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ABSTRACT 

 
Kitt mangoes were used to investigate the effects of salicylic acid (0.5 mM, 1.0 mM) and  ethanol vapor at 

25% for 8 hr.  treatments on the quality characteristics during 2011 and 2012 seasons. After treatments, fruits 
were stored at 5°C with 90% RH for 7 days followed by ripening (market conditions) at 202°C for 10 days . At 
certain intervals, samples were collected from each treatment for physical and chemical analysis (e.g. visual 
chilling injury symptoms, discarded fruits, weight loss, fruit firmness, total soluble solids, titratable acidity, 
solute leakage, ethylene production and respiration rate). Salicylic acid at 1.0 mM and ethanol vapor treatments 
reduced severity of chilling injury, solute leakage, discarded fruit and  weight loss percentage. Also, these 
treatments gave the highest values of fruit firmness T.S.S and these treatments were effective in minimizing 
respiration rate gradually during cold storage which acquire the fruits the chilling injury tolerance 
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Introduction 
 

Mango fruit is one of the choicest fruits in market for its attractive aroma, delicious flavor and excellent 
nutritional properties. At ambient temperature, the fruit harvested at mature stage ripen quickly, but have a short 
postharvest life, which is limited by physiological deterioration related to over-ripening and by pathogen 
development leading to decay (Johnson and Coates 1993 & Ding et al 2007). Refrigeration is effective to 
prolong the postharvest life of mango fruit, but the fruit are susceptible to chilling injury (CI) when exposed to 
temperatures below 7ºC to 13ºC, depending upon ripeness and variety (Phakawatmongkol et al. 2004). The 
quality significantly declines in fruit subjected to CI, and symptoms of the CI include peel pitting and sunken 
lesion on the peel, uneven ripening, poor flavor and increased susceptibility to decay etc. (Mitra and Baldwin 
1997). These symptoms become more serious after fruit are transferred to nonchilling temperature (marketing 
conditions) and are dependent on varieties, degree of maturity, time and temperature of exposure, and 
environment conditions during storage etc. (Phakawatmongkol et al. 2004 and Zhan et al 2007 ). There were 
significant physiological and cell structure changes in mango pericarp in responses to CI (Han et al. 2006) Some 
methods that are effective to alleviate CI of mango fruit, such as storage in modified atmosphere packing or 
controlled atmosphere, application of UV-C irradiation and methyl jasmonate application prior to storage, have 
been developed (Gonza´lez-Aguilar et al. 2001a, 2001b, Pesis et al. 2000 & Ding et al 2007).  

Salicylic acid (SA) belongs to a group of phenolic compounds which is widely distributed among plants and 
being involved in regulating plant growth, development and disease resistance (Shah, 2003 & Beckers and 
Spoel, 2006 & Adel  and Awad 2012). Positive effects of postharvest . To salicylic acid (SA)due to it is 
concised  is a plant hormone inhibiting ethylene biosynthesis and delaying the senescence (Ozeker, 2005 & Bal 
and Celik 2010 ). SA has been shown to inhibit the conversion of ACC into ethylene (Leslie and Romani, 1988) 
by suppressing ACC oxidase activity (Fan et al., 1996). SA is also involved in local and systemic resistance to 
pathogens (Yalpani et al., 1994; Kang  et al., 2003). Exogenous supplied SA has been reported to delay the 
ripening of peach (Han et al., 2003), persimmon (Li and Han, 2000), banana (Srivastava and Dwivedi, 2000). 
However, Zainuri et al. (2001) attributed the effects of SA to inhibition of mango skin ripening     

