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Abstract Suitability of zero energy cool chamber (ZECC) 

for short term storage of fruits and vegetables was studied 

in coastal districts of Orissa. Quantity of water applied in 

ZECC was standardized. The optimum water level of 75 

l/day and 90 l/day was required to achieve a steady and 

conducive storage environment for storage of fruits and 

vegetables in summer and winter months, respectively. The 

chamber was kept average temperature of its environment 

less by 5–8°C than the outside temperature and maintained 

more than 90% RH. The ZECC was very effective in ex-

tending the storage life of potato, tomato, brinjal, mango, 

banana and spinach by 3 to 15 days as compared to ambient 

conditions. 

Keywords Evaporative cooled storage chamber . Fruits . 

Vegetables . Shelf-life

Introduction

A considerable amount of perishable horticultural produce 

is wasted every year in India due to lack of appropriate 

storage facilities (Rai 2002, Thakur et al. 2002). In a tropi-

cal country like India, maintenance of low temperature is 

a great problem. Mechanical cooling is energy intensive, 

expensive and not easy to install and run in rural areas. The 

zero energy cool chambers (ZECC), utilizing the principle 

of evaporative cooling is reported to maintain relatively low 

temperature and high humidity compared to ambient condi-

tions which is required for short term storage of fruits and 

vegetables (Roy and Khurdiya 1986). Evaporative cooled 

storage structures are designed to reduce air temperature in 

cooling applications through the process of evaporation of 

water (Dash and Chandra 2001, Jha and Kudos 2006). In 

these structures warm air passing through the moist sand 

picks up water in the form of water vapour which increases 

the humidity in the air. Latent heat is absorbed by the in-

creased humidity and in turn reduces the sensible heat in the 

air (Jha and Chopra 2006). 

Orissa ranks second in the country in the production of 

vegetables and a good amount of fruits are also produced in 

tribal areas of the State. The wide variation in the coastal 

environmental conditions poses huge diffi culty in storing 

fresh fruits and vegetables. The farmers are usually small 

and marginal land holders of villages and have poor resource 

availability. In the absence of proper storage technique the 

farmers usually sell their vegetables in the local markets 

soon after the harvest. This situation very often compels for 

a distress sale of the products at very low price. 

Zero energy cool chamber (ZECC) developed at Indian 

Agricultural Research Institute, New Delhi and evapora-

tive cool chamber of larger capacity developed at Central 

Institute of Post-harvest Engineering and Technology, Lud-

hiana, India, can help in storing fresh fruits and vegetables 

for a reasonable period of time (Pal and Roy 1988, Prava 

et al. 2006, Jha 2008). Application of water in the chamber 
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plays a vital role in regulating temperature and RH. Too 

dry cool chamber will not provide the desired cooling ef-

fect and too moist chamber causes unnecessary wastage of 

water and may sometimes lead to fungus growth (Ganeshan 

et al. 2004). Therefore, it is necessary to fi nd out the opti-

mum quantity of water needed under different situations of 

seasonal variations to achieve effective performance of the 

chamber. Hence, the present work was an attempt to study 

the feasibility of use of cool chamber in the coastal area of 

Orissa throughout the year. Experiments were carried out 

to determine the optimum quantity of water required to be 

used to obtain the desired storage environment.

Materials and methods

A ZECC was constructed in Bhubaneswar, a coastal district 

of Orissa. The design was based on the evaporative cool-

ing of a porous body (Pal and Roy 1988). The structure 

consisted of a rectangular, double walled chamber carrying 

heat insulating detachable roof. Each of 4 composite sides 

consisted of 2 inter spaced walls and this jacketed type 

room has the advantage of preventing heat leakage into the 

storage cabin. The thickness of the walls is 125 mm. The 

dimensions of the outer wall are 1650 mm × 1150 mm × 

675 mm. The inter space (75 mm thick) is completely fi lled 

with river sand till the top of the cabinet. A drip pipe sys-

tem was laid on the sand bed in the inter space for uniform 

wetting of the sand. This pipeline is connected to a bucket 

fi lled with water which is placed at an elevation higher than 

the top level of the chamber. Water is applied continuously 

and slowly in drops to this sand bed so that it remained wet 

throughout the day. This process kept the entire structure 

wet preventing evaporation of internal moisture from the 

stored fresh fruits and vegetables. The fl oor is plastered to a 

smooth fi nish. The top cover is prepared using gunny cloth 

and straw with a bamboo frame. 

