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ABSTRACT 
 

This experiment was conducted to study the effect of some safe treatments (hot water 50oC, salicylic 
acid, calcium chloride and H2O2) on keeping quality and reducing chilling injury under cold storage at 
10oC, Rh 90%. Different postharvest treatments were applied on mature green Banana "Williams" CV that 
were either exposed or unexposed to ripening gases (Calcium carbide). The effects of different treatments 
on fruit quality were investigated. All fruits treated with ripening gases significantly decreased the values 
of fruits firmness, increase in T.S.S. and heights score Fruit peel color index compared with untreated with 
ripening gases in the same of treatment in both seasons. Hot water (50oC) for 10 min, helped to delay 
banana fruit ripening by lowest the Respiration rate and decreasing chilling injury index in both group 
exposed or unexposed to ripening gases in two storage seasons. The heights firmness with unexposed to 
ripening gases showed in salicylic acid (7.60 & 8.90) but under exposed to ripening gases showed in 
calcium chloride (5.0 & 4.1) with lowest weight loss percentage after 15 days of storage. In general, this 
experiment showed the effectiveness of all postharvest treatments on banana fruit enhancing characteristics 
like firmness, decreased weight loss, peel color changing  and chilling injury resistant, but the hot water 
treatment was better than salicylic acid or calcium chloride dipping flowed by H2O2 and the control fruit at 
the end. 
 
Key words: Green Banana, safe treatments, chilling injury, cold storage. 
 

Introduction 
 

Banana (Musa sp.) is considered one of the most important fruits in the world and in Egypt, as it has 
an excellent flavor and high nutritional value. During ripening and marketing, quality and shelf life are 
limited by excessive fruit softening and rotting (Li, 2008; Lin, et al., 2008). There is a massive 
transformation of starch to sugars (Gelencsér et al., 2008), and there is a close relationship between this 
transformation and fruit ripening and senescence processes, such as respiratory and ethylene production 
(Cordenunsi and Lajolo, 1995). 

Ethylene is an important plant hormone in plant life. It has many useful aspects when applied 
externally on plants like fruit ripening stimulation of crops as banana, persimmon, tomatoes and others, de-
greening (Oranges, Lemons, Grapefruit and others), at harvest and used also for harvests of cherries and 
walnuts, (Adams Phillips et al., 2004a, 2004b ). Ethylene itself is a tiny molecule (CH2=CH2), and is 
produced in industry by cracking ethanol alcohol in the presence of a catalyst.  

Banana like many other tropical and subtropical fruits, are extremely sensitive to chilling injury. This 
sensitivity severely limits the maintenance of postharvest quality. The most common symptom of chilling 
injury in banana is pitting and browning of the peel vascular tissues throughout the peel surface with 
abnormal fruit ripening (Nguyen  et al., 2003 ; Wang et al., 2007) 

Chilling Injury caused by low temperature storage was reduced by dipping the banana fruits in hot 
water at 50°C for 10 minutes and it was also the best for fruit overall quality (Pantastico et al., 1990). 
Banana fruits dipped in 50°C for 10 minutes delayed the increases in both respiration rate and chlorophyll 
degradation this resulting in increasing storage life; however Catalase and peroxides activities were higher 
(Varit and Songsin 2011). 

Postharvest application of calcium were sufficient to keep banana and kiwifruit fruit at high quality 
and free from fungal diseases with no need to use any fungicide applications (Irene and Diane, 2000) and 
prevented postharvest disorders, retarded fruit ripening and decreased postharvest fruit weight loss (Lara et 
al., 2004) and decay (Hernandez Munoz et al., 2006). It also prevented fruit softening during storage and 
delayed total soluble solids decrease (Garcia et al., 1996). 

