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Introduction
The Sri Lankan economy is primarily based on agriculture. More 

than 70 percent of the population living in rural areas of the country 
dependent on agriculture as the major source of livelihood. Currently, 
the sector contributes 7.9% of the country’s Gross Domestic Production 
(GDP) and employees more than 31.2% of the total population.1 Sri 
Lanka is a tropical island with 46 different agro-ecological regions 
and two monsoons or major rain fall periods. This enables the 
production of a range of durable and perishable crops. However, crop 
production is often seasonal and dependent on availability of water. 
This also result in gluts soon after harvest followed by scarcities and 
high market prices during off seasons. 

The annual loss of fruits during postharvest operation represent 
about 210,000 metric tons of fruits, which is about 30 %– 40 % of the 
harvest, representing approximately US$ 90 million losses in financial 
terms.2 Annual loss of vegetables during post-harvest operations is 
quantified about 370,000 metric tons, which is about 20% – 40 % of 
the total harvest. This represent approximately US$ 110 million. 

As a tropical island, relatively warm temperature and high relative 
humidity (RH) exist throughout the year in Sri Lanka. Exposure 
of perishable fresh produces such as fruits and vegetables to high 
temperature and RH just after harvesting is highly unfavorable and 
lead to initiation of rapid deterioration. In order to reduce post-harvest 
losses of produce, it is very much required to provide temperature 

& humidity-controlled storage systems, which control the rate of 
deterioration of fresh produce. This certainly extends shelf-life of 
fresh fruits and vegetables within possible limits but it’s also decided 
by other post-harvest operation such as incorrect harvesting before 
reaching correct maturity, improper handling procedures in the field, 
improper packaging at various stages of the process, and improper 
transportation and incorrect retail selling approaches are some of the 
major reasons for such high post-harvest losses. Total post-harvest 
damage due to above mentioned reasons are cumulative and finally 
affect the quality and durability. Further, storage life of fruits and 
vegetables could be extended greatly by removing the field heat just 
after harvesting. Suitable field operated or convenient cooling systems 
are needed to remove field heat from fresh produce before going to 
storage. 

In general, temperature and humidity play major role in reducing 
post-harvest losses of fruits and vegetables during most part of the 
post-harvest channel. Temperature is the single most decisive factor 
affecting the deterioration rate of freshly harvested commodities. 
Low temperature and proper relative humidity are required to be 
maintained in order to reduce metabolic reactions, weight loss and 
freshness of fruits and vegetable. During storage, low temperature 
reduces microbial activities too.3 Previous research studies have 
shown that prost-harvest practices such as harvesting at correct 
maturity, careful handling, proper transportation are very important 
before storing in cold storage in order to reduce post-harvest losses of 
fruits and vegetables.4–7 
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Abstract

In Sri Lanka, 70% of 21 million population live in non-urban areas, and agriculture 
provides livelihood for approximately 40% of them. The agricultural marketing process 
in the country is a complex operation due to services and functions involved in moving a 
crop product from where it was produced to where it would finally be consumed. Further, 
with a wide range of agricultural crops being produced, post-harvest handling process 
create different degrees of quantitative and qualitative losses in a complex market chain, 
which are estimated at 20% to 40% for vegetables and 30% - 40% for fruits. Improper 
and non-scientific post-harvest practices and handling, gaps in integration of cold chain 
practices & elements with post-harvest process, and lack of knowledge & awareness on 
many related aspects at grass root farmer level etc. appear to contribute to losses that finally 
prevent due economic benefits reaching the small-scale producer. In order to increase the 
effectiveness of post-harvest process handling of fruit and vegetables, appropriate corrective 
measures targeting small scale producers as well as commercial scale producers need to 
be popularized and practiced. At small scale producer level, promotion of appropriate 
low-cost post-harvest practices and procedures, facilitating low-cost cold chain elements 
and user-friendly information flow mechanism on market situation would certainly help 
avoid some of the steps that lead to losses. Monitoring system of commercial post-harvest 
handling process that ensure scientific bulk handling, storage and transportation of fruit 
and vegetables, properly designed economic centers with well regulated environment-
controlled storages etc. would greatly reduce loses in bulk handling, ensuring better food 
security in the island.
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At present, there are lack of studies available for investigate fruits 
and vegetable post-harvest losses and technology gaps in Sri Lanka. 
Therefore, objective of this review is to investigate causes for post-
harvest losses of fruits and vegetables, and present status of fruits 
and vegetable supply chain in Sri Lanka; from farmer level to up to 
consumer. In addition, this work aims at identifying technology gaps, 
successful closing of which would help reduce post-harvest losses of 
fruits and vegetables in Sri Lanka.