After saturating the bed initially, the subsequent water 

requirement per day was determined under no load condi-

tions. For this, 5 levels of water 45, 60, 75, 90 and 105 l/day 

were applied and the corresponding changes in RH and 

temperature profi les were studied. For this, a bucket of 15 l 

capacity used for dripping purpose, which was fi lled 3,4,5,6 

and 7 times a day, respectively. The process was carefully 

monitored and the bucket was supplied with water by a PVC 

water pipe connected to the tap of overhead water tank. The 

experiment was continued for 7 days and the average values 

of RH and temperature were noted. The variation in RH and 

temperature profi le with different levels of water applica-

tion was observed during both summer (April–May 2007) 

and winter months (November–December 2007) under no 

load conditions. From these data, percent increase in RH 

and percent decrease in temperature were determined. This 

helped to determine the optimum quantity of water required 

to achieve the desired RH and temperature.

Thereafter the storage experiment was carried out. Ini-

tially, the temperature and RH profi le of the ZECC were 

measured using the optimum level of water. For this, the 

maximum and minimum values of these parameters were 

noted daily throughout the year (January–December 2008). 

From the data collected, weekly average values were de-

termined. These observations were compared to those of 

ambient conditions. Temperature and RH at the centre of 

the ZECC and outside were recorded using a digital thermo-

hygrometer (UKAS, model XHJT 302, least count 0.01°C 

and 1% RH) at 1 h intervals and curves showing change in 

temperature and RH for weekly and monthly average val-

ues were prepared. 

Potato, tomato, brinjal, mango, banana and leafy vegeta-

bles (spinach) were stored in the chamber separately during 

summer and winter months. Matured fruits and vegetables 

were collected from near by farmers’fi eld. Harvesting was 

carried out manually. Plastic containers were used for trans-

porting the produce to the experiment site immediately after 

harvest. After sorting for uniform size and undamaged ones, 

the fruits and vegetables were washed with tap water to re-

move fi eld heat and soil particles. To reduce microbial popu-

lations on the surface, the produces (except leafy vegetables) 

were disinfected with chlorinated water. A 20 min dipping 

time in 100 μg/ml chlorine supplemented water solutions 

was selected, as this was reported to be the optimum effec-

tive concentration and dipping time without signifi cant ef-

fect on the overall quality of fruits and vegetables (Tefera et 

al. 2007). After disinfection, the samples were surface dried 

and divided into 2 sub-samples for storage in ZECC and 

at ambient temperature. Performance of the chamber was 

evaluated in terms of shelf-life in number of days with mar-

ketability ≥80% (Mohammed et al. 1999, Tefera et al. 2007) 

and physiological loss in weight (PLW) of the product dur-

ing different seasons of the year. The fruits and vegetables 

were stored in plastic crates inside the chamber and their 

shelf-life was determined on the basis of an index of 20% 

spoilage or unmarketability. Marketability quality of fruits 

and vegetables was subjectively assessed by observing the 

level of visible mould growth, rotting, shriveling or discol-

ouring. The PLW in percent was calculated by considering 

the differences in weight with respect to initial weight. 

Results and discussion

The temperature inside the chamber reduced with the in-

crease in water level and there was also an increase in RH, 

while the values fl uctuated and did not follow any defi nite 

pattern under ambient conditions (Fig. 1). At a water rate of 

45 l/day, the RH values in cool chamber were 72 and 64% 

in summer and winter, respectively. The values increased 

up to 95 and 94%, respectively as the water application rate 

reached up to 105 l/day. On the contrary the temperature 

in the cool chamber reduced with the increase in quantity 

of water applied. The average temperature values reduced 

from an ambient condition of 34 to 270C in summer and 

21 to 170C in winter. The values are very close to the data 

reported by Ganeshan et al. (2004). 
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During summer % increase in RH was highest at a water 