In general, most fruits responded positively to postharvest Calcium application it appeared to enhance 
ripening and senescence of banana fruits (Wills et al., 1982). 

http://www.sciencedirect.com/science/article/pii/S092552140000079X
http://www.sciencedirect.com/science/article/pii/S092552140000079X
http://www.tandfonline.com/author/Wills%2C+RBH
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Asada, (1992), indicated that hydrogen peroxide and salicylic acid treatments alleviated the chilling 
injury symptoms on harvested banana fruits to different extents. All the treatments could retard change of 
the fruit color and increase fruit hardiness, PPO activity (Polyphenol oxidases), relative electrical 
conductivity and respiration rate. This study suggested that hydrogen peroxide could be used as a signaling 
molecule which induced the chilling resistance of postharvest banana fruits. 

The aim of the current investigation was to assess the applicability of some safe chemical and 
physical means to enhance storability of green "Williams" bananas that were either exposed or unexposed 
to ripening gases at 10oc with minimal chilling injury and best retaining quality attributes. 
 
Materials and Methods 

 

The present investigation was carried out during two successive seasons of 2013 and 2014. William 
banana fruits were harvested at the stage of maturity (green color) according to Stover and Simmonds 
(1987) from a private orchard located at Cairo, Alex. Desert Road, Giza governorate. The harvested 
bunches were transferred to the laboratory of Horticulture Research Institute in Giza. 

The fruits were divided into two groups. 
 

The first group unexposed to ripening gases: 
 

The second group exposed to ripening gases with Calcium carbide according to Tadakittisarn et al. (2005): 
Fruits of both groups were in one of the following treatments for 10 minute. 
 
1-Control (tap water at room temperature). 
2-(HW) Hot water 50°C. 
3-(CaCl2) calcium chloride solution 2%.  
4-(SA) salicylic acid solution 50g/L. 
5- (H2O2) hydrogen peroxide 2%.  
 
Fruits of every single treatment were placed in carton boxes, each box containing 6 bunches and each 

treatments represented by 6 boxes (each 2 acting as a separate replicate). Boxes were stored at 10°C& 90 
% R.H. and examined every 5 days. 
 
The following properties were assessed: 
 

Physical properties:  
 

Fruit weight loss percentage: 
  

Weight loss was calculated by the difference between the initial weight and that recorded at the date 
of sampling / initial weight*100. 
 

Evaluation of chilling injury index: 
 

Chilling injury index was measured as previously described by Kondo et al. (2005). A rating scale 
from 0 to 4, based on the intensity of surface browning, was used: score 0, no chilling injury; score 1, less 
than 25% of skin area affected; score 2, 25–50% of skin area affected; score 3, 50–75% skin area affected; 
score 4, more than 75% of skin area affected. Chilling injury index =[(0×N0 )+ (1×N1) + (2×N2) +(3×N3) 
+(4×N4)]/(4×NT ), where N0 –N4 is the number of each class and NT is the total number of bananas 
evaluated. 

 

Fruit peel color index:  
 

Fruit peel color index was estimated according to Horticultural color chart index.  
Grades of color were abbreviated as follows: 
 

Grade Colour Description 
1 Green Normal colour of bananas when they arrive to ripening facility 
2 Light Green with Light Tinge of Yellow First colour change during ripening cycle 
3 Half Green-Half Yellow Colour change indicates the ideal stage for shipping to retailer 
4 Three Quarters Yellow with Green 
5 Yellow with Green Tips Ideal for retail display 
6 Full Yellow Ideal for consumer use 
7 Yellow with Brown Spots Over ripe banana 
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Fruit firmness (lb/inch2): was measured by a hand Magness and Taylor pressure tester equipped with 5/16 
inch plunger. 
 
Chemical properties: 
 
Total soluble solids percentage (TSS %): was determined by digital refractometer of "Model Abbe Leica”, 
according to A.O.A.C., (2005). 
 
Total acidity percentage: of the flesh was determined as 1g malic acid /100g. fresh weight (A.O.A.C., 
2005). 
 
Respiration rate (CO2 production): 
 

Individual fruits from each treatment were weighed and placed in 2- liter jars at 20 oC. The jars were 
sealed for 3 h with a cap and a rubber septum. The resulting O2 and CO2 samples of the head space were 
removed from the septum with a syringe and injected into Service Inst. Model 1450 C (Food Pack Gas 
Analyzer) to measure carbon dioxide production. Respiration rate was calculated as ml CO2 /kg/hr. 
(Varitand Songsin, 2011). 
 
