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Abstract 
Horticultural crops are high-value crops and of higher profit than staple food 
crops per unit of land. It also generates income since it can be used for several 
purposes to achieve zero hunger and food security. The major problem with 
fruits and vegetables is the short postharvest shelf life. They are highly deli-
cate and are endangered to rapid quality loss after harvest. Using best post-
harvest handling practices or factors like optimum temperature, right ratio, 
right gases in storage, right sanitizers, etc. and best physical handling proce-
dures to take care of the standard after harvest is extremely critical. There is 
inadequate information on handling strategies and facilities to improve their 
keeping quality. To establish a good management system for the postharvest 
quality of these produce, food farmers’ handlers and processors must follow 
standard strategies to ensure availability on off-seasons. This work achieved 
these objectives of providing information on strategies for reducing losses 
during postharvest handling of fruits and vegetables, factors to consider dur-
ing their storage, artificial ripening of fruits and wrong use of calcium carbide 
and food storage structures and facilities. Until these factors are properly 
considered and managed, loss in quality is inevitable for farmers, handlers 
and food processors. Also, good knowledge of advances in technology in this 
area is going to be paramount in facing a future challenge in the food han-
dling process. 
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1. Introduction 

All harvested horticultural foods are living biological organism, having a respi-
ratory system similar to that of humans. They continue to respire after harvest 
and thus change their characteristics depending on produce handling and sto-
rage treatment [1]. Horticultural crops have great challenges from the stand-
point of postharvest loss both in terms of quantity and quality between harvest-
ing and final consumption [2]. Postharvest technologies constitute an interdis-
ciplinary science and technologies (chemical engineering, Food engineering and 
technology, microbiology, etc.) applied to agricultural commodities after harvest 
for purpose of preservation, conservation, quality control/enhancement, processing, 
packaging, storage, distribution, marketing and utilization to meet the food and 
nutritional requirement of consumers in relation to their needs [3]. During post-
harvest storage, a number of degradations of respiratory substrates occur result-
ing in a number of changes which include but are not limited to changes in: taste, 
colour, taste, flavour and texture. Produce losses in quality and quantity can oc-
cur at any step during the postharvest chain with important economic impact [4]. 

According to [5], the greatest level of losses in agricultural production occurs 
at the post-harvest level with a worldwide estimation of 10% - 40% with the 
greatest quantum of losses occurring in developing nations with roots and tubers 
and oil-bearing crops being the most venerable.  

Some factors responsible for loss of agricultural produce include but are not 
limited to: the selection of poor-quality planting materials, mechanical injuries, 
temperature, humidity, and storage atmosphere. Postharvest losses have their 
origin in pre-harvest stage, for example, genetic factors, infections, pest infesta-
tion, environmental factors and cultural practices during on-farm activities [5]. 
Food can be predisposed to damage, hazard and losses at a different point from 
growing through harvesting to consumption. Reduction of these losses would be 
of great significance for food producers and consumers alike [1]. 

The main objectives of applying food produce handling strategies are to take 
care of quality (appearance, texture, flavour and nutritive value) maintain food 
safety and to scale back losses between harvest and consumption [6]. Safety and 
perishability are the two most vital concerns in all food production. Safety is de-
cided principally by the absence of a pathogen or toxic chemical in food. Peri-
shability is caused by microbial degradation, enzymatic activity and/or chemical 
reactions, which may result in undesirable changes in sensory, physical and nu-
tritional properties of the horticultural produce. Harvested agricultural produce 
varies in their perishability, counting on their consumption and required 
processing method, packaging and storage [7]. There is an increasing demand 
for products having a well-preserved nutritional value, retaining natural and 
fresh colour, flavour, and texture and containing fewer additives such as artificial 
preservatives. This requirement represents a new challenge for food processors, 
food handlers and food safety professionals [3]. This work has the objective of 
elaborating on the strategies for reducing losses during postharvest handling, 
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principles of food produce handling, structures and facilities and resents ad-
vances for extension of shelf life of food produce 

2. Strategies for Reducing Losses during  
Postharvest Handling 

2.1. Appropriate Pre-Harvest Cultural Practices Improve  
Postharvest Quality 

Pre-harvest factors such as production location, planting date, soil type, irriga-
tion, shading and nutrient largely affect post-harvest quality of produce [3]. 
Kader [8] reported that soil type, mulching, fertilization, micro agro-climatic 
conditions of the soil and other cultural practice influences the water and nu-
trient content of the plant which can also affect compositional attributes such as 
appearance, texture, taste, and aroma of the harvested plant parts. The report 
also stated that climatic condition especially temperature, humidity and light in-
tensity has strong effect on the nutritional quality of food products. 

Fischer [9] reports that the capacity of photosynthesis depends on the inci-
dence of light, whereby the shaded parts of the canopy assimilate less and need 
more leaves than the well-illuminated part for optimum fruit development. 
Heavy pruning diminishes leaf area, whole tree photosynthesis and translocation 
of photosynthates of fruits and root crops, increasing the root/shoot ratio and 
favouring vegetative growth. Field management practices such as pest control, 
soil fertility and water management are of great importance in achieving good 
quality attributes in size, colour, flavour, texture and nutritional value of vegeta-
bles [10]. Optimum plant performance depends on a balanced availability of min-
eral nutrients that can be limited in many soils around the world [11]. Nitrogen 
(N) and potassium (K) are the principal nutrient needed by plants [12] Nitrogen 
and calcium have profound effect on firmness, ethylene production, respiration, 
storage life, ripening and decay of produce especially fruit and vegetables. 

