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INTRODUCTION
• Current world population (7.8 billion) is expected to reach 10.5 billion 

by 2050. 
• Increasing  global food security concerns. 
• Food supplies would need to increase by 60% 
• Food availability and accessibility can be increased 

– By increasing production
– Improving distribution, and 
– Reducing the losses. – Reducing the losses. 

• U.N. predicts that about 1.3 billion tons of food are globally 
wasted or lost per year 

• Reduction of post-harvest food losses is a critical 
component of ensuring future global food security. 

• 95% of the research investments during the past 30 years 
were reported to have focused on increasing productivity 
and only 5% directed towards reducing losses. 



• Food losses 
–Reduce food available for human consumption 
–Costs of waste management 
–Greenhouse gas production, and
– loss of scarce resources used in their production. – loss of scarce resources used in their production. 

• The post-harvest losses are to the tune of 6% in cereals, 
8% in pulse, 10% in oilseeds and 15% in fruits and 
vegetables. The estimated annual value of total losses 
is about Rs 1 lakh crore.  

• Small fraction of fruits and vegetables are utilized for 
processing (less than 1%) and exported (Fruits – 0.5% 
and Vegetables – 1.7%)



• India grows wide range of fruits and vegetables 
• Fruits and vegetables are very important commodity 

of the balanced diet 
• A balance diet contains about 300g of vegetables per 

person day and 120 g of fruits per day. 
• But the availability is around 185 g in vegetables and 

around 90 g in fruits. 
• Fruits and vegetables are highly perishable• Fruits and vegetables are highly perishable
• Fruits and vegetables are available in surplus only in 

certain season and availability in different regions.
• In peak season due to improper handing practiceses, 

marketing, storage problems 
• Around 20-30 percent of fruits and vegetables are 

spoiled in various stages before it reached to the 
consumer i.e. post harvest losses. 



• Seasonal availability in plenty due to favourable
agro-climatic condition & lack of improper storage 
facility and processing amenities a major part of 
produce is spoiled. 

• Spoilage to fruit and vegetables are mainly occur 
due to microbial attack, autoxidatioin and insect 
pest attack.pest attack.

• The role of the PHM is important for reduction of 
post harvest losses of fruit and vegetables and to 
make them available for longer period in the 
market. 



• Postharvest losses are “losses that occur after harvest till the 
produce reaches consumers. It can quantity as well as 
qualitatively losses. 

• Quantitative food loss can are reduction in weight of edible grain 
or food available for human consumption. 

• The quantitative loss is caused by the reduction in weight due to 
factors such as spillage, consumption by pest and also due to 
physical changes in temperature, moisture content and chemical 
changes.

• The qualitative loss can occur due to incidence of insect pest, 
mites, rodents and birds, or from handling, physical changes or 

• The qualitative loss can occur due to incidence of insect pest, 
mites, rodents and birds, or from handling, physical changes or 
chemical changes in fat, carbohydrates and protein, and by 
contamination of mycotoxins, pesticide residues, insect 
fragments, or excreta of rodents and birds and their dead bodies. 
When this qualitative deterioration makes food unfit for human 
consumption and is rejected, this contributes to food loss. food 
waste occurs when the an edible food item goes unutilized as a 
result of human action or inaction and is often the result of a 
decision made farm-to-fork by businesses, governments, and 
farmers.



Objectives of applying postharvest technology to fruits and vegetables
– To maintain quality (appearance, texture, flovour and nutritive value)

– To protect food safety
– To reduce losses between harvest and consumption.

Post harvest loss :
Important sites of post-harvest losses:
 Farmer’s field (15-20%)
 Packaging (15_20%)  
 Transportation (30-40%)  Transportation (30-40%) 
Marketing (30-40%) 
Estimated loss of fruits : Grapes  27%  Banana  20-28%  Citrus  20-95%  
Avocado  43%  Apple  14%  Estimated loss of Vegetables:  Onion  25-
40%,  Garlic  08-22% , Potato  30-40 % Tomato  5-34%  Cabbage & 
cauliflower  7.08-25.0%  ChIli 4-35,0%  Radish  3-5%  Carrot  5-9% .

There are about 4000 small and large scale post harvest storage units in the country 
which store only about 2.5 % of the total fruits and vegetable as against 40-85 percent 
in developed countries e.g. Malaysia 83 %, Phillippines 78%, Brazil and USA 70 %. 



Scope and importance of Post harvest management
– Reduction of losses
– Increase food supply (Availability): 
– Nutritional security: Reduction of cost of production:
– Higher profit to the producers: 
– Employment generation:– Employment generation:
– Value addition:
– Export earnings:
– Rural industrialization:
– Benefits to producers and consumers



Technologies for minimizing the losses

• Waxing
• Evaporative cool storage
• Pre-packaging 
• Cold storage• Cold storage
• CA and MAP
• Cold chain
• Irradiation
• Edible coating
• Preservation and value addition 



Pre Harvest Factors Affecting Post Harvest 
Quality of Horticulture ProduceQuality of Horticulture Produce



Pre Harvest Factors
• Affect the quality and storage life of fruits and 

vegetables before the harvesting of produce. 
• Post harvest quality and shelf life of fresh 

horticultural produce is determined before harvest.
• Quality cannot be increased after harvesting. • Quality cannot be increased after harvesting. 
• Grower should adopt all agro techniques to 

maintain quality produce at the time of harvesting 
• Quality produce is maintained by good post harvest 

management and storage so consumer get best 
quality of produce for longer period of time. 



1. Genetic factors: 
 Within each commodity there is wide range of genotypic variation in 

composition, quality and post harvest life. 
 Breeder has been successful in selection of these characters in different crops.  
 The cultivars have ability to withstand the rigors of marketing and distribution 

will have lesser losses after harvest. 
 Varieties with resistance to low temperature disorders and/or decay-causing 

pathogens can be stored well for longer duration with minimum storage losses. 
 One must choose such varieties that inherently have: 
 Good quality and storage potential 

Pre Harvest Factors influencing the post harvest life of Horticulture Produce

 Good quality and storage potential 
 High yield and pest resistance potential.
 Higher caroteniods level have been developed in carrot, sweet potato.
 In cantoupope and watermelon varieties with higher TSS and firm flesh
 In tomato varieties with higher self life i.e. flavor safer and endless 

summer
 In tomato varieties with thick flesh are suited for long distance transport
 Potato variety for chips and French fry purpose should have higher 

TSS and lower reducing sugar. 
 White onion is suitable for dehydration purpose. 



A. Light Intensity:
 Light intensity greatly influences the nutritional quality by 

affecting the levels of ascorbic acid, carotene, riboflavin.  
 Low light intensity lowers ascorbic acid content in plant. 
 Citrus and mango fruits produced in full sun generally had 

a thinner skin, a lower weight, low juice content and lower 
acidity but a higher TSS.  

2.  Climatic Conditions 

acidity but a higher TSS.  
 Citrus fruits grown in the shade may be less susceptible 

to chilling injury when subsequently stored in cold storage.
 Tomatoes, leaf shading of fruits produced a deeper red 

colour during the ripening than in the case of those 
exposed to light. 

 Leafy vegetables, leaves are larger and thinner under 
condition of low light intensity



B. Growing Temperature
 Temperature influence the uptake of metabolism of mineral

nutrients by plant and transpiration rate increase with increase
of temperature.