SA application either preharvest (Yao and Tian, 2005) or postharvest reduced fungal decay in sweet cherry 
through induction of the defence resistance system (Chan and Tian, 2006 & Sayyari et al. 2009)  and stimulation 
of antioxidant enzymes (Xu and Tian, 2008). In addition, in CI-sensitive fruit, pre-treatment with SA reduced CI 
in peaches (Wang et al., 2006 & Sayyari et al. 2009). However, no information has been reported on the 
possible role of SA during storage of pomegranateThus, the aim of this paperwas to store pomegranate fruit at 2 
◦C to induce CI and evaluate the effects of several SA concentrations (0.7, 1.4 or 2.0mM) on alleviating this low 
temperature physiological disorder (Sayyari et al. 2009). Acetylsalicylic acid  application, inhibited ethylene 
production and maintained firmness of kiwi fruit during cold storage. (Adel  and Awad 2012)  
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Ethanol and acetaldehyde are natural component in almost every fruit aroma. Ethanol did not exhibit 
toxicity either for the fruits or for human health even at high concentrations (Pesis et al 1989 and Frenkel and 
Erez, 1996). Elhanol is naturally produced by plant tissue under anaerobic conditions (Saltveit and Ballinger, 
1983 and Kelly and Saltveit 1988). It is also accumulated in a short period of anaerobically stored fruits without 
adversely affecting fruit subsequent quality (Saltveit and Ballinger, 1983 and Ke et al 1990). Exogenous 
application of ethanol vapor inhibited tomato fruit ripening via inhibiting ethylene biosynthesis and action 
(Saltveit and Mencarelli, 1988). Levels of ethanol residues were diminished in such fruits 72h after transferring 
to ethanol free air (Saltveit and Sharaf 1992). Ethanol was also used in solution to delay carnation senescence 
via inhibiting the climacteric ethylene The mode of action of ethanol in terms of counteracting ethylene 
biosynthesis and action may explain the delayness of tomato fruit ripening obtained with ethanol vapor 
application (Atta-Aly et al 1999). Increases in ethylene production might stimulate ripening processes. 
However, this stimulus could be limited because of the effects of elevated temperatures on the enzymes of the 
ethylene biosynthetic pathway (Paull and Chen, 2000) Domestically ethanol used on tomato (Abd El-Samad, 
1998 , cantaloupe (Nafaa, 2001) and mango (Nasr, 2004) .  

Therefore the objective of the present work was to determine the effects of salicylic acid and ethanol vapor 
treatments on quality attributes , CI and more specifically ethylene biosynthesis of Kitt mango fruit  during 
storage at chilling temperature and subsequent market life . 
 
Materials and Methods 
 
Plant materials: 

 
Cultivar Keitt mangoes at the mature green ripeness stage were harvested early August from different trees 

of a commercial orchard at El_Ghazoo Agriculture Society near Dina Farms,Giza Governorate during 2011 and 
2012 seasons  Average fruit weight of 595.9 ± 45.1 g., firmness 13.8±0.36 Kg/f, Total soluble solids 8.7± 0.22 
% Brix , total acidity 1.12± 0.11% , solute leakage 11.11±0.16 % and preclimacteric storage  producing 0.0582 
± 0.022 ppm C2H4 . kg-1/  h-1 .The fruits  were immediately transported to the laboratory and classified into 18 
experimental units, 10 fruits of each (3 SA levels x 2 ethanol vapor levels x 3 replicates).  
 
The treatments used were:-  

1. Control  
2. 0.5 mM salicylic acid  
3. 1.0 mM salicylic acid 
4. Ethanol vapor at 25% for 8 hr.  
5. 0.5 mM salicylic acid + ethanol vapor at 25% for 8 hr.  
6. 1.0 mM salicylic acid + ethanol vapor at 25% for 8 hr.  
 

a. Salicylic acid application: 
 
Salicylic acid was applied by immersing fruit for 5 min in a solution of 0.5 mM and 1.0 mM SA  fruits were 

air dried. 
 
b.  Ethanol vapor application: 

 
Exposing fruits to ethanol vapor was carried out through a modified version (Atta-Aly et al., 1999). Before 

fruit incubation, the whole air-flow set as well as fruit ambient were kept inside controlled storage room of 
14±2° and RH of 82±3%. The fruits for each replicate were placed inside 15Kg foam boxes and the air flow was 
passed through another 1 liter glass jar containing  (25 % ethanol alcohol (CH3CH 2OH) for 8 hr ). Distilled 
water was used to dilute ethanol solution to the above mentioned concentrations and to ensure to the above 
mentioned concentrations and to ensure saturated relative humidity in the air-flow. 

Each treatment included thirteen fruits and was replicated three times. The fruits from each treatment and 
replicate were packed in  perforated carton boxes  and stored for a 7  days at  5 ±1 °C and 90-95% RH  
subsequent  for 10 days at  representing market conditions at 20± 2 °C.  

