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ABSTRACT 
 

Least cost pre-cooling and storage technologies are an intricate and essential part of the proper temperature 

management of perishable crops for long lasting and maintain quality at a high level. These technologies include 

Hydro-cooling, vacuum cooling, room cooling, icing and forced air cooling. In accordance, different post-harvest pre-

cooling and storage treatments were applied for different fruit and vegetables. Tomato subjected to air cooling for 24 
hours, hydro cooling with raw water for 45 min, hydro cooling with ice water for 30 min and hydro cooling with ice 

water and CaCl2 for 30 min. Accordingly, the minimum weight loss was observed from Hydro-cooling with ice water 

samples of 11% followed by Hydro-cooling with ice water + Cacl2 samples with 12% weight loss during the 13 days 

of storage. Hydro-cooling with ice water samples gave best results for density with a 4.5% decrease followed by 

Hydro-cooling with ice water + Cacl2 samples with a 15% decrease during the 13 days of storage. Hydro-cooling with 

ice water + Cacl2 samples recorded an increase of 32% followed by Hydro-cooling with ice water samples with 41% 

increase in the value of ascorbic acid during the 13 days of storage. Hydro-cooling with ice water + Cacl2 gave the 

best storage characteristics of tomatoes resulting increase in shelf life up to 13 days. Despite of these least cost cooling 

and storage technologies are applicable even for small scale farmers to extend the shelve life and maintain the inherent 

quality of Horticultural crops, farmers have no awareness of these technologies, thus it is important to focus on 

construction of this technologies, demonstration of how it function in comparison with the conservative methods of 
storing and cooling of perishable crops.  
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INTRODUCTION 

 

Horticultural commodities like Fruits, nuts, and 

vegetables play a significant role in human nutrition, 

especially as sources of vitamins, minerals, dietary fibre, 

and antioxidants. Increased consumption of a variety of 

fruits and vegetables on a daily basis is highly 

recommended because of associated health benefits, 

which include reduced risk of some forms of cancer, heart 

disease, stroke, and other chronic diseases (Sudheer and 
Indira, 2007). As the world Production of fruits and 

vegetables account for 209.72 million tones of which 

73.53 Metric tone & 136.19 Metric tone are fruits & 

vegetables respectively (lal Basediya et al., 2013).  

The major problem during storage is the change in 

the quality parameters of the produce especially the 

physical characteristics such as; the color, texture, and 

freshness in which the price sometimes depends on 

(Liberty et al., 2013). Both quantitative and qualitative 

losses occur in horticultural commodities between harvest 

and consumption. Qualitative losses, such as loss in 

edibility, nutritional quality, caloric value, and consumer 

acceptability of fresh produce, are much more difficult to 

assess than are quantitative losses (Sudheer and Indira, 

2007).  

There are various factors that do affect the shelf life 

of fruits and vegetables which would lead to their 

spoilage. The various factors include: Ambient Condition, 

temperature, relative humidity variety and stage of 

ripening (Liberty et al., 2013). From them, major 
contributing factor involved with heat and poor 

postharvest shelf life is respiration. Respiration produces 

heat as a by-product and is temperature regulated. 

Increasing tissue temperature will concomitantly raise rate 

of respiration approximately 2 to 3-fold for every 10oC 

rise (Sunmonu et al., 2014). 

Storage of fresh horticultural produce after harvest is 

one of the most pressing problems of a tropical country. 

Due to their high moisture content, fruits and vegetables 

have very short life and are liable to spoil (lal Basediya et 
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al., 2013). The quality and storage life of fruits and 

vegetables may be seriously compromised within a few 

hours of harvest unless the crop has been cooled promptly 

to control deterioration (Liberty et al., 2013; lal Basediya 

et al., 2013). High temperatures during the postharvest 

period and the use of non-protective packages were a 

source of high levels of damage and deterioration (Saran 

et al., 2010; Kiaya, 2014). 

Field heat should be removed from fresh fruits, 

vegetables, and flowers as quickly as possible after harvest. 
Each commodity should be maintained at its lowest safe 

temperature (Wilson et al., 1999). Relative humidity and 

temperature of the air are important parameters in cold store 

design and operation and he defined relative humidity as 

the ratio of the partial pressure of water vapour in the air to 

the partial pressure at saturation at the same temperature. 