 Both hot and cold weather affect the quality.
Cold may leds to poor colour development in tomato, beet and carrot

 The higher temperature during field conditions decreases life and
quality of the produce.
At high temperature, stored carbohydrates of fruits, vegetables and

flowers are quickly depleted during respiration and plant respires at
the faster rate.
flowers are quickly depleted during respiration and plant respires at
the faster rate.

 The produce which is having higher amount of stored carbohydrates
show longer storage/vase life.

High temperature inhibits proper colour development in tomato and
leads to development of undesirable falvour in lettuce and broccoli.

 Orange grown in the tropics tend to have higher sugars and TSS than
those grown sub tropics. However, tropical grown oranges tend to be
green in colour and peel less easily and it is due to the lower diurnal
temperature that occurs in the tropics



C. Humidity
High humidity during growing season results in thin 

rind and increased size in some horticultural 
produce 
Increased incidence of disease during post harvest 

period. 
Humid atmosphere may cause the development of Humid atmosphere may cause the development of 

fungal and bacterial diseases, which damages 
produce during storage and transport. 



3. Cultivation  Practices    
A. Plant population:

– Influences the size and quality. 
– Lower plant population in cabbage leads to development 

of larger head in cabbage. 
– Higher plant population in leads to development of – Higher plant population in leads to development of 

misshapen roots in carrot and radish. 
– Dense canopy increase the incidence of diseases. 



B. Water supply / irrigation
• Plant need continuous water supply both for photosynthesis and transpiration. 
• Water stress form either too little and too much water leading to cause poor quality and storage life

• Excess turgidity leading to increase susceptibility to physical damage, reduce firmness, 
delayed maturity and reduce TSS content. 

• Excess water to plant result in cracking of fruit.  
• In melons over irrigation result in decrease TSS , ground spot and fruit rot. 
• In green leafy vegetables, too much rain or irrigation can results in the leaves becoming 

harder and brittle, which can make them more susceptible to damage and decay during 
handling and transport.handling and transport.

• Water stress result in increase sun burn in fruit, irregular ripening, tough and leathery texture 
in tomatoes. Moderate water stress reduces size and increase TSS, acidity and ascorbic acid content.

• Dry condition followed by rain or irrigation give rise to growth cracks or secondary growth in 
potatoes or growth cracks in tomatoes. 

• Shortage of water with high transpiration causes blossom end rot in tomato, capsicum and 
melons.  Lack of rain / irrigation leads to low juice content and thick skin in fruit. 

• In tomato irrigation should stop 20 days prior of mechanical harvesting in determinate cultivar.  
• In potato irrigation stop 15 days before dehulming or 30 days before digging for proper curing

• In Berry crop severe moisture stress decreases yield and quality, whereas, mild stress 
decrease yield and improve quality. No water stress increase yield but reduce post harvest life. 



C. Mineral Nutrition: 
• Fertilization practices influences flavor, texture, colour, size, shelf life and content 

of nutrients. 
• Lack of plant foods in the soil can seriously affect the quality of fresh produce at 

harvest. 
• For getting best quality and post harvest life of fruit and vegetables the grower 

should know the nutrient requirement of plant and analyzed the soil and decide 
the balance nutrition for crop and apply it so that plant will get correct nutrition. 

• Increase Nitrogen content cause faster tissue deteoration, where increase K 
improve quality. Whereas, decreased N leads to stunted growth and yellow –red 
discoloration in fruit surface. N deficiency also leads to small fruit with poor flavor. discoloration in fruit surface. N deficiency also leads to small fruit with poor flavor. 

• High N in vegetable delay maturity and increase several disorder that reduce post 
harvest quality i.e.  grey wall in tomato, hollow stem in cole crop, Nigh N cause 
higher weight loss during storage in sweet potato and potato and soft rot in 
tomato. 

• Too much fertilizer can harm the development and post harvest condition of 
produce. 

• Calcium moisture imbalance cause blossom end rot,  bitter pit in apples, cork spot 
in apple and pear and red blotches in lemons.

• Boron deficiency cause lumpiness in papayas, corking in apple, apricot, cracking of 
outer skin in apricot and beets and hollow stem in cabbage and cauliflower. 

• Zn deficiency causes poor colour of stone fruit.  



D. Inter cultural operation

• Good crop husbandry is important in achieving good 
yield and quality of fresh produce. 

Weed control: weeds are alternate host for crop
diseases and pest, compete with crop nutrients,
moisture and light and leading to poor quality ofmoisture and light and leading to poor quality of
produce.

Crop hygiene: decaying plant residues, dead wood,
decaying or mummified are all restorer of infection
causing post harvest decay. Their collection and
removal are crucial factor in reduction of post harvest
losses.



E. Rains
• Affect the water supply to plant and influence the

composition of harvested part and its susceptibility
to mechanical damage and decay during
subsequent harvesting and handling operation.

• Rain during latter part of fruit development cause• Rain during latter part of fruit development cause
increase cracking in tomato, litchi, citrus.

• It also increases the chance of pathogen infection.
• Splashing of soil spread the pathogen throughout 

the field. 



F. Pest management
• Infection by fungi, bacteria, mites and insects reduces 

the longevity as well as consumer acceptability. 
• Tissue damage caused by them show wilting and 

produce ethylene leads to early senescence. 
• Vascular diseases/stem rot /root rot of floral corps 

hinder the transport, affects the post harvest life and 
quality. quality. 

• The potato tuber moth may infest tubers during growth 
if they are exposed above the soil and subsequently in 
the storage. 

• Insect and mite reduce fruit and vegetable quality. 
• Insect and mite damage the crop and crop do not have 

enough energy to develop high yield and quality of the 
harvest part. 



G. Agricultural chemicals
• Pesticides and herbicides: 

– Dangerous as can damage produce by producing spray burn if used incorrectly. 
– Poisonous residues on produce after harvest. 
– Strict observation of the recommended delay between the last spray and harvesting is 

required in order to keep poisonous spray form reaching the consumer. 
• Growth regulating chemicals: 

– Increase the fruit setting, number, yield marketing quality, and to promote uniform 
ripening. 

– Their effective use require specialist knowledge and are mainly applicable to large scale 
commercial production. 

– Application of GA3 @ 50-100 ppm improves pH quality of roses by anthocyanin– Application of GA3 @ 50-100 ppm improves pH quality of roses by anthocyanin
development and it stimulate the accumulation of N, K, Mg and S. 

– Pre-harvest spray with Alar(1500ppm), MH(500ppm), and Cycocel(500ppm) increased 
vase life of Aster. 

– Beneficial effect of leaf manure, K and GA3 is found to enhance the longevity of 
tuberose flowers. 

– Use of chemicals on the plants to prevent the pathogen will have direct impact on 
extending the postharvest life. Pre harvest application chemicals like MH on onion filed 
prevent them sprouting during storage.

The overall quality and condition of fresh produce cannot be improved after harvest.  Preharvest
production practices may seriously affect post harvest returns in quality and quantity and result 
in rejection or downgrading of produce and their storage life is also poor.



4. Canopy Manipulation
A. Fruit thinning – Increases fruit size but reduces 

total yield. It helps in obtaining better quality produce
B. Fruit position in the tree – Fruits which are 

exposed to high light environment possesses 
higher TSS, acidity, fruit size, aroma, and shelf 
life compared to which lies inside the canopy. life compared to which lies inside the canopy. 
Hence better training system should be 
practiced to circulate optimum light and 
air. eg.: Grapes, Mango, peaches, kiwifruits.

