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ABSTRACT- Fruits and vegetables consumption contribute in human nutrition through 

the provision of essential nutrients for growth and good health. However, farmers, 

marketers, and consumers encounter major problems of keeping fresh commodities such 

as Dwarf ger. marglobe Tomato fruits to increase their shelf life due to quick 

degeneration and decomposition of the produce at storage. Demand in the consumption 

of fresh fruits and vegetables increased across the world which comes with major 

concern in storage of these perishables. The objective of the study was to develop 

Charcoal Evaporative Cooler (CEC), and compare with House Hold Fridge (HHF) and 

Control Sample of Dwarf ger. marglobe Tomato fruits grown in the Wa Municipality of 

the Upper West Region of Ghana.  A total of thirty six fruits without any bruises and 

decay were used for the experiment. The tomato fruits were divided into three to 

represent the treated and untreated samples. The respective weights of the fruits were 

taken after natural air drying and monitored at Completely Randomized Design (CRD) 

was the experimental design used with three replications. Data on weight, decay severity 

and Colour changes of the produce were analyzed using MiniTab version 16 The results 

obtained on percentage weight reduction of fresh tomato fruits stored in Charcoal 

Evaporative Cooler House Hold Fridge and control temperature (CT) showed that, the 

latter recorded the highest average weight loss of 15.93% compared with HHF 4.68% 

and CEC 4.84% when the experiment was terminated. Storage for an experimental 

period of ten (10) days. Twelve (12) fruits were stored in the Charcoal Evaporative 

Cooler (CEC), twelve fruits were also stored in the House Hold Fridge (HHF) and twelve 

fruits were left at room temperature as control. The results also indicated that the least 

average colour of 4.5 was produced by fruits stored in Charcoal Evaporative cooler 

compared with average values of 5.4 and 6.0 for house hold fridge and control sample 

respectively. The trend on the decay severity demonstrated that the House Hold Fridge 

which produced 0.3 decay could reduce decay better than Charcoal Evaporative Cooler 

with 1.2 and Control sample with severity of 2.7 .The fact that the performance trend of 

the experiment on the use of Charcoal Evaporative Cooler on storage of fresh tomatoes 

could reduce decay, average weight, colour and maintain freshness of tomato fruits, it 

was safely  concluded that, adoption of Charcoal Evaporative Cooler for cooling and 

extension of  shelf life of tomato fruits at small scale and household levels for consumers 

would be appropriate in Wa Municipality 

I. INTRODUCTION 

Vegetables play an important role in human nutrition by providing essential 

nutrients for growth and good health. Tomato, Lycopersicum esculentum, of the 

nightshade family is consumed in diverse ways, including raw, as an ingredient in 

many dishes and sauces and in drinks. However, farmers, marketers, and consumers 

encounter major problems of storing vegetables to increase their shelf life due to 

quick degeneration and decomposition of the produce at storage. Demand in the 

consumption of vegetables increased across the world which comes with high 

concern in storage of these perishables to maintain their quality. In West Africa, the 

bulk of food commodities such as tomatoes, bananas, plantains, mangoes and leafy 

vegetables, are produced and marketed by peasant farmers and these people do not 

have adequate means of cooling, proper handling, transportation and storage [4]. The 

best method of increasing relative humidity is to reduce temperature. Another 

method is to add moisture to the air around the commodity as mists, sprays, or, at last 

resort, by wetting the store room floor [25-26]. Reduced temperature decreases 

physiological, biochemical, and microbiological activities, which are the causes of 

quality deterioration and weight loss of fresh produce such as tomatoes [16]. 

Fruit weight loss increased with storage, and was found lower in fruit stored at 

15OC than at ambient [3]. Low temperature storage is well known to be the most 

effective method of prolonging shelf life of fresh produce including tomatoes [19].  

