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Abstract: This study was conducted to investigate the effect of passive evaporative cooler on storage behavior - that is visual 
appearance, physiological loss in weight (PLW), color development, firmness, total soluble solids (TSS) and pH level of hot 
water treated eggplant fruit (Solanum melongena L.).  Fresh harvested fruits were treated with hot water at 45°C for 1 h.  The 
highest percentage of PLW (2.39%) was the fruit stored at ambient temperature of 25°C for nine days whereas the lowest 
percentage of weight loss (2.27%) was the fruit stored inside the passive evaporative cooler.  In all cases, the decreasing rate of 
lightness (L* value) and increasing rate of greenness (a* value) and yellowness (b* value) of the hot water treated fruits were 
almost negligible.  Firmness value of the fruits stored inside the passive evaporative cooler was found almost constant, while it 
reduced in fruits which stored at ambient temperature.  Furthermore, higher TSS and lower pH value were observed in those 
fruits which were stored inside the passive evaporative cooler.  In conclusion, the shelf life and quality of eggplant fruits can be 
extended using passive evaporative cooler. 
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1  Introduction 

Passive evaporative cooler is an eco friendly new 
storage technique which do not require electricity to 
operate it.  The lower inside temperature and higher 
relative humidity of the passive evaporative cooler could 
be maintained by passive evaporative cooling 
mechanism.  Eggplant (Solanum melongena L.) is an 
important vegetable worldwide.  The sensitivity of 
eggplant is associated with storage environment and 
post-harvest processing.  One of these symptoms is the 
darkening of seeds and pulp tissue.  More severe 
symptoms include pitting and browning of skin or surface 
scald (Cantwell and Suslow, 2012).  Biochemical and 
nutritional characteristics of fruits may change after 
mechanical or physiological injury during harvest, 
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processing or cold storage, which affect consumer 
acceptability and palatability because of unpleasant 
appearance and concomitant off-flavor development 
(Das et al., 1997; Valero and Garcia-Carmona., 1998).  
According to USDA (2004), eggplant is often affected 
by some common fungal pathogens such as alternaria 
(black mold rot), botrytis (gray mold rot), rhizopus 
(hairy rot), etc.  Some of these organisms that cause 
decay are repressed by high temperature hot water 
treatment.  Moreover, the variety of crops, pre-harvest 
agronomic practices in the field, and climactic regions 
of crop growth could vary with hot water treatment 
efficiency (De Costa and Erabadupitiya, 2005).  There 
has been growing interest in the use of hot water 
treatment to control insect pests, prevent fungal rot, or 
retard or minimize commodity response to extreme 
temperatures (Lu et al., 2007).  The aim of the present 
study was to analyze the changes of physio-chemical 
quality of eggplant fruits (Solanum melongena L.) by 
passive evaporative cooler. 
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2  Materials and Methods 

2.1  Site and plant material 
The experiments were conducted during summer 

2013 and 2014 (from the end of May till the end of 
August) at Ehime University, Japan.  Japanese eggplants 
(Solanum melongena L. cv. Millionaire) were harvested at 
the accurate stage of maturity age (elongated, slender, 
light to dark purple, very perishable).  Undamaged fruits 
were used within 2 h of harvest.  They were washed to 
remove dirt, drained to remove the excess water, and 
finally dried.  Eggplant fruits were treated with hot water 

at 45C temperature for 1 h by using a F-002DN (Tokyo 
Glass Instruments, Japan) and then distributed in two 
groups as CHT1 (control – stored at ambient temperature 
outside the zecc system) and HT2 (stored inside the ZEEC 
system).  Determinations were also made at one day 
interval until decay.  Total 32 fruits of each storage 
condition were visually observed and the qualitative 
evaluation was conducted.  The daily average ambient 
temperature of 25°C was maintained during the study 
period.    
2.2  Setup 

The passive evaporative cooler with cone shape 
covering platform made from thermal insulating PVC ply 
board material was used for this experiment.  This 
system is capable to maintain a uniform low temperature 
and higher relative humidity, compared with ambient 
temperature and relative humidity, respectively (Figure 1). 
The dimensions of the outer and inner brick walls were 
100 cm length × 90 cm width × 50 cm height and 80 cm 
length × 70 cm width × 50 cm height, respectively.  The 
7.5 cm gap between the outer and inner wall was filled 
with a mixture of sands (70%) and zeolites (30%).  
These porous mixtures acted as a passive type of 
evaporative cooler to reduce the inside temperature of the 
passive evaporative cooler.  