C. Girdling - increases the fruit size and advance and 
synchronized fruit maturity in peach and nectarines. 
Increases fruitfulness in many fruit tree species.



5. Seasons / Day and day length
• Seasonal fluctuation and time of the day at harvest will 

greatly affects the postharvest quality of the produce. 
• Synthesis of higher amount of carbohydrates during the day 

time and its utilization through translocation and respiration 
in the night is responsible for the variation in the longevity of 
the cut flowers. 

• Roses and tuberose have been found to show longer keeping • Roses and tuberose have been found to show longer keeping 
quality in the winter season under ambient condition than in 
the summer seasons.

• Produce harvested early in the morning or in the evening 
hours exhibits longer PH life than produce harvested during 
hot time of the day.

• Day length - If long days Onion (temperate) grown during 
short day (tropics) condition it leads to very poor storage quality.



6.  Carbon dioxide

• Quality planting material, early flowering, more 
flowering, increased yield and rapid crop growth 
and development at higher level of CO2. 

• Production of chrysanthemum under green house • Production of chrysanthemum under green house 
at 1000 – 2000 ppm of CO2 showed an increase in 
stem length, fresh weight, leaf no. and longevity of 
cut flowers.



Causes of Post harvest losses
• Primary causes
• Secondary
A. Primary causes

Directly responsible for losses
Mechanical injury: Mechanical injury: 
 Careless handling during harvesting, packing, storage etc.
 Insects and birds damage. 
 Mechanical injuries like bruising and cracking  increase the rate 

of water loss and gaseous exchange. 
 Pressure thrust during transportation. 
 Mechanical injury  cause to invisible injury,
 Rupturing of inner tissues and cells  
 Degraded faster during the natural ageing process.



• Fruits and vegetable receive mechanical injury
– Faulty picking and harvesting 
– Large quantity of tuber and root crops like 

potato, sweet potato, etc. become unmarketable 
due to faulty methods of digging them out. 

–Among fruits, certain fruits like aonla, apples, etc. 
have soft outer skin which are highly prone to have soft outer skin which are highly prone to 
mechanical damage. 

– Fruits thus damaged are also prone to 
pathological attacks like rotting etc. 

• Produce fetch lesser prices in the market.



• Microbial action
– Fruits and vegetables are also prone to microbial spoilage caused by fungi, 

bacteria, yeast and moulds.
– Major post-harvest loss period is due  to diseases caused by fungi and bacteria. 
– The succulent nature of fruits and vegetables 
– Many serious post-harvest diseases occur rapidly and cause extensive break 

down of the commodity, sometimes spoiling the entire package. 
– It is estimated that 36 % of the vegetable decay is  caused by soft rot bacteria. 
– Water used for cleaning the surface, contact with equipment and storage 

environment are potential source of infection
– The most common pathogens causing rots 

• Fungi such as Alternaria, Botrytis, Diplodia, Monilinia, Phomopsis, Rhizopus, • Fungi such as Alternaria, Botrytis, Diplodia, Monilinia, Phomopsis, Rhizopus, 
Pencillium, Fusarium etc. 

• Bacteria Ervinia, Pseudomonas, etc. cause extensive damage.
 High temperature and relative humidity favour the development of 

post-harvest decay organisms. 
More acidic tissue is generally attacked by fungi 
 Fruits and vegetables having pH above 4.5 are more commonly 

attacked by bacteria 
 soft rot of potato caused by Ceratocystis, fimbriata, water soft rot of 

carrot by Sclerotinia sclerotiorum etc.



Environmental factors 
– Temperature, humidity, composition and proportion of gases storage

• Temperature is the environmental factor that most  influences the 
deterioration rate of harvested commodities. 

• For each increase of 10°C (18°F) above optimum, the rate of 
deterioration  increases twofold to fourfold. 

• Exposure to undesirable temperatures results in many 
physiological disorders. 

• Temperature also influences the effects of ethylene and controlled 
atmospheres atmospheres 

• Spore germination and growth rate of pathogens are greatly 
influenced by temperature

• Temperature is the most important environmental factor 
influencing the deterioration of harvested commodities. At 
temperatures above the optimum, the rate of deterioration 
increases twofold to fourfold for every 10°C rise in the 
temperature. 

• Temperature effect on the germination and growth of pathogens.



Temperatures outside the physiological norm can cause disorders
Freezing injury

– Freezing is normally the result of inadequate refrigerator design or poor setting 
or failure of thermostats. In winter conditions, freezing can occur if produce is 
allowed to remain for even short periods of time on unprotected 
transportation docks.

– Susceptibly to freezing injury: 
– Light freezing: Apricot,asparagus, avocado, banana, beans (snap), berries 

(except cranberries), cucumber Eggplant, lemons, lettuce , limes, okra , 
peaches, peppers (sweet), plums, potatoes, squash (summer), sweet potato, 
tomatoes

• Heat injury. • Heat injury. 
– High temperatures are also very injurious to perishable products. 
– Transpiration maintains temperatures in the optimal range. 
– Bleaching, necrosis (sunburn or sun-scald), or general collapse

• Chilling injury. 
– Unfavorably to storage at low temperatures, even temperatures well above the freezing 

point 
– Surface and internal discoloration, pitting, water soaking, failure to ripen, uneven 

ripening, development of off flavors, and heightened susceptibility to pathogen attack. 



• Relative Humidity: 
– Water loss from fruits and vegetables depends on the vapor 

pressure deficit 
– Influenced by temperature and relative humidity.
– At a given relative humidity, water loss increases with the 

increase in temperature.
– Role of relative humidity (RH) is often as important as 

temperature. 
– Aeration in the storage containers influences  indirectly on – Aeration in the storage containers influences  indirectly on 

disease development. 
– High RH on decay is closely related with the effects of 

temperature 
– Relative humidity near saturation results in lower decay 

losses only if the temperature is near O°C. 
– Relative humidity below 90 % does not permit micro-

organisms to grow on the surface 



• Atmospheric Composition: 
– Reduction of oxygen and elevation of carbon dioxide 

can either delay or accelerate deterioration of fresh 
horticultural crops. 

– The magnitude of these effects depends on 
commodity, cultivar, physiological age, O2 and CO2 
levels, temperature, and duration of holding. levels, temperature, and duration of holding. 

– Improper storage temperature (cold storage) or 
undesirable gaseous composition of controlled atm
storage temp leds to physical change due to tissue 
breakdown. 
• Hollow heart disease in potato



Ethylene:
– ethylene on harvested horticultural commodities can 

be desirable or undesirable
– Concern to all produce handlers
– Ethylene can be used to promote faster and more – Ethylene can be used to promote faster and more 

uniform ripening 
– Exposure to ethylene can be detrimental cause 

bleaching of colour, faster senescence.



Light:
– Exposure of potatoes to light should 
– Lightinduced greening of endive, garlic, and onion 

isundesirable.
– Excessive or insufficient heat during processing, 

improper cold storage temperature and un- desirable 
gaseous composition of controlled atmosphere of gaseous composition of controlled atmosphere of 
storage lead to physical damage due to tissue break 
down. Hollow heart disease in potato is a good 
example of faulty oxygen balance in storage or during 
transportation. A large chunk of potatoes is 
destroyed by this disorder every year.



• Secondary causes
– Inadequate harvesting, transportation, storage and 

marketing facilities and legislation causes secondary causes 
of loss. 

– Inadequate harvesting facilities and rough handling during 
harvesting results in bruising and increase possibilities of 
contact of the produce with the soil which leads to 
contamination with organisms. 

