawn, most commonly at the beginning, but no strict control is carried out. Active systems 
imply a strict control of the atmosphere during all transport period. The most common systems for 
transport in the last 30 years have been developed on a semi-active basis, and used for transport of 
bananas and strawberries, though usually less efficient, they are less expensive than active systems. 
 
A CA container has the same features as that of a refrigerated container, in addition to a higher level 
of gas tightness, O2 and CO2 control systems, and perhaps systems for control of ethylene and 
relative humidity (RH). CA systems for transport should be used when transport periods are long 
and/or food is very perishable. 
 
Important developments in the transport of foods in MA/CA have been accomplished in the last 15 
years. Among those are the development of better sealed containers, air separation techniques, 
better gas monitoring and control systems. Due to these developments a major increase in products, 
especially fruits and vegetables, are transported in CA by sea.  
 
The following pictures indicate a strawberry pallet being treated with modified atmosphere (from 
Dr. A.A. Kader, UC Davis), a marine transport container being prepared for MA application (Dr. 
E.M. Yahia), melons being packaged in MA, and modified atmosphere being applied to a banana 
box (Dr. E.M. Yahia).    
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PACKING 
 
Packing refers to the set of handling practices carried out to prepare the commodity for 
packaging and marketing. It includes several treatments and practices such as cleaning, washing, 
curing, sorting, sizing, waxing, fungicide treatments, packaging, palleting, etc.  
 
Packing can be done in the field or in “packing sheds” or “packinghouses” with different 
designs, depending on the type of commodity, the intended market and type of investment. There 
is no standard “packing” facility, and packinghouses can vary from a very simple shed to a very 
big and sophisticated equipped packing place. However, several basic requirements should 
always be available. The site should protect the crop from heating and physical injury, and 
preferably should provide workers with a comfortable working environment. The packing site 
should be located where there is accessibility to roads and markets, and other needed services. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Trimming grapes during packing (Dr. Rawia Basiouni). 
 
Field packing 
Field packing is commonly practiced for several crops such as lettuce, strawberries, green 
onions, celery, and grapes, among others. This type of packing, which is done either right at the 
site of the plant (as is the case for lettuce and strawberries) or at the end of the line or orchard as 
in the case of grapes, is very popular due to several advantages. It significantly reduces handling 
damages during transport and all other further postharvest chain processes. During this packing 
system, the crop is commonly selected, sized, trimmed, and packaged in shipping containers or 
even in consumer packages (as in the case of strawberries). This shipping system also reduces 
initial investment compared to packing in an established packinghouse. There is a tendency to 
increase the use of field packing.  
 
However, field packing has some disadvantages such as difficulties for managing quality control, 
and for providing a comfortable work environment for labors. In addition, there are some 
postharvest practices and treatments that can not be implemented in this system such as waxing, 
quarantine systems, etc.  
 
 
Location of the packing facility 
The selection of the site of the packing facility is essential. Several important factors should be 
considered, including: 
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Figure 4. Packing of dates in carton boxes (Dr. Elhadi Yahia) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Packing of  bananas in carton boxes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. Packing potatoes in carton boxes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure7. Stacking grapes packages (Dr. Rawia Basiouni). 
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Figure7. Stacking grapes packages (Dr. Rawia Basiouni). 
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Sacks are commonly used because of their low prices, availability, easy handling, commonly 
used multiple times, and occupy a small space to be shipped for re-use. However, sacks as 
packages have several disadvantages. Sacks are not commonly washed or cleaned when used 
several times, and therefore they can be a source of decay organisms. Sacks do not provide a 
good protection for fresh horticultural crops, especially the perishable ones. Mechanical injuries 
caused by sacks as packages, especially compression damage, are very common. Most 
commonly used sacks are too large to be handled by one person. For example sacks used for 
potatoes in some developing countries are of 85 Kg, which are much beyond the handling 
capacity of one person.  
 
Baskets. Baskets are commonly used in developing countries. Traditional round wicker type 
baskets have several sizes and capacities from about 3 kg to more than 70 kg, and are made from 
different materials such as bamboo, jute, willow, or straw. Baskets are usually cheap, and 
materials are commonly available locally. However, they have several disadvantages in relation 
to the handling of fresh horticultural crops. Their sizes are usually big which makes them 
extremely difficult to be handled by one person, and promotes losses of the product. In addition, 
their round shape makes the use of space in storage and transport systems very difficult and 
extremely inefficient. Injuries and losses of fresh horticultural crops packaged in baskets are the 
highest among all other types of packages. This is especially obvious during transport and piling 
of baskets on top of each other.  
 
Wooden crates. Wooden crates of different sizes and forms are widely used for the packaging of 
horticultural crops. Most field boxes for apples and many shipping containers for several crops 
are made of wood. These have several advantages including their excellent stacking force, and 
excellent protection from compression damage, resistance to weather conditions including water, 
and can be re-used. However, the rough surface of wooden boxes can cause injuries such as cuts 
and abrasions when they are not made adequately, and non treated wood becomes easily 
contaminated with decay. Wooden boxes are not easily labeled, and therefore crops packaged in 
wooden crates are not well promoted. Liners can be used to reduce injuries caused by these 
packages. Wooden crates and boxes also present an environmental problem (deforestation). 
 
Fiberboard (corrugated cardboard) cartons. These are increasingly used for packaging of 
fresh horticultural crops. There are practically no standard sizes or shapes in the world markets, 
although several intents have been made to develop such standards. They can be of solid or 
corrugated fiberboard, and with different thickness and stacking force. Fiberboard cartons have 
several advantages. They are light in weight, have smooth surface and therefore they do not 
cause excessive injuries, can be easily manufactured in different sizes, shapes, and strength, and 
can be easily labeled in different colors making them very attractive. In addition, these packages 
are biodegradable. However, fiberboard boxes can easily absorb water which can decrease their 
strength, unless they are waxed. Stacking force can be improved by using adequate materials and 
thickness, waxing of the material, the use of internal separators, or by using half or full 
telescopic boxes. Fiberboard boxes are the common packages used for the export market.  
 
Plastic crates. Plastic crates are made in different sizes and shapes. They are commonly used as 
field containers, having a capacity of 14-20 kg. Plastic crates have advantages over wooden 
crates in that they have a smoother surface, and can be cleaned much easier. Lately some designs 
are available for re-usable plastic containers.  
 
Plastic films and bags. The use of plastic films and bags for the packaging of fresh horticultural 
crops is increasing all over the world. Plastic types used are variable such as polyethylene (low 
and high density), polypropylene, polystyrene, etc. These packages are made in different shapes 
and sizes and colors depending on the type of crops and the purpose of use. Plastic films and 

bags have differential permeabilities for gases and water vapor, and therefore they can serve to 
reduce water loss and may provide a modified atmosphere around the packaged crop. However, 
care should be taken to select the appropriate film (appropriate permeability) in order to avoid 
the condensation of water inside the package, and/or the creation of an anaerobic atmosphere. 
Plastic materials are also been used as liners inside the packages. 
 
Paper bags. The use of paper bags has decreased lately as packages, but they are still been used 
as liners and dividers to reduce produce rubbing. Some colorful paper tissues are some times 
used to make the crop more attractive, or may even contain a fungicide to prevent against certain 
decay organisms.  
 
 
 
Choosing the right package 
The right package should be chosen on the basis of: 
Type and perishability of the product. The 
package should protect the product and not causing 
injury to it. 
Type of market. Different markets require specific 
packages. The package should never detract from 
the quality of the product, but rather it should add to 
it. Packages usually add to the cost, but that can be 
done in a way which can increase profitability. 
Safety measures. The packages should not 
contaminate the product, and therefore it is 
recommended to use packages that were not meant 
for perishable foods.  
Size and weight. The package should be handled 
easily by one person, and never beyond his capacity. 
Facilitate cooling. The used package should facilitate the cooling of the product, and never 
causes its heating. Facilitate the ventilation for exchange the gases. 
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In many developing countries, land transport is done with open non-refrigerated trucks. These 
are sometimes managed inadequately. The produce is loaded in ways which promotes major 
problems such as, inadequate transport containers, inappropriate stacking, inadequate packages, 
very rough loading methods, poor or non existing air circulation, heating and mechanical injury 
to the produce. This system must be changed, if food losses are to be reduced. Non-refrigerated 
transport must be improved by reducing the transported load, improving the stacking system, 
avoid heating and mechanical damage to the produce. Refrigerated containers should be 
increased. 
 
Enclosed vehicles are suitable for short journey, and often used for urban retail delivery. Open 
pick-ups and open trucks are common for road transport in developing countries. Natural 
ventilation is always sufficient to prevent heating during short distance transport; however, for 
long distance transport this may not be adequate, and thus refrigerated vehicles become 
necessary.  
 
There is a tendency, especially in some developing countries, to use refrigerated containers for 
pre-cooling of produce, which is not very effective due to insufficient refrigeration capacity Fig 
(1). In other cases, in some developing countries, refrigerated containers are used as permanent 
storage space especially in wholesale markets, which is also not very effective, especially if the 
refrigerated container is old and deteriorated.  

 

 
Figure 1. Refrigerated transport vehicle (Dr. Elhadi Yahia). 

 
Railroad transport 
This transport system can provide smooth ride, relatively inexpensive, even though it is slower 
than other transport systems (mainly road transport), and less versatile. However, this system of 
transport is declining significantly all over the world, although the increasing cost of fuel may 
revive interests for its use.  
 
River transport 
River transport is commonly used in several countries especially in Asia. This system can be 
slow, and it is commonly non-refrigerated.  
 
Sea transport 
Sea transport of horticultural crops has increased very significantly all over the world. This is 
due to the significant increase in horticultural crop trade, and its low cost compared to air 
transport Fig (2a, 2b). 

 
This transport system is usually used for long distances, and therefore it is not adequate for very 
perishable crops. 
 
Reefer vessels are mostly refrigerated, with adequate air circulation system, and controllable 
rates of air-exchange. Capacity of reefer vessels is usually high (2000-4000 tons or more).  
Reefer or intermodal containers are specialized form of sea transportation and their use is 
increasing in world trade of fresh horticultural crops. These are of standard size of 8 (wide) x 8.5 
(high) feet cross section, and 10, 20, 30, or 40 feet long. The most commonly used containers are 
those of 20 and 40 feet. Refrigeration of the container is either independent powered electrically 
by the container vessel (integral containers), or provided entirely by vessel system (porthole 
containers). Most of containers for fresh fruits and vegetables are constructed with bottom 
(vertical) air delivery. Reefer containers have several advantages such as they can be loaded at 
the packinghouse, reduction in handling losses, independent temperature control, and possibility 
for the use of modified and controlled atmospheres. However, they can be expensive, 
unavailability of handling facilities for containers in some ports, require special lifting 
equipments, possibility for damages, and delayed returns of the containers. 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

  Figure 3. View of a sea port showing                                 Figure 2. Marine transport.  
handling of containers (Dr. Elhadi Yahia). 
 
 
 
Air transport 
Air transport is still mostly done on passenger airplanes with very little quantities of fresh 
horticultural crops been carried on cargo planes. This system is relatively fast and therefore it is 
suitable for very perishable crops (such as berries and flowers) and that of high value; however 
its cost is still very high.  
 
Equipments available for this system include air cargo containers, and air cargo pallets with 
netting.  
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increasing in world trade of fresh horticultural crops. These are of standard size of 8 (wide) x 8.5 
(high) feet cross section, and 10, 20, 30, or 40 feet long. The most commonly used containers are 
those of 20 and 40 feet. Refrigeration of the container is either independent powered electrically 
by the container vessel (integral containers), or provided entirely by vessel system (porthole 
containers). Most of containers for fresh fruits and vegetables are constructed with bottom 
(vertical) air delivery. Reefer containers have several advantages such as they can be loaded at 
the packinghouse, reduction in handling losses, independent temperature control, and possibility 
for the use of modified and controlled atmospheres. However, they can be expensive, 
unavailability of handling facilities for containers in some ports, require special lifting 
equipments, possibility for damages, and delayed returns of the containers. 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

  Figure 3. View of a sea port showing                                 Figure 2. Marine transport.  
handling of containers (Dr. Elhadi Yahia). 
 
 
 
Air transport 
Air transport is still mostly done on passenger airplanes with very little quantities of fresh 
horticultural crops been carried on cargo planes. This system is relatively fast and therefore it is 
suitable for very perishable crops (such as berries and flowers) and that of high value; however 
its cost is still very high.  
 
Equipments available for this system include air cargo containers, and air cargo pallets with 
netting.  
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Figure 2. Freezing injury in potato (Dr. A.A. Kader). 
 
 
 

Table 1. Examples of crops insensitive to chilling injury and their optimum holding 
temperatures. 
______________________________________________________________ 
Crop    Temperature (°C) 
_______________________________________________________________ 
Vegetables:  
Beet    0 
Broccoli   0 
Carrots    0 
Celery    0 
Garlic    0 
Globe artichoke  0 
Lettuce   0 
Onions    0 
Parsley    0 
Radish    0 
Spinach   0 
Sweet corn   0 
 
Fruits: 
Apricot   -0.5 – 0 
Blueberries   -0.5 – 0  
Cashew apple   0-2 
Fresh figs   -0.5 – 0 
Grapes    -0.5 – 0 
Kiwifruit   0 
Loquat    0 
Peach    -0.5 – 0 
Pear (American)  -1.5 – 0.5 
Pear (Asian)   1 
Plums and prunes  -0.5 – 0 
Sweet, sour Cherries  0 
Strawberries   0 
 

 
Figure 3. Chilling injury in tomato (Dr. A.A. Kader). 

 
Table 2. Examples of chilling sensitive crops and their optimum holding temperatures. 
_______________________________________________________________ 
Crop    Temperature (°C) 
_______________________________________________________________ 
 
Vegetables:  
Bell pepper   7-10 
Cucumber   10-12 
Eggplant   8-12 
Ginger    13 
Hot peppers   5-10 
Melon, casaba   7-10 
Melon, Crenshaw  7-10 
Melon, Honeydew  5-10 
Okra    7-10 
Summer squash  7-10 
Tomato    7-13 
Sweet potato, yam  13-15 
Winter squash   12-15 
Water melon   10-15 
 
Fruits: 
Avocado (Hass)  3-7 
Bananas   13-15 
Cherimoya, custard apples 13 
Grapefruit    10-15 
Guava    5-10 
Jackfruit   13 
Lemon    10-13 
Mango    10-13 
Papaya    7-13 
Passion fruit   10 
Pineapples   7-13 
Plantains   13-15 
Pommelo   7-9 
Rambutan   12      
Sapodilla   15-20 
Sugar apples, custard apples 7 
Yam    15 
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Figure 6. Different physiological disorders in apples (Dr. A.A. Kader). 

 

 
Figure 7. Oil Spotting in lemons (Dr. A.A. Kader). 

 
Heat injury 
Exposure of horticultural crops to high temperatures (such as during exposure to direct sunlight, 
or during non refrigerated storage or transport) can increase their temperature very significantly 
and can cause major qualitative and quantitative losses. Temperatures higher than optimum will 
increase the activity of the metabolism and will shorten the life of the fruit. Several fruits will fail 
to ripen after exposure to 35-40ºC (due to inhibition of ethylene synthesis). Higher temperatures 
will cause the death of the tissue.  
 
Mineral nutritional disorders  
Several disorders can appear in fruits and vegetables before or after harvest due to nutrient 
deficiency, such as: 
 
Calcium deficiency disorders. Some of the common disorders due to calcium deficiency 
include bitter pit of apples, cork spot of pears, blossom end rot of tomatoes and blackheart of 
cabbage. Bitter pit is a very serious disorder that causes major losses, and usually appears after a 
certain period in storage. Apple cultivars differ in their susceptibility to this disease. Control 
measures for bitter pit include selection of resistant cultivars, preharvest and postharvest 
application of calcium, harvesting at optimum maturity and use of controlled atmospheres. 
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Boron deficiency disorders. This disorder commonly appears as cork-like areas in the flesh of 
some fruits, usually at harvest, and can be prevented with the application of borax sprays. 
 
Storage disorders 
Several disorders are associated with long-term storage such as superficial scald and water core 
in apples. Superficial scald is caused by the oxidation of alpha-farnesene, and can be avoided by 
the application of antioxidants such as diphenylamine and ethoxyquin. 
 