Status quo – post harvest practices, market 
operations and losses 

Sri Lanka is divided into three (3) major agro-climatic zones 
i.e. dry zone, intermediate zone and wet zone based on the received 

rainfall during 2 major monsoons. These 3 major zones are subdivided 
into 46 different agro-ecological regions based on altitude and 
rainfall. Figure 1 shows the agro-ecological zones of Sri Lanka. A 
verity of vegetables and fruits are grown in these 46 different agro-
ecological zones. Different types of vegetables are grown in different 
type agro-ecological zones throughout the country and large numbers 
of subsistence farmers are involved in small scale traditional fruits 
and vegetable cultivation. Vegetable cultivation can be broadly 
classified into low country vegetables (mostly tropical vegetables) 
and upcountry vegetables (mostly temperate vegetables). Presently, 
commercial cultivation of vegetables with substantial capital 
investment is becoming popular as well. According to the available 
statistics, in 2018, the overall vegetable production was 705,000 
metric tons and extent of cultivation was 61,000 ha.8

Figure 1 Agro-ecological zones of Sri Lanka.52
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 Low country vegetables are generally cultivated under rain-fed 
conditions in mostly dry and intermediate zones on small plots of 
land or in-home gardens using little input by way of fertilizer and/or 
pesticides, except in paddy fields during the dry season under irrigated 
conditions. Common low country vegetables are eggplant, okra, 
pumpkin, tomato, bitter gourd, snake gourd, long beans, onion, leafy 
vegetables, luffa, drumstick, capsicum, etc. Harvesting of low country 
vegetables is done on seasonal basis. Upcountry vegetables are leeks, 
beans, cabbage, beetroot, carrot, potato etc., cultivated in upcountry 
wet zone more intensively under rain-fed or irrigated conditions at 
high altitudes. The cultivation is staggered and harvesting is generally 
carried out throughout the year. 

The main fruits grown in Sri Lanka are mango, papaya, pineapple, 
avocado, banana, watermelon, rambutan, mangosteen, wood apple, 
guava, pomegranate and jackfruits. Banana, pineapple and papaya 
are cultivated commercial-scale whereas, other fruit varieties such as 
mango, wood apple, guava, pomegranate, avocado, etc. are supplied 
mainly from home gardens. Moreover, a considerable proportion of 
the supply of banana, and papaya is coming from home gardens as 
well. Further, considerable amount of tropical grapes and oranges 
are cultivated in Sri Lanka. However, the local demands for certain 
temperate fruits such as apples, oranges, grapes and dates are met 
through imports. 

Most fruits are generally cultivated under rain-fed conditions. 
Pineapples are mostly cultivated in Gampaha and Kurunegala districts 
in coconut lands as an inter-crop. Except for banana, pineapple and 
papaya, all other fruits are highly seasonal therefore, during glut 
periods large quantities are wasted. The present average extent under 
fruit crops is about 69,800 ha. Average annual production is about 
590,000 metric tons, of which about 50-55% is locally consumed, 30-
40% is wasted and about 11% is being exported in 2018.8

Fresh chain market operations – Sri Lanka

The fruits and vegetables fresh chain in Sri Lanka is somewhat 
complex process with a series of services and functions involved in 
moving a product or commodity from where it produced to where it 
would finally be consumed.9–11 A change was observed in post-harvest 
channel of fruits and vegetables after recent establishment of regional 
wholesale markets centers known as Dedicated Economic Centers in 
few strategic locations in the island, such as Tambuttegama, Vaunia, 
Veyangoda, Welisra, Meegoda, Narahenpita and Embilipitiya. In 
addition, Dambulla Dedicated Economic Centre and Manin Market at 
Colombo function as central wholesale markets. 