Since it is the water vapour pressure difference between the 

store air and the surface of the produce that drives the 

transpiration process, to minimize weight loss it is 

important to maintain the store air at as high a value of 

relative humidity as possible, typically 90% relative 
humidity (Sunmonu et al., 2014). 

There are a variety of pre-cooling techniques 

available for use in the horticultural industry. The 

principal methods of pre-cooling highly perishable 

produce include room cooling, hydro cooling, forced air 

cooling, package icing and vacuum cooling, with many 

variations and alterations within these techniques. In 

general, most of the cooling is done at the packing houses 

or in central cooling facilities (Senthilkumar et al., 2015). 

Proper postharvest cooling suppresses enzymatic 

degradation (softening) and respiratory activity or inhibit 

water loss (wilting), slow or inhibit the growth of decay 
producing microorganisms (molds and bacteria) and 

reduce the production of ethylene (a ripening agent) 

(Wilson et al., 1999). 

 Most fruit and vegetable crops retain better quality at 

high relative humidity (80 to 95%), but at this humidity, 

disease growth is encouraged. The cool temperatures in 

storage rooms help to reduce disease growth, but 

sanitation and other preventative methods are also 

required. Maintaining high relative humidity in storage is 

complicated by the fact that refrigeration removes 

moisture (Sunmonu et al., 2014).  
Produce is usually cooled to its long-term storage 

temperature in special facilities designed to rapidly remove 

produce heat (Thompson, 2004). The commonly used 

methods to remove the heat rapidly are room cooling, 

forced air package icing, hydro-cooling and vacuum 

cooling. The rate of pre-cooling of the fruits and vegetables 

immediately after harvest is a determining factor for their 

quality and durability in storage (Thompson, 2004). Those 

methods have their own merit and dimerit; and will be 

discussed in this term paper on some horticultural crops 

with the objective of knowing their effect on shelf life and 

quality of some horticultural crops. 
 

Review on least cost cooling storage technologies of 

horticultural crops 

Room cooling and storage technologies 

Room cooling is accomplished by placing warm 

produce in a refrigerated room. Cooling times are at least 

24 h and can be much longer if produce is not packaged 

correctly or if no provision is made to allow airflow past 

boxes. It is used for citrus, beans (dry, sprouts), beets, 

cucumber, onion (dry sets), peppers, potatoes, parsnips, 

pumpkins, radish, rhubarb, tomatoes, garlic, herbs and 

turnips (Boyette et al., 1990; Thompson, 2004). This 

widely used method involves the placing of produce in 

boxes (wooden, fiberboard or plastic), bulk containers or 

various other packages into a cold room, where they are 

exposed to cold air (Senthilkumar et al., 2015). 

Room cooling has become increasingly difficult as 
more commodities are being handled in larger quantities 

Boyette et al. (1990). However, for the best cooling rates 

to be achieved more space is required than for good 

storage management; thus, some rearranging of the 

produce after cooling may be necessary to utilize storage 

space fully. As cooling is achieved by conduction, room 

cooling gives a slow and variable temperature reduction 

(Gibbon, 1972). Room cooling used only to store 

previously cooled produce requires a relatively small 

refrigeration unit. However, if it is used to cool produce, a 

larger unit is needed (Bachmann and Earles , 2000). 
 

Room cooling and storage of vegetables  

Cauliflower heads that were pre-cooled using 

different methods vacuum, forced-air, and high and low 

flow hydro-cooling, and those that were not submitted to 

pre-cooling (control) were stored under controlled 

atmosphere and room conditions (Alibas and Koksal, 

2015). The result shown, vacuum pre-cooling method 

showed the lowest weigh loss with the value of 35.3%, 

followed by low and high flow hydro and forced-air pre-

cooling methods with the values of 35.5, 44.8, 50.2, and 

55.5%, respectively, at the end of storage period under 
room conditions. The weight loss value obtained using 

vacuum pre-cooled cauliflower heads was 1.57 times 

lower than that of not pre-cooled cauliflowers (Alibas and 

Koksal, 2015).  