Environmental factors such as light, CO2, relative humidity, temperature and 
water availability are major direct or indirect constraints of plant photosynthesis 
there by providing energy precursors for the synthesis of bioactive compounds 
[11]. 

Abiotic conditions such as soil fertility and water availability vary from year to 
year and from location to location and this affects quality of the produce after 
harvest [13]. Increase exposure to light increases fruit size [14] total soluble solid 
and flesh firmness [15]. Quality of cultivar is important for good quality pro-
duce, horticultural breeding and biotechnology plays a significant role in im-
proving and maintaining postharvest quality and safety, the growers have the 
choice of selecting preferred cultivars prior to planting crops [8]. 

2.2. Appropriate Postharvest Practices Improve Produce Quality 

According to Jagdish [16], the operation of harvesting consists of the following: 
Identifying and judging fruit maturity, Selecting the fruit which are matured, 
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Separating the fruit from tree, Collecting the fruits which are matured. 

2.2.1. Maturity 
Maturation is the stage of several developments resulting in the attainment of 
physiological or horticultural maturity. Physiological maturity is that stage of 
development when a plant or plant structure will still develop even if detached. 
Horticultural maturity refers to that stage of development when plant or plant 
structures possesses the essentials for its utilization by consumers for an exact 
purpose [17]. Example green beans, okra and cucumbers are not allowed to at-
tain its physiological maturity rather horticultural maturity. Maturity stage of 
any crop at harvest has an important effect on the postharvest quality [17]. 
Postharvest processes like storage, transportation and marketing are influenced 
by the stage at which the commodities are harvested. Fruits are harvested when 
they have attained physiological maturity which is the stage of maximum dry 
weight while vegetables are harvested at the stage of horticultural maturity. This 
stage is dependent on consumer’s willingness. Maturation, ripening and senes-
cence are the critical stages that predominantly determine shelf life of fruits and 
vegetables. The stage of maturity gives an indication of the fruit being ready for 
harvest [18] Stage of maturity also depends on how far the fruit will be trans-
ported, how long it will be kept in the storage and requirement for specific mar-
ket [19]. 

2.2.2. Illustration of Maturity Stages in Tomato Production 
Depending on the mode of disposal, the tomato fruits may be harvested at vari-
ous stages of maturity. The stages include: 

1) Green stage: This describes the stage when fruits are fully developed but are 
still green and suitable for sending to distant markets. 

2) Pink stage: This describes the stage of maturity when some of the portion of 
the fruit is red or pink and the fruit is not fully ripe. It is most fitted to local 
markets. 

3) Ripe stage: This describes the stage when the major portion of the fruit is 
red and the softening begins. It may be picked up for home or table use. 

4) Full ripe stage: This describes the stage when the fruit develops maximum 
colour and turns soft. It is suited for processing purposes. After picking the fruits 
are graded and sorted out into cracked, bruised, injured fruits and well-matured 
ripe fruits. 
 How is harvest maturity identified? Most growers decide when to harvest by 

looking and sampling. Judgements are based on: 
• Sight-colour, size and shape; 
• Touch-texture, hardness or softness; 
• Smell-odour or aroma; 
• Taste-sweetness, sourness, bitterness; 
• Resonance-sound when tapped. 

Experience is the best guide for this kind of assessment. Newcomers to fresh 
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produce-growing may find that learning takes time. Harvest maturity can readily 
be observed in some crops: bulb onions when their green tops collapse and po-
tatoes when the green tops die off. Other crops can be more difficult: avocados 
remain unripe off the tree after maturity.  

2.2.3. Technique of Harvesting 
Selection of suitable technique for harvesting is necessary to avoid bruises and 
injuries which subsequently manifest as black or brown patches making them 
unappealing. Latex coming out of stem of mango should not be allowed to drop 
as it creates black spot. Injury may turn to be an entry point for microorganism 
causing rotting. Varied harvesting gadgets have been developed. The most gen-
erally used are the picking shears and blade which are hand held or pole mounted 

The fruits and vegetables would be tough to catch, sometimes, materials which 
is made of impact cushion would be kept girding the tree so that impact on the 
fruit will be averted when they are falling from high trees [17]. Reaping/harvesting 
vessels like bags worn at the waistline and containers such as plastic pails would 
be suited for carrying reaped fruits. The vessels must have a certifiable smooth 
exterior with no sharp edge to avoid damage on the fruits. Large scale agricul-
turist will use bulk boxes which has the capacity of 200 to 500 kgs in which crops 
like apples, tomato etc. are placed and these will be transferred for selection, 
packing and grading for large scale packing house [17]. The harvesting time is 
also of important, fruits plucked before 10 am and transported to packing house 
yields better and last longer. It is desirable that fruits are picked during the coo-
ler part of the day to reduce the hazard of heat injury and sunburn [20]. Figure 1 
shows an example of hand-held harvesting tools. 
 