Decay can be a problem, but can be controlled by washing produce in chlorinated 

water prior to cooling [12, 13].  Reduced temperature decreases physiological, 

biochemical and microbiological activities, which are the causes of quality 

deterioration such as flavour and colour [8, 9, 23, 25].  Throughout the period 

between harvest and consumption, temperature control has been found to be the most 

important factor in maintaining product quality. Fruits and vegetables are living, 

respiring tissues separated from their parent plant. Reducing the rate of water loss 

could cuase the rate of shriveling and wilting, which could result in serious post-

harvest losses. Similarly, temperature of the surrounding air of produce can be 

reduced by forced air cooling, hydro cooling, vacuum cooling, ice cooling and 

adiabatic cooling [21]. Evaporative cooling has been reported for achieving a 

favourable environment in greenhouses [7] animations and the storage structure for 

fruit and vegetables [6, 22]. 

II. MATERIALS AND METHOD 

A. Construction stages 

The charcoal Evaporative cooler was constructed from an open timber frame of 

approximately 50mm x 25mm in section. The door was made by simply hinging one 

side of the frame. The wooden frame was covered in mesh, inside and out, leaving a 

25mm cavity which was filled with pieces of charcoal. The charcoal was sprayed 

with 20 liters of water, and wet provides evaporative cooling. Mesh, Nails, Charcoal, 

Pieces of wood example (Wawa board) were the main local materials used 

Mature Dwarf Ger. Marglobe fruit were purchased from a commercial farmer at 

Busa in the Wa Municipality. A total of thirty six fruits without any bruises and 

decay were used for the experiment. The entire sample was divided into three to 

represent the different treatments. Tomato fruits were washed to remove dirt and 

allow to natural air dry before storage in the different structures. 

 

 
B. Design of Experiment 

The experimental set up was done using the appropriate materials and 

equipment. A total of thirty six fruits were used for the experiment. The tomato fruits 

were divided into three to represent the treated and untreated samples. The respective 

weights of the fruits were taken after natural air drying and monitored at storage for 

an experimental period of ten (10) days. Twelve (12) fruits were stored in the 

Charcoal Evaporative Cooler (CEC), Twelve fruits were also stored in the House 

Hold Fridge (HHF) and Twelve fruits were left at room temperature as control. 

Completely Randomized Design (CRD) was the experimental design used and each 

treatment was replicated twelve times.   

C. Data Analysis 

Data on weight, decay severity and Colour changes of the produce were taken 

every two days for an experimental period of ten (10) days. Data that were generated 

from the recordings of weight, computed for and analyzed based on every two days 

recordings from the experiment. However data on consumer acceptance and Colour 

changes were transformed into their log forms to allow for the use of ANOVA. The 

analysis of the data was done using MiniTab version 16. The one factor analysis of 

variance with replications was used at 5% alpha level to test for any significant 

differences among the treatment. Means separation was done by Tukeys studentized 

D. Decay Severity  

The results produced on decay severity of fresh Tomato fruits stored in a 

Charcoal Evaporative Cooler (CEC), House Hold Fridge (HHF) and Control 

Temperature (CT) showed that, on day 2 of the experimental periods, there were no 

changes with decay on fresh Tomato fruits. The results obtained on decay severity of 

Tomato fruits stored in CEC, HHF and CT showed that, Tomato fruits that were 

stored in the Charcoal Evaporative Cooler and House Hold Fridge indicated no signs 

of decay on day 4 but Tomato fruits sample stored as Control produced an average 

decay severity of 0.8.  However, the results obtained on decay severity of Tomato 

fruits stored in a HHF, CEC and CT showed that, on day 8 of the experimental 

period, Tomato fruits stored in House Hold Fridge recorded an average decay 

severity of 0.1 compared with Charcoal Evaporative Cooler 0.3 and Control 

Temperature 2.6. Based on the results produced on decay severity, it was clear that 

Tomato fruits stored as Control produced the highest decay severity of 2.7 on day 10 

compared with decay on the Charcoal Evaporative Cooler 1.2 and House Hold 

Fridge 0.3. . Means were statistically different among the treatments(Table 1) 