Experimental design and statistical analysis: 
 

The complete randomized block design was adopted. Obtained data were statistically analyzed according 
to Snedecor and Cochran (1990) Means for treatment were compared by the less significant difference 
(L.S.D.) at 5% level of probability in the two seasons of the experiment. 

 
Results 
 
Physical properties: 

 
Fruit Weight loss (%): 

 
Data presented in Table (1) show that weight loss percentage increased gradually and significantly as 

the storage period prolonged for ripened and un-ripened fruits. On the average for un-ripened fruits 
significantly the highest weight loss percentage was exhibited by control fruits in the first season. Whereas, 
in the second insignificant differences were not detected, CaCl2 resulted in lowest weight loss percentage 
in the first season but differences between it and all treatments except control were statistically equal. On 
the last sampling date, data illustrated in both seasons all applied treatments significantly decreased this 
parameters compared with control. HW induced the least loss with insignificant differences between HW, 
CaCl2  & SA in the first season and all treatments in the second. As for ripened fruits on the average 
control fruits attained the highest weight loss percentage with insignificant difference from H2O2 in the 
first season and all treatments in the second. After 15 days of storage it was evident compared with control 
all treatments significantly reduced this parameter. Least percentage was dedicated to CaCl2 with 
insignificant difference from HW in the first season and all treatments in the second season. 

 
Chilling injury index: 

 
In general chilling injury started to appear after 5 days of storage. Its' index progressed statistically 

with time elapse in storage. On the average for un-ripened fruits all treatments significantly decreased the 
magnitude of this index except H2O2 which did have a significant in the second season.  
Least chilling injury was that attained due to application of HW with insignificant differences from 
CaCl2& SA in the first season. It was evident after 15 days all treatments significantly decreased the 
magnitude of the index compared with control. It is worth mentioning that H2O2 had an insignificant effect 
and results of HW, CaCl2 &SA were statistically equal. With respect to ripened fruits, on the average the 
applied treatment significantly decreased this index compared with control except H2O2 whose effect was 
statistically equal. On the last sampling date control treatment attained significantly the highest chilling 
injury index with insignificant magnitude from H2O2. All the remaining treatments significantly decreased 
this index with insignificant differences from each other Table (2). 
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Table 1: Effect of different treatments and storage period on weight loss (%) of ripening and unripening banana fruits under 
cold storage at 10oC and 90% Rh. 

Treatments 

1st season  2 nd season  

Days of storage Days of storage 

0 5 10 15 Mean(A) 0 5 10 15 
Mean 
(A) 

Unripening 

Control 0 9.00 17.23 26.37 13.15 0 7.57 15.8 28.17 12.88 

HW 0 8.27 15.10 17.43 10.2 0 9.23 17.9 20.30 11.85 

CaCl2 0 7.00 14.47 17.47 9.73 0 7.90 17.47 20.97 11.58 

SA 0 7.50 14.07 18.63 10.05 0 8.60 16.97 22.33 11.97 
H2O2 0 7.53 15.80 21.80 11.28 0 14.43 14.83 21.50 12.69 

Mean (B) 0 7.86 15.33 20.34  0 9.54 16.59 22.65  
LSD         (A) = 1.34           (B) = 0.81              (A*B) = 2.61      (A) = 2.45    (B) = 1.53    (A*B) = 4.85 

Ripening 

Control 0 6.70 14.77 24.37 11.46 0 4.30 15.27 23.90 10.86 

HW 0 6.30 14.17 16.90 9.3425 0 8.57 14.37 18.40 10.33 

CaCl2 0 4.70 13.10 15.67 8.3675 0 5.87 12.7 17.70 9.06 

SA 0 7.30 14.33 18.40 10.0075 0 6.00 13.57 18.10 9.41 

H2O2 0 8.50 16.40 20.87 11.4425 0 5.83 14.67 20.85 10.33 
Mean (B) 0 6.7 14.55 19.24 