– A prolonged period taken for harvesting and grading 
– Improper machinery and equipments in mechanical – Improper machinery and equipments in mechanical 

harvesting cause serious losses. 
– Mechanical harvesting of tomato has been reported to result 

in more cracking (33 %) than hand picking (10 %) 
– Harvesting of fruits and vegetables during rain or 

immediately after rains creates conditions favourable for 
decay organisms.

– Harvesting during hotter part of the day results in faster 
senescence, shriveling and wilting



• Inadequate storage facilities at the producing or 
marketing centers

• Transportation and distribution of fruits and 
vegetables are the important areas of post-harvest 
loss. 

• Longer shipment and distribution period eventually 
cause, heavy losses. 

• Earlier the harvested produce is consumed, the 
minimum is the lossminimum is the loss

• The presence or absence of legal standards can 
affect the eventual retention or rejection 

• Legal standards vary from country to country and are 
influenced by the economic status of the population 
and pressure of the population 

• Strict legal standards will give better prices to 
farmers and superior quality to the consumers.



 

Maturity, Ripening and changes occurring during ripening 

 

MATURITY 

It is the stage of full development of tissue of fruit and vegetables only after which it 

will ripen normally.  

During the process of maturation the fruit receives a regular supply  of  food material from 

the plant. When mature, the abscission or corky layer which forms at the stem end stops this 

inflow.  Afterwards, the fruit depend on its own reserves, carbohydrates   are dehydrated and sugars 

accumulate until the sugar acid ratio form. In addition to this, typical flavour and characteristic 

colour also develop.  it has been determined that the stage of maturity  at the time of picking 

influence the storage life and quality of fruit, when picked immature like mango develop 

white patches or air pockets during ripening and lacking in normal brix  acid ratio or sugar 

acid ratio, taste and flavour on the other hand if the fruits are harvested over mature or full 

ripe they are easy susceptible to microbial and physiological spoilage and their storage life is 

considerably reduce. Such fruits persist numerous problems during handling, storage and 

transportation. Therefore, it is necessary or essential to pick up the fruits  or  vegetables  at 

correct stage of maturity to facilitate proper ripening, distant transportation  and  maximum 

storage life. 

Horticultural maturity 

It is a developmental stage of the fruit on the tree, which will result in a satisfactory  

product after harvest. 

Physiological maturity 

It refers to the stage in the development of the fruits and vegetables when maximum growth 

and maturation has occurred. It is usually associated with full ripening in the fruits. The 

Physiological mature stage is followed by senescence. 

Commercial maturity 

It is the state of plant organ required by a market. It commonly bears little relation to 

Physiological maturity and may occur at any stage during development stage. 

Harvest Maturity 

It may be defined in terms of Physiological maturity and horticultural maturity, it  is  a  

stage, which will allow fruits / vegetables at its peak condition when it reaches to the consumers 

and develop acceptable flavour or appearance and having adequate shelf life.



Table 1: Criteria of maturity for harvesting fruits and vegetables 

 

Fruit Physical Chemical 

Mango Olive green  colour with clear lenticels, 

shoulder development size sp. gravity, days 

from fruit set. 

Starch content, flesh colour 

Banana Skin colour, drying of leaves of the plant, 

brittleness of floral ends, angularity of the 

fruit, and days from emergence of 

inflorescence. 

Pulp/peel ratio, starch content 

Citrus Colour break of the skin from green to orange, 

size 

Sugar/acid ratio, TSS 

Grapes Peel colour, easy separation of berries, 

characteristic aroma 

TSS 18-12 Thompson seedless, 

12-14 for Bangalore Blue, 

14-16 for Anab-e-shahi 

Apple Colour size Firmness as measured by 

pressure tester 

Papaya Yellow patch or streaks. Jelliness of the seed, seed 

colour 

 

Vegetables are harvested at harvest maturity stage, which will allow it to be at 

its peak condition when it reaches the consumer, it should be at a maturity that allows the 

produce to develop an acceptable flavour or appearance, it should be at a size required by 

the market, and should have an adequate shelf life. Time taken from pollination to 

horticultural maturity under warm condition, skin colour, shape, size and flavour and 

abscission and firmness are used to assess the maturity of the produce. 

Table 2: Time taken from pollination to horticultural maturity 

 

S.No. Vegetables Time to harvest 

Maturity (days) 

1. Ridge gourd 5 -6 

2. Squash 7 - 8 

3. Brinjal 25 - 40 

4. Okra 4 - 6 

5. Pepper (green stage) 45 - 55 

6. Pepper (red stage) 60 -70 

7. Pumpkin (mature) 65 - 70 

8. Tomato (mature green) 35 - 45 

9. Tomato (red ripe stage) 45 - 60 



10. Peas 30 - 35 

 

 

Skin colour 

Loss of green colour in citrus and red colour in tomato. 

Shape, size and flavour 

Sweet corn is harvested at immature stage, smaller cobs marketed as baby corn. 

Okra and cow pea are harvested at mature stage (pre fiber stage). In chilli, bottle gourd, 

bitter gourd, cluster beans maturity is related to their size. Cabbage head and cauliflower 

curd are harvested before un pleasant flavour. 

Abscission  and firmness 

Musk melon should be harvested at the formation of abscission layer. In 

cabbage and lettuce should be harvested at firmness stage. 

Factors affecting maturity 

1. Temperature: Higher temperature gives early maturity. 

•  Gulabi (Pink) grapes mature in 100 days in Western India but only 82 days  are 

enough in  the warmer Northern India.  

• Lemon and guava takes less time to mature in summer than in winter.  

2. Soil: Soil on which the fruit tree is grown affects the time of maturity.  Grapes are 

harvested earlier on light sandy soils than on heavy clays. 

3. Size of planting material: This factor in propagated fruits affects fruit maturity. 

e.g. In pineapple, the number of days taken from flowering to fruit maturity was more 

by planting large suckers and slips than by smaller ones. 

4. Closer spacing: Close spacing of hill bananas hastened maturity. 

5. Pruning intensity: It enhanced the maturity of Flordasun and sharbati Peaches. 

6. Girdling: Process of constricting the periphery of a stem which blocks the downward 

translocation of CHO, hormones, etc. Beyond the constriction which rather accumulates 

above it. In Grape vines it hastens maturity, reduces the green berries in unevenly maturity 

cultivar and lowers the number of short berries. It is ineffective when done close to harvest. 

CPA has an additive effect with girdling 

MATURITY INDEX 

Maturity index 

The factors for determining the harvesting of fruits, vegetables and plantation 

crops according to consumer’s purpose, type of commodity, etc and can be judged by 

visual means (colour, size, shape), physical means (firmness, softness), chemical 



analysis  (sugar  content,  acid content), computation (heat unit and bloom to harvest 

period), physiological method(respiration). These are indications by which the maturity 

is judged. Various index are as Follows; 

1. Visual indices 

It is most convenient index. Certain signals on the plant or on the fruit can be used 

as pointers. E.g. drying of top leaves  in banana,  yellowing of last leaf  of Peduncle in 

jackfruit. Flow   of sap from cut fruit stalk of mango slows down if the harvest is done 

after maturity but  in immature fruits, exudation is more and comes with force in a jet 

form. in papaya, the latex becomes almost watery. The flow gets reduced on maturity in 

Sapota. In fruits like banana and Sapota, floral ends become more brittle and shed with a 

gentle touch or even on their own. In Sapota, the brown scurf on the fruit skin starts 

propping. In mango, lenticels become more prominent and the waxy bloom gradually 

disappears. Grapes develop translucent bloom. Other changes like angularity in banana, 

development of creamy wide space between custard apple segments and the flattening of 

the eyes in pineapple and tubercles in litchi serve as reliable maturity indices. 