rate of 75 l/day and it reduced to 6.8 (at 90 l/day) and 1.0 

(at 105 l/day) (Fig. 2). Percent reduction in temperature re-

mained almost same when water application was increased 

from 75 to 90 l /day in summer (Fig. 2). Percent decrease in 

temperature in winter was 6.9% (90 l/day) and then reduced 

to 2.8% (at 105 l/day). This indicates that the annular space 

gets saturated at certain levels of water application depend-

ing on different climatic conditions. This gives rise to the 

maximum evaporation of water and thereby establishing the 

desired level of storage. Higher application of water beyond 

this level is unnecessary. Therefore, under the experimental 

coastal conditions of Orissa, water application rate of 75, 

90 l/day is the cut-off points during summer and winter, re-

spectively to achieve the effective performance of the cool 

chamber. Anyanwu (2004) indicated that the cooler storage 

chamber temperature depression from ambient air tempera-

ture varied from 0.1 to 12°C. Getinet et al. (2008) studied 

under ambient and in a multi-layer pads evaporative cooler 

in semi-arid Eastern part of Ethiopia. The differences in RH 

and dry bulb temperature between ambient and inside the 

cooler were 54.8% and 15.1°C, respectively. The evapora-

tive cooler reduced dry bulb temperature by 5°C and raised 

the RH by 18% compared to single pad evaporative cooler. 

Taha et al. (1994) have shown that by using a porous ma-

terial as a special type of evaporative cooler the ambient 

temperature could be reduced by 10–13°C. 

Figure 3 gives year round comparative environmental 

condition of the cool chamber as also the ambient condi-

tions. The temperature and RH profi le indicated that higher 

the RH of the ambient condition less was the cooling effect 

in cool chamber. The drop in temperature was dependent 

more on outside RH, and fl uctuations in temperature and 

RH inside were much less than outside. Under this circum-

stance, 26th week onwards an increase of only 10 to 15% 

RH could be observed and corresponding temperature 

reduction was also less. But this period belonged to rainy 

season in Orissa. Thus this period may not be very much 

ideal for fruits and vegetables storage. But during other 

periods an average temperature fall of 5 to 8°C and up to 

30% rise in RH could be observed. The fl uctuation in ambi-

ent temperature and RH during a day could be reduced to 

a great extent inside the chamber and more or less a steady 

environment could be maintained inside the cool chamber 

round the clock (Fig. 3). 

The shelf-life of all the products stored in cool chamber 

was extended from 3 to 15 days depending on the type of 
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product and seasons of the year (Table 1). However, tomato 

and potato showed noticeable difference in shelf-life as 

compared to ambient conditions. Moreover, all the prod-

ucts stored in cool chamber were fresh and fi rm. The PLW 

values shown were at their respective shelf-life conditions. 

It was observed that the products stored under ambient con-

ditions were having less shelf-life with higher PLW. The 

trend got reversed for the products stored in cool chamber 

and the PLW was within 10% in each case which may be 

considered as safe and acceptable. Table 1 reveals that the 

shelf-life of potato, tomato and brinjal in cool chamber was 

32, 18, 7 (winter) and 21, 8, 4 (summer) days where as that 

under ambient condition was 17, 7, 4 (winter) and 8, 3, 2 

(summer) days, respectively. Similar fi ndings have been 

reported by Mordi and Olorunda (2003) and Prava et al. 

(2006). PLW was highest for leafy vegetables followed by 

mango stored under ambient conditions after 2 and 4 days 

of storage, respectively. A remarkable saving in PLW was 

observed for the same products stored in cool chamber with 

a shelf-life extension up to 5 and 8 days, respectively. Any-

anwu (2004) illustrated superior performance of cooler over 

open air preservation of vegetables soon after harvest dur-

ing the diurnal operations. Getinet et al. (2008) showed that 

the shelf-life of tomatoes kept in cool chamber was substan-

tially increased. Thiagu et al. (1991) compared evaporative 

cooled stored tomatoes with control fruits stored under 

room conditions. The rate of moisture loss for control 

fruits was 6.5 times higher than for evaporative cooled 

stored fruits. Thus except 4 months of rainy season (June 

to September), the ZECC may be considered to be suitable 

for short term storage of fruits and vegetables in the coastal 

districts of Orissa. The structure may be recommended for 

use in Western and central Orissa more effectively where 

the climate is relatively dry.