Broccoli quality declined during the 2 weeks in 2C 

storage for all treatments. By the end of the experiment, 

we considered only the packaged broccoli to be 

marketable. Loss of firmness was the major quality 

attribute rendering the product unmarketable. All 

unpackaged broccoli, whether room-cooled, hydro-cooled, 

or top-iced, was unacceptable by day 14 because of 
weight loss and the accompanying flaccidity. Room-

cooled naked broccoli had the highest weight loss and 

became limp and unmarketable rapidly; hydro-cooled and 

top-iced broccoli retained their firmness and color longer 

during storage than room-cooled naked broccoli. Top 

icing is used to prevent water loss during marketing, and 

in this study, weight loss was lower for top-iced broccoli 

than for room (Gillies and Toivonen, 1995). 

The lowest deterioration rate of the cauliflower heads 

stored under room conditions for 10 days was 47.5% 

using the vacuum pre-cooling method, followed by low 

flow hydro (57.5%), high flow hydro (62.3%), and forced-
air pre-cooling methods (67.5%) and the control treatment 

(72.5%). The deterioration rate of not pre-cooled 

cauliflower heads was 1.53, 1.07 times higher than that of 

pre-cooled cauliflower using the vacuum and forced air 

pre-cooling methods (Alibas and Koksal, 2015). 

Alibas and Koksal (2015) also suggested color values 

that are closer to those of fresh products were found using 
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the vacuum pre-cooling method. The vacuum pre-cooling 

method was followed by the low and high flow hydro pre-

cooling and forced air pre-cooling methods. The lowest 

color parameters of cauliflowers stored under room 

conditions were found in the control treatment at the end 

of the storage period. 

 

Room cooling and storage of fruits  

Thakur (2016) reported the produce to be cooled is 

brought from the field in large bins/crates and placed in 
cold room. This method is commonly used to produce 

having relatively longer shelf life, such as apples, citrus, 

potatoes, and pears. The produce is normally left for long-

term storage in the same cold rooms. Room cooling is a 

relatively low cost but very slow method of cooling when 

electricity for mechanical refrigeration is available. When 

using room cooling, produce is simply loaded into a cold 

room and cold air is allowed to circulate among the 

cartons, sacks, bins, or bulk load. 

 

Forced air cooling and storage technologies 

Whether forced air, room cooling, package icing, 

hydro-cooling or vacuum cooling they remove field heat 

from freshly harvested fruits and subsequently reduces 

microbial activity, metabolic activity, respiration rates and 

ethylene production. This also decreases the ripening rate, 

diminishes water loss and decay, and thus, helps 

preserving quality and prolongs shelf life of the fruits 

(Reina et al., 1995). 

Forced-air cooling is the most widely adaptable 

method and is commonly used for many fruits, fruit-type 

vegetables, and cut flowers (Thompson et al. 1998). Fans 

are used in conjunction with a cooling room to pull cool 
air through packages of produce. Although the cooling 

rate depends on the air temperature and the rate of air 

flow, this method is usually 75–90% faster than room 

cooling. Fans should be equipped with a thermostat that 

automatically shuts them off as soon as the desired 

product temperature is reached (Bachmann and Earles, 

2000). 

 

 
Fig. 1: Hydro-cooling of vegetables and storage technologies. 
Key: t1- hydro-cooling with raw water, t2- Hydro-cooling with 

ice water, t3- Hydro-cooling with ice water + Cacl2, t4- Forced 

air cooling, t5- Control, Source: Shahi et al. (2012). 
 

Forced air cooling of vegetables and storage 

technologies 

According to Shahi et al. (2012) the experiment 

conducted on tomatoes (Cv. Avatar) which were 

harvested from the poly house located at the Department 

of Irrigation and Drainage Engineering, at Pant University 

of Agriculture and Technology, Pantnagar. Fresh 

harvested tomatoes were treated with five different 

treatments i.e. hydro-cooling with raw water (T1), hydro-

cooling with ice water (T2), hydro-cooling with ice water 

+ Cacl2 (T3), forced air cooling (T4) and control (T5). All 

treated samples were stored for 15 days and sample were 

observed for weight, volume, density, titratable acidity, 

appearance, color and ascorbic acid at 0th day, 3rd day, 

5th day, 7th day, 9th day, 12th day and 15th day to 

determine the shelf life of tomatoes.  
Result obtained by Shahi et al., (2012) Weight, 

volume and density were significantly (P < 0.05) 

dependent on treatment. No significant (P > 0.05) 

interaction between different treatments and days was 

observed. Figure 1 revealed that the weight loss in 

tomatoes showed similar trend for different treatments 

though the rate of weight loss varied for different 

treatments as the days passed. The samples of treatment 

"forced air cooling (T4)" and "control (T5)" were 

deteriorated on day 9 and that of "hydro-cooling with raw 

water (HRW, T1)" deteriorated on day 10. The best 
results were given by the HIW samples as their weight 

loss was 11% followed by hydro-cooling with ice water + 

Cacl2 samples in which the weight loss was around 12%. 

