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Abstract
During recent years, global concern for protection of the environment has led researchers to improving postharvest treatments 

such (precooling, handling, storage, etc.,). The present investigation was also directed to find out the precooling and storage 
alternatives for the extension of the storage life of cantaloupe fruits (Cucumis melon). Fruits were harvested at the mature stage 
and precooled by forcing cooling air with velocity of 1-2 m/s at three different air temperatures of 5°C, 10°C and 15°C. The fruits 
were analyzed for physiological characters such as loss in weight, fruit firmness, change in color surface of fruit and its flesh. 
Fruit temperature expectedly decreased from initial level of about 36-38°C to the desired storage temperature of 10°C by forcing 
cooling air at 5°C, for about 45 min. Cooling time increased to 105 and 165 min when cooling air temperature increased to 10°C 
and 15°C, respectively. During subsequent storage at 15°C with 90-95% relative humidity, precooled fruits were exhibit more 
desirable characteristics than that of non-precooled fruits (control), where precooling was retard softening. Non precooled fruits 
“control” turned ripe-soft after 15 days when firmness decreased to less than 10 N from initial value of 90 N at the unripe stage.
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Introduction
No doubt that fruits and vegetables considered a major component 

of vitamins, antioxidants, minerals, dietary fiber [1]. Both quantitative 
and qualitative postharvest losses in fresh fruits and vegetables are 
significant due to their high values reaching up to 50% in developing 
countries [2]. Therefore, postharvest conservation of the produce 
quality and quantity is an important measurement to enhance world 
food supplies in a largely effective manner [3]. Certainly improved 
technologies in postharvest can at some extent overcome these 
losses. Temperature and relative humidity are the most important 
environmental factors affecting quality of fresh produce and also the 
consumer acceptability for fruits and vegetables displayed in a produce 
department. Good temperature management is the simplest and easiest 
way of delaying produce deterioration and it can be applied through 
low storage temperatures which can depress physiological activity of 
tissues and activity of spoilage microorganisms, and, in general, the 
lower the storage temperature, the longer the produce postharvest life 
[4,5]. In a tropical environment, high temperature and high relative 
humidity were frequently occurred throughout the year and they will 
affect postharvest quality of fruit, include melon fruit quality. Several 
methods were applied for rapid cooling the product to the lowest safe 
storage temperature within hours of harvest, reducing the respiration 
rate and enzyme activity, slower ripening/senescence, maintenance of 
firmness, inhibition of pathogenic microbial growth and minimal water 
loss [6]. 

Temperature is the most single important factor which affects the 
storage life and the quality of fresh produce. The process of precooling 
is the removal of field heat as soon as possible after harvest since field 
heat arrest the deterioration and senescence process. The precooling 
process can be achieved via different methods. Forced air precooling is 
the most common technique and is adapted to many commodities [7]. 

Pre-cooling by removing field heat from freshly harvested 
fruits reduces microbial activity and respiration rates. Furthermore, 
the respiratory activity and senescence of fruit as well as ethylene 

production are temperature dependent. Due to the pre-cooling 
treatments, metabolic activity and consequently respiration rate and 
ethylene production of the fruits were reduced considerably. This 
also decreases the ripening rate, diminishes water loss and decay, and 
thus, helps preserving quality and prolongs shelf life of the fruits [8]. 
Thompson et al. [9] defined forced-air cooling as a technique of forcing 
cold air through containers, cooling individual pieces of product. It is 
commonly used for tree fruit, berries, melons and cut flowers. Forced-
air cooling advantages include ease of use, rapid cooling and a dry 
product [10]. Color may be defined as the impact of the wavelengths of 
light in the visual spectrum, from 390 to 760 nm, on the human retina 
and is one of the major attributes which affect the consumer perception 
of quality [11]. Color is one of the main attributes that characterizes 
the freshness of most fresh-cut fruits and vegetables, as consumers 
take product appearance as a primary criterion in food choice and 
acceptability, and may even influence taste thresholds, sweetness 
perception and pleasantness [12].