Ethylene disorders 
Several disorders are caused by ethylene including toughness of asparagus spears, loss of green 
color in many fruits and vegetables, bitter flavor in carrots, russet spotting in lettuce, sprouting in 
potatoes, etc.  
 
Disorders due to toxic chemicals 
Several chemicals, used during the handling of horticultural crops, can cause disorders. These 
chemicals include chlorine, ammonia, SO2, methyl bromide, Ca2Cl, etc. Symptoms usually 
appear as dark spots on the surface of the product due to the death of the tissue.  
  

 
Figure 8. Greening in potato tuber (Dr. A.A. Kader). 
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Figure 3. Some pomegranate postharvest diseases (Dr. Elhadi Yahia). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Some melons postharvest diseases  (Dr. A.A. Kader). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Some strawberry postharvest diseases (Dr. A.A. Kader). 
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be adequate in some cultivars. For some bi-colored apples, background color is considered an 
important harvest index. It is important to keep in mind that no single maturity index is 
appropriate for all cultivars, and therefore a combination of indices should be used. 

Other indices such as flesh firmness and total soluble solids content (TSS) are quality 
indicators rather than maturity indicators, as they are greatly influenced by orchard factors. 
During fruit maturation firmness falls and sugar content continues to increase, and they provide 
information that can be important to fruit performance in storage. 
 

 
Figure 2. Apple packing in Jordan (Dr. Elhadi Yahia). 

 
 
Packaging  

Fruit sizing is usually carried out by weight or diameter but is independent of grade. 
Requirements for fruit size vary greatly by market, but in general larger sizes bring greater 
returns. Apples are most often packed on 4 to 5 soft fiberboard trays made from recycled 
newspaper. In some cases, the tray may be made of soft polystyrene. Cartons are often un-
vented, however, un-vented cartons on pallet stacks will cool slowly, detrimentally affecting 
product storage life and quality. A two-layer carton that is wider, known as the 60 x 40 pack, is 
becoming more common in some countries, with 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 available in polyethylene consumer of 1-5 kg. Shrink-wrapped packages 
reduce the time consumers spend in the produce section, and also reduce loss caused by 
consumer sorting and handling of individual fruit. 

 
Physiological disorders 

Several physiological disorders affect apple fruit, but susceptibility varies by variety, pre-
harvest factors and postharvest conditions. They can be classified as: 

 

 
Figure 3. Apple packages (Dr. Elhadi Yahia). 

 
Watercore is an important disorder that develops before harvest, in which intercellular air spaces 
in the core and cortical tissues become filled with a liquid, predominantly sorbitol. Commonly 
the presence of this disorder is associated with advanced fruit maturity and low night 
temperatures prior to harvest, but sometimes it can occur as a result of heat stress. Presence of 
watercore in fruit at harvest creates problems in certain varieties such as Delicious because fruit 
with moderate or severe watercore can develop breakdown during storage. Severely watercored 
fruit should not be stored in controlled atmosphere (CA) storage because the breakdown will 
develop over time.  
 
Bitter pit is another important apple disorder that can develop on the tree or during storage. It is 
characterized by development of discrete pitting of the cortical flesh. The pits may occur 
predominantly near the surface or deep in the cortical tissue. The incidence and severity of bitter 
pit depends on the variety, harvest date and climate In susceptible varieties, harvest of less 
mature fruit, excessive pruning, high temperatures and/or droughty conditions during the 
growing season can result in higher incidence. Effects of climatic conditions are at least partly 
related to low calcium concentrations in the fruit. Prediction of risk based on mineral (mainly 
low calcium) content at harvest or infusion of magnesium is an important prevention strategy. 
Rapid cooling, CA storage, and application of postharvest calcium drenches may reduce its 
occurrence. Recommended rates for application of calcium vary by variety and region. 
Preharvest applications of calcium can be far more effective than postharvest drenching for 
increasing calcium concentration in fruit calcium and reducing bitter pit. 
 
Senescent breakdown occurs during storage mainly due to harvesting over-mature fruit and/or 
fruit with low calcium content, and can be increased by storing fruit at higher than optimal 
temperatures. The incidence of this disorder can be reduced by harvesting fruit at a less mature 
stage, drenching with calcium before storage, rapid cooling and reducing storage duration.  
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Superficial or storage scald is a physiological disorder associated with long-term storage, and 
susceptibility depends on variety, climate, and harvest date. Diphenylamine (DPA) is an 
effective control and is usually applied with a fungicide to reduce decay incidence, and calcium 
salts may also be included at the same time to reduce bitter pit or senescent breakdown. 
Ethoxyquin is no longer permitted for use on apples. Low levels of O2 and low ethylene in CA 
storage can reduce the risk of scald developing. 
 
Soft scald is characterized by irregular but sharply defined areas of soft, light brown tissue that 
may extend into the cortex, and susceptibility depends on variety and climate. Over-maturity 
‘Golden Delicious’ apples can induce the disorder. Storing fruit at slightly higher temperatures 
(3°C) can sometimes control the disorder. DPA may also reduce incidence of soft scald.  
 
Low temperature breakdown, brown core and internal browning are chilling related disorders.  

 

 
                        Figure 4. Bitter pit                                                    Figure 5. Apple scald  
          (Source: Dr. A. Kader, U.C. Davis)                             (Source: Dr. A. Kader, U.C. Davis) 
 
 
Low O2 injury in apples can cause loss of flavor and fermentation, which may be eliminated if 
problem is identified soon enough and severe injury has not occurred. Injury symptoms range 
from purpling or browning of the skin in a red colored variety, to development of brown soft 
patches resembling soft scald, to abnormal softening and splitting of fruit. CO2 injury can be 
expressed as wrinkled, depressed colorless or colored areas restricted to the skin surface, mostly 
on the greener side of the fruit, and also as brown heart and/or cavities in the flesh. DPA can 
reduce the incidence of CO2 injuries. 
 
Postharvest diseases 
Some of the pathogens that can infect fruit in the field but remain latent or quiescent until after 
harvest include Colletotrichum species that cause bitter rot, Botryosphaeria species that cause 
black rot and white rot, and Pezicula malicortis that cause bull’s eye rot. Important postharvest 
diseases in apples include blue mold caused by Penicillium species and gray mold caused by 
Botrytis cinerea, blue mold being the most common and destructive. Penicillium invades the 
fruit primarily through cuts, stem punctures, and bruises. Field control is done using fungicides 
and other pre-harvest disease management strategies. Blue mold and gray mold can be controlled 
with the applications of thiabendazole (TBZ), benomyl, and thiophanate-methyl, although the 
use of benomyl and thiophanate-methyl is not allowed anymore. TBZ is usually applied 
immediately after harvest in combination with the antioxidant DPA, and a second time as a line 
spray or in wax as apples are packed. Captan is moderately effective for controlling P. expansum 
and B. cinerea, but captan residues are not acceptable in some markets. Some biocontrol agents 
can be effective, but they generally cannot provide eradicant activity against established 

infections. Good sanitation, careful fruit handling, reduced mechanical damage, rapid postharvest 
cooling, and storage at recommended temperatures can reduce postharvest decays. 
Cooling and storage conditions 
Apple fruit respond dramatically to both temperature and 
atmosphere modification and control. The rate of cooling of 
apple fruit affects retention of quality, but its importance varies 
according to variety, harvest maturity, nutritional status of the 
fruit and storage. It is very important to rapidly cool apple 
varieties that mature in the early part of the harvest season 
(summer varieties) since they will soften more rapidly than 
those that mature in the later part of the harvest season. Within 
a variety, apples tend to soften more rapidly at later stages of 
maturity than earlier stages. Effects of slow cooling are 
magnified as storage length increases. For example, a 1-day 
delay at 21°C before cooling results in a 7 to 10 day loss of 
storage-life for ‘McIntosh’ apples.  The effects of delays before 
cooling of fruit, irrespective of timing of CA establishment, are 
shown for ‘Empire’ apples in Table 1.                                              Figure 6. Grey mold on apples 

      (Source: U.C. Davis) 
 
 
Table 1.  Effect of cooling rate on firmness of rapid CA Empire apples.  

Days to cool to 0ºC Days from Harvest to 3% 
O2 

Flesh firmness (N) at 
removal from CA 

1 4 63 
7 4 58 
14 4 52 
 
Apple fruit can be cooled by room cooling, forced-air cooling, or hydro-cooling. Forced-air 
cooling and hydro-cooling systems are very efficient to rapidly reduce fruit temperatures, but 
they are not widely used for apples.  Room-cooling is the predominant method, although this 
method is slow and inefficient. Rapid cooling is often difficult to accomplish when rooms are 
filled rapidly and refrigeration capacity was not designed for a large fruit load. This problem can 
be overcome by loading fruit into a number of rooms for pre-cooling before moving into long-
term storage, or to load only the quantity that can be handled by the refrigeration system of the 
room. When refrigeration capacity is a limiting factor, no more than two stacks of bins should be 
placed across the width of the storage room each day, and that should be reduced to one stack if 
the air temperature in the room is not down to 0 °C by the next morning.  
The recommended conditions for commercial storage of apples are -1 °C to 4 °C and 90 to 95% 
RH, depending upon variety (Table 2).  
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Controlled atmosphere (CA) 
Apples are the most important horticultural commodity stored under CA conditions. The gas 
composition and storage temperature conditions are specific depending on variety, growing 
region, and sophistication of the equipment available for monitoring and controlling the 
atmospheres. Safe low O2 concentration depends on cultivar and region. For example, Delicious 
apples from British Columbia, Canada can be stored safely at 0.7% allowing control of 
superficial scald without use of diphenylamine (DPA), but fruit of the same cultivar from other 
growing regions may show injury when stored at these low O2 levels. Temperatures should be 
increased for fruit stored in low O2 CA, because lower temperatures increase risk of low O2 
injury. Low ethylene CA storage (< 1 ppm or 1 µL L-1) was used in New York State for storage 
of the naturally low ethylene-producing ‘Empire’ apple, but it has been replaced by low O2 
storage. Very low (0.25 to 0.5%) O2 concentration for up to 2 weeks can control superficial scald 
in some cultivars. High CO2 (15 to 20%) treatments before application of CA storage were used 
for maintenance of firmness of ‘Golden Delicious’ apples in some regions. 
 
1-Methylcyclopropene (1-MCP) 
1-MCP can reduce softening, yellowing, respiration, loss of titratable acidity, and development 
of several physiological disorders, however it can also inhibit volatile production, and this effect 
depends on type of cultivar and fruit maturity. 
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Table 2.  Storage characteristics of several apple varieties. 

Variety Potential 
storage life at 
0ºC, months 

Susceptibility 
to scald 

Comments 

In air In CA 
Braeburn 3-4 8-10 Slight Sensitive to CO2. 
Cortland 2-3 4-6 Very high Temperature sensitive; McIntosh 

conditions preferred; Scald inhibitor 
essential. 

Delicious 3 12 Moderate to 
very high 

Sensitive to CO2 > 2%; Scald 
inhibitor essential. 

Empire 2-3 5-10 Slight Avoid late harvest; Temperature 
sensitive; Scald inhibitor not 
required. CO2 sensitive. 

Fuji 4 12 Slight Late harvested fruit may be CO2 
sensitive. 

Gala 2-3 5-6 Slight Loses flavor during storage. 
Golden 
Delicious 

3-4 8-10 Slight Susceptible to skin shrivel. 

Granny Smith 3-4 10-11 Very high Sensitive to CO2. 
Idared 3-4 7-9 Slight Temperature sensitive; Tolerant to 

orchard freezing damage. 
Jonagold 2 5-7 Moderate Avoid late harvest; May develop 

scald. 
Jonamac 2 3 Moderate Loses flavor during storage. 
Law Rome 3-4 7-9 Very high Scald inhibitor essential. 
Macoun 3 5-7 Slight Can be stored with McIntosh. 
McIntosh 2-3 5-7 Moderate CO2 sensitive; Normal storage is 

sometimes shortened by excessive 
flesh softening; Scald inhibitor 
recommended in regions other than 
the Champlain. 

Mutsu 3-4 6-8 Slight Green apples have low eating 
quality. 

Spartan 3-4 6-8 Slight Can be susceptible to high CO2.  
Susceptible to skin shrivel at 36 to 
38 °F. 

Stayman 2-3 5-7 High Will tolerate CO2 up to 5% but 
usually stored in 2 to 3% CO2.  
Scald inhibitor essential.  
Susceptible to skin shrivel. 

     
Most apple cultivars are not sensitive to chilling injury and storage at the lowest possible 
temperature (0°C) is important to maintain fruit quality (firmer and greener fruit), but some 
varieties (such as McIntosh) are sensitive to chilling and can develop core browning, soft scald 
and internal browning when held at temperatures below 3 °C. Low temperature disorders are 
typically developed when fruit are kept for more than several months, and therefore the risk of 
low-temperature injury are low for fruit kept for short period (2 to 3 months). Varieties that are 
susceptible to low temperature injury should be stored at 2 to 3°C.   
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Controlled atmosphere (CA) 
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Apricots are commonly hand harvested, placed into picking bags or plastic totes.  Half bins (up 
to 200 kg of capacity) are some times used in some countries to collect harvested fruit in the 
field. 
 
Packaging  
Fruit is commonly packaged in single and double layered trays, or volume-filled (about 10 kg 
net).   
 
Optimum storage conditions  
Apricots can be kept for 1-4 weeks, depending on cultivar, at -0.5 to 0ºC and 90-95% RH, 
although the fruit is seldom stored commercially in large quantities.  Controlled atmospheres (2-
3% O2 + 2-3% CO2) can retain fruit firmness and ground color, although only have very 
moderate commercial benefits and are not used commercially for storage but may be used for 
transport. Oxygen concentration should not be lower than 1% as it may result in development of 
off-flavors, and CO2 concentration should not be higher than 5% to avoid flesh browning and 
loss of flavor, especially when transport period is more than 2 weeks.  
 
Physiological disorders 
Chilling injury (gel breakdown) in sensitive cultivars can be expressed as gel breakdown, flesh 
browning and loss of flavor, and it develops more rapidly at 2.2 to 7.6ºC than at 0ºC. This 
disorder is characterized in early stages by the formation of water-soaked areas that subsequently 
turn brown, and breakdown of the tissue is sometimes accompanied by sponginess and gel 
formation. Therefore, storage and transport at 0ºC is important to minimize incidence and 
severity of chilling injury on susceptible cultivars.  
 
Pit burn is a disorder, where the flesh tissue around the stone softens and turns brown when the 
fruit is exposed to temperatures above 38ºC before harvest, and the injury increases with higher 
temperatures and longer exposure durations. 
 
Postharvest diseases   
Brown rot, caused by Monilia fructicola, is the 
most important postharvest disease of apricot, 
where infection begins during flowering, and fruit 
rots may occur before harvest, but often occur 
after harvest.  Control measures include orchard 
sanitation to minimize infection sources, pre-
harvest fungicide application and fast cooling 
after harvest. 
 
Rhizopus rot, caused by Rhizopus stolonifer, 
occurs frequently in ripe or near-ripe fruit held at 
20 to 25ºC, and it can be controlled by fast 
cooling to 4ºC or lower and holding at a 
temperature as close as possible to 0ºC.     Figure 3. Apricot fruit infested  

     with fruit fly. 
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Transport to the packinghouse  
Bananas are transported to the packinghouse as bunches. It is very important to reduce physical 
injury to the fruit during harvesting and transport. In small operations, bunches should be 
transported in one single layer, and with adequate material that can serve as a cushion. In bigger 
operations, bunches are transported with the use of different systems of cableways. The bunches 
are attached to the cable by its base, and should be separated by spacer bars to prevent their 
contact.  
 
Packing and packaging  
Upon arrival to the packinghouse, the fruit should be inspected for finger fullness and length, 
bruises, blemishes, scars, insect attacks, and decay. Only fruits that meet the quality grades 
should be accepted and packed. Inferior quality fruit can be sent for processing.  
 
Bananas are then dehanded using a sharp curved knife, and immediately placed in a water tank 
(Figure 3). Water is needed to coagulate the exuded latex and thus reduce the staining. In 
addition, water serves to eliminate dust and dirt, and partially cools the fruit. Fruit is commonly 
placed in a second water tank for 10 to 15 minutes to further eliminate the latex.  
 