Table 1.  ANOVA on Decay severity of Tomato fruits 

Source DF               SS             MS             F                      P 

Storage treatment   2     41.22    20.613     26.73             0.000 

Residual                 12      9.252          0.771 

Total                      14        50.472 

N           MEAN                     GROUPING 

CONTROL                   5           4.85                             A 

HHF                              5           1.35                            B 

CEC                              5           1.32                            B 

 Means that do not share a letter are significantly different. 
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E. Peel Colour appearance 

The results produced on colour changes of Tomato fruits stored in a Charcoal 

Evaporative Cooler (CEC), House Hold Fridge (HHF) and Control Temperature 

(CT) indicated that, on day 2 of the experimental period, there were changes with the 

colour of fresh Tomato fruits stored in CEC 2.3 as compared with HHF 2.0 and CT 

2.0. However, on day 6 of the experimental period the results obtained on colour 

changes of tomato fruits stored in a CEC, HHF and CT demonstrated that, there was 

gradual increase in colour on Tomato fruits stored at Control Temperature 2.6 

compared with Charcoal Evaporative Cooler 2.3 on day 6 of the experimental 

periods. Also, the results obtained on colour changes of fresh tomato fruits stored in 

a Charcoal Evaporative Cooler, HHF and CTS indicated that, on day 8 of the 

experimental period Tomato fruits stored in the Charcoal Evaporative cooler 

indicated an average colour of 5.4 compared with House Hold Fridge 4.5 and 

Control Temperature 6.0. Based on the results produced on colour, it was clear that 

Tomato fruits stored as control Temperature produced a high average colour of 6.0 

on day 10 compared with Charcoal Evaporative Cooler 5.4 and House Hold Fridge, 

4.5. The results could not statistically produce any significant difference.(Table 2) 

 

Table 2.  ANOVA on Peel colour of Tomato fruits 

Source                           DF           SS             MS           F         P 

Storage treatment      2       3.43        1.72      1.01             0.387 

Residual                    15    25.46        1.70 

Total                           17   28.89      

                                    N           MEAN                     GROUPING 

                                                                      

CONTROL                 6           3.717                             A 

HHF                           6           3.250                              A 

CEC                           6           2.650                              A 

 Means that do not share a letter are significantly different. 

 

F. Percentage Weight reduction  

The results obtained on percentage weight loss of fresh Tomato fruits stored in a 

Charcoal Evaporative Cooler, House Hold Fridge and Control Temperature showed 

that, Tomato fruits stored in a CEC recorded an average weight of 0.58% compared 

with HHF 0.76% and Control sample with an average weight loss of 2.11%.  

However, on day 6 of the experimental period, the results produced on percentage 

weight loss indicated that, there was gradual loss of weight in Tomato fruits stored in 

the CEC with 1.47% compared with the weight of Tomato fruits stored in HHF 

3.24% and CT 9.52%.  

Based on the results produced on percentage weight loss of Tomato fruits stored in 

CEC, HHF and CT on 10 days of the experimental period, it was clearly indicated 

that Tomato fruits stored as control temperature (CT) recorded the highest average 

weight loss of 15.93% compared with HHF 4.68%   and CEC 4.84%. . Means were 

statistically different among the treatments (Table 3) 

 

Table 3.  ANOVA on Percentage weight reduction of Tomato fruits 

Source                   DF         SS       MS           F           P 

Storage treatment 2        152          75.7        6.98             0.010 

Residual               12        130          10.9 

Total                   14          282       

                           N           MEAN                     GROUPING 

                                                                      

CONTROL         5           9.33                             A 

HHF                   5          3.03                              B 

CEC                  5          2.214                             B 

 Means that do not share a letter are significantly different. 