The quality of the cantaloupe fruits are characterized by different 
factors that are associated with the characteristics of flesh as the soluble 
solids content, external and internal appearance of fruit, the thickness of 
the pulp and its aroma and flavor and all these characteristics determine 
the acceptance of the fruit by consumers and also are used as an index 
for grading and marketing [13].

The initial quality of the cantaloupe, based on physical appearance 
such as the size, net development, background colour, and being free 
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from defects is a basic criterion for fruit to be selected for fresh-cut 
processing. These fruits all show rapid quality degradation when put 
into storage [14-16]. The quality reduction may be tolerated under 
optimum postharvest handling and a storage temperature of between 
0°C and 1°C. These conditions have been previously recommended 
for delaying deterioration and for ripening. Interest in reducing the 
amount of fruit dumping at fresh fruit markets has led to an observation 
of how the cantaloupe undergoing a longer duration of postharvest 
storage may preserve and maintain the fresh quality after processing. 
The objective of this study is to determine the effect of forced air 
cooling, in combination with storage period to enhance the quality and 
characteristics of cantaloupe fruits.

Materials and Methods
System experimental design

The freshly harvested fruits sorted by size, color and absence of 
defects to see effect of fast heat removal on cantaloupe properties. 
Cooling air was forced in a refrigeration room at 5°C, 10°C and 15°C with 
air velocity of 1-2 m/s. During pre-cooling, two fruits were penetrated 
with thermocouple for temperature monitoring. Temperature was 
measured every 5 min. After attaining the required temperature 10°C, 
fruits were shifted after cooling to foam box which was set in cooled 
room maintained at 10°C. Some physical and mechanical properties 
of fruits were studied before and after pre-cooling processes to set the 
change in fruit quality properties. Fruits without forced air-precooled 
served as control. The study was done following procedures for 
completely randomized design experiments. Four replications were 
used, each replication having 4 fruits per observation period (Figure 
1). Cantaloupes were considered cooled when they reached 7/8 of the 
cooling time, which is the time necessary for a reduction of 87.5% of the 
initial fruit temperature with respect to air temperature [9]. 

After pre-cooling process, samples were stored in storage unit for 
15 days (10°C and 90 ± 5% Relative humidity) while sample without 
forced air-precooled (control) placed in room temperature (23°C and 
78% Relative humidity). Through the storage period (0, 5, 10, 15 day), 
changing in fruit properties such as firmness and color were measured. 
Data were collected and incorporated into the computer to make the 
necessary statistical analysis at this stage to identify the most important 
results of this study (Figure 1).

Measurement of Fruit Responses
Color determination

Color was determined using the Hunter Lab System with a Minolta 
colorimeter CR320 model (Figure 2a). Chroma values were the means 
of three determinations for each fruit along the equatorial axis. The 
lightness L, a and b values were converted to standard L*, a* and b* 
values as [17]. The L* (lightness), a* and b* (chromaticity) coordinates. 
The cantaloupe fruit (flesh, skin) color was measured for L*, a*[green 
(-) to red (+)], b* [blue (-) to yellow (+)] (Figure 2b): [18]
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Fruit firmness

Digital instrument (Effe-Gi, Ravenna, Italy) for measuring 
penetration resistance was used to measure firmness, which is used 
worldwide as a test of ripeness and maturity for many vegetables and 
fruits. Firmness for fruit was measured by two methods. First one 
measured the firmness for full fruit as showed in (Figure 3A) (beginning 
of the neck region), while the second method measured firmness for 
flesh fruit in four points (f1, f2, f3, f4) as showed in Figure 3.

Weight loss

It was calculated as the difference between the initial (prior to 
storage) weight and the final weight (after storage).

Results and Discussion
Figure 4, indicates the rate of decrease in pulp temperature during 

forcing cooling air at 5-15°C. Bringing down the fruit temperature 
from about 36-38°C to the desired storage temperature of 10°C was 

Figure 1: Box for pre-cooling cantaloupe products.