Alibas and Koksal (2014), the forced-air precooling 

system which was composed of cooling cabinet, fan, 

controller and evaporator, condenser, compressor and 

expansion valve used as treatment to test effect on 

cauliflower. Accordingly, Alibas and Koksal (2014) 

cauliflowers (Brassica oleracea L. var. botrytis cv. 

Freemont) were grown in Gursu (Bursa, Turkey) by a 

professional cauliflower producer and plant materials 

which were of high quality and free from defects 
transported directly from the fields to the laboratory. 

Accordingly, Alibas and Koksal (2014), vacuum pre-

cooling was 5.11 times faster than forced air pre-cooling. 

The high and low flow hydro pre-cooling lasted 64 and 84 

minutes, respectively. A 1.31-fold decrease in cooling 

time was obtained with the increase of water flow from 

2.5 L min–1 to 7.5 L min–1. It was concluded that the 

cooling times in the hydro pre-cooling with high and low 

flow were 1.78 and 2.33 times higher than vacuum pre-

cooling method respectively. Yet, there was a decrease of 

2.88 and 2.19 times in comparison to the cooling time of 
forced-air pre-cooling method. Similar findings were 

found by (Sun & Wang, 2000; McDonald et al., 2001). 

The statistical data obtained during the pre-cooling of 

cauliflower with forced-air, vacuum, and high and low 

flow hydro cooling methods. The highest regression 

coefficient (R2), 0.9989, was found in the forced air 

cooling system while the lowest R2, 0.9919, was observed 

in the low flow hydro pre-cooling system. The regression 

coefficient of high flow hydro pre-cooling system and 

vacuum pre-cooling system were 0.9983 and 0.9952 

respectively. 

 
Forced air cooling of fruits and storage technologies 

Kuan et al. (2015) reported from the experiment 

undertaken on bunches of unripe green bananas (Musa 

AAA Berangan) purchased from local wholesale market 

in Selangor, Malaysia and subjected to four different level 

of forced air pre-cooling such as: Treatment A: Bananas 

were stored at cold room (13 ± 1°C) for 2 weeks and 
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without any pre-cooling treatment (Control). Treatment B: 

Bananas were treated for 14 min until reached first half-

cooling period (16.7°C) and then stored at cold room (13 

± 1°C) for 2 weeks. Treatment C: Bananas were treated 

for 50 min until reached second half-cooling period 

(11.3°C) and then stored at cold room (13 ± 1°C) for 2 

weeks. Treatment D: Bananas were treated for 120 min 

(final temperature was 11°C) and then stored at cold room 

(13 ± 1°C) for 2 weeks.  

From the result, Kuan et al., (2015) showed that there 
was no significant difference (P>0.05) in peel colour of 

Berangan banana when treated with different forced-air 

cooling. However, it was found that there was a difference 

in the chilling injury symptom (e.g. blackening of banana 

peel) and appearance of Berangan banana after treated 

with different forced air pre-cooling treatments. Berangan 

banana treated with forced-air pre-cooling for 14 min (Set 

B) showed less black spots on the peel as compared to the 

banana from Set A, C, and D. Ravindra And Goswami 

(2013) tested mango fruits each lot comprised of 5 fruits, 

treated with hydro-cooling having one lot was cooled with 
water at 10oC and the second lot with water at 5 oC, 

Liquid Nitrogen Augmented (Initial Cool Down) air 

cooling and fruits was ripened without any pre-cooling as 

a control. 