 

 
Figure 1. Pictorial presentations of hand-held harvesting tools. 
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2.2.4. Pre-Cooling  
Pre-cooling is done for rapid cooling of harvested products to the needed store-
house temperature and to retard physiological processes. Rapid cooling of fruits 
after harvesting is most important operation as increased field heat gives rise to 
undesirable changes in some metabolism and triggers quality deterioration [21]. 
Precooling minimizes microbial growth and multiplication, metabolism, respi-
ration rate and ethylene output. It is well known that a rise in temperature of the 
environment by 10˚C doubles the rate of chemical and biochemical reactions 
(Q10 Value) conversely a reduction in temperature by 10˚C will reduce the rate 
of these reactions by one half. It also reduces ripening rate, water loss and decay 
there by maintaining the quality and extending shelf life of harvested fruits [22]. 
Pre-cooling can be done using processes like forced cooling, hydro-cooling, va-
cuum cooling and ice cooling. The rate of cooling depends on the techniques 
chosen, thermal properties of the fruits, heaping pattern and contact between 
cooling medium and the fruits [23]. 

2.2.5. Field Curing  
Curing roots and tuber crops like as potatoes, sweet potatoes, cassava and yams 
is an important practice these crops are to be stored for some time. Curing is 
achieved by holding the fruits at high temperature and high relative humidity for 
several days after harvesting with the aim to heal the scratches and form a new 
self-protective layer of cells. It is common practice to cure onion and garlic 
bulbs, directly following harvest [23]. Best practice for curing varies among 
crops as follows: potato at 15˚C - 20˚C, 90% - 95% R. H., for 5 - 10 days; sweet 
potato at 30˚C - 32˚C, 85% - 90% R.H., for 4 - 7 days; yam at 32˚C - 40˚C., 90% - 
100% R.H., for 1 - 4 days; cassava at 30˚C - 40˚C, 90% - 95% R.H., for 2 - 5 days” 
[24]. The dried layer of skin will protect the produce from further water loss 
during storage and reduce mould and bacteria attacks. Table 1 shows conditions 
suggested for the curing of roots and tubers, while Figure 2 show sketches of 
traditional yam and onion curing methods. 

2.2.6. Waxing 
The use of wax or comparable coating enhances appearance and limit water 
losses from products such as citrus. It requires special equipment and has little  
 
Table 1. Conditions suggested for the curing of roots and tubers. 

Crop 
Temperature 

(˚C) 
Relative humidity 

(%) 
Curing time (days) 

Irish potato 13 - 17 above 85 7 - 15 

Sweet potato 27 - 33 above 90 5 - 7 

Yam 32 - 40 above 90 1 - 4 

Taro (dasheen) 30 - 35 above 95 4 - 7 

Cassava 30 - 35 above 80 4 - 7 
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Figure 2. Sketches of traditional yam and onion curing methods [24]. 
 
relevance to small-scale handling. Waxing is generally receded by fungicide treat-
ment.  

It can be achieved by coating citrus and apples, carnauba and shellac, or apri-
cots with sucrose fatty acid esters. During the process of waxing the internal 
gases and the moisture content of the fruits change, waxing can be achieved us-
ing spray or by dipping method. After drying, the coating changes the internal 
environment to form a thin film around the surface of the produce [25]. The re-
sulting coating reduces the amount and size of lentils by limiting the amount of 
water that leaves the product as a result of transpiration. This leads to moisture 
concentration within the fruit environment and modulates the gas exchange on 
the surface of the fruit resulting in higher level of CO2 and Low O2 level [26]. 
The low oxygen levels produced by the wax affect physiological processes such as 
respiration and enzyme-mediated processes such as the ethylene biosynthesis 
pathway. Low O2 status has been reported to limit the activity of  
1-aminocyclopropene-1carboxylic acid (ACC) oxidase [27] the enzyme that cat-
alyzes the conversion of ACC to ethylene. Lower level of enzyme activities dur-
ing breaking down of chlorophyll and cell wall degradation have also been re-
ported to occur with low O2 conditions [28]. Figure 3(a) shows the process of 
spraying coatings using hand operated knapsack pump, and Figure 3(b) presents 
the resultant effect of coatings on fruit for 10 (control), 16 and 21 days. 

2.2.7. Packing  
Locations for packing operations may simply provide short-term or temporary 
shelter in fields next to harvest areas to shield farm produce and workers from  
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Figure 3. (a) Spraying of coatings using hand operated knapsack pump; (b) Resultant ef-
fect of coatings on fruit for 10, 16 and 21 days [24]. 
 
the harsh weather while in fields. This is a very important step for fruits that are 
harvested in hot and sunny conditions. Even a few hours of exposure to harsh 
weather significantly accelerates aging, or wet crops in the wet season greatly in-
crease the chances of microbial infection. 

2.2.8. Sanitizing and Cleaning 
The removal of dirt and stones can be done manually or through a sieve. Some 
fruits can be washed, brushed, or wiped with a soft cloth. Cleaning is required to 
clean fruits that have latex stains due to crop injuries, such as in mango, papaya, 
and breadfruit. Fruits and vegetables can get contaminated during harvest oper-
ation and thus requires good sanitation system particularly during all pre and 
postharvest operations to eliminate sources of infection and reduce levels of fruit 
contamination [29]. Good hygienic practices are important throughout fruits 
handling practices not only to control postharvest deterioration but also for 
prevention of food born illness that may manifest in individuals [30]. Disinfec-
tants like sodium hypochlorite, thiabendazole, chlorine dioxide [31], ozone [32], 
electrolyzed water [33], hydrogen peroxide [34] organic acids [35], peroxyacetic 
[36], trisodium phosphate [31], and radiation [37] et al. The pH of wash solution 
is ascertained to be more effective within the range of 6.5 to 7.5 [33].  