 
 
 
 
 
 
 
 
 

Figure 3. Washing banana for packing (Dr. Elhadi Yahia) 
 
Antioxidants and/or a fungicide can be added to the second water tank to reduce oxidation 
(darkening) of the cut surfaces and the development of decay organisms. Thiabendazole and 
Imazalil are the commonly used fungicides for banana. Sodium hypochlorite at a concentration 
of 75 to 125 ppm is also commonly added to the water to reduce decay organisms. Water should 
be changed regularly to avoid the increase of inoculum. Chlorine concentration in the water 
should be monitored regularly using indicator papers. Fungicides can also be added separately 
after washing either as spray or dip.  
 
The most common package used for banana is a corrugated fiberboard carton lined with 
polyethylene, with a capacity of 18 kg. Boxes are then palletized and either stored in a cold 
room, or loaded into a pre-cooled transport container.  
 
Optimum conditions for storage and transport  
Optimum holding temperature is 13-14oC and optimum relative humidity is 85-90%. 
Maintaining adequate air circulation during storage and transport is very important to maintain 
adequate and uniform temperature and gas concentration.  
 
Modified and controlled atmospheres  
Modified (MA) and controlled (CA) atmospheres are very effective for delaying the ripening and 
for prolonging the postharvest life of mature-green bananas. These techniques are commonly 
used, especially during marine transport of bananas. The most common technique used is called 
"Banavac", which comprises in packing the fruit in a polyethylene liner of about 0.04 mm 
thickness, then the bag is evacuated, commonly using a house vacuum cleaner, and sealed. Only 

green fruit should be used, and it is essential to avoid punctured bags. Ideal gas concentrations 
are 2-5% O2 and 2-5% CO2.  MA and CA reduce respiration and ethylene production rates. 
Potential postharvest life of mature-green bananas are 2-4 weeks in air and 4-6 weeks in MA/CA 
at 13-14oC. It is important to avoid the exposure of fruits to concentrations less than 1 % 02 
and/or higher than 7% CO2, which may cause fermentation, undesirable texture and flavor.  
 
Chilling injury  
Bananas are very sensitive to chilling injury (CI), when the fruit is exposed to temperatures 
below 13oC. CI symptoms include surface discoloration, dull or muddy color (instead of the 
bright yellow color), subepidermal tissues reveal dark-brown streaks, failure to ripen, and flesh 
browning, in severe cases. CI symptoms can appear after exposure to low temperature for a few 
hours to a few days, depending on cultivar, conditions and handling practices before harvest, 
maturity stage, and temperature. For example, moderate chilling injury will result from exposing 
mature-green bananas to one hour at l0oC, 5 hours at 11.7oC, 24 hours at l2.12oC or 72 hours at 
12.8oC  (Figure 4). Low temperature injured fruits become very sensitive to mechanical injury.  
 

 
Figure 4. Effect of temperature on banana fruit (Dr. A.A. Kader) 

 
Postharevst diseases  
Important pathological disorders that can affect banana fruit include crown rot, anthracnose, 
stem-end rot, and cigar-end rot. Crown rot is caused by one or more of the following fungi: 
Thielaviopsis paradoxa, Lasiodiplodia theobromae. Colletotrichum. musae, Deightonjella 
torulosa, and Fusarium roseum. These attack the cut surface of the hands, and the fungi grow 
from the rotting hand tissue into the finger neck, and down into the fruit. Anthracnose is caused 
by Colletrichum musae, and becomes evident as the bananas ripen, especially in wounds and 
skin splits. Stem-end rot is caused by Lasiodiplodia theobromae and/or Thielaviopsis paradoxa, 
which enter through the cut stem or hand. The invaded flesh becomes soft and water-soaked. 
Cigar end rot is caused by Verticillium theobromae and/or Trachysphaera fructigena, where the 
rotted portion of the banana finger becomes dry and tends to adhere to the rest of the fruit, and 
appears as the ash of a cigar.  
 
Ripening  
Banana should be green and firm on arrival to destination. Ideal conditions for artificial ripening 
are as follows:  
Temperatures: 15-20oC.  
Relative humidity: 90-95%  
Ethylene concentration: l00-150 ppm, which can be provided using ethylene cylinders or 
Ethylene generator (Figure 5). 
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green fruit should be used, and it is essential to avoid punctured bags. Ideal gas concentrations 
are 2-5% O2 and 2-5% CO2.  MA and CA reduce respiration and ethylene production rates. 
Potential postharvest life of mature-green bananas are 2-4 weeks in air and 4-6 weeks in MA/CA 
at 13-14oC. It is important to avoid the exposure of fruits to concentrations less than 1 % 02 
and/or higher than 7% CO2, which may cause fermentation, undesirable texture and flavor.  
 
Chilling injury  
Bananas are very sensitive to chilling injury (CI), when the fruit is exposed to temperatures 
below 13oC. CI symptoms include surface discoloration, dull or muddy color (instead of the 
bright yellow color), subepidermal tissues reveal dark-brown streaks, failure to ripen, and flesh 
browning, in severe cases. CI symptoms can appear after exposure to low temperature for a few 
hours to a few days, depending on cultivar, conditions and handling practices before harvest, 
maturity stage, and temperature. For example, moderate chilling injury will result from exposing 
mature-green bananas to one hour at l0oC, 5 hours at 11.7oC, 24 hours at l2.12oC or 72 hours at 
12.8oC  (Figure 4). Low temperature injured fruits become very sensitive to mechanical injury.  
 

 
Figure 4. Effect of temperature on banana fruit (Dr. A.A. Kader) 
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stem-end rot, and cigar-end rot. Crown rot is caused by one or more of the following fungi: 
Thielaviopsis paradoxa, Lasiodiplodia theobromae. Colletotrichum. musae, Deightonjella 
torulosa, and Fusarium roseum. These attack the cut surface of the hands, and the fungi grow 
from the rotting hand tissue into the finger neck, and down into the fruit. Anthracnose is caused 
by Colletrichum musae, and becomes evident as the bananas ripen, especially in wounds and 
skin splits. Stem-end rot is caused by Lasiodiplodia theobromae and/or Thielaviopsis paradoxa, 
which enter through the cut stem or hand. The invaded flesh becomes soft and water-soaked. 
Cigar end rot is caused by Verticillium theobromae and/or Trachysphaera fructigena, where the 
rotted portion of the banana finger becomes dry and tends to adhere to the rest of the fruit, and 
appears as the ash of a cigar.  
 
Ripening  
Banana should be green and firm on arrival to destination. Ideal conditions for artificial ripening 
are as follows:  
Temperatures: 15-20oC.  
Relative humidity: 90-95%  
Ethylene concentration: l00-150 ppm, which can be provided using ethylene cylinders or 
Ethylene generator (Figure 5). 
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Figure 5. Ethylene generator for banana ripening (Dr. Elhadi Yahia). 

 
 
Ethylene is applied, preferably every 12 hours, for 24 to 72 hours depending on fruit maturity 
stage, and desired speed of ripening. Ripening rooms should be well ventilated before each 
ethylene addition. Carbon dioxide concentration should be kept below 1% to avoid ripening 
inhibition. Ripening rooms should be well insulated and sufficiently airtight. Adequate air 
circulation is needed to provide uniform temperature, and to eliminate the build- up of gases 
(ethylene and CO2). The ripening process should be controlled depending on the initial stage of 
maturity of the fruit, the desired final maturity stage, the market demand, and the consumer 
preference. These aspects can be easily controlled by manipulating the temperature, ethylene 
concentration, and exposure duration (Table 1).  
 
Ethylene at a concentrations of 3 to 34% in air by volume (30,000 ppm or higher) is explosive. 
The maximum concentration needed for ripening is very low compared to the explosive range, 
but care should be taken to secure its safe use.  
 
Table 1. Temperature program for different ripening duration.  

Dayes 1  2  3 4 5 6 7  8  
4-days schedule  17.8oC  17.8oC  16.7oC 15.6oC     
5- days schedule  16.7oC  16.7oC  16.7oC 16.7oC 15.6oC    
6- days schedule  16.7oC  16.7oC  15.6oC 15.6oC 15.6oC 14.4oC   
7- days schedule  15.6oC  15.6oC  15.6oC 15.6oC 15.6oC 14.4oC 14.4oC   
8- days schedule  14.4oC  14.4oC  14.4oC 14.4oC 14.4oC 14.4oC 14.4oC  14.4oC 
 
 
References 
Jeger, M.J., S. Eden-Green, J.M. Thresh, A. Johanson, J.M. Waller, and A.E. Brown. 1995. 

Banana diseases. In: S. Gowen, ed., Bananas and Plantains, pp. 317-381. Chapman and Hall, 
London. 

Liu, F.W. 1976. Banana response to low concentrations of ethylene. J. Amer. Soc. Hort. Sci. 
101:222-224. 

Robinson, J.C. 1996. Bananas and Plantains. CAB International, Wallingford, U.K. 
Scott, K.J., W.B. McGlasson, and E.A. Roberts. 1970. Potassium permanganate as an ethylene 

absorbent in polyethylene bags to delay ripening of bananas during storage. Austr. J. Exp. 
Agric. Animal Husb. 10:237-240. 

Scott, K.J. 1977. Some Australian contributions on postharvest physiology and pathology of the 
banana fruit. ASPAC Food and Fertilizer Technology Center, Tech. Bull. No. 38. 

Snowdon, A.L. 1990. Postharvest disease and disorders of fruits and vegetables, Vol. I. General 
introduction and fruits. CRC Press, Boca Raton FL.  

Stover, R.H. 1972. Banana, plantain, and abaca diseases. Comm. Agric. Bur., Slough, UK. 
Stover, R.H. and N.W. Simmonds. 1987. Bananas. Longman Scientific and Technical, Essex. 
Thompson and Seymour. 1982. Comparative effects of acetylene and ethylene gas on initiation 

of banana ripening. Ann. Appl. Biol. 101:407-410. 
Wardlaw, C.W. 1972. Banana diseases including plantain and abaca. Longman, London UK. 
Wei, Y. and A.K. Thompson. 1993. Modified atmosphere packaging of diploid bananas Musa 

AA., Postharvest treatment of fruit and vegetables. COST-94 workshop. Leuven, Leuven, 
pp. 235-246. 

Williams, M.H., M. Vesk, and M.G. Mullins. 1989. Characteristics of the surface of banana peel 
in cultivars susceptible and resistant to maturity bronzing. Can. J. Bot. 67:2154-2160. 

Williams, M.H., M. Vesk, and M.G. Mullins. 1990. Development of the banana fruit and 
occurrence of the maturity bronzing disorder. Ann. Bot. 65:9-19. 

Yañez, L., M. Armella, E. Mercado,  E.M. Yahia, and P. Guttierrez. 2004. Integral handling of 
banana. In: R. Dris and S. Mohan Jain (Eds.). Production practices and quality assessment of 
food crops.  Vol. 3.  Quality Handling and Evaluation, p. 129-168. Kluwer Academic 
Publisher, The Netherlands. 



109

Stover, R.H. 1972. Banana, plantain, and abaca diseases. Comm. Agric. Bur., Slough, UK. 
Stover, R.H. and N.W. Simmonds. 1987. Bananas. Longman Scientific and Technical, Essex. 
Thompson and Seymour. 1982. Comparative effects of acetylene and ethylene gas on initiation 

of banana ripening. Ann. Appl. Biol. 101:407-410. 
Wardlaw, C.W. 1972. Banana diseases including plantain and abaca. Longman, London UK. 
Wei, Y. and A.K. Thompson. 1993. Modified atmosphere packaging of diploid bananas Musa 

AA., Postharvest treatment of fruit and vegetables. COST-94 workshop. Leuven, Leuven, 
pp. 235-246. 

Williams, M.H., M. Vesk, and M.G. Mullins. 1989. Characteristics of the surface of banana peel 
in cultivars susceptible and resistant to maturity bronzing. Can. J. Bot. 67:2154-2160. 

Williams, M.H., M. Vesk, and M.G. Mullins. 1990. Development of the banana fruit and 
occurrence of the maturity bronzing disorder. Ann. Bot. 65:9-19. 

Yañez, L., M. Armella, E. Mercado,  E.M. Yahia, and P. Guttierrez. 2004. Integral handling of 
banana. In: R. Dris and S. Mohan Jain (Eds.). Production practices and quality assessment of 
food crops.  Vol. 3.  Quality Handling and Evaluation, p. 129-168. Kluwer Academic 
Publisher, The Netherlands. 





111

 

 
Figure 2. Open market for citrus in Libya (Dr. Elhadi Yahia). 

 
 
Harvest and packing 
Citrus harvest is made manually, using mobile ladders and stages to pick fruits. It is important to 
use special shears for this purpose. After harvest, fruits are usually transferred to packing houses 
for sorting, washing, grading, waxing and packing.  Packing house can be as simple as a field 
house or it can be a large and well equipped and computerized one, where fruits can be 
categorized according to consumer interests. 
 
Usually citrus fruit are packed in woody or plastic boxes of 6-20 kg, but bags are also used for 
local markets. Export packing is usually made in straw compressed wood of 19-20 kg. 
Sometimes, fruits are individually packed in 0.01m plastic films to retain fruit moisture, such a 
method would control the diseases spread by microorganisms among fruits particularly when 
fungicides are used before wrapping and packing. 
 
Storage and shipping conditions 
Some citrus cultivars can be stored on the tree for several weeks. In general, the optimal storage 
and shipping temperature is 3-8oC according to cultivar. Relative humidity should be around 90-
95%. Storage and shipping duration ranges from 3 to 8 week depending on cultivar, temperature 
and site of orchard. 
 
Physiological disorders 
Citrus fruits are sensitive to cold injury expressed by fruit pitting, brown color in addition to fruit 
deterioration.  The minimum temperature for fruit cooling depends on cultivar, production site 
and maturity stage at harvest.  It is possible to minimize cold injury by keeping relative humidity 
in storage atmosphere at the highest possible level, in addition to wrapping fruits with wax film 
and use of fungicides such as Thiabendazole which may control cold injuries. 
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Rind breakdown is expressed at fruit peduncle end and at picking region, where symptoms 
appear as wilting and breakdown in the rind and as it continues breakdown reaches fruit neck or 
peduncle. 
 
Disorders lead to undesired coloration results from late fruit harvest where fruit exceed the 
optimal picking stage, but GA3 (gibberllic acid) can reduce this problem. 
 
Oily scars (stains) result from harvesting and handling of swelling rind and glands. 
 
Rough handling may rupture oil glands on fruit rind, and therefore, orange fruit should not be 
harvested when full turgid or swelling at early morning or right after rains or irrigation.  Packing 
of the fruits should be done after a curing period, which will result in rind curing and hardening 
to avoid injuries. 
 
Postharvest diseases 
Some of the important fungi causing diseases in citrus include Penicillium digitatum (green 
mold), P. italincum (blue mold), stem end rot caused by Phomopsis citri, brown rot caused by 
Lasiodiplodia theobromae, and bitter rot caused by Geotrichum candidum.  Green and blue 
molds are widely spread at citrus production regions but more severe at arid regions than humid 
ones whereas stem end rot caused by Phomopsis in addition to Alternaria spp. are spread in 
humid regions. 
 
Some effective control measures include avoiding physical (mechanical) injuries during harvest 
and handling, reduction of fungal disease severity in surrounding atmosphere, fungicides and 
biological control treatments, keeping optimum temperature and relative humidity during storage 
and shipping and marketing at the optimal condition, ethylene removal and the use of hygiene 
regulation during handling processes.  Some chemical treatments that can be used include 
sodium carbamate, borax, thiabendazole, benomyl, imazalia, 2-aminobutane, biphyenyl and 2,4-
D. 
 
Insects infestation 
Some treatments are used to control insects such as fumigation with methyl bromide and 
phosphine, in spite that such treatments may cause plant phytotoxicity. Fumigation with methyl 
bromide is applied at 48g/m2/for 2 hours at 21oC.  In some countries, citrus fruit may be treated 
at low temperature: 1.7oC for 14 days or 2.2oC for 16 days, but such a treatment may cause some 
injuries so before treatment, curing at high temperature is needed to promote fruit resistance to 
cold. 
 