2. Seed development 

It can also be used as an index of fruit maturity, e.g. endocarp hardening for 

stone and fiber development for dessert in mango. 

3. Start of bud damage 

Occasionally it can be used as an index of fruit maturity in mango. 

4. Calendar date 

For perennial fruit crops grown in seasonal climate which are more or less 

uniform from year to year, calendar date for harvest is a reliable guide to commercial 

maturity. This approach relies on a reproducible date for the time of the flowering and a 

relative constant growth period from flowering through to maturity. Time of flowering is 

largely dependent on temperature, and the variation in number of days from flowering to 

harvest can be  calculated  for  some  commodities by use of the degree- concept. 

5. Heat units 

Harvest date of newly introduced fruits in a widely varying climate can be 

predicted with the help of heat unit. For each cultivar the heat  requirement  for  fruit  

growth and  development can be calculated in terms of degree days: Maturity at higher 

temperature is faster as the heat requirement is met earlier. This heat unit helps in 

planning, planting, harvesting and factory programmes for crops such as corn, peas and 

tomato for processing. 

MATURITY OF FRUITS AND VEGETABLES 

Banana 

The fruit is harvested when the ridges on the surface of skin change from 



angularity to round i.e.  after the attainment of 3% full stages. Dwarf banana are ready 

for harvest within 11-  14 months after planting while tall cultivars takes about 14-16 

months to harvest. Peel colour change from dark green to light green the remaining style 

ends were dry, and brittle and fruits were less angular in shape. 

Guava 

 

TSS acid ratio, specific gravity and colour are determined the maturity in  

guava.  

For e.g. Allahabad safeda - 35.8 

 Apple colour guava -26.39 

Chittidar guava   -    28.13 

  Lucknow - 49 -34.25 

Specific gravity - Less than I 

Colour - Light green to yellow. 

 

Pomegranate 

Sugar percentage should be 12-16% and acid percentage 1.5—2.5%, variety 

Ganesh harvest when seed colour becomes pink. In this stage TSS 12.5% and sugar 

acid ratio 19.5%. 

Bael 

It takes one year for fruiting after flowering. It is the fruit which ripen after 

one year of flowering. April start harvesting and may end it start in flowering. 

Mango 

This can be judged when one or two mangoes ripen on the tree are fall on the 

ground of their own accord. This process of fallen is known as tapaca specific gravity 

1,01—1.02 and TSS 10-14%. 

Table 3 Maturity indices of vegetable crops 

 

Root, bulb and tuber crops Maturity indices 

Radish and carrot Large enough and crispy 

Potato, onion and garlic Tops beginning to dry and topple clown 

Yams, bean and ginger Large enough 

FRUIT VEGETABLES 

Cowpea, snap bean, sweet pea, winged 

bean 

Well filled pods that snap readily 

Lima bean and pigeon pea Well filled pods that  are beginning to lose their 

greenness. 



Okra Desirable size reached and the tips of which can be 

snapped readily 

Snake gourd Desirable size reached and  thumbnail  can still 

penetrate flesh readily 

Egg plant, bitter gourd, slicing 

cucumber 

Desirable size reached but still tender 

Tomato Seeds slipping when fruit is cut, or green colour 

turning pink 

Muskmelon Easily separated from vine with a slight twist leaving 

clean cavity (full slip stage). 

Watermelon Dull hollow sound when thumped 

FLOWER VEGETABLES  

Cauliflower Curd compact 

Broccoli Bud cluster compact 

 

FRUIT RIPENING 

Fruit ripening is a genetically programmed stage of development overlapping 

with senescence. The fruit is said to be ripe when it attains its full flavour and aroma and 

other characteristics of the best fruit of that particular cultivar. The words “mature “and 

“ripe” are essentially synonymous when used to describe these fruits that ripe on the 

plants known as non-climacteric. However, in case of climacteric fruits a mature fruit 

require  period  before attaining a desirable stage of edibility. 

Table 1. List of climacteric and non-climacteric fruits 

 

Climacteric Non-climacteric 

Apple Carambola 

Apricot Cherries 

Avocado Citrus 

Banana Grape 

Ber Litchi 

Cherimoya Loquat 

Fig Olive 

Guava Pineapple 

Kiwifruit Pomegranate 

Mango Melons Pear  Peach Plum 

Persimmon Papaya Tomato 

Sapota, Passion fruit 

Strawberry 
  

 

 

 



Changes during Fruit Ripening 

1. Cell Wall Changes 

Cell wall consists of pectic substances and cellulose as the main components 

alongwith sma1amounts of hemicellulose and non-cellulosic polysaccharides. In cell 

wall, the changes particularly in the middle lamella which is rich in pectic 

polysaccharides are degraded and solubilised during ripening. During this softening, 

there is a loss of neutral sugars (galactose and arabinose-major components of neutral 

protein) and acidic pectin (rhamnogalacturonan) of all 

cell wall. The major enzymes implicated in the softening  of fruits are 

pectine1asterase, polygalacturonase cellulase and - galactosidase. 

2. Starch 

During fruit ripening sugar levels within fruit tend to increase  due  to  either  

increased sugar importation from the plant or to the mobilization of starch reserves 

within the  fruit, depending on the fruit type and whether it is  ripened on or  off the 

plant. With the advancement   of maturity, the accumulated starch is hydrolysed into 

sugars (glucose, fructose  or  sugars) which are known as a characteristic event for fruit 

ripening. Further breakdown of sucrose into glucose and fructose is probably mediated 

by the action of invertase. In vegetables like  potato and peas on the other hand, the 

higher sucrose content which remains high at fresh immature stage, converts into starch 

with the approach of maturity. 

3. Organic Acids 

With the onset of fruit ripening there is  downward trend in the levels  of organic  

acids.  The decline in the content of organic acids during fruit ripening might be  the  

result  of  an  increase in membrane permeability which allows acids to be stored in the 

respiring cells, formation of salts of malic acid, reduction in the amounts of acid 

translocated from the leaves, reduced ability of fruits to synthesize organic acids with 

fruit maturity, translocation into sugars and dilution effect due to the increase in the 

volume of fruit. 

4. Colour 

With the approach of maturation, the most obvious change which take place is 

the degradation of chlorophyll and is accompanied by the synthesis of other pigments 

usually either anthocyanins or carotenoids. They can give rise to a wide range of colours 

(from  red to  blue). The chloroplasts in green immature fruit generally lose chlorophyll 

on ripening and change into chromoplasts which contain carotenoid pigments. 

Carotenoids  are normally  synthesized  in green plant tissue a major product being 3-

carotene. However, in many fruits additional  -  carotene and lycopene is synthesized 

during ripening. 

5. Flavouring Compounds 



Although fruit flavour depends on the complex interaction of sugars, organic 

acids, phenolics and volatile compounds  but the characteristic flavour of an  individual 

fruit  or vegetable is derived from the production of specific  flavouring volatile.  These  

compounds  are  mainly esters, alcohols, aldehydes, acids and ketones. At least 230 and 

330 different  compounds  in apple and orange fruits have been indicated respectively. 