2.2.9. Sorting and Grading  
This is one of the most important processes after harvesting. it is done primarily 
to achieve quality packing and removal of diseased and unwholesome fruits from 
the lot [38]. Sorting is defined as the process of removing damaged, diseased, 
rotten fruits from healthy and clean ones which are unacceptable for market and 
storehouse [39]. Grading is the process of separating fruits and vegetables in two 
categories based on their shape, size, colour, and internal characteristics. This 
process helps food handlers to achieve storage in favorable containers based on 
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size and shape [30]. Colour grading helps to remove over-ripe fruits which will 
produce ripening hormone ethylene thereby quicken the ripening of the fruits of 
whole mass [30]. Figure 4 shows the diagram of sorting and grading instru-
ments. 

2.2.10. Packaging 
Packaging entails enclosing produce to protect them from external contamina-
tion (physical, chemical and biological) and mechanical injuries [40]. Fruits are 
fragile products and therefore need packaging to protect them from mechanical 
damage [41]. Cardboard boxes, plastic trays, cartons are suitable for packing 
fresh fruits and are very common in developing countries [42]. Packaging ma-
terial should be environmentally friendly, have sufficient strength in compres-
sion, be stable during the entire distribution chain, be compatible to mechanical 
filling system, be cost effective, easily printable and have consumer appeal [43]. 
Figure 5 shows the diagram of Plastic trays as packing instruments for fruits and 
vegetables. 

2.2.11. Storage  
“Storage” as now applied to fresh produce is almost automatically assumed to 
mean the holding of fresh fruit and vegetables under controlled conditions. 
There are variations in the storage potential of different cultivars of the same 
crop. The storage potential of these, particularly tropical fruits in tropical coun-
tries, are very limited under ambient conditions. They quickly deteriorate  
 

 
Figure 4. Sorting and grading instruments [30]. 
 

 
Figure 5. Plastic trays as packing instruments for fruits and vegetables [28]. 
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because of their fast respiration rates, which cause rapid heat build-up and dep-
letion of their high moisture content. Pulses have a long storage life, provided 
they are kept dry, and do not present a storage problem as is the case of fresh 
produce. Some of the factors that affect storage of fruits and vegetables are dis-
cussed in details below. 

3. Factors to Consider during Storage of Fruits and  
Vegetables 

3.1. Climacteric and Non-Climacteric Fruits Considerations 

Climacteric fruits are defined to be those fruits that continue to ripen after harv-
est. During this process, the fruits release ethylene with rapid respiration rate. 
The fruit is still firm and green at harvest, but fully matured. They are ripened at 
the point of consumption because fully ripe fruits are too soft to withstand the 
stress of long-distance transportation. Small amounts of ethylene are used to ac-
celerate the aging process under temperature and humidity-controlled condi-
tions. Examples of climacteric fruits are apples, bananas, mangoes, kiwis, and 
figs, etc. 

Non-climacteric fruits do not ripen further once they are plucked out of the 
parent tree. They produce little or no ethylene and do not respond to ethylene 
treatment there is no characteristic increase in rate of respiration or production 
of CO2. Non-climacteric fruits include orange, grapes, watermelon, cherry, ca-
shew, raspberry, etc. 

3.1.1. Effects of Ethylene Treatment on Climacteric and  
Non-Climacteric Fruits 

Both climacteric and non-climacteric fruits respond to ethylene, but in very dis-
tinct ways that can be used as diagnostic tools [44]. Applying higher concentra-
tions of ethylene to the climacteric fruit maintains the maximum respiratory 
rate, peak time accelerates with maximum respiratory rate (and ripening) even 
after treatment is stopped. In non-climacteric fruits, the respiration rate increases 
proportionally with increasing ethylene concentration, but the peak time does not 
change and respiration decreases when ethylene is removed. Non-climacteric 
fruits such as cherries and strawberries ripen quickly, while citrus fruits can ri-
pen slowly. Climacteric fruits like avocados and pears ripen quickly [45]. Fruit 
types that have both ripening patterns include melon and plums [46]. It has 
long been thought that the ripening of climacteric fruits is regulated by ethy-
lene while that of non-climacteric fruits is regulated by abscisic acid (ABA) [47]. 
However, it is clear that ethylene and ABA, as well as other hormones (e.g. Aux-
ins), are involved in ripening of both types of fruits [48]. Climacteric and 
non-climacteric types also share many aspects of ethylene perception and sig-
naling and interestingly, the Ethylene Receptor (ETR) gene is more abundant in 
climacteric fruit than non-climacteric fruits, and ETR accumulates earlier in the 
latter [49]. 
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3.1.2. The Role of Calcium and Nitrogen in Postharvest Shelf-Life 
Calcium has proven to be associated with post-harvest life and ripening process 
of fruits in many experiments in literature. It decreases the decay caused by var-
ious spoilage organisms and plays an important role in fruit firmness, delays se-
nescence and reduces ethylene production. Deficiency of Ca causes many dis-
orders in fruits; bitter pit and water core are the major ones. Application of cal-
cium in pre- and post-harvest stage has effectively been used to reduce the inci-
dence of physiological disorders of fruits and improve their post-harvest stora-
bility [50]. Calcium is involved in preserving the textural quality of fruits since 
calcium ions form links or bond between free carboxyl groups of the pectin 
chains, giving rise to a more strengthened cell wall [51]. Manganaris et al. [52] 
recommended 62.5 mM calcium chloride immersion process as a potential 
postharvest handling method for whole peaches, since improved tissue firmness 
reduced the proneness to physiological disorders and decreased the risk of 
salt-related injuries. Calcium can be used in form of calcium propionate, calcium 
chloride, calcium chelates and calcium lactate. Calcium lactate showed a more 
lasting effect of firmness preservation than calcium chloride during the storage in 
fresh-cut cantaloupe [53].  