 

 
Figure 3. Citrus package. 

 

Degreening 
In some regions where there is no sufficient difference between day and night temperatures, 
citrus fruit may not acquire good coloration, and therefore degreening treatments are needed. 
Yellow and orange colors are commonly produced when cool nights are followed by hot days 
(significant difference in temperature between day and night).  Degreening removes chlorophyll, 
which is linked to flavedo pigment; but do not affect fruit internal composition. This treatment 
may speed up senescence and deterioration.  Degreening conditions include treatment with 
ethylene at 1-10 ppm at 20-25oC for 1-3 days and 90% relative humidity, and keeping CO2 at 
0.1% or less. 
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Dates (Phoenix dictylifera L.)

The date palm (Nakhla in Arabic) is the tree of life. It is widely distributed, but is grown largely 
in the Middle East and North Africa where about 80% of the world total number of trees and 
75% of the world total date production are found. The leading countries in date production in the 
region are Iran, Egypt, Iraq, Pakistan and Saudi Arabia. 

Date palm is a multiple purpose tree for the following: 
A significant earner of foreign revenue for both small and large farmers. 
Its valuable by-products as building materials and versatile starting material for handicrafts. 
Its significant contribution towards the creation of equable microclimates within oasis 
ecosystems, thus enabling agricultural development to be sustained in many drought and saline-
affected regions, 
Refuse and inferior dates are used as livestock feed supplement, 
The secondary product generated from fruits such as syrup, jam and baby food, give the tree 
much added value. 

Figure 1. Date season in Tunisia (Dr. Elhadi Yahia). 

Nutritional value 
Date fruit play an important role in the nutrition of human population of the region. The fruit is 
noted for its nutritional quality and source of energy due to its high sugar content, which 
comprise up to 70% of the fruit. Dates are also good sources of iron, potassium, calcium, 
manganese, copper and phosphorous, along with various vitamins including thiamine, riboflavin, 
biotin folic acid. Moreover the fruit is known for its low fat and sodium. 

Fruit development and maturation 
Fruit developmental stages are usually divided to 
five, known by their Arabic terms; "hababouk", 
"kimri", "khalal", "rutab", and "tamar". The color of 
the fruit changes from green to yellow, pink, red, or 
yellow spotted with red depending on cultivars. 
During the "rutab" stage, the fruit softens and the 
color turns to light brown, the fruit starts to loose 
weight and accumulates more sugars, mainly 
reducing sugars.

    Figure 2. Two types of dates (Medjool and Zahidi).

During the stages of "khalal and "rutab", fruits loose progressively their water content and starch 
is converted to sugars. The "tamr" is the late and the ripening stage of development. Most of the 
dates are harvested in the "tamr" stage, when the fruit has about 60 to 80% sugar content, 
depending on locations and cultivar. At this stage, fruits can be harvested soft, semi-dry or dry, 
depending on type of variety, destination and use. 

Figure 3. Covering fruit with paper for protection (Source: USDA).

Harvesting 
Harvesting season extends from July to late November according to cultivar and location. Early 
harvest is commonly practiced to take advantage of higher prices in the market, to avoid adverse 
weather conditions, cracking and splitting of fruits, excessive dehydration for early maturing 
fruits, insect infestation, and attack of micro-organisms. Time of harvest is based on sugar 
content, moisture content, date appearance, and texture. Some varieties with low tannins but rich 
in sugar can be harvested at the "khalal" stage (called "balah" in North African countries and 
"bisr" in Oman); for other varieties, dates harvested before full maturity must be ripened 
artificially. Very immature dates may not be properly ripened artificially and consequently will 
be of poor quality. 'Deglet Noor' dates should not be harvested before the turning stage in which 
the texture is yielding to pliable and the color is amber to cinnamon. Fruits will have a better 
storage potential when harvested with a reddish ring at the perianth end than when it is left on the 
palm until the ring has faded with more advanced maturity. 'Hallawi' dates should not be 
harvested before the soft ripe stage. 'Maktoom' and 'Boufgouss' dates can be harvested when 10-
25% of the surface is translucent, and then can be ripened to an acceptable quality. 

             

 Figure 4. Tamar stage (USDA). 

Ripening
Dates may need to be ripened after harvest when picked earlier 
to avoid damage by rain, insects or other factors. Ripening 
rooms should be equipped with means to control temperature, 
humidity and adequate air circulation. The exact temperature 
and time of ripening should be decided depending on the type 
of dates, maturation stage and condition at harvest. A 
temperature of 4O-43°C is recommended to ripen 'khadrawy', 
'Kustawy', 'Hayani', 'Sayer', 'Khalasa' and 'Sphinks' dates. 
'Deglet Noor' dates should not be ripened at temperature higher 
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During the stages of "khalal and "rutab", fruits loose progressively their water content and starch 
is converted to sugars. The "tamr" is the late and the ripening stage of development. Most of the 
dates are harvested in the "tamr" stage, when the fruit has about 60 to 80% sugar content, 
depending on locations and cultivar. At this stage, fruits can be harvested soft, semi-dry or dry, 
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25% of the surface is translucent, and then can be ripened to an acceptable quality. 
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Ripening
Dates may need to be ripened after harvest when picked earlier 
to avoid damage by rain, insects or other factors. Ripening 
rooms should be equipped with means to control temperature, 
humidity and adequate air circulation. The exact temperature 
and time of ripening should be decided depending on the type 
of dates, maturation stage and condition at harvest. A 
temperature of 4O-43°C is recommended to ripen 'khadrawy', 
'Kustawy', 'Hayani', 'Sayer', 'Khalasa' and 'Sphinks' dates. 
'Deglet Noor' dates should not be ripened at temperature higher 
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than 35°C to avoid fruit darkening and loss of flavor. Soft cultivars such as 'Hallawi', 'Dayri' and 
'Zahdi' can be ripened at slightly higher temperatures (35-38°C). Ripening of these cultivars is 
complete in about 2 to 4 days when they had lost their translucency and little or no hard tissue 
remains. Temperatures of 45-46° C and 70% RH for a period of 2-4 days or longer are required 
to ripen cultivars with thick flesh such as 'lteema', 'Maktoom' and 'Saidy'. In North African 
countries where the weather is hot and the air is dry enough, dates are harvested and immature 
fruits are ripened in open air either in the sun or under the shade. Fruits are separated 
individually and spread on the ground or kept on the bunch until ripened progressively. Although 
this technique is simple and cheap, fruits exposed in the open air are subjected to different 
adverse conditions such as rain, dust from winds, bird's attacks, rodents, etc. 

Quality criteria 
High quality fresh dates is attributed to adequate size and color, small pit, thick flesh, free from 
dirt, sand and leaves particles, birds, insects and rodents’ damages, fungi and molds infestation, 
sugar crystals formation and freedom from any other apparent alterations. The skin of dates 
should be smooth, with little or no shriveling, golden-brown, amber, green or black color 
depending on varieties. The texture may be soft and syrupy, or firm or dry depending on the 
cultivar. Quality grades for dates are based on uniformity of color and size and absence of 
defects or damages by discoloration of the flesh, rupture of the skin, deformity of the fruit, 
puffiness of the skin, scars, sunburn, insect damage, decay, black scald, fermentation, improper 
ripening, mechanical damage, dirt or any other foreign material. In general, the total sugars for 
different grades are usually the same when expressed as a percentage of dry weight, but the 
higher grades usually contain higher amount of sugar per date. 

Packing and packaging 
Fruits of different varieties do not ripen concomitantly. Thus, the first postharvest handling 
operation consists of separating ripe dates from immature ones or from those that are damaged 
during harvesting by insects, birds, rodents, transport, etc. 

Dares should be cleaned from undesirable particles that stick to the date skin. Cleaning can be 
achieved by (i) blowing air on the fruits, brushing softly the dates to avoid damages of the skin 
or by (ii) washing the fruits with running water. Dates can also be cleaned by passing them over 
damp toweling or with the use of washers. Spray jets can be used for soft dates instead of 
washers. Germicides are used to reduce microbial activity; moist dates after washing are air-
dried from excess water before packaging. 

Figure 5. Sorting of dates (source: USDA).

Dates are sorted to remove culls and to separate them to uniform sizes (Figure 5). Sorting can be 
executed manually or mechanically on crates or moving belts. Dates can be sorted according to 
maturity, flesh consistency, color, shape and size. Within different groups, dates are separated 
according to quality. Discarded fruits consist of dates with defects and abnormalities such as 
oparthenocarpic fruits, immature or overripe, mechanical damages during harvest or on the palm, 
damage by birds or insects, physiological and pathological disorders. 

Sizing is done manually or mechanically to separate dates according to their size and weight. 
Uniformity of size in a package is one of the quality criteria for dates. Date size varies according 
to the variety. 'Medjool' dates in the USA are classified into 3 size categories: “Jumbo” for less 
than 25 dates per Kg (> 40 gram / fruit), “Mixed” for 25 to 35 dates per Kg and “Conventional”
grade for more than 35 individual dates per Kg. 

Surface-coating is done to reduce stickiness and improve appearance. Several materials have 
been recommended for this purpose including solutions of 5% or 6% soluble starch as dip, 3% 
methyl cellulose, or a combination of 2% butylated hydroxyanisole, 2% butylated 
hydroxytoluene, 6% vegetable oil, 90% water and wetting agent. 

Dates are packaged in several type and size packages. Some dates are marketed in 7-8 kg flats of 
fiberboard or wood, others in 2-5 kg cartons. Large reinforced cartons are used for packing of 
dry dates, especially for export. Consumer packages are widely used for dates and are made of a 
number of sizes and shapes. They include bags of transparent film, or trays over wrapped with 
films. Round fiberboard cans with metal tops and bottoms containing 500-1000 g are also used. 
Rigid transparent plastic containers with a capacity of 200-300 g are commonly used. Small 
consumer packages (50-60 g) are also in use. For storage, dates can be packed according to 
destination. A wide range of package sizes and materials can be found in the major producing 
areas. 

Optimum storage conditions 
Date fruits are easy to store when they contain 20% moisture and proper temperature of 0 to 1°C 
and 60/65% relative humidity are used. Pathological and physiological deterioration increases 
with increasing moisture content and storage temperature. Very soft and syrupy dates are 
subjected to mold invasion and fermentation more than other types of fruits. Relatively small 
differences in moisture content may have an important effect on the keeping quality of 'Deglet 
Noor' fruit. At 24°C, 'Deglet Noor' dates show darkening of the skin 4 times faster when stored at 
24% than at 20% moisture content. Relative humidity during storage should be controlled 
according to fruit initial moisture content to avoid excess drying or gaining of moisture. 
Generally, relative humidity of 75% or lower is recommended for fresh varieties in storage. At 
high relative humidity, dates will absorb moisture from the air unless they are packaged in 
moisture-proof containers. Temperature has an immediate effect on the keeping quality of dates. 
Storage at ambient or higher temperatures tends to reduce the shelf life of the fruit. Cold storage 
temperatures tend to reduce the rate of deterioration, slows down biochemical metabolism, color 
changes and maintains high pH of dates. At 0°C, dates can be stored in good conditions for up to 
12 months but some varieties may develop sugar spots or crystals. Fully mature soft and firm 
'Deglet Noor' dates can be kept for more than a year when stored at -17.5°C but will not stand 
more than one month at 27°C, 3 months at 15°C and 8 months at 5°C. Partially dried dates can 
be held for a year at 0°C or lower, or for few weeks at ambient temperature. Dry dates can be 
held at room temperature for years without significant quality losses. Dates can readily absorb 
odors and thus should not be mixed in storage or during long transport with garlic, apples, onions 
and potatoes or other foods with strong odors. Ripe dates at "rutab" or "tamr" stages, commonly 
harvested and handled in the world market, are not sensitive to chilling and freezing 
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Dates are sorted to remove culls and to separate them to uniform sizes (Figure 5). Sorting can be 
executed manually or mechanically on crates or moving belts. Dates can be sorted according to 
maturity, flesh consistency, color, shape and size. Within different groups, dates are separated 
according to quality. Discarded fruits consist of dates with defects and abnormalities such as 
oparthenocarpic fruits, immature or overripe, mechanical damages during harvest or on the palm, 
damage by birds or insects, physiological and pathological disorders. 

Sizing is done manually or mechanically to separate dates according to their size and weight. 
Uniformity of size in a package is one of the quality criteria for dates. Date size varies according 
to the variety. 'Medjool' dates in the USA are classified into 3 size categories: “Jumbo” for less 
than 25 dates per Kg (> 40 gram / fruit), “Mixed” for 25 to 35 dates per Kg and “Conventional”
grade for more than 35 individual dates per Kg. 

Surface-coating is done to reduce stickiness and improve appearance. Several materials have 
been recommended for this purpose including solutions of 5% or 6% soluble starch as dip, 3% 
methyl cellulose, or a combination of 2% butylated hydroxyanisole, 2% butylated 
hydroxytoluene, 6% vegetable oil, 90% water and wetting agent. 

Dates are packaged in several type and size packages. Some dates are marketed in 7-8 kg flats of 
fiberboard or wood, others in 2-5 kg cartons. Large reinforced cartons are used for packing of 
dry dates, especially for export. Consumer packages are widely used for dates and are made of a 
number of sizes and shapes. They include bags of transparent film, or trays over wrapped with 
films. Round fiberboard cans with metal tops and bottoms containing 500-1000 g are also used. 
Rigid transparent plastic containers with a capacity of 200-300 g are commonly used. Small 
consumer packages (50-60 g) are also in use. For storage, dates can be packed according to 
destination. A wide range of package sizes and materials can be found in the major producing 
areas. 

Optimum storage conditions 
Date fruits are easy to store when they contain 20% moisture and proper temperature of 0 to 1°C 
and 60/65% relative humidity are used. Pathological and physiological deterioration increases 
with increasing moisture content and storage temperature. Very soft and syrupy dates are 
subjected to mold invasion and fermentation more than other types of fruits. Relatively small 
differences in moisture content may have an important effect on the keeping quality of 'Deglet 
Noor' fruit. At 24°C, 'Deglet Noor' dates show darkening of the skin 4 times faster when stored at 
24% than at 20% moisture content. Relative humidity during storage should be controlled 
according to fruit initial moisture content to avoid excess drying or gaining of moisture. 
Generally, relative humidity of 75% or lower is recommended for fresh varieties in storage. At 
high relative humidity, dates will absorb moisture from the air unless they are packaged in 
moisture-proof containers. Temperature has an immediate effect on the keeping quality of dates. 
Storage at ambient or higher temperatures tends to reduce the shelf life of the fruit. Cold storage 
temperatures tend to reduce the rate of deterioration, slows down biochemical metabolism, color 
changes and maintains high pH of dates. At 0°C, dates can be stored in good conditions for up to 
12 months but some varieties may develop sugar spots or crystals. Fully mature soft and firm 
'Deglet Noor' dates can be kept for more than a year when stored at -17.5°C but will not stand 
more than one month at 27°C, 3 months at 15°C and 8 months at 5°C. Partially dried dates can 
be held for a year at 0°C or lower, or for few weeks at ambient temperature. Dry dates can be 
held at room temperature for years without significant quality losses. Dates can readily absorb 
odors and thus should not be mixed in storage or during long transport with garlic, apples, onions 
and potatoes or other foods with strong odors. Ripe dates at "rutab" or "tamr" stages, commonly 
harvested and handled in the world market, are not sensitive to chilling and freezing 
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temperatures. However, freezing temperatures can injure dates at early stages of "kimri" and 
"khalal". 

Physiological disorders 
Darkening is a major problem in dates. Its rate varies with cultivar, temperature, moisture 
content, and it is affected by several treatments. It can be reduced by storage in low temperature, 
low moisture content, or in an inert gas. Temperatures above 60°C cause a reddish color and 
increase the astringincy and off-flavors in 'Deglet Noor', which might be due to breakdown 
products of the insoluble procyanidin tannins.