6. Ascorbic Acid 

L-ascorbic acid (Vitamin C) is the naturally occurring ascorbic acid in fruits. A 

reduced amount of ascorbic acid is noticed in pome, stone and berry fruits at the time of 

harvest. An increase in ascorbic acid content with the increase in fruit growth has been 

and  the levels declined with the advancement of maturity and onset of fruit ripening in 

pear, sweet potatoes, potato, asparagus and okra during the course of post harvest 

handling. 

7. Phenolics 

The phenolic content of most fruits declines from high levels during early 

growth to low levels when the fruit is considered to be physiologically mature and 

thereafter susceptible to the induction of ripening. 

8. Amino Acids and Proteins 

Decrease in free amino acid which often reflects an increase in protein 

synthesis. During senescence the level of free amino acids increases reflecting a 

breakdown enzymes and decreased metabolic activity. 

9. Ethylene Production and Respiration 

Physiological events responsible to ripening process are as follows 

(1) Ethylene production 

(2) Rise in respiration 

Ethylene production 

In climacteric fruits such as mango, banana, ethylene production increase and causes: 

• Rise in respiration 

• Rise in temperature 

• Rise in activity of hydrolytic enzymes. 

 

 

 

 

 



Ethylene is produced from an essential amino acid — methionine. Following the steps 

as  below: 

  

SAM — Methionine S adenosyl methionine 

(ACC synthase) 

 

 

 

Amino cyclo 

propane 

(ACC 

oxidase) 

 

 

Carboxylic acid (ACC) 

 

 

 

Ethylene 

 

 

 

Perception by ethylene 

receptor Signal 

transduction 

Switching or ripening genes 

Rise in respiration 

Respiration is required for releasing energy and the substrate for synthesis of 

several organic compounds  required in the ripening  process. During ripening  in 

climacteric  fruits, there  is rise in respiration called climacteric. The clirnacteric peak is 

obtained very  fast when temperature is relatively high. Respiration is a most 

deteriorating process of the harvested fruits and vegetables which leads to the oxidative 

breakdown of the complex materials  (carbohydrates or acids) of cell into simpler 

molecules (CO 2 and water) with the concurrent production of energy required by the 

cell for the completion of chemical reactions. In brief, the process of respiration can be 

summed up with the following reaction: 

C6H1206 +6O2 6 CO2 + 6 H20 + energy 



Harvesting and field handling 

Harvesting is the process by which agricultural commodities are detached from their 

mother plants for consumption or sale or for other purposes.  

Or, Harvesting is the deliberate picking of the commodity from the plants. 

There are many different ways in which fruits and vegetables are harvested. The harvesting 

method depends on the crop, how it is grown and the resources available. For example, if it is a 

crop where there is machinery available to do or to help with the harvesting, those methods can 

only be utilized if the grower or harvesting company can afford to use that machinery to get the 

crops harvested.  

Harvesting Methods 

In general, these are the three different harvesting methods that take place when harvesting 

fruits and vegetables: 

1.Hand Harvesting 

2.Harvesting with Hand Tools 

3.Harvesting with Machinery 

However, it is important to note that it is hard to categorize the different types of harvesting 

because there can be some overlap. 

1. Hand Harvesting 

Hand harvesting is just that: produce is harvested by hand, without the use of any tools. 

When hand harvesting, it is typically done using a picking cart or some sort of container. A 

common example of a hand harvest with a picking cart is a strawberry harvest. While, an example 

of a hand harvest using containers is the hand harvesting carrot operation.  

Hand harvesting has a number of advantages over machine harvest. People can accurately 

determine product quality, allowing an accurate selection of mature products. This is particularly 

important for crops that have a wide range of maturity and need to be harvested several times 

during the season. 

 

2. Harvesting with Hand Tools 

This harvesting method is typically carried out when harvesting tree fruit, where some sort 

of clipper (usually specialized for the type of produce being harvested) is used to remove the fruit 

https://www.youtube.com/watch?v=O1aHpSu7F4o&t=4s
https://www.youtube.com/watch?v=HR4fjhF80zg


from the tree, and then the fruit is placed into harvesting containers. Once the harvesting containers 

are full, the harvested product is transferred to larger bins in the field, of which those are then 

transported to the facility. Some examples include the harvesting of fresh figs, peaches, 

and Cuties. Although this is very common in the harvesting of tree fruit, it does also occur for 

other produce items, such as onion (the non-machine harvesting operation), garlic and row crops. 

 

3. Harvesting with Machinery: There are a lot of different harvesting types that land 

under this category. There are operations that perform hand harvesting and harvesting with hand 

tools that also use harvesting machinery (e.g., harvesting rig) to aid in the overall harvesting and 

packing process. But, there are also harvesting operations that use the harvesting rigs to perform 

further “semi-processing activities” or postharvest washing. Then, there are also harvesting 

mowing machines and combines. All of these harvesting types serve a specific purpose, based on 

the type of produce being harvested, and considering the amount of investment that goes into the 

machinery, it needs to make sense. 

In this method, a number of mechanical devices are used for harvesting the produce on a 

commercial scale. Mechanical harvest is currently used for fresh-market crops that are roots, 

tubers, or rhizomes and for nut crops. Vegetables that are grown below ground (radishes, potatoes, 

garlic, carrots, beets, and others) are always harvested only once and the soil can be used to cushion 

the product from machine-caused mechanical injury. Tree nuts and peanuts are protected by a shell 

and easily withstand mechanical handling.  

• Harvesting Using a Harvesting Rig – Commonly, the produce items are either hand 

harvested or harvested using tools and then passed on to the workers working on the 

harvesting rigs, where the product can be packed; washed and packed; trimmed, washed and 

packed; etc. The harvesting rigs serve as an aid in the packing process and then once the 

product is packed, or prepared for the processor, it is transported (typically via a conveyor 

belt) over to an adjacent trailer that is responsible for transporting the product out of the field. 

Some examples of this include the harvesting of cauliflower, cantaloupe, and romaine 

hearts (this is an example of semi-processing activities in the field). 

• Harvesting Using a Mower – The mower harvests have been perfected to rely heavily on 

the mowers and not so much on actual workers. There is the mower, with a few workers 

https://www.youtube.com/watch?v=0v2oPiJRfdI&t=58s
https://www.youtube.com/watch?v=kOlqMDEIfU8
https://www.youtube.com/watch?v=0Hl-VCExpd4&t=111s
https://www.youtube.com/watch?v=Trl02ZBEbEY
https://www.youtube.com/watch?v=ZUZAxqUysMU&t=3s
https://www.youtube.com/watch?v=9BwpM6prR8s&t=4s
https://www.youtube.com/watch?v=v8uLTKYiT_Y
https://www.youtube.com/watch?v=hhw8odLFCw4&t=2s
https://www.youtube.com/watch?v=hhw8odLFCw4&t=2s


on it or at least one driving it and then an adjacent trailer to capture the harvested product. 

Some examples include the harvesting of spring mix and basil. Another form of a mower 

that you have seen is as part of the 3-step almond harvesting process (which also includes 

a sweeping and shaking machine).  

 

FIELD HANDLING 

Being living organs, fruits and vegetables continue to respire even after harvesting when 

they have a limited source of food reserves. In addition to degradation of  respiratory substrates, 

a number of changes in taste, colour, flavour, texture and  appearance take place in  the harvested 

commodities which make them unacceptable for consumption by the consumers if these are not 

handled properly. Post harvest technology starts immediately after the harvest of fruits and 

vegetables. The whole process of processing the commodities is categorized  as  Handling of fresh 

produce. Post harvest Technology of fresh fruits and vegetables combines the biological and 

environmental factors in the process of value addition of a commodity. 