A sample of randomly selected fruits at the beginning of cold storage duration (0 day) , the end of cold 
storage 5+1°C and then every 2 day during market conditions at 20± 1 °C until experiment termination. Data on 
the following parameters was recorded. 

 
(A)  Fruit physical analysis: 
 
1. Visual chilling injury symptoms (CI): 
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Chilling injury index was individually evaluated in each fruit with a 5-point hedonic scale based on the 
percentage of fruit surface affected by CI symptoms (browning , pitting and dehydration): 0 = none(free) ; 1 = 1-
10% damaged area (very slight) ; 2 = 11-20% damaged area (slight); 3 = 21-30% damaged area(moderate) and  
4 = >30% damaged area (severe). The CI index was calculated using the following formula: 

 CI=Σ (value of hedonic scale) x (number of fruit with the corresponding scale number)/ total number of 
fruit in the sample (Sayyari, et al .2009) Fruit was considered unacceptable for the consumer if it had CI indices 
of 1 or higher. 
 
2. Weight loss %: 

 
The percentage in weight loss was periodically calculated on initial weight basis. using the following 

formula:- 
 
 

 
 
 
3. Discarded fruits %: 

 
The number of decayed fruits was periodically recorded and expressed as a percentage from the total fruit 

number. 
 

4. Fruit firmness (Kg/f):  
 
Fruit firmness was recorded at two opposite sides independently in each fruits per replicate by means of a 

Wagner® Fruit Firmness Tester, model FT-327, equipped with an 8mm plunger tip a digital basic force gauge 
.Values were expressed in kilo gram force (kg/f).  

 
A) Fruit chemical analysis: 

 
1. Total soluble solids and total acidity: 

 
A homogeneous fruits sample was prepared for total soluble solids (TSS), acidity and L- ascorbic acid. 

Total soluble solids (TSS) were measured as Brix % in fruit juice with a digital refractometer (A.O.A.C. 1990). 
Titratable acidity was determined in juice by titrating with 0.1 N sodium hydroxide in the presence of 
phenolphthalein as indicator and the results were expressed as a percentage of citric acid (Awad, 2007).  
 
Solute leakage (% EC leakage): 

 
Ten grams disks of the fruits tissues were placed in a 100-ml glass beaker containing 30 ml of deionized 

water and magnetic stirred for 15 min. Electrical conductivity (EC) of the stirrered solution was measured using 
electrical conductivity meter. Stirrered solution of each beaker was then replaced by equal volume (30 ml) of 
deionized water for homogenizing the disks in a blender, and the aliquot was then used for measuring EC level 
as previously described. Percentage of solute leakage was then calculated as EC leakage using the following 
formula by  Mirdehghan et al. (2007):-  

 
 

 
 
 
3. Ethylene production measurements (ppm): 

 
Levels of ethylene production analysis by fruits were analyzed after 10 hrs finished from treatments and 0 

& 4 and 8 days during the subsequent days at 20±2°C.Fruits  were incubated in glass jars of 1000 ml volume 
with a capacity of one fruit per jar. After 2 hrs of incubation, one ml gas sample was with drawn from each jar 
head space and injected in a Varian Gas Chromatography model Vestia-6000 with a Flame Ionization Detector 
(FID) for determining levels of ethylene production. Data were then recorded as ppm C2H4/g fruit/hr. 
 
 
 

EC of stirrered solution 

EC of stirrered solution  + EC of homogenized disks 

  EC leaking % = X 100 

Fruit initial weight - fruit weight at each sampling date 

Fruit initial weight 

  WL % = X 100 
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4. Respiration rate (mg CO2/kg fruit/hr): 
 
Carbon dioxide produced by pomegranate fruits was determined after 10 hrs finished from treatments and 

then every 15 days during cold storage and 7 days the subsequent storage at 20+2°C. until experiment 
termination. The air-flow was passed through concentrated NaOH, to insure that air-flow is CO2 free, before 
passing into 1-liter jar fruit container (fruit ambient) one fruit/jar was considered as one replicate. The out-
coming air-flow was then passed into 100 ml NaOH of 0.1 N for 1 h. Such solution was then titrated against 0.1 
N HCl and CO2 levels produced by the fruits were then calculated as mg CO2/kg fruits/h  (A.O.A.C. 1970). 