Blacknose or sugartip is a severe checking of the skin in some cultivars (especially in Deglet 
Noor). It is induced by high humidity just before the beginning of the "khalal" stage and 
characterizes by darkening, shriveling, and hardening of the flesh at the tip of the fruit. Black 
scald is characterized by a blackening of the flesh and sunken area with a definite line of 
demarcation at the tip or on the sides of the fruit. Puffiness or sunken separation is caused by 
high temperature and/or high humidity before the beginning of ripening, may increase during 
curing and affects only soft cultivars. This disorder becomes severe when the separated skin 
from the flesh in a balloon-like fashion, becomes hard and brittle. Sugar spotting is characterized 
by light-colored spots under the skin and is restricted to the invert sugar dates. Almost all dry 
cultivars and several of the semi-dry cultivars contain large amounts of sucrose and are less 
sensitive to sugar spotting. In 'Deglet Noor', sugar crystals may form within the flesh when the 
dates become old. Sugar spotting decreases as the temperature decreases and when the moisture 
falls below 22%. Sugar spots affects the appearance and texture of the fruit, they can be removed 
by warming, but can reappear if unfavorable conditions prevail. 

Diseases
The most common diseases of dates includes fermentation by yeast (most important) and 
molding by fungi. Steam-hydrated dates are more resistant to attack by micro-organisms than 
natural or non-hydrated dates because of the partial sterilization of steam dehydrated fruit. Yeast 
that can be found on dates are those capable of growing on a relatively concentrated sugar 
solutions such as Zygosaccharomyces and Hansenula. The formation of gas pockets under the 
skin, white aggregates of yeast cells, discolored flesh and alcoholic odor characterize the infested 
dates.

Fungi that commonly attack dates include Aspergillus sp., Alternaria sp, Stemphylium,
Botryosum, Cladosporium sp., Macrosporium sp., Citromyces ramosus, Phomopsis diopspyri
and Peniciluim. These fungi may cause significant losses before or just after harvest during rainy 
or high humidity periods, and can attack fruits at 'khalal" or "rutab" stages. However, most of 
these fungi, except Catenularia fuliginia Saito, will not be able to grow on dried dates. 

Insects
Several insects can cause serious damage on fruits at different developmental stages. 
Oligonychus afrasiaticus McGregor and O. pratensis Banks are mites known as "Bou Faroua" 
disease, which affect the fruits at the "hababouk" stage. The larvae develop around the fruit with 
white filament netting, which in turn causes fruits to drop prematurely. Same consequences are 
caused by Coccotrypes dactyliperda, which lead to fruit drop at immature green stage. 
Parlatoria blanchardii attacks the fruit while still green and form white filaments around the 
fruit, which reduces respiration and photosynthesis and fruits do not reach maturity. Date or 
carob moth (Ectomyelois ceratoniae Zeller) is another Lepidotera widely present in different 
producing areas of dates and causes important postharvest losses on stored dates. Several other 
insects such as Batrachedra amydraula Meyr, date stone beetle (Coccotrypes dactyliperda F.), 
Carpophilus hemipterius, Carpophilus multilatus, Urophorus humeralis, and Heptoncus luteolus

can cause serious damages for dates on the bunch or after harvest. Other pests include Vespa
orientalis, Cadra figulilella, Arenipes sabella and mushroom mite (Tyrophagus lintaeri Osborn) 
can infest stored dates. 
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Postharvest diseases 
Alternaria rot, caused by Alternaria tenuis appears as small, round, brown-to-black spots over 
the fruit surface, and cracks on the skin make the fruit more susceptible to the rot. Black mold 
rot, caused by Aspergillus niger, appears as dark or yellowish spots in the flesh with no external 
symptoms, and at advanced stages the skin and flesh turn slightly pink color and white mycelia 
with black spore masses follow. Handling figs adequately to avoid infection with Aspergillus 
species is very important to minimize formation of mycotoxins. Endosepsis (soft rot), caused by 
Fusarium moniliforms, appears in the cavity of the fig making the pulp soft, watery and brown 
with sometimes an offensive odor. Souring is a pre-harvest problem resulting from yeasts and 
bacteria carried into figs by insects, especially vinegar flies, resulting in odors of alcohol or 
acetic acid. Control measures to reduce diseases include controlling orchard insects, using 
effective control of pre-harvest diseases, enforcing strict sanitation of picking and transporting, 
supervising careful handling to minimize abrasions, cracks, and other mechanical damage, 
avoiding picking figs for fresh market from the ground, fast cooling to 0ºC and maintaining the 
cold chain. Solar heating reduces insect infestations in ripening and drying figs. 
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Pre-harvest treatments 
Grapes are heavily infected in the orchard by brown rot disease caused by Botrytis cinerea, and 
therefore, it should be controlled before harvest by fungicidal spray. IPM (integrated pest 
management) program should be employed to control diseases dominant in each country. 

 
Post-harvest treatments 
Pre-cooling 
Pre-cooling is important to eliminate field heat in fruits, and hence to reduce fruit temperature to 
near or close to optimal storage, to reduce respiration rate and therefore reduce disease spread, 
weight loss, scattering or looseness of berries and to avoid peduncles dryness. Loss of 2% weight 
in berries leads to peduncles dryness, peduncle junction, barrier wilt and scattering or looseness 
which reduces fruit marketing ability. Pre-cooling can be done by “room cooling” or ideally by 
“forced-air cooling”. Room cooling can be done in the storage rooms, preferably with high 
cooling capacity (efficiency) to speed up the cooling process, and pallets should be distributed in 
a way that can insure good air circulation. However, room cooling is not very efficient and it 
takes about 2-3 days. Forced-air cooling is the most commonly used for grapes. It is very 
efficient in cooling capacity, air circulation in addition to several vacuuming fans at different 
room sides. Boxes would be arranged in 2 rows at fans sides, crop is to be covered with plastic 
cover from the top in addition to space in between rows and the space in front of vacuuming 
fans. Vacuum fans will start to reduce pressure in space between boxes rows allowing the cold 
air to penetrate boxes from outside to inside through holes in packs. Ventilation holes should be 
directed to inside and outside.  Air circulation speed should be very efficient to increase pre-
cooling efficiency.  Modern cooling rooms using this method are equipped with sulfur dioxide 
fumigation units to reduce disease infection.  
 
SO2 fumigation 
Grapes are fumigated with sulfur dioxide (SO2) during pre-cooling, transport or storage to reduce 
Botrytis rot.  Fumigation of grapes is made at the beginning of storage using SO2 at 1% for 20 
minutes with strong air circulation to homogenize spread of gas and maximize treatment 
efficiency. Fumigation should be repeated at 0.25% during every 7-10 days.  It is important to 
ventilate storage when fumigation is completed to remove SO2 traces to avoid physiological 
disorder such as color change. It is important to secure high relative humidity during fumigation 
to maximize fumigation efficiency.  SO2 inhibits the growth of spores at fruit surface only and 
has no effect on endogenous (internal) fungi after they penetrate tissues, therefore, repeat 
fumigation will prevent fungal growth and disease spread. 
Temperature has an important role on infection severity and degree. Grapes are infected within 
18 hours on 15-20oC whereas they get infected after 72 hours at 2oC, and therefore pre-cooling 
and fumigation should be applied very rapidly. Nowadays, fumigation is made during transport 
using SO2 generators (bags) containing tablets of sulfur metabisulfate. 
 
Storage of other crops with fumigated grapes is not advised because most horticultural crops are 
sensitive to sulfur dioxide. 
 
Suitable storage conditions 
Ideal grape storage conditions are -1 to 0oC and 90-95% relative humidity, for 2-6 months 
depending on cultivar. Emperor is a high storage ability cultivar that can be stored at -1 to 0oC 
for 3-6 months.  Sultania and Banaty (Thompson Seedless) grapes are considered as medium 
storage ability cultivars and can be stored for 1-2.5 months; Concord and Alexandria (Muscat) 
are unsuitable for storage. 
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Physiological disorders 
Aging occurs when storage period is prolonged, where clusters loose their natural color, berries 
become soft and moistened with unacceptable taste, and berries color changes from red (in red 
cultivars) to gray purple and from green (green cultivars) to greenish gray and then brown if 
storage duration is prolonged, in addition to weight loss and lower marketing value. 
 
Ammonia injury occurs as a result of ammonia leakage from cooling pipes or main tank to 
storage space. Increasing ammonia gas in storage atmosphere to higher than 0.8% leads to 
changes in berries color, so red color berries turn blue and green color turn to bluish green. 
Ammonia gas leakage can be detected by humans. Humans are very sensitive to ammonia 
showing tearing and running nose when exposed to ammonia at tenth of its harmful 
concentration for grapes, therefore regular checking of storage rooms and inspection of fruits are 
needed. In addition, it is important to try to install ammonia detectors. In case of ammonia 
leakage, inspection of cooling pipes and gas reservoir tank should be made very rapidly. To 
reduce the effect of ammonia gas, water spray in storage atmosphere can be made but to keep 
water away from grape crop, ammonia gas will then turn to unharmful ammonium. 
 
Factors that decrease grape quality after harvest 
There are several factors which lead to grape fruit quality deterioration after harvest, including 
temperature, relative humidity, disease infestation, rough handling and prolonged storage period. 
 
Increasing temperature during storage leads to development of diseases particularly Botrytis 
which develops even at 0oC. In addition, increasing temperature leads to increasing weight loss 
which leads to enhancing peduncles dryness and berries wilting and scattering.  Decreasing 
temperature to -2oC may lead to freezing injury and hence loss of marketing value, therefore, 
temperature should be maintained at about 0-2ºC without significant fluctuation. 
 
Optimum relative humidity is 85-90%, and increasing it to more than 95% will promote 
development of diseases, whereas decreasing it will cause increasing weight loss. 
 
Most diseases are initiated in the orchard before harvest, and therefore they should be controlled 
through integrated pest management programs. Sorting of fruits should be made after harvest to 
exclude injured clusters to prevent disease spread during storage. Pre-cooling should be done 
fast, and fumigation with SO2 should be applied during storage and/or transport. 
 
Rough handling particularly at harvest and transport may lead to berries damage and scattering 
and hence berries juice will be released which would promote a suitable medium for fungal 
growth and diseases, and thus lowering crop marketing value. 
 
Prolonged storage periods will lead to wilting, scattering of berries, deterioration in color and 
flavor, increased weight loss and rotting.   

 
Figure 2. Packing grapes in the field (Dr. Elhadi Yahia). 

      
Packaging 
Grapes layers should not be more than 2 layers in packs of 4-5 kg. Packs should have clean paper 
at the bottom, attractive shape, and good ventilation.  Packs should also have all required 
information such as cultivar name, weight, source, contact, etc. 
 

 
Figure 3. Grape boxes (Dr. Elhadi Yahia). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Grapes packing in Egypt (Dr. Rawya Basiouni). 
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Figure 5. Grapes packing in Egypt ()Dr. Rawya Basiouni). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Grapes packing in Egypt (Dr. Rawya Basiouni). 
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sour rot (Geotrichum candidum) infection, but as the fruit mature, the disease can become a 
problem.  Consequently, late-season grapefruit can become infected, especially since the disease 
develops more readily at temperatures above 15°C. 
 
The use of thiabendazole (TBZ) immediately at of the fruit to the packinghouse is recommended 
to control Diplodia, Phomopsis, anthracnose and Penicillium control.  Application of aqueous 
imazalil or TBZ in the wax treatment is also an effective control.  Minimizing degreening time 
by delaying harvest will assist in controlling stem end rot caused by Diplodia and anthracnose. 
Reducing mechanical injury during harvesting and handling can reduce injuries and thus 
pathogens entry and decay. Packinghouse space, equipments, and storage areas should be kept 
clean.  Generally, pre-cooling or storing fruit after packing at 10°C or less is effective for the 
control of grapefruit diseases. 
 
Insect quarantine treatments  
Cold treatment is an approved quarantine treatment. It is done at 0.6 to 2.2°C for 14 to 24 days, 
but in areas of low fly infestation, a less stringent temperature and duration can be used.  
However grapefruit needs to be preconditioned at 10-15°C before the quarantine treatment in 
order to increase resistance to chilling injury. 
 
Degreening  
Degreening is necessary for fruit that do not develop adequate color, usually when night 
temperatures remain high. Treatment includes the application of 1 to 5 ppm ethylene at 21-28ºC 
and high RH (90-95%) for 12 hours to 3 days, which causes the destruction of peel chlorophyll.  
One complete air change per hour is needed to avoid the buildup of CO2 and ethylene in the 
degreening room and to promote uniform temperature. 
 
Storage conditions   

Optimum storage and transport conditions for grapefruits 
are 12-15°C and 95% RH.  Fruit is commonly waxed 
during packing to reduce water loss.  However, to 
minimize postharvest pitting, grapefruit should be cooled 
immediately below 10°C with 95% RH after harvest and 
maintained at 5-8°C during transit and storage until 
distribution at retail outlets.  High shine water waxes will 
minimize chilling injury and incorporated fungicides can 
control decay at these temperatures.  At optimum storage 
temperatures, fruit respiration rates will be reduced and 
quality will be maintained up to 6 weeks.             Figure 2. Chilling injury symptoms 

     on grapefruit  (Dr. Adel Kader). 
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Figure 2. Mango fruit 

 
Harvesting 
Harvesting should be done during a cooler period of the day to reduce field heat. The fruit should 
be cut with scissors leaving a stem of about 2 cm, that should be cut again later to about 0.5 cm. 
several harvesting aids are used for mango, especially for vigorous trees; most commonly a half-
elliptical basket attached to a long polo fixed with a severing blade or scissor. Fruit should never 
be allowed to drop on the ground. Fruits are commonly transported to packinghouse in wooden 
or plastic boxes. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Plastic boxes used for transporting fruits (Dr. Elhadi Yahia). 
 
 
Packing 
De-sapping practiced in some countries is very inefficient, and causes several problems 
including fruit injury, and even decay development. The avoidance of fruit latex exudate in 
several cultivars is possible by leaving a sufficiently long peduncle (2 cm) and then cutting it 
back to about 0.5 cm), and also by receiving the mango in water. Mango fruit is commonly 
packed in a packinghouse. Fruits are commonly received in water tanks; washed at ambient 
temperature containing chlorine and/or a fungicide and then dried. The fruit are then pre-
selected, classified by size or weight and different quality grades. Waxing is done for some 
cultivars to improve fruit appearance and to decrease water loss, especially for heat-treated fruits. 
Packaging is commonly done manually in fibreboard boxes of 4.5 to 6 kg capacity. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 4.  Fibreboard boxes used for export (Dr. Elhadi Yahia). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Mango packing in Mexico (Dr. Elhadi Yahia). 
 
 
Optimum storage and transport conditions 
Optimum temperature is 13°C for mature-green mangoes, and 10°C for partially-ripe and ripe 
mangoes, and optimum relative humidity is 90-95%. Pre-cooling, using forced air cooling is the 
ideal method for mango fruit, especially after heat-treatments. 
 
Controlled atmospheres (CA) 
CA is not used during mango storage, but it is used during marine transport in some countries. 
Optimum CA conditions are 3-5% O2 and 5-8% C02, depending on cultivar, maturity stage, 
postharvest treatments, and desired postharvest life. CA delays ripening and reduces respiration 
and ethylene production rates. Postharvest life potential at 13°C is 2-4 weeks in air and 3-6 
weeks in CA (during transport), depending on cultivar and maturity stage. Exposure of the fruit 
to concentrations below 2% O2 and/or above 8% C02 for a prolonged period of time may induce 
injury including skin discoloration, grayish flesh color, and off –flavor development. 
 
 
Ripening 
Exposure of mango fruit with 100 ppm ethylene for 12 to 24 hours at 20 to 22ºC and 90-95% 
relative humidity results in accelerated and uniform ripening within 5-9 days, depending on 
cultivar and maturity stage. Carbon dioxide concentration should be kept below 1% in the 
ripening room. 
 
Physiological disorders 
Sapburn is dark-brown to black discoloration of mango skin due to chemical and physiological 
injury from exudates (sap). 
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Harvesting and packaging   
Nectarines are commonly hand-picked into bags, baskets or totes and then dumped into bins on 
trailers between tree rows in the orchard.  If fruit are picked into totes, these are usually placed 
directly inside bins. Most of the yellow-flesh nectarines are packed into 2-layer (tray) boxes, and 
small size, yellow-flesh nectarines are generally volume-fill packed, while most of the white-
flesh and “tree ripe” nectarines are packed into 1-layer (tray) boxes. 
 