At present, a major portion of fruits and vegetables is brought 
through the regional wholesale markets centers to central whole sale 
markets from producing areas. From there the commodities are directly 
supplied for retail selling. Figure 2 shows the different types of post-
harvest marketing channels used to move fruits and vegetables from 
the producer to the consumer. Though different marketing channels 
available for producers, all the channels may not be available for all 
the producers. Very recently, several efficient marketing channels 
have been established directly between the farmers/producers and the 
supermarket network without going through either the collector or the 
whole seller. Further, some supermarket networks have established 
their own collecting centers in major vegetable producing areas with 
improved handling, packaging and transportation integrating elements 
of cold chain as appropriate.9

As in the case of many other developing countries, a major part of 
the fruits and vegetables in Sri Lanka is produced in smallholdings and 

home gardens and are usually intended for domestic market. Theses 
commodities, before reaching the consumer, pass through post-harvest 
channel similar to that shown in Figure 2. Due to use of improper 
post-production practices serious quantitative and qualitative losses 
occur in all steps of fruits and vegetables marketing channel, which 
could amount to 30 – 40% of the total production, with approximate 
loss of LKR 13 billion i.e. approx. US$ 72.2 million.2

Figure 2  Vegetable and fruit fresh (marketing) channels.9,27 

Harvesting and associated operations

Fruits and vegetables are often harvested either at an immature 
stage or at an advance stage of maturity. Immaturely harvested fruits 
do not ripen naturally and even if they did, the quality characteristics 
are extremely poor. When fruits are harvested pass (or later than) 
the correct maturity stage, inherent physiological developments 
render them more susceptible to injury and damages when handling 
at the time of harvest and subsequently during sorting, grading and 
transportation as well.  It is a common practice for the majority of 
vegetables to be harvested at an over-mature stage, yet, the post-
harvest losses become significant then, for example, the post-harvest 
losses in okra, beans, long beans and bitter gourd are extremely high 
due to toughening of texture when harvested at over-maturity.9,10

Sorting, grading and pre-treatments

At present sorting and grading are carried out manually to 
some extent by wholesale and retail traders especially at the super 
market level. Most small-scale Sri Lankan farmers market their 
produce without sorting and grading. No mechanical grading and 
sorting facilities are generally used or available in commercial scale. 
Vegetables such as leeks, carrots, radish and beetroot are usually 
washed after harvesting to remove all sands and stones, soil clods 
and plant debris. For this purpose, some farmers may even use 
polluted water available in streams and rivers which may result in 
contaminating the vegetables with bacteria and pesticide residues. 
Latex secretion causes many problems in the fruit industry, reducing 
the quality. Therefore, pre-treatments and washing are required after 
harvesting but it is not generally practiced.9 
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Handling and transportation

A major part of the losses occurs during transportation from farm 
gate to collection centers, and then to a village fair or wholesale market, 
and subsequently retail outlets. Because of the high transportation 
cost involved (in comparison with the quantity to be transported), the 
collector or whole seller generally tends to transport the maximum 
amount possible.6,9,10 During transportation, it is a common practice 
that the people are sitting and sleeping on the poly-sacks in which 
fruits and vegetables are tightly packed. In addition, rough handling 
loading and unloading take place during transportation, causing 
serious damages to tender fresh produce. Further, in remote areas, 
due to lack of information on local market situation, harvesting time 
of vegetable may not fully tally with the market demand situation, 
resulting the packed vegetables to stay in the vehicle two or even 
three days before unloading, damaging a significant portion of the 
produce.6,9

Rough handling causes mechanical damages, where poor packaging 
and distribution aggravate the problem. Currently, vegetables are 
often tightly forced packed into polypropylene sacks. These sacks 
do not provide sufficient ventilation and result in temperature build 
up within the heap, accelerating both toughening and senescence. 
In usual practice, fruits and vegetables packed in few poly-sacks are 
kept near roadside until the collectors pick them up, exposing the 
fresh produce to whether; sun or rain. Types of packaging used by 
traders do not accommodate or compensate for possible damages due 
to uneven road conditions, high ambient temperature and humidity 
conditions that prevail during the extended period of transportation; 
all of which accelerate the deterioration of quality. The degree of 
damage accumulates as the time spent in the vehicle prolongs. Thus, 
produce is often bruised, infested by post-harvest pathogens and is not 
in the optimum quality when reaching distribution points.12,13