Overhead water tank supplied water by using the 
gravity force to the sand and zeolite filler through low 
pressure micro sprinklers with a dimension of 9.7 cm 
width × 2.5 cm depth × 18.8 cm height. 45 L/d of water 
was applied by programmable electronic timer.  The 
temperatures at all places were simultaneously measured 

by using a 4-channel data logger (model 47SD, Sato 
Shouji Inc., Japan).  Three thermocouples were placed 
in the middle layers of the passive evaporative cooler; 
another one was placed outside the passive evaporative 
cooler for measuring the ambient temperature.  The 
average temperature at the middle layer was used as the 
inside temperature.  The relative humidity was measured 
simultaneously using a 2-channel data logger (model 
HT-SD, Sato Shouji inc., Japan).  The data were 
recorded at 1 min intervals for 24 h. Thus, about 1440 
points of data per day were obtained.  

 
a. Top view                        b. Front view 

 

Figure 1  Different view of a passive evaporative cooler 
 

2.3  Qualitative evaluation 
2.3.1  Measurement of the physiological loss in weight 
of fruits   

Physiological loss in weight (PLW) is one of the main 
factors in determining the quality of stored fruits 
(Equation (1)).  Storage temperature and relative 
humidity influences the physiological changes of fresh 
fruits through physiological weight loss.  High relative 
humidity is therefore desirable for reducing physiological 
weight loss during storage of fruits.  Observation of 
PLW was monitored using a digital electronic balance 
(model BL-320S, Shimadzu Corporation, Japan).  The 
shelf-life of fruits and vegetables was determined on the 
basis of 5% PLW (Tarutani and Kitagawa, 1982).   

Physiological loss in weight  1 2
,% 100

2
X X

X
 

  
 

(1) 

where, X1= Weight (g) before the storage; X2= Weight (g) 
after the storage. 
2.4  The changes of color 

Color of four eggplants was measured every 3rd days  
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by a portable colorimeter (model CR-400, Konica 
Minolta, Japan) until decay.  The colorimeter was 
calibrated with a standard white ceramic plate (L*=96; 
a*=0.14*; b*=1.63), where L* describes between light 
(L*=100) and dark (L*=0), a* describes between green 
(a*<0) and red (a*>0), b* describes between blue (b*<0) 
and yellow (b*>0).  
2.4.1  Identifying the firmness of fruits 

The firmness of fruit depends on maturity and 
ripeness.  The determination of firmness of fruit by 
means of the penetrometer is based on the pressure 
necessary to push a plunger of specified size in to the pulp 
of the fruit up to a specific depth.  The value of firmness 
was determined by hand operated penetrometer (model 
KM-1, Fujiwara, Japan) fitted with a cone tip plunger.  
The measurement for each fruit was carried out on four 
equidistant points.  The average force value was 
computed on 4 eggplants per combination and expressed 
in N/cm2. 
2.4.2  Measuring the brix value of fruits 

During ripening process, starch transformed into 
sugar which leads to increasing sugar levels.  Fresh 
eggplants were blended in a blender for total soluble 
solids (TSS).  TSS content was measured using a digital 
refractometer (model PR-101α, Atago Co. Ltd, Japan) 
with automatic compensation of temperature and three 
replicates of TSS value of four eggplants were taken.  
The average value of TSS was then computed and 
expressed as percentage.  
2.4.3  Measuring the pH value of fruits   

A portable digital pH meter (model D-51, Horiba, 
Japan) was used for taking pH through the direct 
immersion of the electrode in the fruit juice (4 g juice 
mixed with 20 mL distilled water).  Three replicates of 
pH value were taken and the average value of pH was 
then recorded.  