 
                                  A                                                                            B 

Figure 2: CILAB color space (A), and Minolta colorimeter CR320 model (B).
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the percentage loss were affected by the fruits and storage duration. 
This indicates that the firmness of the flesh fruits were decreased as 
storage period of the cantaloupe increased as shown in Figure 6. Values 
of flesh fruit firmness which stored without cooling were increased at 
the second period (after 5 day) due to the high percentage of water loss 
while, it was decreased during the next periods from the harvesting 
day. But same values of flesh fruit firmness which stored after cooling 
recorded highest values in the end of storage period (15 day). This is 
may be due to some changing occurred in flesh fruit as shrinkage due 
to the high water loss percentage particularly during the period of first 
week from harvesting day (Table 1).

External and internal color

External (skin) color: Fruit which harvested at maturity stage 
showed an increase in yellow color development. There were 
differences between color parameters of skin fruit (L*, a*, b*, h*, ∆L*, 
∆a*, ∆b*, ∆h*, ∆E) under different treatments (Figure 7). Data showed 
correlation between different treatments and a* values. a* values were 
increased when skin fruit reached from immature to full matured stage. 
An increasing in a* value means a decrease in the degree of greenness. 
Meanwhile, mean values of color parameters of skin fruit decreased 
over the postharvest storage time of the fruit. The decreases of color in 
the skin cantaloupe fruits were obviously associated with the ripeness 
stage of the fruit [19].

Maximum value of a* (19.37) was found at treatment without 
cooling after 10 days storage, while maximum value of a* at treatment 
with cooling (18.74) was found at the end of storage period. At the 
end of storage period values of a* were reached to 18.74 and 13.84 
for treatments with and without cooling, respectively. These changing 
during storage periods (loss of greenness) were occurred as a result of 
breakdown of chlorophyll pigments in the peel tissues. The change of 
peel color from green to yellow was due to accumulation of carotenoids 
and chlorophyll degradation at thylakoid membrane through 
chlorophyllase and oxidase enzymes.

Values of b* were increased between treatments under this study. 
This values ranged from 7.71 to 9.14 in treatment with cooling, and 
ranged from 5.52 to 8.61) in treatment without cooling. Similarly, the 
luminosity (L*) varied in same fashion (Figure 7). These results are in 
close agreement to those of earlier workers [20]. The luminosity (L*) of 
the skin fruit recorded similar values of 16.88 and 16.23 for treatment 
with-cooling and without cooling, respectively. But in end of the 
storage period, the value of L* of the skin fruit had a value of 16.44 

expectedly fastest at 5°C and slowest at 15°C. It took about 45 min for 
the pulp temperature to drop to 10°C by cooling air of 5°C and about 
165 min by cooling air of 15°C. At cooling air of 10°C, the time spent 
to reduce the pulp temperature to 10°C was about 105 min. During 
subsequent 10°C storage, forced air-precooled fruits did not exhibit 
desirable characteristics indicative of more favorable treatment effects 
for quality maintenance and shelf life extension.

Firmness

Data in Figure 5 showed the changing in skin cantaloupe firmness 
under precooling and storage treatments. The values of skin firmness 
were varied from 44.65 to 76.65 N for cantaloupe cooling treatment, 
and from 49.50 to 112 N for cantaloupe without cooling treatment 
(control). Samples of all treatments showed decrease in flesh and full 
fruit firmness during all storage period.

Fruits which were stored without cooling (control) showed a 
skin softening at end of storage period. Mean values of treatments 
also revealed that fruit stored after cooling had lower pulp firmness. 
This indicates that the firmness of fruits was decreased as postharvest 
storage of the cantaloupe increased. It can be concluded that in 
comparison between treatment (with cooling and without cooling) the 
experimental results of measuring firmness in cantaloupe which pre-
cooled were pretty much comparable with each other. From Table 1, 
average values of firmness of fresh cantaloupe decreased from 97.73 
N to 67.33 N for stored precooled fruit and from 99.67 N to 62.63 N 
for stored non-cooled fruit as the storage period increased. And data 
in Figure 6 showed the effect of postharvest storage of cantaloupe on 
the flesh fruit firmness, which stored at 10°C and 90 ± 5% RH for 15 
days. The slides that pre-cooled before storage recorded lowest values 
of firmness compared to slides stored without cooling. Differences in 

 
                                      A                                                                        B 

Figure 3: Measured firmness for full and flesh fruit melon.