Storage and transport conditions   
Nectarines should be pre-cooled immediately after harvest, commonly done in field bins using 
forced-air cooling or more adequately hydro-cooling. Fruit can be pre-cooled to 5 to 10°C if 
packing is to be done the next day, and to near 0°C if packing is delayed.  Fast pre-cooling 
(within 8 hours) and maintaining fruit at temperature near 0°C is important, especially for 
cultivars susceptible to internal browning.  
 
Storage and long-distance shipments should be done at -1 to 0°C with minimum fluctuations and 
90 to 95% RH. Modified and controlled atmospheres (using 1-2% O2 + 3-5% CO2), especially 
during shipment can retain fruit firmness, color changes and decreases internal browning. An 
atmosphere with 10% O2 + 10% CO2 is sometimes used for reduction of internal breakdown 
during storage and shipments. However, O2 less than 1% and CO2 higher than 20% can cause the 
development of off-flavors and browning. 
 
Physiological disorders   
Some cultivars are susceptible to CI or internal breakdown (IB).  CI symptoms develop faster 
and more intensely at 0°C or below than at 2.2-7.8°C. It is a physiological problem characterized 
by internal flesh browning, flesh mealiness or leatheriness, flesh bleeding, failure to ripen, and 
flavor loss.  In most cases, the red color development inside the flesh (bleeding) is not an IB 
symptom, and it does not affect taste.  These symptoms develop during ripening after a cold 
storage period, and thus, are usually detected by consumers.  However, there is large variability 
in susceptibility to IB among cultivars. Some of the treatments that can delay the development of 
this disorder include ripening of fruit before storage and storage or shipping in 10% CO2 + 10% 
O2 for some cultivars. 
 
Inking (black staining) is a cosmetic problem affecting only the skin of the fruit, and is 
characterized by black or brown spots or stripes, that appear generally 24 to 48 hours after 
harvest. 

 
Postharvest diseases 
Brown rot (Monilinia fructicola) is the most important postharvest disease in nectarines, where 
infection begins during flowering and fruit rot may occur before harvest but often occur after 
harvest.  Orchard sanitation to minimize infection sources, pre-harvest fungicide application, and 
fast postharvest cooling are important control strategies.  
 
Gray mold (Botrytis cinerea) can cause serious damage during wet spring weather, and can occur 
during storage if the fruit has been contaminated through wounds resulted during harvest and 
handling. Reducing mechanical damage and good temperature management are effective control 
measures.  
 
Rhizopus rot (Rhizopus stolonifer) can infest ripe or near-ripe fruit at 20 to 25°C, and therefore 
pre-cooling and maintaining fruit at lower than 5°C is an effective control. 
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Figure 3. Packing melons. 
 
 
Storage and shipping conditions   
Pre-cooling soon after harvest to a fruit center temperature of 10 to 15°C is essential for melons 
to delay ripening and retain sugar content.  This process can be done by hydro-cooling, forced-
air cooling, or top-icing, although hydro-cooling is most adequate. Optimum storage/shipping 
condition is 2-7°C and 95% RH for about 10-14 days. Controlled atmospheres (3 to 5% O2 and 
10 to 20% CO2), especially for transport have some potential for maintaining fruit quality and 
extending shelf-life.  However, maintaining in an atmosphere containing more than 10% CO2 
may result in a carbonated taste that is lost during subsequent storage in air. Off-flavors andoff-
odors, and impaired ripening may develop if netted melons are maintained at less than 1% O2 or 
more than 20% CO2. 
 
Physiological disorders   
Melons are sensitive to chilling, but sensitivity decreases as fruit mature, and the symptoms may 
appear as pitting, surface decay, and failure to ripen. Full-slip, netted melons may be maintained 
for 5 to 14 days at 0-2°C, but less mature fruit can be damaged by storage at less than 2°C.   

Solar injury causes patchy ground color or “bronzing” and net discoloration, and severely injured 
tissue becomes sunken or wrinkled. Vein track browning, a darkening of the longitudinal tracts 
between netted areas, is caused by exposure to sun or high temperature at harvest.  Netted 
melons are easily injured, and therefore it is important to avoid mechanical injury during 
handling and to maintain fruit under optimum storage and shipping conditions.  

 
               Figure 4. Melon package.         Figure 5. Polyethylene liners are used  

         to reduce water loss. 
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calyx which gives fruit a good looking. It is important to avoid pulling fruits from the plant so 
not to loose any part from the green calyx or loose a part from the fruit itself.  Packing boxes 
should be clean, smooth and not too deep, with dimensions of about 40 x 70 cm and 7 cm height. 
No sharp edges should be allowed to avoid mechanical damages to fruits. It is preferred to have a 
1 cm spongy base layer to absorb shocks when arranging fruits inside boxes.  

 
Picking, sorting, grading and packing fruits in the field reduce and minimize touching and 
handling, and thus maintain quality and prolong marketing period. Field packing reduces 
deterioration and also reduces the time between harvest and pre-cooling. Special carts are used 
for this target. Carts can move between strawberry planting rows, packing boxes with plastic 
baskets are put on the top of such carts. Fruits are inspected by quality inspectors then covered 
and placed in carton boxes to be then transferred to pre-cooling as soon as possible. 
 
In some places strawberries are packed in a packinghouse, although strawberries should ideally 
should be packed in the field. Trained workers (usually women) at packing houses start to sort 
fruits in wooden trays (field packs) to exclude mechanically injured and diseased fruits in 
addition to  mis-shaped or malformed fruits, fruits with sunburns, over ripe ones, decalyxed 
ones, small, injured and green fruits. Workers then clean fruits by rubbing with dry soft brush, 
and cutting fruit peduncle to a suitable length (0.5-1.0 cm).  Fruits are then placed in plastic 
packs with cover which has holes to allow ventilation. Dimensions of carton packs are 
commonly 60 x 40 cm. These cartons will include plastic packs with a capacity of 250 or 400 
grams of fruits and total weight per carton pack of about 2 kg.  Each 4 carton packs would be 
tied together to be sent to quick cooling. 
 
Pre-cooling (Fast cooling) 
Fast pre-cooling (preferably no later than 3 hours after harvest) is very important to reduce 
deterioration in strawberries. Optimum pre-cooling method for strawberry is forced-air cooling. 
The objective of quick cooling is the rapid removal of field heat after crop harvest and to lower 
fruit temperature to a level equal or close to the storage or shipping temperature, in order to 
reduce biochemical processes in addition of reducing water loss as well as fungal activity.  
 
Storage and shipping conditions 
Pallets of fruits are transferred after quick cooling to cold room. The pallets can be individually 
covered with large plastic bag fixed at wooden bases by wrapping ribbons, and then carbon 
dioxide gas can be injected into small holes at the top of the plastic bags at the rate of 12-15%, 
then the hole is closely tied after gas injection. Pallets are then transferred to refrigerated 
containers. This method of using modified atmosphere can help controlling decay, reduction of 
respiration rate, and can prolong marketing period and secure fruit transport to distant markets. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Some defects and diseases on strawberry 
(Source: Dr. A.A. Kader). 
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Diseases 
Anthracnose appears as small stain higher in the peel with green color turning to deep scars.  
This disease appears after days of infection, sometimes symptoms are delayed despite of 
infection. Other important diseases include soft bacterial rot and Rhizobus rot. Storage diseases 
can be reduced by holding at 10oC and reducing mechanical injuries. 
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Eggplant (Solanum melongena L.) 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Egg plant 

 
Eggplants may be oval, round, long or pear shaped; the skin is smooth and shiny, and color may 
be black and purple, yellow, white or striped. 
 
Eggplant is a non-climacteric fruit with ethylene production ranging from 0.1 to 0.7 µL kg-1 h-1 
at 12.5°C, and has a moderate to high sensitivity to exogenous ethylene. Calyx abscission and 
increased deterioration, particularly browning, may be a problem if eggplants are exposed to 
more than 1 ppm ethylene during distribution and short-term storage. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

 
 
 

Figure 2. Different types of egg plants 
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Quality characteristics  
High quality eggplant should be of uniform size and shape, with a fresh green calyx, free from 
growth or handling defects and decay. Water loss is important quality deterioration factor, and 
visible signs are reduction of surface sheen, skin wrinkling, spongy flesh, and browning of the 
calyx.  
 
Maturity indices and harvesting  
Eggplant fruits are harvested at a range of developmental stages, depending on the tye of use. 
Time from flowering to harvest can be from 10 to 40 days. Generally fruits are harvested 
immature before seeds begin to significantly enlarge and harden. Firmness and external 
glossiness are also indicators of a pre-maturity condition. Eggplant fruits become pithy and bitter 
as they reach an over mature condition. 
 
Harvesting is done manually by cutting the calyx-stem from the plant rather than tearing it. 
Cotton gloves are often used to protect the fruit. Bruising and compression injury is very 
common when attention to careful harvest and handling practices are not followed.  
 
Packing  
Packages are commonly one-piece, waxed fiberboard boxes or wire-bound crates, 0.39 m3 
containing 15 kg, and fruit are sometimes individually wrapped with paper. Eggplant cannot 
withstand stacking in bulk containers. Moistened paper or waxed cartons are often used to reduce 
water loss.  
 
Storage and transport conditions   
Fast pre-cooling to 10°C immediately after harvest is important to retard discoloration, weight 
loss, drying of calyx, and decay. Hydro-cooling and forced-air cooling are the most effective, but 
room-cooling is the commonly used method. Eggplants should not be held in contact with ice.  
 
Fruit should be stored or transported at 10 to 12°C and 90-95% RH.  Eggplant can be stored for 
less than 14 days as visual and sensory qualities deteriorate rapidly, and decay is likely to 
increase after storage for more than 2 weeks, especially after removal to typical retail conditions. 
Short-term storage or transit temperatures below this range are often used to reduce weight loss, 
but can cause chilling injury after transfer to retail conditions. 
 
Wrapping eggplants with adequate plastic films can create a modified atmosphere and reduces 
weight loss and maintains firmness, due to increasing high RH, especially in Japanese eggplant 
types, which have a high transpiration rate.  
 
Physiological disorders  
Eggplants are sensitive to CI after storage for 6 to 8 days at 5°C, that can show symptoms such 
as surface pitting and scald. Scald refers to brown spots or areas that are first flush with the 
surface, but may become sunken with time.  Browning of the flesh and seeds almost invariably 
followed by decay caused by Alternaria sp. CI symptoms can be reduced by storage in 
polyethylene bags or polymeric film overwraps, however, increased decay from Botrytis is a 
potential risk. 
 
 
 
 
 
 
 

Table 1. Days to visible chilling symptoms at different temperatures in 3 different types of 
eggplants. 
Temperature American  Japanese Chinese 
0ºC 1-2 2-3  
2.5ºC 4-5 5-6 5-6 
5ºC 6-7 8-9 10-12 
7.5ºC 12 12-14 15-16 
 
Postharvest diseases  
Postharvest diseases often occur in combination with chilling stress. Common fungal pathogens 
are Alternaria (black mold rot), Botrytis (gray mold rot), Rhizopus (hairy rot), Phomopsis Rot, 
and Phytophtora (soft rot).  

 

Figure 3. External and internal chilling injury symptoms on eggplant 
(Source: U.C. Davis). 
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Lettuce ((Lactuca sativa L.) 
 

 
Figure 1. Lettuce 

 
Lettuce is fragile and must be handled with care to avoid mechanical damage and to minimize 
discoloration and pathological problems.  Temperatures must be kept low and relative humidity 
high to prevent loss of turgor and wilting, and ethylene must be avoided. 
 
Quality characteristics and criteria   
In general, high quality lettuce should be clean, free of browning, crisp and turgid, and bright 
light green. Head lettuce should be solid, with no seed-stem, defects or decay.    
 
Horticultural maturity indices   
Head lettuce is harvested when the heads are well formed and solid.  Maturity is based on head 
compactness, and the firmness of the head is related to its susceptibility to certain postharvest 
disorders. Soft heads are easily damaged while fairly firm heads have a higher respiration rates. 
Firm heads have maximal storage-life, while hard and extra-hard heads are more prone to 
develop russet spotting, pink rib and other physiological disorders.   

 
Figure 2. Maturity stages of iceberg Lettuce (Source: Dr. A.A. Kader). 

 
Grades and sizes   
Head lettuce is graded by size and firmness, while leafy types are graded by size. Lettuce, as 
with other leafy vegetables, must be kept clean and free of soil and mud.  This is easier when 
grown on mineral than on muck (organic) soils. A strong bitter taste and toughness develops if 
harvest is delayed or if over-mature, and then the product becomes unmarketable.  
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Okra (Abelmoschus esculentus (L.) Moench) 
  

 
Figure 1. Okra 

 
 

Okra is a non-climacteric commodity, produces small amounts of ethylene (about 0.5 µL/kg/h) but 
it is characterized by high respiration rate (86 to 95 mg CO2/kg/hr at 10°C). 
 
Quality characteristics   
High quality okra pods are 5 to 15 cm, flexible, bright-green and turgid, and seeds should not be 
protruding through the epidermis, and ridges should be free of blackening and bruising. Okra is 
graded by size and absence of defects, decay, insects and dirt, shape, and tenderness.  Fancy pods 
are less than 9 cm; Choice from 9 to 11 cm; and Jumbo more than 11 cm.   
 
Maturity indices   
Okra pods are harvested when immature and high in mucilage, but before becoming highly 
fibrous; generally within 2 to 6 weeks after flowering.  

 
Packaging   
Fresh okra is most commonly presented in 0. 5 kg clamshell boxes or as bulk weight or volume-
filled of about 11 kg bins. 
 

 
Figure 2. Mature okra 
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Cooling, storage and transport conditions   
Okra should be pre-cooled using hydro-cooling or forced-air cooling and should be marketed 
within 36 hour of harvest and shipped under refrigeration.  Pods can be maintained for 7 to 14 
days at 7 to 10°C and  90% or more RH. Storage in unventilated containers without refrigeration 
can cause degradation of color. Okra pods lose weight readily and are chilling-sensitive. There is 
only a very slight benefit from storage at 7 to 12 °C in 4 to 10% O2, 5 to 10% CO2 at 5 to 8°C 
and 3 to 5% O2 + 0% CO2, and high levels of CO2 (> 20%) can cause off-flavors. 
 
Physiological disorders   
Okra pods are highly sensitive to chilling, especially when very young with more mucilageinous.  
Chilling symptoms can appear after storage for 2 days at 2°C, followed by 24 h at 20°C.  They 
can be expressed as water-soaked or exuding lesions, with appearance of mold or mildew, 
especially if held at 5°C.  Chilled green pods usually turn to brown-olive green color, yellow 
varieties turn brown, and burgundy varieties become a dull brown-red. Okra pods exposed to 
more than 1 ppm ethylene for 3 or more days show yellowing. 
 
Postharvest diseases   
Some of the important postharvest diseases of okra include chladosporium, gray mold (Botrytis 
cinerea), mildew, yeasts, Rhizopus stolonifer, Rhizoctonia solani, and Psuedomonas pv syringae. 
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Onions (Allium cepa L.) 
 

 

 
Figure 1. Onions 

 
 

Onion is a biennial of the Alliaceae family.  The edible portions of the bulb are the enlarged leaf 
bases and compact stem. Green onions, also called scallions, are eaten for their immature bulb 
and green foliage.   
 
Quality characteristics and criteria   
High quality onions should have mature bulbs with compact fleshy scales, with adequate size, 
shape and color depending on the variety. They should be free of mechanical or insect damage, 
decay, sunscald injury, greening of fleshy scales, sprouting, bruising, doubles, bottlenecks, and 
any other defects.  
 
Grades for green onions in the US include U.S. No. 1 and U.S. No. 2 based on external 
appearance and size.  For U.S. No. 1, the overall length (excluding roots) must be 20 to 61 cm, 
and the diameter of the bulb 6.4 to 25.4 mm.  Sizes are based on bulb diameter: Small: < 12.7 
mm; Medium: 12.7 to 25.4 mm; and Large: > 25.4 mm.   
 