3  Results and discussions 

3.1  Storage environment inside a passive evaporative 
cooler 

Figure 2 illustrates the daily changes in the average 
value of inside temperature and relative humidity of the 
passive evaporative cooler over seven days.  During this 
duration the recorded average value of inside temperature  

and relative humidity were 19°C and 84%, respectively.  

 
a. Daily average inside temperature   

 
b. Daily average relative humidity 

 

Figure 2  Storage environment inside a passive evaporative cooler 
 

3.2  Evaluation of fruit quality 
Figure 3 show photograph of CHT1 after the storage 

which was found to decay with dark color and spots after 
nine days of storage.  This is because higher outside 
temperature increased ethylene production causes the 
fruits to ripen faster.  In contrast, HT2 stored inside the 
passive evaporative cooler was found to be bright in color.  
This is because low inside temperature slows down color 
development and the ripening process.  Works of Lu et 
al. (2007) claimed that fruits subject to hot water 
treatment have lower levels of acidity and a higher content 
of soluble solids, glucose and sucrose, thereby achieving 
higher quality for consumption.  For instance, 
mild-temperature hot water treatment increased the 
thermo tolerance of plant cells and sterilizes many types 
of bacteria.  Many researchers have demonstrated that 

hot water treatment between 35C and 60C effectively 
inhibits ethylene production, delays ripening, and reduces 
the water loss of fruits during storage (Klein and Lurie, 
1992; Fallik et al., 1996; Porat et al., 2000).  It is thus 
logical to assume that hot water treatment reduces PLW 
even its storage outside at ambient temperature.  

According to Figure 4, the PLW of CHT1 decreased 
at higher rate after the 3rd day of storage at ambient 
temperature.  The decreasing rate of PLW of HT2 
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reached to 2.27% after 15 days inside passive evaporative 
cooler.  This is because that hot water treatment could 
increase the transcript levels of heat shock proteins and 
protect other proteins from breaking down and thus 
maintain the integrity of cells (Wang et al., 2001).  Thus, 
it is found that the decreasing rate of PLW of eggplants 
inside the passive evaporative cooler were lower than 
those stored at ambient temperature.  

 

  
a. CHT1 after 9 days stored at ambient 

temperature 
b. HT2 after 15 days of storage stored 

inside a passive evaporative cooler 
 

Figure 3  Visual appearances of presence of spots inside fruit  

 
Figure 4  PLW of eggplant fruit stored at ambient temperature and 

inside passive evaporative cooler  
 

The L* value of eggplant fruits in the control sample 
(CHT1) decreased at an increasing rate from 25.81 to 
24.52.  While in HT2, L* value was slightly reduced 
after 15 days of storage inside the passive evaporative 
cooler (Figure 5).  But a* value in CHT1 was slightly 
increased from 3.51 to 3.60 until 9 days of storage.  
Furthermore, the value of HT2 was almost same until 15th 
day of storage (Figure 5).  Nothmann and Spigelman, 
(1976) described that the eggplant (Solanum melongena 
L.) fruit is the darkest purple fruit with high levels of 
chlorophyll and anthocyanins.  Moreover, some studies 
have suggested that hot water immersion is a potential 
alternative method to reduce the loss of green color in 

vegetables by maintaining the chlorophyll content (Wang, 
2000; Dong et al., 2004; Koukounaras et al., 2009).  On 
the other hand, skin yellowness (b*) slightly decreased 
from the 3rd day of storage with values from -0.71 to 
-0.63 after nine days of storage (Figure 5).  But HT2 
demonstrated almost no changes in skin yellowness after 
15 days of storage.  This is because color development 
in egg plant is sensitive to temperature, having a better 
plastid conversion when temperature is above 12°C and 
below 30°C and postharvest hot water treatment is also 
effective to inhibit ripening process (Valeria et al., 2012). 