Scientific storage: Sri Lanka is a tropical island, where temperature 
and humidity levels of the environment are relatively higher. 
Perishable fresh produce such as fruits and vegetables start deteriorate 
rapidly just after harvesting due to this generally warm humid 
environment. However, the storage life of fruits and vegetables can 
be extended greatly by removing the field heat and applying cooling 
after harvesting as soon as possible. As stated earlier, temperature and 
humidity play a major role in the process of post-harvest losses of fruits 
and vegetables. In fact, temperature is the single most important factor 
affecting the deterioration rate of freshly harvested commodities. 
Proper relative humidity (RH) is required to be maintained to reduce 
weight loss and freshness during storage.3 However, at present, 
temperature & humidity-controlled storages facilities of sufficiently 
large scale are not available as a service. This situation leads to waste 
of harvest when there is a surplus of local supplies, where remaining 
fruits and vegetables are just disposed as garbage by farmers, collector, 
whole sellers and retailers. Therefore, large heaps of waste fruits and 
vegetable could be observed seasonally near wholesale markets etc. 
This points to the need for handling postharvest process in a systematic 
and scientific manner, by managing supply and demand, suitably 
holding the surplus where necessary, to avoid loss of harvest.14 

Factors and inadequacies attributing to losses

Seasonality of crops and pre-harvest practices: The production of 
most fruits and vegetables are seasonal and during harvesting periods 
a glut in production exits. Hence the prices of these commodities 
tend to slump to very low levels that are disadvantages to farmers. 
On the other hand, during the off-season the production is low and 
the prices increases as demand increase. This situation drastically 

affects operation of of an efficient marketing system, especially 
the export market, due to price fluctuation and non-uniformity of 
the supply volumes of fruits and vegetables throughout the year. 
Farmers often practice improper pre-harvest practices such as the 
use of lower quality planting material & seeds, application of excess 
quantities of pesticides, use of pesticides that are not recommended 
by the authorized institutions, and not adhering to pre-harvest interval 
requirement and good practices recommended by relevant authorities. 
These factors very seriously affect the quality and food-safety aspects 
of fruits and vegetables produced.9 

Inadequacies in the process: In the local context, poverty of 
the farming community and lack of capital to acquire improved 
technologies, for example by producers, collectors, wholesale and 
retail traders, is one of the serious constraints for reducing pot harvest 
losses. For example, fresh fruits and vegetables are packed mainly 
in poly-sacks for transportation and this practice leads to serious 
quantitative and qualitative losses, amounting to estimated 20% 
loss during handling and transportation alone.9,10 Whereas recent 
research has shown that the use of plastic crates for handling and 
transportation of fruits and vegetables reduces the losses occurring 
in the market chain from 30% to 5% and the quality and safety of 
fruits and vegetables reaching the consumer is appreciably improved 
(IPHT). However, the usage of this simple approach for fruits and 
vegetables is very low due to involved additional cost. Even though 
the Government has established several wholesale marketing centers 
in various part of the country dedicated for efficient handling of fresh 
produce, the whole of the premises and the surrounding, in most of the 
cases, have not been properly designed to scientifically handle fruits 
and vegetables in the post-harvest stages. For example, trucks and 
lorries loaded with produce just wait in the sun and whether until they 
are unloaded, space provided for a wholesale trader is not adequate 
to stack plastic crates etc., for example space planning and sheltered 
parking for loaded vehicles are just two aspects should receive 
realistic attention.9

Lack of adequate marketing and awareness channels that link the 
fruits and vegetable producers in major growing areas with the urban 
supermarket network and exporters, where the demand for quality 
produce exits, is another issue relating to improving marketing. Due 
to nature of trading, the farmers are reluctant to offer high-quality 
produce to the common market because the available system of 
marketing of fruits and vegetable is such that, regardless of handling 
method and resultant quality, the same prices are paid.9,10

Inadequacy of trained manpower in this area of specialization 
and deficiencies in the agricultural extension service has affected the 
improvement of marketing channels of fruits and vegetables.9 Since 
this sector include a large number of farmers, collectors, wholesale and 
retail traders there is serious requirement to strengthen the extension 
mechanism of existing public and private institutions, perhaps by 
utilizing communication systems (such as communication apps) 
that relevant data and information reach large number of personnel 
involved in the marketing chain more effectively.9–11 

Testing and certification and market intelligence/information 
systems: Many countries enforce strict food-safety and quality 
standards on imported food items. On the other hand, the local 
exporters have to conduct and comply with various inspection, testing 
and certification of their export commodities to suit the recipients/
overseas regulations and procedures of foreign clients. However, most 
of these services and requirements are not practiced/readily available 
within Sri Lanka. As a result, the exporters are forced to depend on 
more expensive foreign sources for these basic services.9 For example, 
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the cost of analysis for pesticides residues, when outsourced from 
another country, is prohibitive, which in most of the cases are out of 
reach of common trader or even the exporter.