 According to Ravindra And Goswami, (2013) result, 

the Liquid Nitrogen Augmented (Initial Cool Down) Air 

cooling system of pre-cooling was almost instantaneous in 

its action, with the desired air temperature being achieved 

in less than 4 minutes, the same air temperature in case of 

air cooling (without the liquid nitrogen flushing) was 

reached only after about 36 minutes of cooling time. This 

resulted in nearly 89% saving in the initial cooling time 
for the air by initial cool down with liquid nitrogen. As a 

result, the overall pre-cooling time for mango to reach the 

desired temperature was also reduced by 20% when the 

mechanical refrigeration was combined with initial 

flushing of liquid nitrogen for air cooling. 

 

 
Fig. 2: Variation of   Volume and of Tomato for Different 

Treatments. Source: Shahi et al. (2012). 
Key: t1- hydro-cooling with raw water, t2- Hydro-cooling with 
ice water, t3- Hydro-cooling with ice water + Cacl2, t4- Forced 
air cooling, t5- Control 

 

Hydro-cooling and storage technologies 

Hydro-cooling essentially is the utilization of chilled 

or cold water for lowering the temperature of a product in 

bulk or smaller containers before further packing. There 
are several different hydro-cooler designs in operation 

commercially (Senthilkumar et al., 2015). In hydro-

cooling, cold water is used to pre-cool produce. Produce 

may be immersed in a tank of circulating cold water or 

cold water is sprinkled or sprayed over the produce. The 

equipment used for hydro-cooling is often equipped with 

a water chiller (Kienholz and Edeogu, 2002). It reduces 

water loss and wilting. Use of a disinfectant in the water is 

recommended to reduce the spread of diseases; however, 

it is not appropriate for berries, potatoes to be stored, 

sweet potatoes, bulb onions, garlic (Bachmann and Earles, 

2000). 

 

Hydro-cooling of vegetable and storage technologies 

According to Shahi et al. (2012) tomato appearance 

was calculated by rating tomato on a scale of 1-10 with 

naked eyes based on its color and firmness from the study 

conducted on hydro-cooling with raw water (T1), hydro-

cooling with ice water (T2), hydro-cooling with ice water 

+ Cacl2 (T3), forced air cooling (T4) and control (T5) 

used as treatment. The appearance of the tomato 

deteriorated very rapidly in the case of controlled samples 

of tomatoes followed by the samples which were air 

cooled. 
Different cooling method hydro-cooling with raw 

water (T1), hydro-cooling with ice water (T2), hydro-

cooling with ice water + Cacl2 (T3), forced air cooling 

(T4) and control (T5) used as treatment by Shahi et al., 

(2012) also studied volume of tomato and the result 

showed that the volume of all samples of tomatoes 

decreased at different rates till days 5, but after day 5 and 

increase in volume is visible till day 7 and after day 7 it 

again started decreasing. Maximum increase in volume of 

about 32% was observed in the controlled samples and the 

best results were shown by hydro-cooling with ice water 

samples with a negligible increase of 0.01% followed by 
hydro-cooling with ice water + Cacl2 samples with a 3% 

increase in volume. The samples of treatment "forced air 

cooling (T4)" and "control (T5)"were deteriorated on day 

9 and that of T1 deteriorated on day 10 which is similar 

with weight loss (Figure 1). 

Hydro pre-cooling system was composed of a cooling 

chamber, a storage tank, a circulating water pump, a 

showering unit, a pulverization unit, control panels, and 

an evaporator, a condenser, a compressor and an 

expansion tank conducted on cauliflower (Alibas and 

Koksal, 2014). Packaging was the most effective 
treatment for reducing weight loss and maintaining 

broccoli quality. Naked broccoli became rapidly 

unmarketable because of wilting. Hydro-cooling is 

essential for the best postharvest quality of broccoli and 

was as effective as top-icing in retaining firmness and 

color in storage (Gillies and Toivonen, 1995). 

 

Hydro-cooling of fruits and storage technologies 

Result obtained by Ravindra And Goswami, (2013) 

hydro-cooling performed better than air cooling as it had 

higher cooling coefficients. This could be due to two 

reasons. Firstly, the better heat transfer coefficient of the 
cooling medium i.e. water in comparison to that of air, 

resulted in faster cooling of the fruit. Secondly, for hydro-

cooling, the medium temperature was at the desired level 

(5 or 10°C) from the beginning of the cooling process. 