Horticultural maturity indices   
Dry onions, especially those intended for storage, should be harvested when 50 to 80% of the 
tops have fallen over and bulbs with a thin neck.  Yield is higher when harvested after the tops 
are completely dry, but bulbs tend to have a shorter postharvest life.  Bulbs can be undercut by a 
blade about 7 days prior to lifting, although these onions will not withstand long-term storage.  
Onions for bunching can be harvested from pencil size until they have proper bulb size. 
 
Curing 
Onions intended for storage should be dried and cured in the field (under shed) or in storage. 
After 2 weeks of field drying, onions can be transferred to storage rooms for final drying and 
curing.  Forced-air ventilation at 25 to 27°C using outside or heated air is commonly used to dry 
onions.  Onions can be stored and dried on the floor in bulk, 3 to 4 m deep, or in 500 to 1000 kg 
boxes. Drying is complete when the onion neck is tight, outer scales are dry and make a rustling 
noise when touched, and the skin color is uniform. Weight loss of 3-5% can occur during drying.  
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Figure 4. Chilling symptoms on peppers (Source: U.C. Davis). 
 
 
Important diseases 
Soft bacterial rot appears as watery stains with unpleasant smell. Soft rot appears as watery stains 
and fungal black spores, which can be reduced by avoiding mechanical damage and cold injury. 
Alternaria rot occurs in particular in chilling injured fruits. Gray mold can be avoided by 
reducing mechanical injury. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Decay caused by Erwinia  (Source: Dr. A.A. Kader). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Decay caused by Alternaria (Source: Dr. A.A. Kader) 
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Pumpkins and winter squash 
 
Pumpkin (Cucurbita pepo L.)  
Winter squash and giant pumpkin (Cucurbita maxima Duchesne 
ex Lam.) 
Crookneck squash, tropical pumpkin (calabaza)  
Butternut squash (Cucurbita moschata (Duchesne ex Lam.) 
Duchesne ex Poir.) 
 
Pumpkins have coarser, stronger flavored flesh. Winter squash 
have finer textured and milder flavored flesh. 
 
 
Quality characteristics   
Pumpkins and winter squash are non-climacteric and they should 
be fully mature when picked, with hard rinds and, except for some 
striped varieties, solid external color.  Flesh of good quality pumpkins and winter squash are 
bright yellow or orange with fine, moist texture and high solids, sugars, and starch, and over-
mature flesh can become dry and stringy. 
 
Maturity indices   
Maturity can be recognized by corking of the stem or initiation of abscission, loss of rind surface 
sheen or gloss, ground spot yellowing, and die-back of the tendril nearest to the fruit.  This is 
coincides with development of intense yellow or orange flesh color due to formation of 
carotenoids.   
 
Packaging  
Used packages are commonly mesh or burlap bags and one- or two-piece fiberboard cartons 
containing about 23 kg, although pumpkins and winter squash are also shipped in 20-kg crates 
and 360 to 400 kg bulk bin cartons. 
 
Cooling and storage and shipping conditions   
Pre-cooling is not needed and therefore not commonly used for these products. They can be 
cooled in a room, but many times are loaded directly into the refrigerated trucks and containers 
without pre-cooling and in other cases are transported in non-refrigerated containers. 
 
All pumpkins and winter squashes should be well matured, carefully handled, and free from 
injury or decay when stored.  They are commonly placed on racks, in bulk bins, or in baskets and 
are often held in ventilated or common storage, sometimes in production areas.  These products 
are chilling sensitive and recommended storage and shipping conditions are 10-13°C and 50 to 
70% RH for a maximum of 2-3 months for most cultivars of winter squash, pumpkins and 
tropical pumpkins. Corn-type squashes can be kept for 5 to 8 weeks at 10°C, and butternut 
squash can be kept 2 to 3 months at 10°C. Green varieties will become undesirably yellow and 
acquire a stringiness of the flesh at 15-20°C.  Fruit surface should be kept dry, and storage rooms 
should have good air circulation. All pumpkins and winter squash types can be displayed in 
ambient conditions. 
 
Pumpkins and winter squashes develop chilling injury at less than 10°C, and symptoms develop 
after 1 month at 5°C or several months at 10°C. Storage at 0-4°C inhibits yellowing, causes 
sunken pits on the fruit surface and loss of flavor, and Alternaria rot develops on chilled 
squashes after removal from storage. 

Yellowing can be a problem for green winter squash varieties and is exacerbated by over-
maturity, high storage temperatures, and ethylene exposure.  
 
Pumpkins and winter squash produce very low amounts of ethylene, however the exposure of 
hubbard squash and other dark-green-skinned squashes can cause the skin to turn orange-yellow, 
in addition that ethylene may also cause stem abscission; especially in less mature fruit. 
 
Postharvest diseases  
Diseases are the major cause of postharvest losses in pumpkins and winter squash. Some of the 
fungi-causing rots include Aspergillus, Colletotrichum (anthracnose), Didymella, Fusarium, 
Mycosphaerella (black rot), Rhizopus, Sclerotinia, and Alternaria. Careful handling to minimize 
mechanical damage is recommended to minimize decay. Hot water treatments at 60°C for 2 
minutes can reduce storage rots. 
 
Curing  
Curing for 10 days to 3 weeks at 24 to 27 °C before storage can harden the rind of pumpkins and 
winter squashes and reduced losses. 
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Radish (Raphanus sativus) 
 
 
Quality characteristics   
Good quality radishes should be well-
colored, tender and firm, with no ridges, and 
free from dirt or other foreign materials, 
harvest cuts and abrasions. 
 
Maturity indices   
Size is commonly used as a harvest index 
depending on the type of consumers.  
 
Packing and packaging  
Radishes are washed and commonly graded 
according to diameter. Packages are very variable. They are commonly packed in plastic 
perforated bags, and may then be hand-packed into wax cartons and stored or shipped.  
 
Cooling, storage and shipping   
Pre-cooling, commonly done by hydro-cooling to 0- 5°C, is important for mainataining radish 
quality.  Bunched radishes are commonly dipped in chlorinated water to remove field debris and 
for disinfection. After packing into the waxed cartons they can be hydro-cooled, and also the 
cartons can also be topped with ice slurry before shipping. 
 
Topped radishes can be held 3-4 weeks at 0°C and 90 to 95% RH, and at least 7 days at 7.2°C.  
Bunch radishes are harder to keep fresh due to the perishability of the tops, but they can be held 
at 0°C and 90 to 95% RH for 1-2 weeks, although winter or black radishes can be stored under 
the same conditions for 2 to 4 months.  Addition of top ice in the carton package can maintain 
the freshness of the radish tops. During display, packaged radishes should be placed in a 
refrigerated rack.  Bunch radishes should be refrigerated, and can be iced or misted to help 
preserve quality. 
 
Radishes produce small amounts of ethylene and are not sensitive to ethylene exposure. 
 
Physiological disorders   
Radish is not sensitive to chilling injury.  Growth cracks or air cracks reduce quality when they 
are more 6 mm deep.  Over-maturity or stress during growth can induce dry, cottony voids in the 
root called pithiness.  Yellowing of tops can result from over-maturity or exposure to ethylene or 
elevated storage temperature. 
 
Postharvest diseases   
Important diseases include bacterial black spot (Xanthomonas vesicatoria), downy mildew 
(Peronospora parasitica), Rhizoctonia root rot (Rhizoctonia solani). Avoiding bruising, hydro-
cooling to 4°C, washing in chlorinated water (100-200 ppm), and storage or shipping at 0-2°C 
can reduce these problems. 
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Summer squash (Cucurbita pepo) 
 
 
Quality characteristics   
Important quality characteristics of summer squash include tenderness and firmness, shiny 
surface, and freedom from physical injury. Yellowish signs are sign of senescence in dark green 
types.  Water loss results in a dull surface and loss of firmness. Size is an important quality 
characteristics, but vary greatly from less than 50 g to more than 400 g), depending on the type 
of squash and market demand. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. (1): Summer Squash 
 
 

Maturity indices   
Summer squash are harvested when they are still shiny in appearance , usually up to 1 week after 
anthesis, with small fruit more desirable than larger ones because their flesh and seeds are tender. 
 
Packing and packaging   
Squash may be field packed directly into shipping containers or transported to the packinghouse 
in field boxes or bulk bins for washing and sizing before packing.  Packages used include 
baskets, wire-bound wooden crates and fiberboard boxes, and a plastic liner should commonly 
used in wooden containers to prevent abrasion and retard water loss. 
 
Summer squashes are extremely tender and can be injured very easily by physical and 
mechanical problems, and therefore, they should be handled gently throughout the whole 
postharvest chain, including that pickers and packers should wear cotton gloves to prevent 
fingernail cuts. 
 
Cooling, storage and shipping   
Fast pre-cooling to remove field heat immediately after harvest, using room, forced-air or hydro-
cooling, is important to reduce water loss and to extend postharvest life. Summer squash are 
highly perishable and not suited for storage longer than 2 weeks, and should be maintained at 5 
to 10°C and 95% relative humidity. During display, they should not be stacked more than four 
layers deep and should be arranged carefully so they do not fall off the rack, which should be 
refrigerated, however, direct contact with ice should be avoided because it can cause chilling 
injury and physical damage. 

 
 
 

Physiological disorders   
Summer squash are chilling sensitive when exposed to temperatures below 5°C, however, there 
are great variation in chilling tolerance among the different types.  Chilling symptoms include 
surface pitting, increased water loss, increased ethylene production, and decay that become 
obvious especially when fruit is transferred to non-chilling temperature. Summer squash are very 
susceptible to water loss, and shriveling may become evident with as little as 3% weight loss.  
Because fruit is very tender, skin breaks and bruises can be a serious source of water loss and 
microbial infection. It produces low to moderate amounts of ethylene (0.1 to 1.0 µL kg/h/ at 
20°C), but exposure of ethylene increases fruit yellowing of green skinned summer squash. Pre-
cooling and storage at low (optimum) temperature and high RH minimize weight loss.  Waxing 
(with thin coatings) provides some surface lubrication that reduces chaffing in transit.   
 
Postharvest diseases   
Decay caused by fungi and bacteria is a major cause of postharvest losses in summer squash, and 
it increases due to physical and chilling injuries. Common postharvest diseases include 
Alternaria rot, bacterial soft rot, cottony leak, Fusarium rot, Phythopthora rot, and Rhizopus rot.  
Alternaria rot can occur following chilling injury. 
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Figure 6. Tomato package (Source: Dr. Elhadi Yahia). 
 
Storage an shipping conditions 
Mature -green fruits should be maintained at 13oC and 90-95% relative humidity, and colored 
fruits at  5-7oC and similar relative humidity. Storage duration for green tomato is about 3-4 
weeks while colored ones can be stored for 3-10 days. 
 
Mixed storage with other crops 
Green tomato can be stored with citrus fruits whereas red colored tomato can be stored with 
pepper, eggplant, olive, watermelon and summer cucurbits as they require similar to optimal 
temperature and relative humidity. 
 
Preparation of fruits 
Fruits are picked by shears or by hands and deposited in field or marketing packs or transferred 
in field boxes or trucks to packing houses. Fruits are washed by water (sometimes cold water to 
remove field heat), and chlorine gas and fungicides can be added to washing water. Fruits are 
dried to remove excessive water or humidity, and graded according to ripening stage and to size, 
packed in suitable carton packs, and then pre-cooled to 13oC and stored or shipped. 
 
Artificial ripening 
This process is done at 15-25oC (depending on required ripening speed), and 85-90% relative 
humidity with 100-200 ppm of ethylene. 
 
Physiological disorders 
Tomato is sensitive to chilling injury (CI) with mature-green fruit the most sensitive stage, when 
temperature decreases below 13oC, red fruits can be injured when temperature decreases to 4oC.  
CI induces irregular or failure in coloration of fruits with deep strains on fruit surface depending 
on the time of exposure to low temperature and severity of injury. Tomato fruit is also sensitive 
to high temperature injury, where temperatures higher than 30oC may lead to injury and low 
quality, in addition to irregularity in ripening.  Both problems can occur in the field or after 
harvest. 
 
Postharvest diseases 
Important diseases affecting tomato fruit are soft bacterial rot, Alternaria rot, and rhizobus rot.  
Disease control is achieved through good handling of fruits to reduce mechanical damage and 
storage at safe temperature and optimal relative humidity. 

 

 
Figure 7.  Preharvest defects in tomato (Source: Dr. A.A. Kader) 
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CHAPTER FOUR 
 
POSTHARVEST HANDLING OF SOME 

OTHER CROPS 



Almond (Prunus amygdalus) 
 
 

 
Figure 1. Almonds 

 
 
Almonds are rich in oil content; about 36 to 60% of kernel dry weight.  About 90% of the fatty 
acids in almond oil are unsaturated, with the ratio of monounsaturated to di-unsaturated ranging 
from 2:1 to almost 5:1, which is important for human health.  Almonds are non climacteric and 
because of their very low water content they are characterized by very low respiration rate, 
produce very low quantities of ethylene and can be maintained for a long period of time.  

 
Harvest 
Almonds are commonly harvested mechanically in big commercial operations using tree shakers. 
Nuts are dislodged from the tree by shaking and allowed to dry on the ground before being swept 
into windrows, picked up and transported to the huller. Some harvested nuts are dried after 
removal from the orchard, which is especially important if late season rains threaten a delay in 
harvest.  Nuts must be dried to < 10% moisture prior to stockpiling.  If limited huller capacity 
leads to stockpiling of nuts, they will likely be covered and subjected to periodic fumigation to 
limit insect damage. Early harvested nuts (hulls and kernels) contain more water than is 
acceptable and must be dried on the orchard floor for 1 to 2 weeks before they are picked up and 
hulled. 

 
 

 
 

Figure 2. Shell opening stages (Source: U.C. Davis) 
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Quality characteristics   
In-shell nuts should be characterized of an adequate shape and hardness of the shell as well as 
the brightness and uniformity of its color, freedom from foreign material and insect damage or 
decay.  Shelled almonds should be free of shell debris and foreign material, and insect and decay. 
Kernel skin should be intact and should show no shriveling or discoloration.  Nuts should not be 
doubled, split or broken, and without rancid flavor.   
 
Storage  
Almonds are characterized by very low metabolic activity because of low water and high fat 
content of the kernel, very low respiration rate and very low ethylene production; they tolerate 
low temperatures and extreme atmospheric gas concentrations (very low oxygen and very high 
CO2), and therefore can be stored for a long period.  It is important to maintain the low water 
content during storage.  Safe moisture content for nuts to retard microbial activity is defined as a 
water activity of less than 0.7 at 25°C. Recommended storage relative humidity (RH) is 65%. 
Higher RH will increase water content and promote microbial growth. Cold storage of almonds 
is important to retard or minimize lipid oxidation and development of rancid flavor.  In-shell 
almonds can be stored for up to 20 months at 0°C, 16 months at 10°C, and 8 months at 20°C, and 
shelled nuts can be stored for about half as long as nuts in the shell: about 6 months.   
 
Almonds tolerate very low levels of oxygen and very high levels of CO2 atmospheres. Low 
oxygen and elevated CO2 atmospheres are beneficial to retard metabolic changes and to control 
insects. Flavor can be maintained for 12 months at 18 and 27.5°C in insect-controlling 
atmospheres of  less than 1% O2 and 9 to 9.5% CO2.   
 
Physiological disorders   
Almonds need to be adequately dried immediately after harvest. Harvested nuts are often 
stockpiled and fumigated to control naval orangeworm prior to hulling and shelling.  
Temperatures in covered stockpiles that are open to the sun can reach 60°C.  If nuts have not 
been dried to < 10% moisture in the orchard, or have been wetted by late-season rains, they 
should not be fumigated.  The combination of elevated moisture and temperature leads to a 
problem called concealed damage, which is characterized by inversion of sucrose, lipid oxidation 
and internal kernel darkening.  Elevated temperature alone does not cause the problem and 
forced air drying of rain-wetted kernels can prevent it, but wetting of freshly harvested almonds 
followed by heating can cause the problem.  Premature sprouting indicated by the growth of the 
embryo between the unopened cotyledons, and rancidity are also potential problems that can be 
caused by improper storage conditions. 
 