 
0 6.11 14.11 19.79 

 
LSD         (A) = 1.30           (B) = 0.79              (A*B) = 2.55      (A) = 2.41    (B) = 1.50    (A*B) = 4.78 

 
Table 2: Effect of different treatments on Evaluation of chilling injury index of ripening and unripening banana fruits under 

cold storage at 10oC and 90% Rh 

Treatments 
1St season  2nd season  

Days of storage Days of storage 
5 10 15 Mean (A) 5 10 15 Mean (A) 

U
nr

ip
en

in
g

 Control 0.50 0.80 1.00 0.76 0.40 0.70 0.90 0.66 

HW 0.00 0.00 0.30 0.10 0.00 0.00 0.40 0.13 

CaCl2 0.00 0.20 0.40 0.20 0.00 0.30 0.50 0.26 

SA 0.00 0.20 0.40 0.20 0.00 0.30 0.50 0.26 
H2O2 0.30 0.70 0.90 0.63 0.20 0.80 0.90 0.63 

Mean (B) 0.16 0.38 0.60  0.12 0.42 0.64  
LSD       (A) = 0.10        (B) = 0.20        (A*B) = 0.40 (A) = 0.10    (B) = 0.20      (A*B) = 0.30 

R
ip

en
in

g
 

Control 0.60 0.80 1.00 0.80 0.50 0.80 1.00 0.76 

HW 0.00 0.10 0.40 0.16 0.00 0.00 0.40 0.13 

CaCl2 0.00 0.40 0.60 0.33 0.00 0.30 0.50 0.26 

SA 0.00 0.30 0.60 0.30 0.00 0.30 0.40 0.23 
H2O2 0.40 0.70 1.00 0.70 0.40 0.70 0.90 0.66 

Mean (B) 0.20 0.46 0.72  0.18 0.42 0.64  
LSD       (A) = 0.20        (B) = 0.23(A*B) = 0.42 (A) = 0.26    (B) = 0.31      (A*B) = 0.43 

 
Fruit peel color index: 

 
Data in fig (1) presented that fruits peel color reached the yellow stage at the end of storage, ripened 

fruits recorded higher score than un-ripened fruits for the same treatment. With un-ripened fruits, H2O2 

recorded the heights significant value of changing color (2.5 & 2.9) compared with others treatments or 
control, with insignificant differences between HW, CaCl2 & SA. On the other hand the respect to ripening 
fruits significant heights score of changing from green to yellow recorded in control fruits (5.6 & 5.7) at 
the end of storage while hot water recorded the lowest significant score with insignificant differences from 
SA treatment in the first season.  

 
Fruit firmness (lb/inch2):  

 
It was observed that fruit firmness for all treatments decreased with storage time Table (3), but the 

rates of changes was different among treatments. Results also, revealed that all fruits treated with ripening 
gases significantly decreased the values of fruits firmness than untreated with ripening gases in both 
seasons. On the average for un-ripened fruits HW significantly the lowest firmness with insignificant 
differences with control fruits, while SA recorded the heights significantly firmness compared with HW, 
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CaCl2 or control treatments and insignificantly with H2O2. On the average of ripening fruits CaCl2 recoded 
the highest significantly firmness with insignificant differences from SA, after 15 days of storage control 
fruits recorded significantly lowest of firmness, and the heights significantly firmness showed in CaCl2 
flowed by SA in both season. 

 
LSD / Season 1 = 0.01548                   LSD / Season 2 = 0.01755 
 

 
LSD / Season 1 = 0.01458                   LSD / Season 2 = 0.01665 

 
Fig. 1: Effect of different treatments on Fruit peel color index (Grades of color 1-7) of ripening and unripening 

banana fruits at the end of cold storage at 10oC and 90% Rh.  
 