Nitrogen is among principal nutrients needed by plants, deficiency leads to 
small fruits size with poor flavor but excessive nitrogen supply can cause nega-
tive impact on the fruits quality by reducing flesh firmness and sweetness, dimi-
nishing red color appearance and increasing susceptibility to postharvest diseas-
es [54], High fruit N has been associated with increased susceptibility to fungal 
decay in apple [55]. Relatively high N levels in pear flower buds may be valuable 
in promoting fruit set [56], but high N available for vegetative growth may pro-
mote physiological disorders and increase susceptibility to fire blight [57].  

3.2. Respiration 

Respiration is the process of breaking down a cell’s complex substances into 
simpler energy-providing molecules and some specific molecules used in various 
cellular reactions. Thus, respiration is a good indicator of cellular metabolic ac-
tivity, and breathing patterns are characteristic of stages in the fetal life cycle, 
such as development, ripening, and aging/senescence [58]. Figure 6 describes  
 

 
Figure 6. The process of respiration in harvested fruits [28]. 
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the process of respiration in harvested fruits. During respiration of harvested 
crops in the store house, oxygen in the environment assists in the breakdown 
process of carbohydrate in the fruit into carbon dioxide and water. Carbon dio-
xide is lost as air; water vapour is given off through the process of transpiration 
while energy is given off as heat. The faster the rate of respiration is, the faster 
the deterioration of fruits is. Ability to elongate this process will lead to in-
creased shelf life of the produce. 

4. Artificial Fruit Ripening and Wrong Use of  
Calcium Carbide 

Ripening is the composite of the processes that occur from the latter stage of 
growth and development through the early stage of senescence and that results 
in characteristic aesthetic or food quality as evidence of changes in composition, 
colour, texture or other sensory attributes. 

Ripening agents are agents that accelerate ripening. They include the follow-
ing. 

4.1. Ethylene 

Ethylene is a gaseous hormone produced by many plants. There are many syn-
thetic ethylene analogues. They allow many fruits to be harvested before they are 
fully ripe, which is beneficial because ripe fruits do not tolerate stress during 
shipment. Bananas, for example, are harvested green and artificially ripened by 
exposure to ethylene after shipment. The only safe and acceptable way is to use 
ethylene. Ethylene is a natural de-greening and ripening hormone and must be 
produced at controlled temperature and relative humidity. Not only that it is not 
harmful to the health of the consumer, it is also a disinfectant that turns the peel 
from green to completely yellow.  

4.2. Calcium Carbide  

In some countries, it is prohibited for artificial ripening of fruits. When calcium 
carbide comes into contact with moisture, acetylene gas is produced, which has 
the same effect as ethylene, a natural ripening agent. 

Even though, acetylene accelerates the ripening process. It is believed to affect 
nervous system by reducing oxygen supply to the brain. Calcium carbide con-
tains trace of arsenic and phosphorus. Both chemicals are poisonous and expo-
sure may lead to severe health hazard and so the use of this chemical is illegiti-
mate in most countries. The use of Catalytic generators to produce ethylene gas 
is simple and safe. The ethylene sensors can also be used to precisely control the 
amount of gas. Covered fruit ripening bowls or bags are also commercially 
available. This container helps ripening by increasing the amount of ethylene 
and carbon dioxide around the fruit [59]. 

4.3. Ethephon (2-Chloroethylphosphonic Acid) 

This is also an ethylene releasing compound, categorized as noncarcinogenic to 
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humans by IARC (International Agency for Research on Cancer). It penetrates 
into the fruit and decomposes to ethylene [60] and has been discovered to spee-
dup ripening process of several fruits including bananas, apples, tomatoes, 
mango, peaches, citrus fruits, and guava. Pendharkar [61] worked on treatment 
of bananas with variable concentrations of ethephon. Here it was reported that 
different concentrations of ethephon significantly impacted chemical changes 
during ripening and 1000 ppm was reported best concentration of ethephon for 
early ripening. 

4.4. Appropriate Technique for Delaying Ripening 

This is achieved using Postharvest treatment with gibberellin, Preharvest treat-
ment with auxin at 25 ppm, Postharvest treatment with ethylene oxide, Treat-
ment with ethylene absorbent like KMnO4 (potassium permanganate). Potas-
sium permanganate an accepted remover of ethylene used commercially. It oxi-
dizes ethylene to ethylene glycol and it is oftentimes incorporated into different 
carrier material like silica gel and activated alumina. Waxing, low oxygen, high 
CO2 and ripening inhibitors can be combined to extend ripening. Banana can be 
packed in film bag containing KMnO4 to absorb ethylene. 

5. Storage Structures and Facilities 

There are a wide range of storage structures used throughout the world to suc-
cessfully store horticultural produce. In general, the structure needs to be kept 
cool (cooled, or at least ventilated and shaded) and the produce put into storage 
must be of high initial quality. 

5.1. Traditional Storage Technologies  

Some of the low-cost storage structures have been discussed below. 