1. Precooling 

Precooling (prompt cooling after  harvest) is important for most of  the  fruits  and 

vegetables because they may deteriorate as much in 1 hr at 32°C. In addition to removal of field 

heat from commodities, precooling also reduces bruise damage from vibration during transit. 

Cooling requirement for a crop vary with the air temperature during harvesting, stage of maturity 

and nature of crop. 

There are many methods of precooling viz, cold air (room cooling,  forced air  cooling),  

cold water (hydrocooling), direct contact with ice (contact icing), evaporation of water from the 

produce (evaporative cooling, vacuum cooling) and combination of vacuum and hydrocooling 

(hydrovac cooling). Some chemicals (nutrients/growth regulators/ fungicides) can also be mixed 

with the water used in hydrocooling to prolong the shelf life by improving nutrient status of crop 

and preventing the spread of post harvest diseases. 

2. Washing, Cleaning and Trimming 

Before fresh fruits and  vegetables are marketed various amounts of cleaning  are necessary 

which typically involves the removal of soil dust, adhering debris, insects and spray residues. 

Chlorine in fresh water is often used as disinfectant to wash the commodity. Some fungicides like 

https://www.youtube.com/watch?v=xxAaKpRMOTw&t=5s
https://www.youtube.com/watch?v=xcG0jVuThfs
https://www.youtube.com/watch?v=ql9NIPilcPI&t=27s


Diphenylamine (0.1 - 0.25%) or ethoxyquin (0.2 - 0.5%) may be used as post harvest dip to control 

the disorders. Eg. Apple superficial scald. For cleaning of some fruit type vegetables (melons, 

brinjals, tomatoes, cucumber) they should be wiped with damp cloth. Many vegetable need 

trimming, cutting and removal of unsightly leaves or other vegetative parts. 

3. Sorting, Grading and Sizing 

Sorting is done by hand to remove the fruits  which are unsuitable to  market or storage 

due to damage by insects, diseases or mechanical injuries. The remainder crop product is separated 

into two or more grades on the basis of the surface colour,  shape or  visible defects. For eg, in an 

apple packing house in India  3 grades  viz. Extra Fancy, Fancy and standard may  be packed for 

marketing. The fourth “cull” grade is meant for processing. After sorting  and grading, sizing is 

done either by hand or machine. Machine sizers work on two basic principles: weight and diameter. 

Sizing on the basis of fruit shape and size are most effective for spherical (Oranges, tomato,  certain 

apple cultivars) and elongated (Delicious  apples and European pears or of non-uniform shape) 

commodities, respectively. 

4. Curing 

Curing is an effective operation to reduce the water loss during storage from hardy 

vegetables viz, onion, garlic, sweet  potato and other tropical root  vegetables.  The  curing methods 

employed for root crops are entirely different than that from the bulbous  crops  (onions and garlic). 

The curing of root and tuber crops develops periderms over cut, broken or skinned surfaces wound 

restoration. It helps in the healing of harvest injuries, reduces loss of water and prevents the infection 

by decay pathogens. Onions and garlic are cured to dry the necks and outer scales. For the curing 

of onion  and garlic, the bulbs are left in the  field after harvesting under shade for a few  days  until 

the  green tops, outer skins and roots are fully dried.  

The curing process involves the application of high temperatures and high relative 

humidity to the roots and tubers for long periods, in order to heal the skins wounded during 

harvesting. With this process a new protected layer of cells is formed. Initially the curing process 

is expensive, but in the long run, it is worthwhile. The conditions for curing roots and tubers are 

presented in Table 2.6. 

Table 1. Conditions for curing roots and tubers. 



Commodity Temperature 

(°C) 

Relative 

Humidity (%) 

Storage 

time (days) 

Potato 15-20 90-95 5-10 

Sweet potato 30-32 85-90 4-7 

Yams 32-40 90-100 1-4 

Cassava 30-40 90-95 2-5 

Source: FAO (1995a) 

Curing can be accomplished in the field or in curing structures conditioned for that 

purpose. Commodities such as yams can be cured in the field by piling them in a partially shaded 

area. Cut grass or straw can serve as insulating material while covering the pile with canvas, 

burlap, or woven grass matting. This covering will provide sufficient heat to reach high 

temperatures and high relative humidity. The stack can be left in this state for up to four days. 

Onions and garlic can be cured in the field in windrows or after being packed into large 

fibre or net sacks. Modern curing systems have been implemented in housing conditioned with 

fans and heaters to produce the heat necessary for high temperatures and high relative humidity, 

as illustrated below: 

The fans are used to redistribute the heat to the lower part of the room where the produce 

is stored. Bulk bins are stacked with a gap of 10 to 15 cm between rows to allow adequate air 

passage. The system shown in Figure 2.6 can be used for curing onions; an exhaust opening near 

the ceiling must be provided for air recirculation. Care should be taken to prevent over-dryness 

of the onion bulbs. 

When extreme conditions in the field exist, such as heavy rain or flooded terrain, and 

curing facilities are not available, a temporary tent must be constructed from large tarpaulins or 

plastic sheets to cure the onions and avoid heavy loss. Heated air is forced into a hollow area at 

the centre of the produce-filled bins. Several fans are used to recirculate the warm air through the 

onions while curing. 



Figure 1:Typical curing houses for roots and tubers. 

 

5. Waxing 

 Quality retention is a major consideration in modem fresh fruit marketing system. Waxes are esters 

of higher fatty acid with monohydric alcohols and hydrocarbons and some free fatty acids. But 

coating applied to the surface of fruit is commonly called waxes whether or not any component is 

actually a wax. Waxing generally reduces  the respiration and transpiration rates, but other 

chemicals such as fungicides, growth  regulators,  preservative   can  also  be incorporated specially 

for reducing microbial spoilage,  sprout inhibition  etc. However,  it  should  be remembered that 

waxing does  not  improve the quality of  any inferior horticulture product  but it can be a beneficial 

adjunct to good handling. 

 The advantages of wax application are: 

- Improved appearances of fruit. 

- Reduced moisture losses and retards wilting and shrivelling during storage of fruits. 

- Less spoilage specially due to chilling injury and browning. 

- Creates diffusion barrier as a result of which it reduces the availability of 02 to  the 

tissues thereby reducing respiration rate. 

- Protects fruits from micro-biological infection. 

- Considered a cost effective substitute in the reduction of spoilage when refrigerated 

storage is unaffordable. 

- Wax coating are used as carriers for sprout inhibitors, growth regulators and 



preservatives. 

The principal disadvantage of wax coating is the development of  off-  flavour  if  not  

applied properly. Adverse flavour changes have been attributed to inhibition of O 2 and CO 2 

exchange thus, resulting in anaerobic respiration and  elevated  ethanol and  acetaldehyde contents. 

Paraffm wax, Carnauba wax, Bee wax, Shellac, Wood resins and Polyethylene waxes used 

commercially. 