Postharvest diseases   
Most diseases in almonds are initiated in the orchard. In-shell nuts are relatively protected unless 
the shell has been broken or penetrated by insects. The most serious fungi that attack nuts are 
Aspergillus flavus and A. parasiticus, which can produce aflatoxins that are both toxic and 
carcinogenic. Damaged kernels must be discarded prior to storage and low temperature and low 
relative humidity conditions must be maintained during storage.  It has been found that the 
elimination of whole kernels with insect damage will reduce the number of whole kernels with 
excess levels (>1 ng/g) of aflatoxins.   
 

 
Figure 3. Almonds 

Insects 
Naval orange worm is the most important pest attacking almonds. Measures of control include 
fumigation with methyl bromide or phosphine, irradiation (about 30 kilo rad)and modified and 
controlled atmospheres (less than 1% O2 and 9 to 9.5% CO2). 
 
 

 
Fig. (4): Almond mechanical harvesting 
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Transport and shipment 
Flowers and ornamentals are transported in refrigerated trucks, or air transported to farther 
markets. Reducing the time between harvest and cooling associated with temperature 
management during handling and transport are essential for keeping good quality.  
 
The vase-life of flowers that are stored even for a few days is closely correlated with their 
respiration during storage. Rapid cooling and proper refrigeration are thus essential to maintain 
quality and satisfactory vase-life of cut flowers and foliage. The recommended conditions for 
commercial storage and shipping of most cut flowers are 0 to 1ºC at 95 to 99% relative humidity. 
Although flowers are commonly held in water for short-term storage, better vase-life after longer 
storage is achieved by storing the flowers dry. Under these conditions, stable temperatures (to 
reduce condensation and Botrytis infection), and high relative humidity are essential. Flowers for 
longer-term storage are typically wrapped in newsprint (to absorb any condensation) and 
perforated polyethylene (to reduce water loss). Storage-life varies by species, but is typically less 
than 3 weeks. 
 
Physiological disorders   
Chilling injury. Some tropical plants such as anthurium, bird of paradise, some orchids, ginger 
and many foliage plants are injured at temperatures below 10°C. Chilling symptoms include 
darkening of the leaves and petals, water soaking of the petals, and, in severe cases, collapse and 
drying of leaves and petals. Special care needs to be taken with tropical flowers shipped in a 
mixed load. The flowers should be packed in plenty of insulating material. These flowers should 
not be pre-cooled. If they are to be shipped by refrigerated truck, they should be placed in the 
middle of the load, away from direct exposure to cooling air. 
 
“Topple” of tulips. This disorder is a collapse of the scape associated with low calcium status of 
the flowers. Petal blackening in some red roses seems to be associated with inadequate calcium 
and perhaps boron nutrition.  
 
Postharvest diseases   
Flowers are very susceptible to diseases, their petals are fragile, and the secretions of their 
nectars often provide an excellent nutrient supply for pathogens. Transfer from cold storage to 
warmer atmospheres often results in condensation of water on the harvested flowers and disease 
infection. The most important disease in flowers is gray mold (caused by Botrytis cinerea), 
which can germinate wherever free moisture is present. Proper greenhouse hygiene management, 
temperature control, and minimizing condensation on harvested flowers reduce losses caused by 
this disease.  
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Olives (Olea europaea L.) 
 
 

 
Figure 1. Olives 

 
 
Olive fruit is non-climacteric and produces very little ethylene, with green olives producing less 
than 0.1 µL/kg/hr and black olives about 0.5 µL/kg/hr at 20°C, and intermediate respiration rate 
of about 40 to 80 mg CO2/kg/hr at 20°C.  Harvesting olives represents 50 to 70% of the total 
production labor cost and 30 to 40% of the gross returns from the crop.   
 
Quality characteristics   
Black olives should be of adequate color, free from defects, and with adequate oil content 
ranging from 12 to 25% depending on cultivar. Important quality characteristics for green olives 
include color, freedom from mechanical damage, shriveling, surface blemishes, scale and other 
insect injury, and decay.  Fruit begin to lose moisture immediately after harvest, and therefore 
when harvested during hot weather it should be maintained in the shade while waiting to be 
transported.  Sun-exposed fruit can get sunburn, and rough handling will cause bruises and grade 
reduction. Over-mature or badly bruised fruit frequently spoils during processing. To get the best 
return, fruit should be delivered to the cannery as soon as possible after harvest. 
 
Maturity indices and harvesting   
Olives for pickling are harvested either unripe and may remain green or ripe, when they are 
purple and turn black during pickling.  Olives for oil extraction can be harvested from the straw-
color stage through the black-ripe stage. Therefore, optimum harvesting stage is determined by 
the intended use of the olive, and its color and texture.  Olive is generally considered mature if it 
exudes a characteristic white juice when squeezed. Green olive maturity indices include adequate 
size, even coloration with pale green and minimum of whitish spots (lenticels) through a straw 
color. Skin color is an important maturity index for black olives, and fruit usually reaches 
maturity (with black color) stage after about 3 to 4 months after the green stage. Some olives are 
sometimes harvested mechanically, especially with the aid of some chemicals (commonly 
ethylene releasing chemicals), and using tree shakers and catching frames 
 

Storage conditions   
Olives should be stored at 5 to 7.5°C and 90 to 95% relative humidity.  For fresh green olives, 
atmospheres with 2-3% O2 + 0-1% CO2 can delay olive fruit senescence and softening for up to 
12 weeks at 5°C, and 9 weeks at 7.5°C. However, lower O2 concentrations (less than 2%) can 
cause off-flavors, and higher CO2 concentration (higher than 5%) may increase severity of 
chilling injury if olives are stored below 7.5ºC.  Black fresh olives can be kept in 2% O2 at 5°C 
for up to 4 weeks. 
 
Physiological disorders   
Chilling injury. Olive fruit are sensitive to chilling injury at temperatures less than 5°C.  
Chilling injury becomes visible on olives stored for more than 2 weeks at 0°C, 5 weeks at 2°C, 
or 6 weeks at 3°C. Chilling symptoms in ‘Ascolano’, ‘Manzanillo’, ‘Mission’, and ‘Sevillano’ 
fruit are a slight, tannish to brown discoloration which develops in the flesh adjacent to the pit, 
and over time, the discoloration becomes more intense and progresses through the flesh into the 
skin, at which time the olive has the appearance of having been boiled.  
 
“Nailhead”. Appears on olives kept at 10°C for more than 6 weeks or at 7.5°C for more than 12 
weeks. This disorder is characterized by surface pitting and spotting, and results from death and 
collapse of epidermal cells, creating air pockets underneath fruit skin. 
 

 
Figure 2. Olives maturity grades (Source: U.C. Davis) 

 
 
Postharvest diseases   
Postharvest diseases occur if olives have been chilled at temperatures below 5°C, mechanically 
damaged, not cooled promptly after harvest to 5 to 7.5 °C, or exposed to undesirable 
atmospheres with more than 5% CO2 and/or lower than 2% O2. 
 
Insects   
Olive fruit fly (Bactrocera oleae) is a quarantine pests in some countries, and therefore 
appropriate pre-harvest and postharvest treatments should be sought if fresh olives are to be 
exported to one of these countries.  
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concentrations of gases, and therefore low O2 storage can be used to delay the development of 
rancid flavor and to control insects. High CO2 atmosphere can reduce the growth of Aspergillus 
flavus in short duration storage of high moisture, non-cured peanuts. Peanuts are normally 
marketed at ambient temperature conditions, but use of low O2 (especially in the packages) and 
preventing excessive exposure to light and moisture is recommended.  
 
Postharvest pathology  
The most serious pathological problems in peanuts are caused by molds and fungi, and therefore 
the presence of mycotoxins is of particular concern. Peanuts with visible Aspergillus flavus 
mold, or those containing more than 15 ppb aflatoxin, may not be used for edible purposes. Four 
aflatoxins can be found in contaminated peanuts, designated as aflatoxin B1, B2, G1 and G2.  
Aflatoxins B1 and B2 are metabolites of Aspergillus flavus and all four aflatoxins may be 
produced by Aspergillus parasiticus. A fifth mycotoxin which is somewhat less toxic than 
aflatoxin and is produced by Aspergillus flavus, other Aspergillus species, and several species of 
Penicillium, is cyclopiazonic acid. Pre-harvest conditions favoring aflatoxin contamination are 
high temperatures and drought stress during the last 3 to 6 weeks of the growing season. Peanuts 
for human consumption must be free of visible Aspergillus flavus mold, and should contain less 
than 15 ppb (parts per million) aflatoxin. Late season irrigation may be effective in reducing 
aflatoxin contamination. Storage conditions to reduce mycotoxins problems include maintenance 
of a moisture content of less than 7.5%, prevention of rehydration during storage, use low 
temperature during (1-5°C).  
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Tamarind (Tamarindus indica L., syns. T. occidentalis Gaertn.; T. 
officinalis Hook.) 

 

 
Figure 1. Tamarinds 

 
Tamarind fruit is a good source of calcium, phosphorous, and iron, excellent source of riboflavin, 
thiamin, and niacin, but contains only small amounts of vitamins A and C. Tamarind is 
considered to be both the sweetest and most sour of all fruits.  
 
Tamarind is a non-climacteric fruit, and the maximum CO2 production occurs 4 weeks after fruit 
set, and then gradually declines. 

 
Figure 2. Tamarinds pods 

 
Quality characteristics   
Both green immature and brown, ripe pods are normally marketed when they reach 5 to 20 cm 
long.   
 
Maturity indices and harvesting   
Tamarind fruit take about 8 months from fruit set to harvest, and as pods mature, skin develops 
into a brown, brittle shell, the pulp turns brown or reddish-brown, and seeds become covered 
with dry and sticky pulp.  When fully ripe, the shells are brittle and easily broken. Mature fruit 
can be left on the tree for more than 6 months after ripening without significant spoilage; 
however birds and insects become pests.  Fruit should be harvested when the moisture content is 
less than 20% to facilitate separation of the shell from the pulp. In humid climates, fruit are 
readily attacked by beetles and fungi, and should therefore be harvested before they are fully 
ripe. 
 
Fruit can be pulled off the peduncle or cut using scissors.  Fruit for immediate processing are 
harvested by pulling pods away from the stalk.  Some can be harvested by shaking the branches, 
leaving the remaining fruit to fall naturally when ripe.  Dry, ripe fruits are easily cracked, and the 
pulp and fibers separated from the broken shell. 
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Storage conditions   
Tamarind is characterized by a long storage life because of the low water content, and high 
soluble solids content to titratable acidity. It can be stored either with the skin, or as a separated 
dry pulp, and tightly packaged pods can be stored at 20°C for several weeks.  The pulp of mature 
tamarind is commonly compressed and packed in palm leaf mats or plastic bags and stored at 
20°C for a significant period when processed into paste. It can be frozen and stored for 1 year, or 
refrigerated for up to 6 month.  During storage, the dry, dark-brown pulp becomes soft, sticky, 
and almost black.  The pulp can be stored for a longer period after drying or steaming. 
 
Postharvest diseases   
Tamarind fruit are usually very tolerant to pathogens and insects because of low water content, 
high acid and sugar content, and high polyphenol content in the peel. However, there are 
occasional incidences of scab, and ripe fruit can be susceptible to mold, insects and birds. 
 
Insects   
Various weevils and borers can infest the ripening pods or stored fruits.  Tamarind beetle 
(Pacymerus (Coryoborus) gonogra) and tamarind seed borer (Calandra (Sitophilus) lineris) can 
infest ripening pods and persist in the stored fruits.  The rice weevil (Sitophilus oryzae), rice 
moth (Corcyra cepholonica), and fig moth (Ephestia cautella) can infest fruit in storage.   
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Figure 1b. Concentration in the target destinations of the fresh produce 
 
The EU is both the leading destination and source of supply in the global fruit and vegetable trade, 
accounting for nearly half of the world’s imports and more than 40 percent of the exports. Most EU trade, 
however, is intraregional, except for fresh fruit, for which extra-EU trade is slightly larger than intra-EU 
trade. In addition, a substantial share of these extra-EU imports comes from geographically proximate 
partners or ex-colonies under preferential trade agreements. 
 
Intraregional trade is also important for NAFTA, particularly for fresh vegetables, which are mostly intra-
NAFTA commodities. For other commodity groups, however, NAFTA members import heavily from the 
Southern Hemisphere and send sizeable exports to Asia. Trade with the Southern Hemisphere and 
equatorial regions is mainly in imports of juices, off-season fresh fruits, and bananas. During 1999-2006, 
nearly 60 percent of fresh fruit and 45 percent of juice imported by NAFTA originated from Southern 
Hemisphere countries and equatorial regions.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Fresh fruit                                                 Fresh vegetable 
Figure 2. Destination of fruits and vegetables exported by the world's 30 top exporters 

 Source: USDA, ERS, Global Trade Patterns in Fruits and Vegetables. 
 
 
 

The EU, the leading destination and source of supply in the 
global trade of fruits and vegetables. In the EU, a customs 
union, all member countries have not only a common tariff 
for third countries, but also a common market organization, 
with policy mechanisms and trade agreements to stabilize 
markets for their fruit and vegetable sector.

NAFTA, whose three members—Canada, Mexico, and 
especially the United States—are very important producers, 
consumers, and traders of horticultural products. North American
trade in fruits and vegetables has flourished under NAFTA. The 
chapter looks at the trade flows and related policy issues as they 
affect commerce in fruits and vegetables.

Asia: China and Japan. As a growing competitor in export markets, 
particularly in Japan, China is a chief actor in the global fruit and 
vegetable trade, with potential to become a key importer as well. The 
large population of Asia does not play as much of a role in determining 
trade as the income level of the countries, which is why Japan stands 
out as an importer. Japan is a harbinger of what other Asian countries 
may become, and its market is very important

GCC, Attractive market for fruits 
price wise. Small and fluctuated 
market for vegetables

During the same period, Asian markets, mainly in East Asia, accounted for 20 to 30 percent of NAFTA 
exports. Asian trade is dominated by China’s exports and Japan’s imports. Most of China’s exports were 
to neighboring Asian markets, with Japan the leading market for China’s horticultural exports. Since the 
1990s, China has sharply increased its presence in Japan’s import market for fresh and frozen vegetables.  
 
While intraregional trade still dominates global trade patterns in fruits and vegetables, extra-regional trade 
has become more important in the past decade. Most of it involves global north-south trading, due mainly 
to the countercyclical seasons of the two hemispheres. Tariff structures in the EU and NAFTA tend to 
reinforce this pattern. Asian trade has also become much more important since the mid-1980s as incomes 
and populations have grown and policies changed. A big exception to the seasonality of produce traffic is 
bananas, the most traded of all fruits and vegetables. Continuous-growth equatorial regions account for a 
substantial share of global banana exports. 
 
These major trading patterns exist for a variety of reasons, which can be loosely grouped as supply, 
demand, institutional, and other factors (figure 2). Supply side factors include such fundamental aspects 
as climate, location, technology, costs, factor endowments, and infrastructure, among others. The ability 
to maintain quality through technology has enabled the emergence of a global market, for example, by 
allowing tropical fruits to be introduced into markets previously unreachable. 
 
Demand-side factors, which include rising incomes and the creation of a middle class that demands 
quality produce in all seasons and is willing to pay, have had major consequences for trade. The cheaper 
prices and better quality resulting from lower tariffs and improved technology have also increased 
demand. High-income countries like the United States, EU members, Japan, and Canada, account for the 
overwhelming majority of the fruit and vegetable trade, as well as for its growth. The EU and the United 
States, in particular, are the largest traders in the global market of fruits and vegetables. The Common 
Agricultural Policy in the EU and the trade liberalization measures in NAFTA are two examples of 
institutional factors that play a role in the patterns of global trade in fruits and vegetables.  
 
Globalization of the fruit and vegetable trade has made fresh produce accessible to consumers around the 
world, overcoming seasonality and smoothing price fluctuations. High income-growth rates in developing 
countries portend higher rates of fruit and vegetable consumption and trade in the future. In the meantime, 
developed countries will dominate global consumption and trade of fruits and vegetables, not only 
because of their high income levels but also because of consumers’ increasing concerns about healthy 
eating, which tend to increase fruit and vegetable intake in their diets. The United States is well placed to 
take advantage of the potential for greater horticultural trade, both as an importer and as an exporter, 
because of its income level, access to advanced technology and transportation, and trade agreements that 
allow for the freer flow of products around the globe. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Supply-Demand factors influencing the fresh produce global trade 
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