5.1.1. In Situ/On-Site/Field Storage  
This system delays harvesting by “leaving it on the ground”. The crop is left on 
the ground until there is market demand. This strategy is mainly used for rhi-
zome, rhizome and tuber crops. The main drawback of this technology is that it 
occupies the land where the product is grown and can delay replanting [62] [63]. 

5.1.2. Sand and Coir 
This involves covering root and tuber crops underground using sand and coir is 
a traditional storage practice. The crop can be stored for longer durations of 
time by this approach [62]. 

5.1.3. Pits 
These are ditches in which a pit is dug. These dug holes or pit are lined with cut 
grass, wood shreds, stubble, or soil (Figure 7(a)) [64]. They are prepared at the 
boundaries of the field and at an elevated point where there is a chance of lesser 
rain accumulation in the cultivated field [62]. “The product stays cooler as com-
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pared to the air temperatures because of submersion in the pits. Tubers like po-
tato, carrot, sweet potato, onion, turnip, parsnip, cabbages, and beets are covered 
up with straw and soil until the market demand for the crop arises” [63]. 

5.1.4. Clamps 
Clamps are by tradition used in certain parts of the world to store potatoes 
(Figure 7(b)). Clamps are usually installed at the edge of the field. Width is 
about 1 to 2.5 m; the width is marked after the potatoes are poured into the con-
ical pile. Potato beds are often made of bare straw. The height of the center of 
the pile is about one-third the width of the clamp, which is determined by the 
angle of inclination of the pile. Rain flows over the structure through straws with 
a curved top to prevent the possibility of collapse. The thickness of the com-
pressed straw should be in the range of 15 - 25 cm. After 2 weeks, the clamp is 
covered with soil to a depth of 15 - 20 cm. This depends on the location and the 
environmental requirements [62] [63]. In India’s more tropical climate, addi-
tional straw was used instead of soil to improve ventilation. In colder tempera-
tures, a second insulation layer can also be made of soil and straw. In hot areas, a 
chimney air outlet can be created at the top of the clamp to ensure adequate ven-
tilation. In heavy rain areas, you can prevent rainwater from entering by placing 
the clamp under trees or roofs [64].  

5.1.5. Cellars/Root Cellars 
Figure 8(a) and Figure 8(b) is a good representation of a cellar. Cellars must 
perfectly be dark, cold, and damp. They must be located by the basement walled-off 
area or garage having a significant area of optimum size and windows for proper 
ventilation [63]. The cellar can be used to store a wide variety of fresh product, 
including beet, broccoli, potato, turnip, cabbage, carrot, pear, onion, Brussel 
sprouts, apple, and winter radish [62] [63].  

5.2. Ventilated Storage Structures 

Ventilated storage structures have an inflow of air that ensures nominal storage 
temperature. This air can be naturally expelled or pushed into structures. The 
simplest system is natural ventilation storage (Figure 9(a)). In this storage, the 
heat around the product is continuously removed by the natural air along with  
 

 
Figure 7. (a) Pit storage for potatoes [64]; (b) Root clamp cross-section [64]. 
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the moisture produced by the produce during respiration. Forced ventilation, on 
the other hand, uses an additional fan to speed up heat and gas exchange. Air is 
extruded through stored crops at a rate of 1013 m/s [65]. Some properties in-
clude side vented storage structure (25 - 50 tons capacity), concentric structures, 
low volume low-cost structures (5 - 10 tons capacity) made of bamboo, Nasik 
type storage structure (Figure 9(b)) [65]. 

5.3. Evaporative Cooling Chamber 

The cooling of crops in the evaporative cooling chamber is done based of the 
physical principle that when water evaporates, it results in a cooling effect which 
affects objects that comes in contact with it [66] [67]. The humidity of the sur-
rounding air controls the rate of cooling and determines its effect [67] [68]. 

5.4. Pot Design 

This is the simplest evaporative cooler design and can be used at home. The 
product to be cooled is stored in the inner pot [69]. The storage pot (Figure 10) 
is stored in an earthenware bowl of water. The cloth absorbs water from the 
bowl, which evaporates and lowers the temperature of the storage jar [63].  
 

 
Figure 8. (a) Storage of produce in a Cellar [65]; (b) A view of a Caller [65]. 
 

 
Figure 9. (a) Storage of onion in natural ventilation; (b) Ventilated storage, Nasik type 
[65]. 
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Figure 10. Pot type evaporative cooler [69]. 

5.5. Charcoal Cooler 

Charcoal Cooler consists of an open wooden frame of approximately 50 mm × 
25 mm (Figure 11). One side of the frame is used as a hanging door. Wrap the 
entire crate with a net inside and outside. A 25 mm cavity remains in the char-
coal-filled net. Water is sprayed on the charcoal to achieve evaporative cooling. 
This frame is attached to a pole with a metal cone to prevent rot by rodents and 
mice. The entire setup will be installed outside the building. A good layer of fat is 
also used to prevent ant rot. The top of this system is generally solid and thatched, 
along with overhangs to keep flying insects away from stored products [62] [70]. 
 

 
Figure 11. Charcoal cooler [70]. 
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5.6. Zero Energy Cooling Chambers 

These chambers are designed according to the principle of direct evaporative 
cooling. They do not require electricity to operate. The materials required for 
construction (brick, sand, bamboo) are also easy. The Zero Energy Cool Cham-
ber (ZECC) has a double wall structure. The walls of the chamber are submerged 
in water and the dents are filled with sand. The chamber can be freely built by 
unskilled workers. This system can reduce the temperature of plants by 10 to 
15˚C and maintain almost 90% high humidity. Therefore, ZECC helps maintain 
the quality of perishable products and extend their shelf life [71]. The details of 
the structure are shown in Figure 12. 