Table 3: Effect of different treatments and storage period on firmness (lb/inch2) of ripening and unripening banana fruits 
under cold storage at 10oC and 90% R 

Treatment 

1St season  2nd season  
Days of storage Days of storage 

0 5 10 15 
Mean 
(A) 

0 5 10 15 
Mean 
(A) 

Unripening 

Control 7.80 7.70 7.00 6.90 7.35 9.40 9.00 8.00 6.60 8.25 
HW 8.00 8.10 6.50 6.00 7.15 10.40 9.70 6.50 6.30 8.22 
CaCl2 8.50 8.50 8.00 6.50 7.87 11.00 10.20 9.50 8.30 9.75 
SA 9.00 8.80 8.20 7.60 8.40 10.90 10.20 10.00 8.90 10.00 
H2O2 9.30 9.00 8.00 5.90 8.05 9.80 9.70 9.50 8.70 9.42 

Mean (B) 8.52 8.42 7.54 6.58  10.30 9.76 8.70 7.76  
LSD         (A) = 0.53           (B) = 0.34              (A*B) = 1.05   (A) = 0.75    (B) = 0.47    (A*B) = 1.48 

Ripening 

Control 6.00 4.80 3.10 1.20 3.77 4.00 3.00 2.60 1.00 2.65 
HW 5.90 5.50 4.10 3.10 4.65 4.60 4.40 4.00 3.10 4.02 
CaCl2 6.00 5.80 5.50 5.00 5.57 5.50 5.30 5.00 4.10 4.97 
SA 6.00 5.50 5.20 4.50 5.30 5.30 5.00 5.00 3.20 4.62 
H2O2 5.90 5.10 4.30 3.20 5.62 4.20 3.80 3.40 2.80 3.55 

Mean (B) 5.96 5.34 4.44 3.40  4.32 3.9 3.6 2.44  
LSD         (A) = 0.50           (B) = 0.31              (A*B) = 1.01     (A) = 0.71    (B) = 0.45    (A*B) = 1.46 

0

1

2

3

4

5

6

control HW Cacl2 SA H2O2
Season 1 2.31 2.3 2.3 2.24 2.5

Season 2 2.33 2.4 2.35 2.26 2.9

G
ra

d
es

 o
f 

co
lo

r 

A/ unexposed to ripening gases

0

1

2

3

4

5

6

control HW Cacl2 SA H2O2
Season 1 5.6 4.1 4.7 4.3 5.1

Season 2 5.7 4 5 4.9 5.3

G
ra

d
es

 o
f 

co
lo

r 

b/ exposed to ripening gases
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2. Chemical properties: 
 
Total Soluble Solids (TSS %): 

 
Presented data in Tables (4) indicated that T.S.S percent increased gradually with prolongation 

storage period in all treatments, the increase in T.S.S. during storage might owe to the conversion of 
complex compounds to sugars. However, when we have a look to the different storage fruits exposed or 
unexposed to ripening gases it can be possible to detect that banana fruits in the exposed to ripening gases 
obtained T.S.S. content more than unexposed to ripening gases in all treatments. Also, data revealed that 
the results of T.S.S. content changes during storage as affected by the different treatment. There were clear 
evidences that the average of T.S.S. in un-ripening fruits showed that, significantly lowest content in 
T.S.S. found in salicylic acid (SA) treatment and the heights value of T.S.S. showed in control. At the end 
of storage control fruits recorded the heights value of T.S.S. with insignificant differences between 
different treatments. Under ripening fruits condition which were put in comparison it could be conclude 
that the average treatment with hot water recorded the lowest value of T.S.S. with insignificant differences 
with CaCl2, SA and H2O2 . At the end of storage, control fruits recorded significant heights value of T.S.S. 
compared with other treatments.  