 

G. Sensory Evaluation  

The results obtained from the data on sensory evaluation test scored by 15 

untrained panelists on overall acceptance and texture of tomato fruits stored in a 

CEC, HHF and CT showed that, a high level of overall acceptability and texture was 

found with fruits stored in the CEC which recorded an average acceptable and 

texture value of 8.07 and 2.33 respectively. However the results obtained from the 

data on sensory evaluation test scored by 15 untrained panelists on overall 

acceptance and texture of fresh tomato fruits stored in a CEC, HHF and CT indicated 

that, an average acceptable and texture value of 6.0 and 1.73 was scored by the 

panelist for fresh tomato fruits stored in CT and results produced on fresh tomato 

fruits stored in the House Hold Fridge (HHF) recorded an average acceptable value 

of 7.27 whereas 2.13 was also scored for texture  by 15 untrained panelists. 

Based on the results produced on texture and overall acceptance of Tomato fruits 

stored in CEC, HHF and CT for 10 days of the experimental period, it was clearly 

indicated that out of 15 untrained panelists Tomato fruits stored in the CEC recorded 

the highest overall acceptance of 8.07 compared with HHF 7.27 and control sample 

6.60. Means were statistically different among the treatments (Table 4) 

 

Table 4.  ANOVA on sensory evaluation of Tomato fruits 

Source                          DF   SS             MS           F               P 

Storage treatment      2    16.18        8.09        3.05             0.058 

Residual                    42   111.47     2.65 

Total                         44 127.67      

                                  N           MEAN                     GROUPING 

                                                                      

CONTROL                1 5           8.07                             A 

HHF                          15          7.27                              AB 

CEC                          15          6.60                             B 

 Means that do not share a letter are significantly different 

 

III. DISCUSSIONS 

A. Decay Severity  

The results produced by the data on decay severity of tomato fruits stored at 8oC 

18oC and 28oC demonstrated that, there was significant difference in decay on the 

first six days. However the results obtained from the statistical analysis on decay 

severity of tomato fruits stored at 8oC 18oC and 28oC demonstrated that, there were 

no significant differences in decay severity of produce on day 8 and day 10 of the 

experimental period (Table 4.1 to 4.3). The difference in decay of produce for the 

first six days may be attributed to microbial activities. In this research, the findings 

agreed with similar research which indicated that, tomato is often affected by 

Alternaria rot or Alternaria alternate and microbial activities that cause decay at 

higher temperatures [11, 5]. The differences produced by the results on decay 

severity could also be due physiological breakdown and natural ripening process. 

This statement agreed with earlier findings which indicated that, deterioration of 

fresh commodities can result from physiological breakdown due to natural ripening 

process, water loss, temperature injury, physical damage or invasion by 

microorganisms [18, 19]. The differences produced by the results on decay severity 

as storage period proceeds could also be due improper handling of produce at 

storage. This statement agreed with earlier statement which demonstrated that 

injuries that are visible on fruits and vegetables are caused by mishandling or other 

cause which leads to cracks, bruises, cuts or abrasion which makes the produce not 

attractive and also less remarkable [10]. The difference in decay of produce may also 

be attributed to the nature of the storage devices.  

 

B. Peel Colour appearance 

The result produced by statistical analysis on colour changes of tomato fruits 

stored at 8oC 18oC and 28oC demonstrated that, there was no significant difference in 

colour on day 2. However the results obtained from the statistical analysis on colour 

changes of tomato fruits stored 8oC 18oC, 28oC demonstrated that, there were 

significant differences in colour of produced on day 6, and day 8 of the experimental 

period (Table 4.1 to 4.4). The difference in colour of produce may be attributed to, 

the storage period and low relative humidity. In this research, the findings agreed 

with similar research which indicated that, no significant influence on colour, and 

texture was observed on tomato fruits stored at 18oC and 28oC after 2 days at storage 

[20]. The differences that were observed on the results could also be due to storage 

temperature which confirmed the findings reported by [2]. which demonstrated that 

fruits stored at temperatures higher than 8oC are most likely to record a low average 

in terms of colour. The differences produced by the results on colour changes as 

storage period proceeds could also be due to the characteristics of control sample 

without any protective skin. This statement agreed with earlier statement which 

demonstrated that tomato fruits stored as control are vulnerable to discoloration 

because of damaged cells and tissues, and lack of protective skin [17]. 