While for air cooling, the air temperature was reduced 

from the initial ambient conditions to the final medium 

temperature over a period of 4 minutes when air was 
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cooled using liquid nitrogen augmented air cooling and 36 

minutes when air was cooled using only mechanical 

refrigeration system; resulting in poorer cooling 

coefficients as compared to that of hydro-cooling. 
High temperature during harvesting enhances 

respiration and other metabolic processes that associated 
with rapid deterioration of banana. Hence rapid cooling 
just after harvesting is necessary to lower the initial 
temperature of the produce. Thus, hydro-cooling of Embul 
banana in water at ambient temperature (25.10C) for 40 
minutes can extend the postharvest life of banana up to 12 
days. Hydro-cooling of Embul banana in cool water below 
ambient temperatures leads to faster deterioration when 
stored under ambient storage conditions (T: 28-320C & 
RH: 58-68%) and cannot be recommended as a treatment 
to prolong shelf life of banana. 
 
Ice cooling and storage technologies 

Although, unlike other cooling methods ice not only 
removes heat rapidly when applied, it continues to absorb 
heat as it melts. There are a variety of different methods in 
which ice is applied to the produce so as to achieve the 
desired cooling effect. This method is sufficient where it 
is used; however, it can result in uneven cooling because 
the ice generally remains where it was placed until it has 
melted. In liquid icing, ice slurry is used instead of plain 
crushed ice as it can sustain cooling requirements 
(Senthilkumar et al., 2015).  
 
Ice cooling of vegetables and storage technologies 

Top-iced broccoli retained its firmness and color 
much better than room-cooled naked broccoli, and this 
result cannot be explained by differences in cooling rate. 
Top-iced broccoli did not cool faster than naked broccoli. 
It seems likely that the melting ice rehydrates the broccoli, 
as indicated by lower weight loss in that treatment. Top 
iced broccoli might have retained its firmness longer if the 
ice had been replaced regularly; however, replacing the 
ice would increase the product’s handling costs (Gillies 
and Toivonen, 1995). 

As Shahi et al. (2012), the variation in density was 
more effected with number of days rather than the 
treatments. For all the treatment except hydro-cooling 
with raw water (T1), density of tomato remained almost 
constant till day 5 and thereafter decreased relatively. 
Among all treatments hydro-cooling with ice water (T2) 
samples gave best results with a 4.5% decrease in density 
followed by hydro-cooling with ice water + Cacl2 (T3) 
samples with a 15% decrease in density on day13 (Figure 
4). The samples of forced air cooling (T4) and control 
(T5) were deteriorated on day 9 and that of hydro-cooling 
with raw water (T1) deteriorated on day 10 which is 
shown in (Figure 2). 
 

Vacuum cooling and storage technologies 

In vacuum cooling, containers of produce are put in a 
vacuum chamber. Air is drawn out of the chamber 
creating a high vacuum. Under the high vacuum, the 
boiling temperature of water is substantially lowered. As a 
result, a small amount of water in the warm produce 
evaporates causing a corresponding lowering of the 
produce temperature. In some systems, the produce is 
misted with water to minimize weight loss (Kienholz and 
Edeogu, 2002). 

Similarly, Produce is enclosed in a chamber in which 

a vacuum is created. As the vacuum pressure increases, 

water within the plant evaporates and removes heat from 

the tissues. This system works best for leafy crops, such 

as lettuce, which have a high surface-to-volume ratio 

(Bachmann and Earles, 2000). Vacuum cooling is the 

fastest (but expensive systems to set up) and most uniform 

method of pre-cooling because of the high amount of heat 

required for evaporating the water. Because vacuum 

cooling is a batch process, sufficient produce must be 
harvested to fill the vacuum cooler before cooling can 

begin. For the system to be effective, it is imperative that 

the produce not be held longer than absolutely necessary 

after harvest and before cooling (Kienholz and Edeogu, 

2002). 

 

 
Fig. 2:  Variation of Density of Tomato for Different 

Treatments. Source:  Shahi et al. (2012). Key: t1- hydro-

cooling with raw water, t2- Hydro-cooling with ice water, t3- 
Hydro-cooling with ice water + Cacl2, t4- Forced air cooling, t5- 
Control 

 

Vacuum cooling of vegetables and storage technologies 

According to Alibas and Koksal (2014) the curve of 

the pre-cooling of cauliflower using the forced air, 
vacuum and high and low flow hydro cooling processes as 

a function of the time-dependent temperature decrease. 