0

5

10

15

20

25

30

35

40

0 15 30 45 60 75 90 105 120 135 150 165

Pu
lp

 T
em

pe
ra

tu
re

, C

Cooling Time, min

5 C 10 C 15 C

Figure 4: Changes in pulp temperature of cantaloupe during force air 
cooling at 15°C.
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Figure 5:  Effect of precooling treatment and storage time on firmness of 
full cantaloupe.
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The results for chromaticity (C*) as shown in Figure 8 were used to 
observe the orange color purity of the flesh cantaloupe. The chromaticity 
of the flesh cantaloupe prepared after two weeks of postharvest storage 
decreased by the end of the sample storage. After 15 days of storage, the 
chromaticity value of the flesh cantaloupe was dramatically decreased 
along with its brightness (L*). The decrease in the color purity may 
be caused by the occurrence of physical damage during fresh-cut 
processing. The lack of maintenance of the cutting utensils, for example 
using a blunt knife, can be the main cause of the development of surface 
darkness or a decrease in the yellow color of the cantaloupe [21]. From 
Table 2, mean values of firmness of flesh cantaloupe decreased from 
11.98 to 4.32 N for stored precooled fruit and from 27.22 to 4.78 N 
for stored non-cooled fruit as the duration of postharvest storage 
increased. This indicates that the delay of fresh fruit processing prior 
to postharvest ripening resulted in texture quality degradation over the 
sample storage period.

Weight losses: Data showed that, lower physiological occurred 
in weight of fruits with each treatment. Meanwhile, Pre-cooled fruits 
exhibited relatively slower loss in weight on the corresponding dates 
as compared to the non-pre-cooled (Figure 9). This may be due to the 
fact that loss of moisture from pre-cooled commodities is slower if 
higher relative humidity is maintained in the storage atmosphere [22]. 
And generally, data showed that losses in weight of fruit increasing 
with the increasing of storage period then decreased at the end of 
storage period for different treatments. Data revealed that fruits which 
precooled generally had the minimum physiological weight loss. The 
lowest physiological weight loss value recorded (1.15%) with fruits 

and 14.17 for treatment with-cooling and without cooling, respectively. 
Meanwhile, mean values of luminosity (L*) of the skin fruit decreased 
over the postharvest storage time of the fruit. The decrease of color 
brightness in the skin cantaloupe was obviously associated with the 
ripeness stage of the fruit [19] and Figure 7 showed the hue angle (h*) of 
the skin cantaloupe. The hue angle (h*) values for fruit which prepared 
by cooling were recorded a largest values than sample without cooling 
during all storage period.

Yellowing of the peel and pulp based on increases in b* values 
proceeded at a relatively reduced rates in precooled fruits than in non-
precooled ones (control). This was noted after 15 days of storage, with 
the 5-10°C precooling treatment causing consistently lower b* values 
and hence reduced rate of yellowing of both peel and pulp. Changes 
in L* values did not reflect the increasing degree of yellowing with 
ripening of the fruit. However, in terms of softening, precooling had 
no delaying effect. 

Internal (flesh) color: In flesh fruit, intensity of yellow color is an 
important quality property. The color is primarily due to carotenoid 
pigments. Values of color parameters such L*, a* and b* varied under all 
treatments (Figure 8). The maximum values for L*, a*, b* and C* were 
20.84, 20.15, 14.74 and 24.96 with treatment (cooling), and were 20.93, 
19.37, 13.71 and 24.45 in treatment (without cooling). Data showed 
that values of a*, b* and C* were decreased with increasing in L* value. 
Variation in color parameters during storage period may be to the burst 
of ethylene gas that signals genes to transform chloroplasts, chlorophyll 
is gradually replaced by the carotenoids.