Farmer is distanced from his market, physically as well as in 
communication, and therefore does not have adequate up to date 
information and awareness on dynamics on market requirement, 
demand, prices and situation etc. At present, there is no proper market 
information sharing system, that is user friendly, and that could reach 
the small-scale producer and farmer level.  Therefore, farmers depend 
on the price information provided by the trader or the collector, in 
some cases this may be the driver of the vehicle, which could be 
inaccurate and outdated in the context of market completion and time 
frame.9,11

Fresh chain practices and post-harvest 
losses   
Correct practices 

Figure 3 shows steps of food/cold chain practices of fruits and 
vegetable that are accepted to be correct in research, where, the 
operations and steps lead to reduce post-harvest loess of the fruits 
and vegetables produce chain. However, depending on the type of 
produce, some cold chain steps/operations may not be essential. Yet 
careful handling of the produce, suitably control of temperature and 
humidity in storages are an essential part of the process to minimize 
losses.3–6,15,16 Some of the steps in the Fig 3 are discussed in subsequent 
sections. 

Figure 3 Post harvest handling and cold chain practices (based on3,27). 

Harvesting at correct maturity 

Maturity is the most important factor that determines post-harvest 
shelf-life and final quality of fresh produce. Generally, maturity level 
of fruits and vegetables can be identified using maturity indices, 
and could be detected using physiochemical and morphological 
characteristics such as chronological age (elapsed days from bloom 
to harvest), size, shape, firmness, weight, colour, pH, total soluble 
solids (TSS) and fiber content.17 Maturity is the stage of development 

at which the produce has completed its natural growth and is ready 
for harvesting. It is that stage of development, which ensures proper 
ripening. The horticultural (commercial) maturation, however, is 
related to utilization purposes. For instance, tomato is regarded as 
mature for fresh market consumption when they are “mature green” 
in the USA, but in Israel tomato must be at least pink in order to 
be considered mature for harvest. For the canning industry, tomato is 
mature only when it is dark red, as the red color is a most important 
feature of the product. Maturity definition also depends on the part of 
the plant, which is being consumed.18

Because of the great differences between fresh produce, 
development of specific indices of maturity for each commodity is 
required. All fruits, with a few exceptions (such as pears, avocados, 
and bananas), reach their best eating quality when allowed to ripen on 
the plant. However, some fruits are usually picked mature but unripen 
so that they can withstand postharvest handling system when shipped 
long-distance. Most of the currently used maturity indices are based 
on a compromise between those indices that would ensure the best 
eating quality to the consumer and those that provide the required 
level of flexibility in post-harvest handling.16

Immature, improperly ripen fruits are more likely to subject 
to shriveling, inferior flavor quality etc. Over-ripen fruits become 
softer, and more likely to be subjected to mechanical damage. Fruits 
picked either too early or too late in their season & maturity are 
more susceptible to postharvest physiological disorders than fruits 
picked at the proper maturity. For example, immature lime fruits are 
highly prone to be shriveled, mechanically damaged, under nourished 
and are poor in quality. On the other hand, over-mature lime fruits 
easily become soft, mealy, lose desirable color and more often have 
insipid flavor during ambient storage. Therefore, fruits and vegetables 
harvesting need to consider correct maturity based on subsequent 
post-harvest process and transport requirement.15,19

Fruits can be divided into two groups based on their ripening 
behavior upon harvesting. Those not able to continue proper ripening 
process once removed from the plant (such as cherry, citrus fruits, 
grape, pineapple and pomegranate), and those able to continue 
ripening process off the plant (eg. apple, apricot, avocado, banana, 
guava). First group produces very small quantities of ethylene and 
do not respond to ethylene treatment except in terms of de-greening 
(removal of chlorophyll); these should be picked when fully-ripen to 
ensure good flavor quality. Latter group produce larger quantities of 
ethylene in association with their ripening, and exposure to ethylene 
will result in faster and more uniform ripening, most vegetables too 
belonged to this group.3,16,20,21