The initial temperature values of the cauliflower heads 

which were to be cooled with forced-air, vacuum and high 

and low flow hydro cooling processes were 23°C, 24°C, 

24°C, and 23.5°C, respectively. It was found that 36 

minutes of vacuum pre-cooling was the shortest method 

used, whereas forced air pre-cooling was the longest, 184 

minutes. Similar findings were found (Desmond et al., 

2002; Jackman et al., 2007). 

As Alibas and Koksal, (2014) reported the highest 
energy consumption during the pre-cooling process of 

cauliflower heads was measured using the forced air pre-

cooling method with 1.13 kWh. The results of the low and 

high flow hydro and vacuum pre-cooling methods were 

0.78 kWh, 0.67 kWh, and 0.51 kWh, respectively. Similar 

results were found by Alibas & Okursoy (2009). Forced 

air pre - cooling, which was the most expensive method, 

showed 2.22 times more energy consumption than that of 

the vacuum pre-cooling, which was the least expensive 

method. 

Alibas & Okursoy (2009) pre-cooled the spinach 

using vacuum, forced air and high and low flow hydro 
cooling methods to determine the energy consumption of 

these cooling processes. The authors found that the 

vacuum pre-cooling method was the least energy 

consumption method, followed by the high and low flow 
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hydro and forced air pre-cooling methods, respectively. 

Alibas & Okursoy (2012) pre-cooled fava beans using the 

vacuum, forced air, and hydro pre-cooling methods and 

determined the energy consumptions of these systems. 

They found that the least energy consumption method was 

vacuum, followed by the hydro and forced-air pre-cooling 

methods, respectively. 

 

Conclusion and Summary 

The importance of pre-cooling can be clearly 
recognized as it is portrayed as an intricate and essential 

part of the proper temperature management of all 

horticultural crops. This process slows the respiration rate 

and minimizes other deteriorative processes and thus 

helps to maintain quality at a high level. Within pre-

cooling a variety of different techniques exist for use in 

the horticultural industry. Hydro-cooling, vacuum 

cooling, room cooling, icing, forced air cooling, and 

cryogenic cooling are the principal methods in 

commercial use at present. Each of these individual 

techniques also has many variations, leading to a great 
diversity of perishable produce which may be pre-cooled. 

As consumer awareness and sophistication are ever 

increasing due to the growing fear of chemical residues 

and the uncertainty surrounding genetically modified 

foods presently, and with the change to organic products 

continuing, alternative techniques of extending shelf life 

and maintaining high level of quality are being 

investigated.  

In this paper different post-harvest treatments were 

given to for different fruit and vegetables, In that tomato 

which included air cooling for 24 hours, hydro cooling 

with raw water for 45 min, hydro cooling with ice water 
for 30 min and hydro cooling with ice water and CaCl2 

for 30 min. The different storage characteristics of 

different weight, volume, density and appearance to see 

treatment which gave the maximum shelf life of tomato. 

Partially, the minimum weight loss was for Hydro-cooling 

with ice water samples of 11% followed by Hydro-

cooling with ice water + Cacl2 samples with 12% weight 

loss during the 13 days of storage. The minimum increase 

of 0.01% in volume was observed in Hydro-cooling with 

ice water samples followed by Hydro-cooling with ice 

water + Cacl2 samples with a 3% increase in volume 
during the 13 days of storage. Hydro-cooling with ice 

water samples gave best results for density with a 4.5% 

decrease followed by Hydro-cooling with ice water + 

Cacl2 samples with a 15% decrease during the 13 days of 

storage. Hydro-cooling with ice water + Cacl2 samples 

recorded an increase of 32 % followed by Hydro-cooling 

with ice water samples with 41% increase in the value of 

ascorbic acid during the 13 days of storage. Appearance 

of Hydro-cooling with ice water + Cacl2 tomatoes was 

slightly better than Hydro-cooling with ice water samples 

during the 13 days of storage. Hydro-cooling with ice 

water + Cacl2 gave the best storage characteristics of 
tomatoes resulting increase in shelf life up to 13 days. 
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