 
Statistical analysis:  

 
Different trials were conducted in Completely Randomized Design (CRD) with three replications. Data 

obtained were subjected to Analysis of variance using statistical software MSTATC as described by Steel et al. 
(1997). 
 
Results and Discussion 
 
A.Fruit physical analysis: 
 
A. 1. Visual chilling injury symptoms (CI): 

 
Table 1: Effect of some postharvest treatments on the visual chilling injury symptoms of  "Kitt" mangoes under chilling temperature stress  
              (7days at 51°C) followed by ripening at 202°C for 10 days, during 2011 and 2012  seasons.    

Treatments  Days in  ripening room  at 202° C
2 4 6 8 10 

 Season 2011
 Control  1.90 a 2.03 a 2.70 a 2.93 a  3.26 a 
 0.5 mM SA 0.66 b 1.16 b 1.56 b 2.03 b 2.36 b 
 1.0 mM SA 0.00 c 0.00 d 0.73 cd 0.73 cd 1.16 cd 
 E.V. at 25%  0.00 c 0.00 d 0.00 d 0.50 d 0.97 d 
 0.5 mM SA + E.V. 0.00 c 0.60 c 0.90 bc 1.10 c 1.53 cd 
 1.0 mM SA + E.V. 0.00 c 0.63 c 0.86 bc  1.33 bc 1.70 bc 

 Season 2012
 Control  1.87 a 2.46 a 2.93 a 3.03 a 3.50 a 
 0.5 mM SA 0.53 b 0.76 b 1.11 b 1.84 b 2.66 b 
 1.0 mM SA 0.00 b 0.00 c 0.00 c 0.73 cd 1.20 cd 
 E.V. at 25%  0.00 b 0.00 c 0.00 c 0.46 d 1.10 d 
 0.5 mM SA + E.V. 0.00 b 0.80 b 0.93 b 1.20 bc 1.46 cd 
 1.0 mM SA + E.V. 0.00 b 0.74 b 0.96  b 1.43 b 1.83 c 

Values followed by the same letter (s) of each column are not significantly different at 5% level 
EV  :Ethanol vapor   &  SA : salicylic acid 

 
Data tabulated in Table (1) showed that, chilling injury symptoms greatly increased with advanced in  days 

at 20  2°C regardless of the  used pre storage treatments .Untreated fruit exhibited (severe) chilling injury 
which recorded (3.26 and 3.50 scale), whereas ethanol vapor  and SA at 1.0  mM treatments achieved  very 
slight scale (traces)  which recorded (0.97& 1.16 and 1.10&1.20 scale) at the end of ripening periods subsequent 
cold storage, during first and second season respectively.  However, other treatments  recorded scale between 
(slight ) with the use of salicylic acid at both concentrations (0.5 & 1.0 mM) + ethanol vapor. This finding is 
logic due to  that mangoes  are  sensitive to chilling injury and suggested treatments in this work are a trial to 
minimize this sensitivity during transportation. Generally, it could be noticed that ethanol vapor at 25 %  and SA 
at 1.0 mM treatments could considered a good pre-storage treatments to minimize chilling injury on mangoes 
during transportation at low temperature (5°C 1). Ethanol vapor role in protecting cell membranes is suggested 
in reducing fruit sensitivity to chilling injury, also it has a protective role on cell biological activity during 
chilling treatments ( Wu et al 1992) 

The effect of SA on CI probably attributed to more reducing status of ascorbate and glutathione, less O2 
accumulation and more H2O2 accumulation. The oxidative stress caused by the accumulation of reactive oxygen 
species (ROS) together with a reduction in the antioxidant system were involved in CI development in fruit 
during storage ( Ding et al 2007). Also, the effect of SA on controlling chilling injury of peaches was attributed 
to its ability to induce antioxidant systems and heat shock protein (HSPs) (Wang et al 2006). 
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A.2. Discarded fruits % :  
 

Table 2: Effect of some postharvest treatments on the discarded fruit % of  "Kitt" mangoes under chilling temperature stress (7days at  
             51°C) followed by ripening at 202°C during 2011 and 2012  seasons. 