Handling & transportation

Careless, non-scientific harvesting and handling practices 
are major contributing factors of postharvest losses in fruits and 
vegetables industry in Sri Lanka. Harvesting at maturity that 
strike a balance between post-harvest processing & transportation 
requirements, and a desired level of ripened characteristics is very 
important.21,22 In most developing countries, the production sites 
for many horticultural and small-scale agricultural producers are 
far from the marketing centers and in areas difficult to access. Such 
conditions add factors such as additional time of transit, exposure to 
physical and mechanical injuries and exposure to solar radiation and 
extreme weather (such as rain), all of which contribute to increase the 
degree of losses. Under the conventional system of transportation and 
transit handlings, fruit and vegetables are packed in gunny bags and 
transported in ordinary lorries. The charge levied for the lorry based 
is determined by the number of gunny bags transported and hence, 
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the system automatically encourages overloading, overstaying etc to 
accommodate maximum pay-load per lorry. Use of closed vehicle 
and tight packing prevent proper ventilation during transportation is 
another seriously contributing factor. Poor and unsuitable mode of 
transportation and packaging are major causes for the higher wastage 
reported in Sri Lanka’s fresh fruit and vegetable marketing system. 
This is the worst recipe for increasing postharvest losses.6,10,23 

To face the above challenge, some of the established supermarket 
chains have developed their own appropriate practices, such as 
of using refrigerated trucks and plastic crates-based packing in the 
post-harvest operations. Such approaches have reportedly reduced 
wastage drastically.9,10 The improved transport system adopted by 
the supermarkets are reported incur additional cost, however, the 
cost disadvantage is more than compensated by higher overall prices 
resulting from improved quality. Yet, both the initial investment 
and the operation costs of this supermarket level operations are 
beyond reach of average small-scale local producers. Even though 
handlers from developing countries may not have the capacity to use 
refrigerated trucks, educating them on the consequences of losses in 
economic terms would certainly have positive impact.24,25

Sorting and grading

The most important processes in packaging and marketing of 
fruit and vegetables is sorting and grading.26 Sorting is the removal 
of damaged fruits, due to being rotten or subjected to diseases, from 
the healthy products.27 Grading is the process of categorizing on the 
basis of color, size, stage of maturity, or degree of ripening.27 The 
two processes are vital in maintaining postharvest shelf life and 
quality of harvested products. Sorting limits the spread of infectious 
microorganisms from bad fruits to other healthy fruits during storage 
of products. Grading helps handlers to categories fruits and vegetables 
in a given common parameter which enables easy handling. For 
instance, grading on the basis of cooler or maturity stage help 
eliminate overripe fruits, which easily produce ethylene to hasten the 
ripening process in the whole batch.28

Further, sorting and grading are not done effectively due to lack 
of suitable storage facilities in the downstream of the chain. Lack of 
knowledge on temperature requirements, effect of cold chain practices 
on reducing losses & ethylene sensitivities of different commodities 
for mixed loading aggravate the situation play a serious negative 
role. Lack of national standards, poor enforcement of standards, skill, 
awareness/ financial resources for grading products etc also contribute 
to present higher degree of post-harvest losses.29,30 

Grading is a critically important process that produce an aspect 
of quality, which is often judged on the basics of uniformity, and 
it presents a standard for product handling (i.e. unitization) and 
marketing. Produces are generally graded based on size, weight, 
colure defects or composition, and/or a combination of these features. 
A typical size grader for fruit separates produce using diverging 
conveyor belt, which allow smaller fruits to drop between them first.28 
Computerizing weight graders can operate on the basis of tipping 
buckets, which drop to release the pre weight items at a particular 
position. Video image capture and analysis could also be used for size 
grading, as well as for color grading and external defect grading.31,32

Removal of field heat (pre-cooling)

Many biological researches have demonstrated the importance 
of rapid cooling of perishable in extending postharvest life of 
fresh produce. Lowering internal commodity temperature just after 
harvesting is critical in extending postharvest life.3,33 To achieve 

sufficiently rapid and efficient decrease in temperature of produce, 
use of fast cooling systems is particularly important. Use of systems 
utilizing cool water i.e. hydro-cooling, is a method allowing high heat 
transfer rates, which could result in three times shorter cooling times 
in comparison with forced air cooling, or ten times, when produces 
are placed in conventional or storage room.34,35 

For most fresh horticulture commodities, one-hour time loss at the 
field temperature of 30°C between harvest and pre-cooling can reduce 
quality as much as 20 hrs in storage under proper conditions.35,36 