 

 
Figure 12. Zero energy cool chambers [72]. 

6. Advances in Food Storage System Technologies  

Post-harvest shelf life and microbial contamination control strategies are often-
times based on the use of chemical compounds that are deleterious to human 
health and the environs. Presently, it is essentially important to find a feasible 
choice to traditional technologies in order to guarantee safety and quality [73]. 
Some improved storage techniques for horticultural crops are described in detail 
below. 

6.1. Cold Storage 

The respiratory intensity of refrigerated products is directly related to the opti-
mum temperature in the storage room. Lowering the temperature reduces the 
respiratory rate of the fruit, further slows the rate of biochemical reactions, and 
improves the shelf life of the product. Refrigeration system is the center of the 
cold chain of the fresh fruit market. The cold chain ensures quality is maintained 
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from harvest to consumer. Old warehouses take great care to delay or prevent 
the occurrence of cold damage during storage [62]. Cold storage is typically a 
storage space maintained with the help of a non-toxic refrigerant and the walls 
padded with a good insulator, like polyurethane foam (PUF) to minimize heat 
loss [74]. 

When certain fruits are exposed to low temperatures, they experience chilling 
injuries. The chilling injuries lead to some physiological changes, including alter 
of the metabolism, which can lead to the appearance of bruises on the surface 
fruit or an abnormal ripening [75]. 

In today’s storage facilities, awareness is being raised to delay or inhibit the 
development of cold sores during storage of sensitive horticultural products. 
Storage parameters such as changes in temperature, gas composition or relative 
humidity control the appearance and extent of these lesions and are taken into 
account when storing sensitive fruits. These techniques are commonly used in 
industries. Examples: high temperature pretreatment, moderate temperature con-
ditioning, CO2 treatment before or during storage, intermittent reheating, con-
trolled atmosphere storage (CAS), modified atmosphere packaging (MAP) and 
vacuum packaging [71]. 

6.2. Controlled Atmosphere Storage (CAS) 

In a CAS system, the produce is kept at reduced O2 and high CO2 concentrations 
with an appropriate temperature range and relative humidity (RH) [43]. The 
shelf life of several fruits can be extended up to 24 times the normal shelf life. 
The composition of carbon dioxide and oxygen levels in controlled atmosphere 
storage is maintained at a specific and monitored level in airtight containers or 
stores. Leaks in the walls and doors of the storage area and the metabolic activi-
ties of the mature products cause a constant change in the gas composition of 
the storage area. Therefore, the gas composition is periodically monitored, and 
fresh air or nitrogen is introduced to maintain a predetermined level of the gas 
composition in the head space. It can also be done by passing a storge environ-
ment through a chemical to remove carbon dioxide. A system can be designed to 
initially filter the air to reduce oxygen content, then inject carbon dioxide or al-
low it to build up creating respiration. This atmosphere can also be maintained 
by washing and ventilating [71]. Figure 13 presents a pictorial view of Con-
trolled atmosphere room.  

6.3. Modified Atmosphere Packaging (MAP) 

MAP includes storage of fresh fruits in environments whose gas composition has 
been modified as compared to that of air to enhance the keeping quality, shelf 
life and to bring down the metabolic activity rate of the product [76]. Figure 14 
shows different processes taking place in a MAP. The MAP of fresh fruits in-
cludes substituting the gases in the package headspace with a composition of 
gases that are non-reactive and different from that of air. A CO2, O2 and N2 
components are introduced into the head space replacing the pack atmosphere.  
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Figure 13. Controlled atmosphere room. 
 

 
Figure 14. The principle of modified atmosphere packaging (MAP). 

 
The nature of fresh fruit controls the composition and amount of gas used. Some 
of the important factors that affect the success of MAP are the respiratory rate 
[77]. MAP can be passively or actively modified.  

6.3.1. Types of MAP 
1) Passive MAP 
Rate of respiration of the produce and permeability of the packaging material 

play a key function in passive MAP. The oxygen use is proportionate to the 
package atmosphere’s carbon dioxide output due to the product respiration. Ul-
timately, the headspace gas composition reaches equilibrium between the prod-
uct respiration rate and package material permeability. At steady state, the total 
volume of CO2 released and O2 use corresponds to the gas transferred across the 
outer surface of the membrane. 

6.3.2. Active MAP 
In active modified atmosphere packaging, the air in the package is emptied and 
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replaced with the desired gas composition. This is suitable for improving gas 
composition changes in packages and further averts exposure to high concentra-
tions of gases caused by stress [78]. 

6.3.3. Polymeric Film Applications for MAP of Horticultural Crops 
Flexible package structures have seen the most significant usage of polymeric 
films for MAP [79]. Certain variables namely oxygen and carbon dioxide per-
meability through film, film density, water vapour transmission rate (WVTR), 
the free volume within the package and the package surface area decide the de-
gree of modification of the gases within the package [80] [81] [82] [83]. Several 
types of films have been used for MAP; the most commonly used are low-density 
polyethylene, high-density polyethylene, polypropylene, polyvinyl chloride, po-
lystyrene and polyester.  