Treatments  Days in  ripening room  at 202° C 
2 4 6 8 10 

 Season 2011 
 Control  13.33 a 13.33 a 36.67 a 46.67 a a 
 0.5 mM SA 6.67 ab 10.0 ab  26.67 b 33.33 b b 
 1.0 mM SA 0.00  b 0.00 c 6.67 cd 6.67 cd 10.00 cd 
 E.V. at 25%  0.00 b 0.00 c 0.00 d 3.33 d 3.33 d 
 0.5 mM SA + E.V. 0.00 b 3.33 b 6.67 cd 10.00 cd 13.36 c 
 1.0 mM SA + E.V. 0.00 b 6.67 ab 10.00 c 13.36 c 13.36 c 

 Season 2012 
 Control  6.67 a 16.67 a 30.00 a 43.33 a 53.33 a 
 0.5 mM SA 3.33 ab 13.33 a 20.00 b 30.00 b 36.36 b 
 1.0 mM SA 0.00 b 0.00 b 0.00 c 3.33 c 10.00 cd 
 E.V. at 25%  0.00 b  0.00 b 0.00 c 3.33 c 6.67 d 
 0.5 mM SA + E.V. 0.00 b 3.33 b 6.67 c 10.00 c 16.67 c 
 1.0 mM SA + E.V. 0.00 b 3.33 b 3.33 c 6.67 c 16.67 c 

Values followed by the same letter (s) of each column are not significantly different at 5% level 
EV  :Ethanol vapor   &  SA : salicylic acid 

 
Data in tables (2) show an evident  increase  in  discarded  fruits  %  with  prolonging  the  days  in ripening 

room irrespective of  the used treatments. The control treatment recorded the highest percentage of discarded 
fruits. With advanced ripening duration and after 6 days, the highest percentage of discarded fruits was obtained 
with untreated fruit where it reached to about 36.67 % discarded fruits. No significant differences between other 
treatments except salicylic acid at 0.5mM which gave values ranged from 0.0 to 10.0% . On the other hand, after 
10 days of ripening duration (end of ripening process) least value of discarded fruits were exhibited by 25% 
ethanol vapor treatment with slight differences than salicylic acid at 1.0 mM  treatment. Ethanol vapor role in 
protecting cell membrane is suggested in reducing fruit sensitivity to chilling injury (Wu et al 1992). The 
possible mode of action of SA on decreasing fungal decay was attributed to the induction of the defense 
resistance system (Chan and Tian 2006) and stimulation of antioxidant enzymes (Xu and Tian 2008) 

 
A.3. Weight loss %: 

 
Table 3: Effect of some postharvest treatments on weight loss % of  "Kitt" mangoes under chilling temperature stress (7days at 51°C)  
              followed by ripening at 202°C during 2011 and 2012  seasons. 

Treatments  Days in  ripening room  at 202° C 
0 2 4 6 8 10 

 Season 2011 
 Control  0.65 a 2.09 a 4.66 a 7.17 a 11.72 a 16.47 a 
 0.5 mM SA 0.65 a 1.73 ab 3.00 b 5.20 b 8.66 b 10.22 b 
 1.0 mM SA 0.57 a 0.12 c 1.93 c 2.46 d 3.60 d 4.77 d 
 E.V. at 25%  0.62 a 1.28 bc 2.36 bc 2.84 d 3.50 d 4.65 d 
 0.5 mM SA + E.V. 0.63 a 1.56 bc 2.74 b 3.03 cd 4.90 c 6.07 c 
 1.0 mM SA + E.V. 0.67 a 1.70 ab 2.61 bc 3.88 c 4.50 cd 6.60 c 

  Season 2012 
Control  0.70 a 2.24 a 3.94 a 6.20 a 10.87 a 14.32 a 
 0.5 mM SA 0.63 a 1.85 a 2.41 bc 5.40 b 7.11 b 9.67 b 
 1.0 mM SA 0.65 a 1.32 b 2.10 c 2.81 c 3.66 d 4.54 d 
 E.V. at 25%  0.67 a 1.17 b 1.88 c 2.74 c 3.11 d 3.96 d 
 0.5 mM SA + E.V. 0.74 a 1.20 b 1.96 c 3.01 c 4.43 cd 5.26 cd 
 1.0 mM SA + E.V. 0.71 a 1.96 a 3.00 b 4.42 b 5.73 c 6.11 c 

Values followed by the same letter (s) of each column are not significantly different at 5% level 
EV  :Ethanol vapor   &  SA : salicylic acid  