Delay in pre-cooling results in loss of moisture from the produce 
causes weight loss and combined with active micro-biological 
organisms result in deterioration of quality and value loss. The design 
of the multi-commodity cold store facility and method of pre-cooling 
depends on various factors such as nature of the produce, category 
and produce type which determines the period of storage for example 
short term storage (generally refer to as 7 to 10 days storage) or 
long/medium term storage. Handling, stacking and storage methods, 
packaging, frequency of entry and exists to cold storage are also key 
deciding factors.35,37

Fruits and vegetables require on-farm pre-cooling if transport time 
to reach cold storage is more than few hours. It is desirable that fresh 
produce like grapes, mandarins, berries, cherries, leeches, melons, 
stone fruits, sapotas, okra, tomatoes, capsicum, chilli peppers, brinjal, 
cucumbers, green beans, peas, spinach etc are cooled as rapidly as 
possible. Less perishable fruits & vegetables such as mangoes, papaya, 
guava, green bananas, pomegranates, radish, cabbage, cauliflower and 
carrot can be transported from the field and pre-cooled at the cold 
storage facility.37 

Pre-cooling requirements vary across produces, and also based 
on method of cooling; room cool, hydro cool, forced air cooling, 
evaporative forced air cooling and ice packaging. However, forced air 
cooling within 4-6 hours is adoptable to a wider range of commodities 
than any other pre-cooling method and may suffice for most of the 
produce and therefore, it is widely adopted for recommending general 
technical standards for pre-cooling system.37,38

Storage under correct conditions 

This is the most important post-harvest practices of the fruits and 
vegetable to reduce losses. Cold storages are mainly built to control 
the rate of transpiration, respiration, microorganism growth and 
to preserve the fruits and vegetables in most useable form for the 
consumer. The cold storages slow down the biological activities of 
the fresh commodities while avoiding the chilling injury and show the 
microorganism growth. Further, this reduces transpiration losses to 
avoid various undesirable processes including sprouting, elongation, 
rotting, greening and toughening of certain fruits and vegetables.39 

Several factors contribute to the success of fruit and vegetable 
storage including temperature, humidity, atmospheric composition, 
air movement and light. The cold storage temperature should be 
maintained at the desired level for the fruits and vegetables to 
be stored. The temperature above the optimum will reduce the 
storage life and the lower temperature may cause chilling injuries. 
The relative humidity for freshest fruits and vegetables need to be 
maintained between 90 – 95%.39 Lower humidity than the desired 
level of the respective fresh commodity results in moisture loss from 
the produce. With high relative humidity extra care should be taken to 
prevent the microorganism growth in the surface. The recommended 
temperature, relative humidity and storage life (under the temperature 
and humidity conditions) for various fruits and vegetables grown in 
tropical countries are given in table 1. 
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Table 1 Recommended storage conditions and durations for crops of tropical countries32

Crop Temperature (°C) Relative humidity (%) Storage life (days)

Avocado 3-13 85-90 14-56

Banana - Plantain 13-15 90-95 7-28

Beet (topped) 0 98-100 120-180

Chinese cabbage 0 95-100 60-90

Eggplant 8-12 90-95 7

Ginger 13 65 180

Guava 5-10 90 14-21

Leek 0 95-100 60-90

Lemon 10-13 85-90 30-180

Lime 9-10 85-90 42-56

Mango 13 90-95 14-21

Melon 7-10 90-95 12-21

Okra 7-10 90-95 7-10

Onions (dry) 20-25 65-70 30-240

Orange 0-9 85-90 56-84

Papaya 7-13 85-90 7-21

Cucumber 5-10 95 28

Bell pepper 7-13 90-95 14-21

Pineapple 7-13 85-90 14-28

Potato (early) 7-13 90-95 10-14

Radish 0 95 21

Spinach 0 95-100 10-14

Sweet potato 13-15 85-90 120-210

Water melon 10-15 90 14-21

Yam 16 70-80 60-210

The atmospheric composition or the gases inside the cold 
storage affect the storage life of the commodities. The atmospheric 
composition of the storage room is controlled by adding the favorable 
gases such as carbon dioxide or removing the undesirable gases 
using chemical or physical methods.25 The ventilation system is an 
essential part of the cold storage. Sufficient air movement should 
be incorporated to remove the respiration heat. Since the room is 
exposed to a uniform air flow, free air flow should be ensured through 
proper stacking of fresh commodities and placement of blowers or 
ducts.35,39 In forced air cooling, the refrigerated air is forced through 
the fruits and vegetables packed in containers. Several studies aiming 
to identifying the suitability of using forced air cooling for specific 
fruits and vegetables and evaluation of the current systems were also 
available in literature.40–42 Hydro-cooling is achieved by immersion 
or sending through a chilled water shower and the water should 

be chlorinated (150-200ppm) to prevent pathogens accumulation. 
However, this cannot be used for the commodities that do not tolerate 
water infiltration, wetting and chlorine. Many pervious researchers 
have studied the effect of hydro-cooling properties of the stored fruits 
and vegetables.38,43–47 