C. Percentage Weight Reduction. 

The results obtained from the statistical analysis on percentage weight loss of 

tomato fruits stored at 8OC, 18OC and 28OC indicated that, there were significant 

differences in weight loss of tomato fruits stored at 8OC, 18OC and 28OC from day 2 

to day 10 of the experimental period. (Figure 4.1 to 4.4). The factor that may have 

accounted for the results obtained could be respiration rate. In this research, the 

findings confirmed earlier research which demonstrated that, rise in temperature 

increases respiration rate substantially which leads to dehydration resulting in weight 

loss of tomato fruits stored in a cooler [26,24].  Also [15] demonstrated that in most 

vegetable products, when the external oxygen presence is low, there is decrease of 

respiration activity, which is attributed to reduction of oxidize activities, such as 

polyphenol-oxidase, ascorbate-oxidase and glycolic-oxidase. The difference in fruit 

weight loss increased as the storage periods proceeds. Which agreed with similar 

findings which demonstrated that, tomato fruits increased weight loss with storage 

[3]. The difference in fruit weight loss could be due to physical and chemical 

processes. The statement agreed with earlier findings which demonstrated that, a 

number of chemical and physical processes take place in vegetables during shelf 

storage also, quality of most fruits and vegetables is affected by water loss during 

storage, which depends on the temperature and relative humidity conditions [14].  

 

D. Sensory Evaluations  

The results obtained from the statistical analysis on sensory evaluation on 

consumer acceptance of tomato fruits stored at 8OC, 18OC and 28OC was evaluated 

by 15 untrained panelists who indicated that, there were significance differences of 

tomato fruits stored at 8OC, 18OC and 28OC of the experimental period. (Table 4.1 

and 4.2). The difference in texture of the produce could be attributed to mishandling 

at storage. However, in this research, the findings agreed with earlier statement 

which demonstrated that tomatoes are highly perishable and very susceptible to 

mechanical damage [1]. The difference in overall acceptance of the produce could be 

attributed to the maturity stage. The findings agreed with earlier statement reported 

by [5] which demonstrated that, there was influence of tomato cultivar and maturity 

stage on the postharvest quality of tomatoes stored under different conditions.   

Based on the results obtained on decay severity of tomato fruits store in Charcoal 

Evaporative Cooler and House Hold Fridge for an experimental period of ten (10) 

days, significant difference waere found with the use of Charcoal Evaporative Cooler 

and House Hold Fridge on Decay severity of fresh tomato fruits stored on day 2, 4 

and 6 of the experimental period. However, no significant difference was found with 

decay severity of produce stored on day 8 and day 10 of the experimental period 

(Table 4.1 to 4.3) and therefore the first null hypothesis cannot be validated.  

Also, the results produced no significant difference in colour on day 2 of tomato 

fruits stored with Charcoal Evaporative Cooler and House Hold Fridge, However the 

results obtained from the analysis on colour changes of tomato fruits stored at 8oC 

and 18oC, demonstrated that, there were significant differences in colour of produced 

on day 6, and day 8 of the experimental period (Table 4.1 to 4.4) and therefore the 

second null hypothesis cannot be claimed.  