 
Data presented in Tables (3) show a slight weight loss % (ranged from 0.57 to 0.67 at first season and 0.63 

to 0.74 % at second season ) with different treatments at the beginning of ripening days (end of cold storage 
periods). With advanced in ripening duration and after 4 days, untreated fruits lost higher weight than other 
treatments which recorded 4.66 and 3.94 % during both season under study respectively. When chilling injury 
occurs, the associated abnormal metabolism may be reflected in an increase in respiration rate of the damaged 
tissues causing microscopic cracks in the peel and pits. Such cracks enable a greater loss water from the fruit 
(Cohen et al 1983 & Pesis, et al 1989  and Nasr, 2004). After 10 days of ripening duration, control and SA at 
0.5 mM treatments exhibited highest value of weight loss than others ,it is clear from data of  the table (9)  an 
increase the respiration rate of these treatment was recorded. Whereas ,ethanol vapor and salicylic acid at 1.0 
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mM treatments led to a reduction the weight loss % without significant different between them. It is worth 
mentioning the lack respiratory rate of fruits in this treatment (Table 9 on respiration rate). No significant 
difference between the use of ethanol vapor with both concentrations and salicylic acid treatment which gave 
values of weight loss ranged from (6.07 to 6.60) in the first season and (5.26 to 6.11) in the second season. For 
cactus fruit, a weight loss of about 8% was necessary to affect the visual appearance during cold storage

  

(Rodriguez et al 1992). 
 

A.4. Fruit firmness (Kg/ force): 
 

Table 4: Effect of some postharvest treatments on Fruit firmness (Kg/ force) of  "Kitt" mangoes under chilling temperature stress (7days at  
              51°C) followed by ripening at 202°C during 2011 and 2012  seasons 

Treatments  Days in  ripening room  at 202° C
0 2 4 6 8 10 

 Season 2011
 Control  13.7 a 11.7 b 9.4 d 6.8 d 3.2 c 2.1 d 
 0.5 mM SA 14.0 a 12.4 ab 10.8 c 8.4 c 6.3 b 3.4 d 
 1.0 mM SA 13.5 a 13.3 a 12.6 a 11.2 a 8.3 a 6.2 a 
 E.V. at 25%  13.3 a 13.1 a 12.0 ab 10.6 a 8.1a 6.5 a 
 0.5 mM SA + E.V. 13.6 a 12.7 ab 11.1 bc 9.4 bc 7.0 b 5.0c 
 1.0 mM SA + E.V. 13.7 a 13.0 a 11.4 bc 9.8 b 6.8 b 5.2 bc 

 Season 2012
Control  13.2 a 11.9 a 9.1 d 7.3 cd 3.6 e 1.9 d 
 0.5 mM SA 13.1 a 12.0 a 10.2 c 6.8 d 5.1 d 3.5 c 
 1.0 mM SA 13.0 a 12.0 a 11.7 ab 9.3 b 7.4 ab 6.0 a 
 E.V. at 25%  13.3 a 12.4 a 12.0 a 10.8 a 7.9 a 6.1 a   
 0.5 mM SA + E.V. 12.9 a 11.7 a 11.0 ab 9.7 ab 6.4 bc 5.6 ab 
 1.0 mM SA + E.V. 12.8 a 12.0 a 10.7 bc 8.2 c 5.8 cd 4.8 b 

Values followed by the same letter (s) of each column are not significantly different at 5% level 
EV  :Ethanol vapor   &  SA : salicylic acid 

 
Data presented in Tables (4) show that ,a sharp decrease in fruit firmness were noticed with untreated and  

SA at 0.5 mM treated fruits with no significant differences between them which reached 1.9 Kg/ force at end of 
subsequent days at202°C after  7 days at 51° C. Fruit firmness decreased in chilled fruits due to membranes 
damage (McCollum & McDonald1993 and Jesus &Yahia 2003).  