Evaporative cooling is a cost effective method for storing fresh 
commodities in a hot and dry climate. The evaporative cooling effect 
increases with the wet bulb to dry bulb temperature difference. This 
method is most suitable for the rural communities in hot and dry 
climate due to the lower initial and operation.48 Vacuum cooling is 
used in many food storage applications including beverages and meat 
products due to its rapid cooling ability. The comparison of product 
effects and costs for the cooling methods discussed above is shown in 
Table 2 and the classification of the crops grown in tropical countries 
according to the cooling method is given in Table 3.49–51 
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Table 2 Comparison of cooling methods of produces61,62

Product effect Forced-air Hydro Vacuum Water spray Ice Room

Typical cooling time (hr) 1.0-10.0 0.1-1.0 0.3-2.0 0.3–2.0 0.1–0.3 20-100

Water contact with product 0.1-2.0 0-0.5 2.0-4.0 no data no data 0.1-2.0

Potential for decay contamination no yes no yes yes no

Water resistant packaging needed no yes no yes yes no

Table 3 Classification of fruits and vegetables based on cooling method56

Room cooling Forced air cooling Hydro cooling Vacuum cooling

Banana Avocado Cucumber Cabbage

Beet Banana Eggplant Leek

Ginger Cucumber Leek Spinach

Lime Eggplant Orange Lima bean

Lemon Ginger Potato

Melons Guava Radish

Onion Mango Spinach

Orange Melons Beet

Cucumber Okra Cassava

Pineapple Orange Cabbage

Potato Papaya Lima bean

Pumpkin Pineapple

Radish Cassava

Sweet potato Passion fruit

Watermelon Pumpkin    

Concluding remarks 
The process of handling fruit and vegetables from producer to 

consumer was investigated based on published research as applicable 
to Sri Lanka, with an objective of identifying factors that contribute 
to present day significant post-harvest losses of the produces. The 
study broadly identified several contributing factors to the recorded 
significant post-harvest losses, as well as gaps in present operation 
that limits the potential of local farmers getting the due economic 
benefits, and also reaching foreign markets in possible cases. In rural 
farming, the issues of lack of awareness of market dynamics, lack of 
knowledge on good practices and economically beneficial procedures 
such as sorting, grading, precooling, not having access to a well-
coordinated transport system that reduces processing and waiting time 
of produce etc. are major issues that contribute to substantial fraction 
of the overall postharvest losses.

Among other contributing factors, not having a well-coordinated, 
well-practiced integration of cold chain and appropriate cold chain 
elements with the prost harvest process of fresh produce appears to 
contribute significantly to the recorded postharvest losses. Institutional 
and government support in coordinating the food chain practices 
concerning fruits and vegetables with properly integrated cold chain 
practices appear to be not well established. In this regard, in addition to 
providing cold chain elements such as suitably designed and operated 
environment-controlled storages and other hardware (temperature 
and RH mainly), temperature controlled long distance scientifically 

stacked transportation etc. implementation of regulations and policies 
to make sure the system will sustain is very important.52–62

Further, the need for coordinated streamlined operation of 
economic centers that handle the produce in bulk was well noted 
among the relevant research, indicating the necessity for strengthening 
the relevant policy framework. In the market chain, unavailability of 
a recognized pricing structure that give priority to quality of harvest 
in some ways appear to be a discouraging fact at grass root level to 
minimize waste of produce. In addition, implementing post-harvest 
operations such as sorting, grading and pre-cooling at satisfactory 
level, improving storage facilities to maintain the basics of reducing 
handling waste seems promising steps in improving status quo of the 
present-day post-harvest process. In this regard a firm government 
policy and regulatory enforcement in post-harvest handling, storage 
and transportation aspects will certainly make sure the governments 
subsidies disbursed at grassroots level for farming are better utilized.
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