0

5

10

15

20

25

30

35

0 5 10 15 0 5 10 15 0 5 10 15 0 5 10 15 0 5 10 15 0 5 10 15 0 5

slide 1 slide 2  slide 3 slide 4 slide 1 slide 2  slide 3

With Cooling Without Cooling

Fi
rm

ne
ss

, N

Storage Time, day 

f 1 f 2 f 3 f 4

Figure 6: Effect of precooling and storage period treatments on flesh fruit firmness.

Treatment Storage period Firmness L* a* b* c* h* ∆L* ∆a* ∆b* ∆C* ∆h* ∆E
With Cooling Period 1 70.11 16.88 18 9.14 20.19 26.91 0.31 0.21 0.41 0.38 0.71 1.34

Period 2 97.73 15.85 18.29 7.71 19.85 22.86 -0.38 -1.26 -0.60 -1.39 0.08 0.95
Period 3 79.28 16.38 18.47 8.41 20.29 24.47 0.96 0.22 1.09 0.68 0.88 0.89
Period 4 67.33 16.69 18.97 8.76 20.89 24.80 0.22 0.11 0.23 0.2 0.17 0.22

Without Cooling Period 1 80.25 16.23 18.55 8.26 20.30 24 0.01 0.06 0.01 0.06 0.02 0.04
Period 2 99.67 15.20 15.48 6.69 16.86 23.38 0.16 0.34 0.19 0.39 0.04 0.27
Period 3 69.63 16.49 19.37 8.61 21.19 23.96 -0.1 -0.11 -0.15 -0.16 0.09 0.13
Period 4 62.63 14.17 13.84 5.52 14.90 21.73 0.53 2.18 0.81 2.33 0.05 1.52

Table 1: Means for firmness, color properties of fresh cantaloupe, which were stored after cooling at 10°C and 90±5% RH for 15 days.
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which precooled at air precooling temperature (5°C), while the highest 
physiological weight loss value recorded (3.02%) with fruit which non 
precooled at air precooling temperature (15°C).

Conclusions
Forced air cooling could rapidly remove field heat from the fruit 

which is necessary to reduce refrigeration load during subsequent 
cold storage at 10°C. However, it seems to have no beneficial effect on 
fruit quality and shelf life. In certain cases, it may result to undesirable 
storage behavior such as the increased in weight loss when fruits were 
forced air precooled at higher temperatures of 10-15°C. Cantaloupe 
allows for postharvest storage at a low storage temperature of 15°C 
and 90 ± 5% RH. This is a potential alternative for fresh-cut processing 
extension, since it provides for reduced physicochemical and microbial 
changes during storage at cold environment. Firmness, luminosity (L*), 
were decreased by increasing the postharvest storage period of the fruit.
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Figure 7: Effect of pre-cooling and storage time treatments on color 
parameters of skin fruit.

Treatment Storage period Firmness L* a* b* c* h* ∆L* ∆a* ∆b* ∆C* ∆h* ∆E
With Cooling Period 1 4.79 20.55 20.15 14.74 24.96 36.18 -0.03 -0.01 -0.02 -0.01 0.01 0.02
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Period 3 6.78 20.84 15.43 11.05 18.98 35.60 -2.28 3.49 -0.24 2.81 2.08 2.69
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Without Cooling Period 1 13.9 20.93 17.76 13.71 22.44 37.67 -0.89 2.02 -0.17 1.73 1.06 1.16
Period 2 27.22 19.71 19.37 13.51 23.61 34.90 0.03 -0.03 0.08 0.02 0.09 0.04
Period 3 20.78 18.66 21.10 12.34 24.45 30.31 0.13 -0.05 0.14 0.02 0.14 0.11
Period 4 4.78 18.55 18.89 11.49 22.11 31.31 0.21 -0.42 0.3 -0.51 0.04 0.31

Table 2: Means for firmness, color properties of flesh cantaloupe, which were stored after cooling at 10°C and 90 ± 5% RH for 15 days.
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