 
Table 4: Effect of different treatments and storage period on TSS (%) of ripening and unripening banana fruits under cold 

storage at 10oC and 90% Rh 

Treatment 

1St season  2nd season  

Days of storage Days of storage 

0 5 10 15 
Mean 
(A) 

0 5 10 15 Mean(A) 

U
nr

ip
en

in
g

 Control 5.50 6.80 7.00 7.50 6.70 5.70 6.70 7.20 7.30 6.72 
HW 6.30 6.50 6.50 6.60 6.47 6.00 6.10 6.60 6.60 6.32 
CaCl2 5.60 6.10 6.10 6.60 6.10 5.70 5.70 6.40 6.50 6.07 
SA 5.80 5.80 6.00 6.30 5.97 5.60 5.70 6.10 6.20 5.90 
H2O2 5.90 5.90 6.10 6.40 6.07 6.10 6.40 6.40 6.40 6.32 

Mean (B) 5.82 6.22 6.34 6.68  5.82 6.12 6.54 6.6  
LSD         (A) = 0.41           (B) = 0.25              (A*B) = 0.84 (A) = 0.38    (B) = 0.24    (A*B) = 0.78 

R
ip

en
in

g 

Control 8.50 8.80 9.30 9.80 9.10 8.70 9.20 9.30 9.90 9.27 
HW 8.50 8.60 8.65 8.70 8.61 8.30 8.60 8.80 9.00 8.67 
CaCl2 8.70 9.00 9.20 9.30 9.05 8.20 8.50 9.00 9.30 8.75 
SA 8.20 8.40 8.80 9.10 8.62 8.70 8.80 8.90 9.20 8.90 
H2O2 8.00 8.20 8.80 9.10 8.52 8.70 8.80 8.80 9.20 8.87 

Mean (B) 8.42 8.64 9.00 9.24  8.52 8.78 8.96 9.32  
LSD         (A) = 0.44           (B) = 0.28             (A*B) = 0.86 (A) = 0.41    (B) = 0.27    (A*B) = 0.81 
 

Total acidity percentage: 
 
Data in Tables 5 revealed that a gradual decreased in acidity percentage, fruit acidity for all materials 

treatments were lowest slowly decline values in both seasons at the end of storage (15 days), which may be 
attributed to the use of acids as substrate for respiration. On the average for un-ripened fruits control 
recorded the heights significantly means value of acidity, while H2O2 recorded the lowest value in the first 
season and HW in the second season. Under ripening condition, the average of acidity showed 
significantly heights value in control and the lowest in the H2O2 treatment in both season. 

 
Respiration rate (ML Co2/Kg/H): 

 
Data presented in Table (6) that banana fruit exposed to ripening gases recorded the heights value of 

respiration at the end of storage in all treatments compared with the same treatments in unexposed fruits. 
Under un-repining fruits Control recorded the heights significantly value of respiration rates in various 
treatments, while (HW) record the lowest respiration rates flowed by (SA). In ripening fruits (HW) 
treatments decreasing the respiration value significantly flowed by SA, CaCl2 &H2O2, while Control fruits 
recorded the heights respiration rates. 
 
 
 



Middle East J. Appl. Sci., 6(4): 833-841, 2016 
ISSN 2077-4613 

839 

Table 5: Effect of different treatments and storage period on acidity (%) of ripening and unripening banana fruits under cold 
storage at 10oC and 90% Rh 

treatment 

1st season  2 nd season  
Days of storage Days of storage 

0 5 10 15 
Mean 
(A) 

0 5 10 15 
Mean 
(A) 

Unripening 

Control 0.50 0.50 0.40 0.30 0.43 0.50 0.50 0.40 0.40 0.45 
HW 0.40 0.40 0.30 0.20 0.32 0.20 0.20 0.20 0.15 0.19 
CaCl2 0.40 0.30 0.30 0.30 0.32 0.20 0.22 0.30 0.30 0.26 
SA 0.40 0.40 0.30 0.30 0.35 0.30 0.30 0.30 0.30 0.30 
H2O2 0.30 0.30 0.20 0.20 0.25 0.40 0.40 0.30 0.30 0.35 

Mean (B) 0.40 0.38 0.30 0.26  0.32 0.32 0.30 0.29  
LSD         (A) = 0.02           (B) = 0.01              (A*B) = 0.03       (A) = 0.02    (B) = 0.01    (A*B) = 0.03 