For why �∗ changes when exposed with high ambient 

temperature (Lurie, 1998).  

 
a. Skin lightness   

 
b. Skin greenness  

 
c. Skin yellowness 

 

Figure 5  Color changes of eggplant fruit stored at ambient 
temperature and inside the passive evaporative cooler 

 

Fruit firmness is usually affected by storage time and 
temperature.  As shown by the results in Figure 6, the 
firmness of CHT1 increased at higher rate after the 3rd 

day of storage at ambient temperature.  Water loss from 
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the surface of the eggplant caused its skin harder during 
the storage period.  While the firmness value of HT2 
almost constant during the whole storage time.  Hot 
water treatment could induce polyamine levels which 
might be a reason for its firmness maintenance 
(Mirdehghan et al., 2007; Lelievre et al., 1997).  These 
results revealed that hot water treatment and low inside 
temperature of the passive evaporative cooler maintained 
the firmness of the eggplant.  

 
a. Changes in firmness   

 
b. TSS of eggplant fruit stored at ambient temperature and inside a passive 

evaporative cooler 

Figure 6  Quality changes of eggplant fruit  
 

The TSS content depends on the maturity stage of the 
fruit, and it generally increases progressively during the 
ripening process due to the hydrolysis of polysaccharides 
to maintain the respiration rate (Azzolini, 2002).  There 
was a gradual increasing trend in the TSS eggplant after 
storage (Figure 6).  The TSS value for CHT1 showed no 
changes from the beginning of storage to 3rd day and then 
gradually increased up to 6.74% after nine days of storage.  
While there was no change of TSS value of HT2 up to 
seven days of storage and then increased at slow rate up 
to 6.85% after 15 days of storage.  Heat treatment with 
mild temperature caused the lower decreasing rate of TSS 
value of CHT1 and HT2.  Because hot water treatment 
and lower inside temperature of the passive evaporative 
cooler delayed the increase of soluble solids by 
alternating the cell wall structure and break down the 

complex carbohydrates into simple sugar and this 
hydrolytic changes to starch (Aina, 1990).  

The neutral pH level of eggplant is very sensitive 
during the storage.  Figure 7 illustrates that the pH was 
influenced by storage time and conditions.  It was found 
that the control sample CHT1 presented a tendency for  
rapid increase in the pH value from the 3rd day of storage.  
But pH value remained constant for HT2 up to 7th day of 
storage and then slowly increased ranging from pH 5.52 

to pH 5.60.  Prolong hot water treatment of fruits (45C 
for 1 h) and storage time caused the respiration rate inside 
the fruit descending and increase in pH value (Lurie, 1998; 
Wills et al., 1989).  Furthermore according to Linton 
(1996), a pH value of 2.5 to 5.5 was considered as 
favorable level for eggplant during storage time.  

 
Figure 7  Changes in pH of eggplant fruit stored at ambient 

temperature and inside a passive evaporative cooler 

4  Conclusions 

Physical and chemical changes during storage of 
eggplant are influenced by low storage temperature, hot 
water treatment and storage time.  The passive 
evaporative cooler maintained the lightness (L* value) and 
greenness (a* value) which prevented fruits skin 
darkening.  Moreover, low inside temperature and high 
relative humidity inside the passive evaporative cooler 
also lowered the reducing rate of PLW and maintained the 
firmness of eggplant fruits.  The temperature inside the 
passive evaporative cooler reduced through the process of 
an evaporative cooling mechanism.  Hot water treatment 
could be used as a disinfectant for eggplant prior to 
storage at passive evaporative cooler in order to reduce 
decay and microbial growth.  It is concluded that a 
combination of hot water treatment and passive 
evaporative cooler extend the shelf-life and preserve the 
quality of eggplant fruits. 
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