6.4. Vacuum Packaging 

Vacuum packaging is the process of removing air around a food product and 
further sealing that product in an impermeable package. Removing the air that 
surrounds food inhibits growth of bacteria, mould, and yeast, because these and 
other spoilage micro-organisms need oxygen to grow [84]. Vacuum packaging 
has been shown to extend the shelf life for days varying from six days onwards. 
Notwithstanding that product may not develop rancidity in extended days of 
storage, it may develop undesirable odors and flavors due to bacterial activity 
[85]. 

6.5. Hypobaric/Low-Pressure Storage 

Hypobaric or low pressure refers to a pressure below 101 kPa. Hypobaric storage 
is a relatively poorly understood type of controlled atmosphere storage in which 
a low-oxygen environment is created at sub-atmospheric pressure ranges; the-
reby reducing the respiration rate and metabolic activities of the product, re-
sulting in extended the shelf life [86]. The decrease in total pressure is propor-
tional to the decrease in the partial pressure of oxygen [87]. Product is stored 
under partial vacuum in the chamber. The chamber is continuously ventilated 
with absorbed air to maintain a low oxygen partial pressure range [86]. The 
product is stored under a partial vacuum in a chamber. The chamber is vented 
continuously with sopped air to maintain the low-oxygen partial pressure ranges. 
Normally, a 10 kPa reduction in the air pressure (equivalent to an oxygen partial 
pressure of 2.1 kPa) results in a 2% oxygen reduction at normal atmospheric 
pressure [88].  

6.6. Ozone Technology  

Ozone is one of the most promising treatments for the decontamination of fresh 
produce with several areas of application in the food industry [89] [90]. The 
chemical reaction required for ozone formation involves division of a diatomic 
oxygen molecule (O2) and each of the two oxygen radicals (O) reacts with 
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another diatomic oxygen to form the triatomic ozone molecule (O3). The rear-
rangement of atoms to form the ozone molecule requires a large amount of 
energy that is usually generated by ultraviolet irradiation, electrochemical processes 
or electrical discharges (electrical corona effect). The first two methods are sel-
dom used due to very high costs and low ozone yields [91]. 

Ozone technology for extending the shelf life of food is considered a non- 
thermal method of food preservation that improves food safety without com-
promising quality and endangering the environment. Since ozone is a highly un-
stable molecule that auto decomposes spontaneously and rapidly into oxygen 
atoms at room temperature, it cannot be collected, stored or transported and 
must, therefore, be continuously generated in situ [92]. The half-life of ozone 
(even in the absence of a catalytic destroyer) is very short, usually 30 - 40 min in 
water and 2 - 3 h in air, although these parameters may vary depending on tem-
perature and pH values [93]. The disinfecting and bactericidal properties of 
ozone have aroused interest in the food and vegetable industry because the mo-
lecule rapidly breaks down into O2 without leaving any residue on the product. 
Although it reacts with some organic compounds found in the food base, the 
by-products can be aldehydes, ketones or carboxylic acids, which pose no danger 
to human health. Ozone treatment can be applied in both the gas phase and the 
water phase. Once produced, ozone can be added continuously or intermittently 
to the product storage medium, or it can be dissolved in water to produce 
aqueous ozone for washing and disinfection [90]. The choice of treatment mainly 
depends on the type of produce to be treated and the method of application [94]. 
Figure 15 show a process of water treatment using ozone generated system. 

6.7. Nanotechnology 

Nanotechnology is emerging as a rapidly growing field with its wide application 
in science and technology for manufacturing of new materials at nanoscale level 
[95]. This technology has gained considerable momentum due to its ability to 
reformat metals into novel, small-sized nanoparticles of less than 100 nm. Due  
 

 
Figure 15. Water treatment using ozone generated system. 
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to the size of the nanoparticles, their physicochemical properties change dra-
matically, leading to a wide range of new applications.  

Due to the antibacterial properties of nanoparticles, they are incorporated into 
food packaging to extend shelf life and safe for human consumption. It is pre-
dicted that the penetration of nanoparticles into the food industry market will 
increase significantly in the near future [96]. During food processing, nanopar-
ticles have been used to improve nutritional properties, fluidity, flavor, color and 
stability, or to extend shelf life. In fact, nanotechnology could help develop heal-
thier foods with less fat, sugar and salt to overcome many food-related diseases.  

7. Conclusions 

High-quality produce free of damage and of proper maturity level (not over-ripe 
or under-mature) is stored. Good knowledge of the requirements for the com-
modities to be stored and following the recommendations for proper tempera-
ture, relative humidity and ventilation. Harvesting at appropriate time is impor-
tant. Roots tuber and bulb are cured before storage. Do not overload storage 
rooms or stack containers too close. Adequate ventilation should be provided in 
the storage room. Provision of shade for storage structures is important.  

Storage rooms must be kept clean. Storage facilities should be protected from 
rodents by keeping the immediate outdoor area clean, and free from trash and 
weeds. Containers should not be stacked beyond their stacking strength. Tem-
perature should be monitored in the storage room by placing thermometers at a 
variety of locations. Storing ethylene-sensitive commodities with those that 
produce ethylene should be avoided. Produce known for emitting strong odors 
(apples. garlic, onions, turnips. cabbages, potatoes) should not be stored with 
odor-absorbing commodities. Stored produce should be inspected regularly for 
signs of injury, water loss, damage and disease. Damaged or diseased produce 
should be removed to prevent contamination. 
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