Ripening 

Control 0.50 0.50 0.50 0.40 0.48 0.40 0.30 0.30 0.30 0.33 
HW 0.40 0.30 0.30 0.30 0.33 0.30 0.30 0.25 0.25 0.28 
CaCl2 0.30 0.30 0.25 0.25 0.28 0.30 0.30 0.25 0.30 0.29 
SA 0.30 0.30 0.25 0.30 0.29 0.30 0.20 0.20 0.30 0.25 
H2O2 0.25 0.20 0.20 0.20 0.21 0.20 0.20 0.25 0.20 0.21 

Mean (B) 0.35 0.32 0.30 0.29  0.30 0.26 0.25 0.27  
LSD         (A) = 0.03           (B) = 0.02              (A*B) = 0.06       (A) = 0.02    (B) = 0.01    (A*B) = 0.03 

 
Table 6: Effect of different treatments on Respiration rate (ML Co2/Kg/H) of ripening and unripening banana fruits at the 

end of cold storage at 10oC and 90% Rh  

U
nr

ip
en

in
g

 

1st season  2 nd season  

R
ip

en
in

g
 

1st season  2 nd season  

Control 20.45 15.95 Control 25.14 23.79 
HW 7.08 7.27 HW 14.45 17.47 
CaCl2 12.37 14.36 CaCl2 18.24 19.33 
SA 8.19 8.32 SA 16.77 19.30 
H2O2 15.57 14.42 H2O2 24.34 21.81 
LSD =2.71 LSD =2.24 LSD =1.85 LSD =1.81  

 

Discussion  
 
Chilling injury is one of the most important factors limiting cold storage of tropical fruits as bananas 

at temperatures below 13°C (Nguyen et al., 2003; Wang et al., 2007) which is known to elongate the 
storage period and also acceptable attributes (Ariizumi et al., 2002 ). 

Our findings reveal that using hot water, CaCl2 or SA reduced the magnitude of the chilling injury 
index to around 50% of the control for both ripened and un-ripened fruits. 

Therefore mentioned findings could be due to that immersion in hot water increases the activity of 
both catalase and peroxidase enzymes (Varit and Songsin, 2011) leading to activate the antioxidant system 
in fruit during storage and thereby increasing the tolerability of fruits to cold temperatures. Also the 
antioxidant effect of salicylic acid (Mohammad and Morteza, 2010) could account for this reduction. With 
respect to calcium it is an important binding unit of cells and tissue so immersion in it might lead to 
strengthen cell walls and making more tolerable to adverse conditions (Saftner et al., 1998).  

The applied treatments clearly reduced the weight loss percentage at the end of the investigation. This 
decrease was in parallel with marked decreases in respiration caused by the same treatments. Findings by 
Zheng and Zhang, (2004) ; Zavala et al., 2004) were in parallel. The decrease in respiration reflects lower 
consumption in assimilates and thereby lower weight losses (Shafiee et al, 2010). SA immersion forms an 
edible coating on the fruit causing stoma closing which leads to lowering transpiration and thereby weight 
loss, Also the decreases in weight losses might be attributed to the antifungal effect of the adopted 
treatments, (Lurie, 1998) how found that heat treatment at non-lethal temperatures, resulting in both a 
reversible delay of ripening and a reduction of fungal decay with decreasing in weight loss. SA affects cell 
swelling which lead to higher firmness of fruits (Zhang et al., 2003). 

The adopted treatments kept the fruits in a more acceptable by lower changing at firmness and TSS 
state and those findings goes in parallel with benefit of hot water treatment to maintain quality and prolong 
shelf-life of banana fruits (Ummarat et al. 2011). 

Keeping quality of the major attributes might also be attributed to the lowering effects of treatments 
of the respiration rate. 
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Conclusion 
 

Thus it could be concluded that the applied treatments with emphasis on hot water, CaCl2 were 
beneficial in reducing the chilling injury index after days of cold storage for both ripened and un-ripened 
fruits also they reduced the respiration rate resulting in decreasing the weight loss percentage and keeping 
fruits at a more acceptable status.  
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