The results obtained on percentage weight loss of fresh tomato fruits store in 

Charcoal Evaporative Cooler and House Hold Fridge showed that, there were 

significant differences in weight loss of tomato fruits stored at 8oC, 18oC and 28oC 

from day 2 to day 10 of the experimental period. (Figure 4.1 to 4.4) which 

demonstrated that the differences in weight loss was affected by storage temperature, 

relative humidity and  respiration rate of fresh tomato fruits stored in Charcoal 

Evaporative Cooler and House Hold Fridge.  
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The fact that the performance trend of the experiment on the use of Charcoal 

Evaporative Cooler on storage of fresh tomatoes could reduce decay, average weight, 

colour and maintain freshness of tomato fruits, it can safely be concluded that, the 

storage of tomato fruits with Charcoal Evaporative Cooler to extend their shelf life 

for consumers would be appropriate in Wa municipality. However, this study has 

shown the effectiveness of a low cost, simplified and energy–free cold storage 

system constructed for perishable fruit and vegetables (tomatoes)  thus making it 

appropriate for rural and small–scale storage of fruit and vegetables. Furthermore, 

the storage of fruit and vegetables inside the Charcoal Evaporative Cooler (CEC) 

extended the shelf life of the stored produce better than tomato fruits stored as 

control temperature. 

IV. RECOMMENDATIONS 

Based on the findings on the use of Charcoal Evaporative Cooler and House 

Hold Fridge in cooling and storage of fresh tomato fruits, the researchers will like to 

make the following recommendations. 

i. Further research should be done to come out with appropriate technologies 

for cooling and storage of perishable produce such as fresh tomatoes to 

ensure its availability for consumers all year round. 

ii. The storage temperatures of the produce could be varied from 8oC and, 

18oC for produce stored with Charcoal Evaporative Cooler and House Hold 

Fridge respectively to different temperatures (7oC and 13oC)  to ascertain 

the effects of various temperatures on quality of fresh tomato fruits. 

iii. The sample size should be increased from 36 to 48 to allow for broader 

assessment of the treatment means 

iv. The duration of storage of fresh tomato fruits should be extended from ten 

(10) days to fourteen (14) days to determine appropriate consumer 

acceptability. 

v. Trials of this experiment should be undertaken at the peak of harvest to 

allow for the repetition of the entire experiment. 

vi. Materials such as plastic sealing's should be avoided to prevent it from 

generating heat to stored fruits. 

vii. Sacks spread on Evaporative Cooler floor should not be too wet to avoid 

microbial activities and early decay. 

viii. Experiment should be conducted by placing CEC in the field to discover the 

field conditions. 

ix. Different sizes of Charcoal should be placed in the cavity to discover how 

size could influence cooling. 

x. Length of the post (stand) on which the CEC is mounted should be raised 

higher to avoid attack by pest. 

xi. CEC should be used to test the efficiency on cooling on different perishable 

commodities. 

REFERENCES 

[1] Bani A. (2006) A Survey on Postharvest Handling, Preservation and Processing 

methods of tomatoes. Kwame Nkrumah University of Science and Technology. 

Institute of Distance Learning. 

[2] Baldwin E. A (1991) Quantitative Analysis of Flovour Parameters in Six Florida 

Tomato Varieties. Journal of Agriculture Food Chemistry 39: 1135-1140 

[3] Buntong S (2013).International Food Research Journal (2013) Faculty of Agro-

Industry, Royal University of Agriculture, Phnom Penh, Cambodia. 

[4] Dzivama A U (2000). Effect of packaging materials on some nutritional qualities of 

Fruits and vegetables stored in a passive evaporative cooler.As. J. Food Ag-Ind. 

2008.  

[5] Getinet H, Seyoum T, Woldetsadik K (2008). Effect of cultivar, maturity stage and 

storage environment on quality of tomatoes. J. Food Eng. 87: 467-478 

[6] Helen A, and Willmot J. J. (1991) Wet air cooling of fruits, vegetables, flowers. 

Current practice in Europe. Technical innovation in Frezing and refrigeration of 

fruits and vegetables, International Institute of refrigeration, pp 169-77.  

[7] Jain D. and Tiwari G. N.((2002). Modelling and optimal design of evaporative 

cooling systems in control environment greenhouse, energy conversion Manage, 

43(16) 2235-2250 

[8] Kader, A. A. (1983). Postharvest quality maintenance of fruits and vegetables in 

developing Countries. In: Lieberman, M., Post-Harvest Physiology and Crop 

Preservation. Plenum Publishing Corporation.  