6. Packaging 

Proper or scientific packaging of fresh fruits and vegetables reduces the wastage of 

commodities by protecting them from mechanical damage, pilferage, dirt,  moisture  loss  and  other 

undesirable physiological changes and pathological deterioration during the course of storage, 

transportation and subsequent marketing. For providing, uniform  quality to packed produce, the 

commodity should be carefully supervised and  sorted prior to packaging.  Packaging cannot 

improve the quality but it certainly helps in maintaining  it as  it  protects  produce against the 

hazards of journey. Striking  developments have been in the field   of packaging of horticultural 

produce and the gunny bags, grasses and stem leaves used so far for packaging are now being 

replaced by a variety of containers such as wooden boxes, baskets woven from bamboo or twigs, 

sack/jute bags and corrugated fibre board (CFB) boxes. 

7. Storage 

A number of storage techniques (ground storage, ambient  storage,  refrigerated storage, air 

cooled storage, zero energy storage, modified atmospheric storage, hypobaric storage and 

controlled atmosphere storage) are being used for fruits and vegetables depending upon the nature 

of the commodity and the storage period intended. 



PRINCIPLE AND DESIGN OF ZERO 
ENERGY COOL CHAMBER



INTRODUCTION
• The zero energy cool chamber(ZECC) developed by 

Roy And Khurdia in 1983 at IARI, Pusa New Delhi.
• ZECC could lower temperature range of 10-15 

Degree C cooler than the outside temperature  and 
maintain about 95% relative humidity. 

• In India quality deterioration of horticultural 
produce takes place immediately after harvest due 
to lack of on farm storage.

• Maintenance of low temperature is a great 
problem in a tropical country.

• Refrigeration is energy intensive expensive not so 
easy to install and run in remote areas and not 
always environment friendly.



• Due to lack of cold/cool storage space a 
substantial amount of fruits and vegetables 
are lost after production.

• Considering acute energy crisis and lack of 
cool storage facility effort made to develop 
low cost / low energy cool chamber.







PRINCIPLE
• The principle is based on Direct Evaporative Cooling i.e. 

Cooling effect created due to evaporation of water.

• Evaporative cooling is based on the thermodynamics of 
evaporation of water , i.e. The change of liquid phase of 
water  into water  vapour. This phase change requires 
energy, which is called latent heat of evaporation this is 
the energy required to change a substance from liquid 
phase to the gaseous one, when non-saturated air    ( air 
that does not contain liquid water vapour) comes in direct 
contact with water evaporation occurs.

• As water evaporates it has a considerable cooling effect and 
faster the rate of evaporation greater the cooling.

• Water  evaporates into air raising its humidity and same 
time cooling the bed. 



• Efficiency of evaporative cooling depends on 
humidity of the surrounding air.

• Very dry, low humidity air can absorb a lot of 
moisture so considerable cooling occurs.

• In extreme case of air that is saturated no 
evaporation can take place and no cooling occurs.

• In theory lowest temperature that can be reached is 
wet bulb temperature. 





CONCEPT OF ZERO ENERGY COOL CHAMBER  
(ZECC)

• Based on the principle of Direct Evaporative Cooling zero 
energy cool chambers have been developed.

• The main advantages of this on- farm low cost cooling 
technology are:-

1. It does not require any electricity or power to operate.
2. Materials required like bricks, sand, bamboo etc. Available 

easily and cheaply.
• Cool chamber can reduce temperature by 10-15 degree C and 

maintain high humidity of about 95% that can increase shelf 
life and retain quality of horticultural produce.

• Small and marginal farmers can store a few days harvest to 
avoid middlemen.

• Best suited for Tropical regions.



VIEW OF PUSA ZECC



CONSTRUCTION OF PUSA ZECC
• Select  an upland having a nearby source of water 

supply.
• Make floor with brick 165 cm * 115 cm.
• Erect the double wall to a height of 67.5 cm leaving a 

cavity of 7.5 cm.
• Drench the chamber with water , soak the fine river 

bed sand with water.
• Fill the 7.5 cm cavity between the double walls with 

this wet sand.
• Make top cover with bamboo (165cm*115cm) frame 

and sirki straw or dry grass.
• A thatch/tin shed made over chamber to protect from 

direct sun or rain or snow.





DIAGRAMIC REPRESETATION OF CONSTRUCTION      
OF ZECC







COST OF COOL CHAMBER (100 KG CAPACITY)

MATERIAL COST  (Rs.)

Bricks (400 Nos) 1000.00

Sand 100.00

Bamboo, Khas Khas etc for top cover 300.00

Thatched Shed 500.00

Water tank, Pipes, Tubes polythene sheet 600.00

Plastic Crates ( 6 Nos) 1200.00

Labour 300.00

Total 4000.00



Commercial sized cool chamber

outside Inside



Temperature and Relative Humidity

• Cool chambers were found to have maintained 
considerably and relatively low temperature 
compared to field shed and room temperature 
respectively.

• Fluctuation in maximum and minimum 
temperature was found to be maximum under 
field conditions, moderate in shed and minimum 
in cool chamber.

• The cool chamber maintained about 85-90% R.H. 
Whereas both in shed and field it varied widely.



Comparative study of temperature behaviour of 
commercial size cool chamber ,Field and shed

Source: Research done by Prof. Susanta K. Roy,Professor at Amity University Uttar pardesh



Comparative Relative Humidity (%) of commercial size 
cool chamber, Field and shed

Source: Research done by Prof. Susanta K. Roy, Professor at Amity University Uttar 
pardesh



Shelf Life of fruits and vegetables 
• It has been found that shelf life of fruits and 

vegetables held in cool chamber increased as 
compared to storage at room temperature.

• The physiological loss in weight was also 
found to be lower in cool chamber stored 
fruits.

• Efforts are being made to bring down the 
temperature to around 15 degree C during 
summer months so that it can be used 
conveniently for storage of tropical fruits 
without causing any chilling injury.



Storage of Fruits in cool Chamber



Storage of vegetable in cool chamber

Source: Research done by Prof. Susanta K. Roy,Professor at Amity University Uttar 
pardesh



Kinnows stored at cool chamber (60-80 days) Enhance lycopene development (20 days)

Spinach stored in cool chamber (3days) Potato stored in cool chamber (90 days)



Storage study of banana : At the end of 12 days

ROOM TEMPERATURE

COOL CHAMBER

COOL STORE



Some specific Advantages of Pusa
ZECC

• Can be constructed by an unskilled person.

• No mechanical or electrical energy needed.

• Allow small farmers to store produce for a few days so 
that they are not forced to sell at low prices.

• Reduces losses and pays for itself in a short time.

• Useful for temporary storage of curd, milk and cooked 
food.

• Can also be used for mushroom cultivation, sericulture 
storage of bio fertilizers hardening of tissue cultured 
plants etc.



SOME OTHER DESIGNS OF ZERO 
ENERGY FOR DIFFERENT CROP

1. Solar powered cooling system for potato 
storage

2. Pusa bin / pusa kothar for sale storage of food 
grains

3. Pusa Domestic Metal Bin for pigeon pea

4. Pusa Concentric Onion Storage Structure     



Solar powered cooling system for 
potato storage

• For the safe storage of potato in the areas where electricity is erratic or is 
not available a solar powered cooling system was developed by IARI.

• The solar powered cooling system consists a photovoltaic solar  generator,  
two batteries, an inverter , a vapour compression refrigeration system and 
an insulated storage structure.

• This system was evaluated by storing potato safely for about 5 months.

• The attainable temp inside the cold storage ranged from 8-10 degree C 
while the average of RH were 81%.



Pusa bin / pusa kothar for sale storage 
of food grains



Pusa Domestic Metal Bin for pigeon 
pea



Pusa Concentric Onion Storage 
Structure     
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