Conclusion

The cool chamber is a low cost structure, which can be eas-

ily constructed at the farmers’ level. The optimum water 

level of 75 and 90 l/day is required to achieve a steady and 

conducive storage environment for storage of fruits and 

vegetables in summer and winter months, respectively. The 

shelf-life of fresh product can be extended by 3 to 15 days 

so that the distress sale of the product may be avoided. The 

chamber does not need any mechanical or electrical energy 

for operation.

Acknowledgements Authors are grateful to Indian 

Council of Agricultural Research, New Delhi for providing 

fi nancial assistance to undertake this work.

References

Rai DR (2002) MAP and its effect on quality and shelf life of fruits 

and vegetables. J Food Sci Technol 39:619–623

Thakur KS, Lalkaushal BB, Sharma RM (2002) Effect of different 

post harvest treatments and storage conditions on the fruit qual-

ity of kinnow. J Food Sci Technol 39: 609–618

Roy SK, Khurdiya DS (1986) Studies on evaporatively cooled 

zero energy input chamber for storage of horticultural produce. 

Indian Food Packer 40:26–31

Dash SK, Chandra P (2001) Evaporative cooling systems

for Storage of Fruits and vegetables. Indian Food packer 55:

79–87

Jha SN, Kudos SKA (2006) Determination of physical properties 

of pads for maximizing cooling in evaporative cool store. J 

Agril Eng 43:92–97

Jha SN, Chopra S (2006) Selection of bricks and cooling pad for 

Constructions of evaporative cooled storage structure. J Inst 

Eng (I) (AG), 87:25–28

Pal RK, Roy SK (1988) Zero energy cool chamber for main-

taining post harvest quality of carrot. Indian J Agric Sci 58:

665–667

Prava A, Sharma HR, Goel AK, Verma R (2006) Changes in 

ascorbic acid content of lemon fruits stored in zero energy cool 

chamber & under ambient atmosphere. J Dairying Foods Home 

Sci 25:73–75

Jha SN (2008) Development of a pilot scale evaporative cooled 

storage structure for fruits and vegetables in hot and dry region. 

J Food Sci Technol 45:148–151

Ganeshan M, Balsubramanian K and Bhavani RV (2004) Studies 

on the application of different levels of water on zero energy 

cool chamber with reference to the shelf life of Brinjal. J Ind 

Insti Sci May June 84:107–111

Tefera A, Seyoum T, Woldetsadik K (2007) Effect of disinfection, 

packaging and storage environment on the shelf life of mango. 

Biosystems Engg 96:201–212

Table 1 Shelf-life enhancement of fruits and vegetables in cool chamber

 Summer Winter

PLW, % Shelf-life, days PLW, % Shelf-life, days

Product Cool chamber Ambient Cool chamber Ambient Cool chamber Ambient Cool chamber Ambient

Potato 8.5 12.6 21 8 6.6 9.6 32 17

Tomato 4.8 8.4 8 3 3.3 7.5 18 7

Brinjal 2.6 4.2 4 2 1.8 3.5 7 4

Mango 6.5 15.2 8 4 * * * *

Banana 4.5 7.6 5 2 * * 8 5

Leafy vegetables * * * * 9.2 22.8 5 2

*experiments not carried out



J Food Sci Technol (July–August 2010) 47(4):437–441 441

 

123

Mohammed M, Wilson LA, Gomes PL (1999) Post-harvest sen-

sory and physiochemical attributes of processing and non pro-

cessing tomato cultivar. J Food Quality 22:167–182

Anyanwu EE (2004) Design and measured performance of a 

porous evaporative cooler for preservation of fruits and veg-

etables. Energy Conversion Management 45:2187–2195

Getinet H, Seyoum T, Woldetsadik K (2008) The effect of cultivar, 

maturity stage and storage environment on quality of tomatoes. 

J Food Eng 87:467–478

Taha AZ, Rahim AAA, Eltom OMM (1994) Evaporative cooler 

using a porous material to be used for preservation of food. 

Renewable Energy 5:474–476

Mordi JI, Olorunda AO (2003) Effect of evaporative cooler envi-

ronment on the visual qualities and storage life of fresh toma-

toes. J Food Sci Technol 40:587–591

Thiagu R, Chand N, Habibunnisa EA, Prasad BA, Ramana KVR 

(1991) Effect of evaporative cooling storage on ripening and 

quality of tomato. J Food Quality 14:127–144



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 215
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.04651
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 215
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.04651
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