[9] Kader, A.A. 2002. Postharvest biology and technology: an overview. In: Kader, 

A.A. (ed) Postharvest. Technol. Hort. Crops. 3
rd. 

edition. Pub. No. 3311. Oakland: 

Univ. Calif. pp. 39-47. 

[10] Kamaldeen O. S, (2013) Nigerian Stored Products Research Institute, Kano Station, 

PMB 3032, Hadeija Road, Kano, Nigeria. 

[11] Lisa and Kader (2004). Agricultural Engineering and variables of the present epoch. 

Senior Researcher, Agric. Eng. Res. Inst. (AEnRI), Giza. 

[12] Lisa K. and Kader A A (2003). University of California, Small Scale Postharvest 

Handling Practices: A Manual for Horticultural Crops (4th edition). July 2002 

Postharvest Technology Research and Information Center 

[13] Lisa, K. and, Kader A.A. (2004). Postharvest horticultural series No. 8. Small-Scale 

Postharvest Handling Practices: A Manual for Horticultural Crops (4th Edition). 

University of California - Davis. 

[14] Perez K. (2013) effects of storage temperature on the shelf life of Has Avocado 

(Persea Americana) Fod science Technology International 10 (20: 73-77 

[15] Sanchwz- Mata M.C. Righetti T.L. and Hkemira H. (2004) Extending shelf life and 

nutritive value of green beans by controlled atmosphere storage: macro nutrients. 

Journal of Agrciultural food Chemistry 80 (3) 309- 315 

[16] Shewfelt, R.L. (1990) Post harvest treatment for extending the shelf life of fruits and 

vegetables. Food Technology. 40 (5) (1986): 70 – 89 

[17] Steinmetz K.A. and. Potter J.D (1996); Vegetables, fruits, and cancer prevention; a 

review. JAM A societies. October 1996. World cancer research fund London, 

England  

[18] Steinmetz, K.A. and Potter, J.D. (1996). "Vegetables, Fruit, and Cancer Prevention: 

a review". J Am Diet Assoc 96 (10): 1027–39 

[19] Thanh C. D. (2006) Introduction to the postharvest physiology of tomato and chilli 

in ReTA 6208 countries: Taiwan AVRD- The world vegetable centre. 

[20] Tilahun,W, (2009), Seyoum TW Integrated agro technology with preharvest  

treatment, modified atmosphere packaging and forced ventilation evaporative 

cooling of tomatoes, South Africa. 

[21] Thompson JF, Seyoum TW, (2001). Effect of modified atmosphere packaging on 

microbiological, physiological and chemical qualities of stored carrots. J. Food 

Technology. Africa.  

[22] Umbarker S. P. (1991) Evaporative cooled Stoarge structure for oranges (citrus) 

Indian Journal of Agricultural Engineering.. 1 (1): 26-32. 

[23] Workneh D (2000), Thompson AK African Journal of Biotechnology Vol. 8 (5), pp. 

860-872, 6 March, 2009. The University of Free State, Faculty of Natural and 

Agricultural Science, Department of Microbial, Biochemical and Food 

Biotechnology, Bloemfontein 9300, South Africa. 

[24] Workneh TS (2010). Feasibility and economic evaluation of low-cost evaporative 

cooling system in fruit and vegetables storage. Afr. J. Food Agric. Nut. Dev. 10(8): 

2984-2997. 

[25] Workneh TS, Woldetsadik K (2000) Natural ventilation evaporative cooling of 

Mango. J. Agric. Biotechnology. Environment. 2: 1-5. 

[26] Workneh TS, Woldetsadik K (2004). Forced ventilation evaporative cooling: A case 

study on banana, papaya, orange, mandarin, and lemon. Trop. Agric. 81(1): 1-6. 

 

 