Ethanol vapor and SA at 1.0 mM  treatments achieved highest fruit firmness values which recorded (6.5 & 
6.2 Kg/ force) at  first season and (6.0 & 6.1 Kg/ force) at second  season  in the end of subsequent days 
at202°C after 7 days at 51°C, respectively without  significant differences between them . Ethanol vapor was 
capable of altering fruit firmness loss by protecting cell membrane (Nasr, 2004). The increase in fruit firmness 
with SA might be contributed to polyphenolic metabolism, lignification and the decrease in extractable juice 
during cold storage as previously reported in loquat fruit (Cai et al 2006). From these data, it could be concluded 
that ethanol vapor additionally SA treatments were effective in minimizing fruits softening during ripening and 
consequently extended marketing life. 

 
B. Fruit chemical analysis: 
 
B. 1. Total soluble solids, total acidity and L- ascorbic acid: 
 
B.1.1. Total soluble solids: 

 
Data in table (5) explained that, all treatments increased total soluble solids during storage. The increase of 

soluble solids in untreated fruit was more pronounced until 6 day during storage at 202° C  and decreased 
thereafter The end of  storage period at 202° C, the highest TSS content of Kitt mangoes was detected in SA at 
0.5 mM + 25% ethanol vapor treatment which give (14.3 and 14.6 %) during 2011 and 2012 seasons 
respectively. On the other hand, the lowest TSS content were determined in SA at 0.5 mM and control 
treatments. Which recorded (12.0 &10.3  and 12.1& 10.7  %) during both seasons under study.  

Data tabulated in table (6) show that titratable acidity at the end of cold storage for 7days at51° C was 
determined  from 1.07 to 1.13  mg/100 ml for the first year and from 1.03 to 0.98 mg/ 100 ml for the second 
year. Then TA in Kitt fruits decreased with storage duration at 202° C. After 10 days of ripening room, TA 
content was heights in controls than other treated fruits in both years. First year, the lowest values of TA (0.59 
%) detected in fruit treated with SA 1.0 mM, whereas  the second year treated  fruits with SA at 1.0 mM 
addition to exposing ethanol vapor showed lower values of TA (0.51%). It is well known that most of the 
hypothesis in relation to fruit chilling injury suggested a sharp respiratory drop or membrane crystallization or 
cytoplasmic streaming inhibition which in consequently cause a dramatic drop in the required activating energy 
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of several enzymes .The inhibition of such enzymes as a result of chilling injury may resulted in accumulation 
of their substances which are acidic metabolic substances. The accumulation of such middle substances result in 
the subsequent development of chilling injury symptoms Since most this middle substances are acid it is logic, 
therefore, to assume that higher acidity level will be paralleled to the fruits having symptoms of chilling injury. 
It is suggested, therefore, that acidity increment is an accurate inductor for fruit chilling injury (Nasr, 2004). 

 
Table 5: Effect of some postharvest treatments on TSS % of  "Kitt" mangoes under chilling temperature stress (7days at 51°C) followed  
             by ripening at 202°C during 2011 and 2012  season 

Treatments  Days in  ripening room  at 202° C 
0 2 4 6 8 10 

 Season 2011 
 Control  9.2 a 9.7 a 10.4 a 10.9 b 10.6 b 10.3 d 
 0.5 mM SA 9.0 a 9.7 a 10.5 a 11.1 ab 11.7 ab 12.0 c 
 1.0 mM SA 8.7 a 9.4 a 10.7 a 11.3 ab 12.6 a 13.7 ab 
 E.V. at 25%  8.9 a 9.6 a 11.1 a 12.0 a 12.6 a 13.4 b 
 0.5 mM SA + E.V. 9.1 a 9.8 a 10.9 a 11.8 ab 12.9 a 14.3 a 
 1.0 mM SA + E.V. 9.1 a 9.5 a 11.3 a 12.0 a 13.1 a 14.0 ab 

 Season 2012 
Control  9.5 a 9.8 a 10.6 b 11.0 c 10.7 d 10.7 d 
 0.5 mM SA 9.3 a 9.1 a 10.7 b 11.3 bc 11.9 cd 12.1 c 
 1.0 mM SA 9.1 a 9.5 a 11.3 b 12.5 a 13.8 a 14.0 ab 
 E.V. at 25%  9.6 a 9.8 a 11.4 ab 12.1 ab 12.7 a 13.2 b 
 0.5 mM SA + E.V. 9.6 a 9.8 a 12.4 a 13.0 a 13.5 ab 14.6 a 
 1.0 mM SA + E.V. 9.4 a 9.6 a 11.7 a 12.7 a 13.2 ab 14.2 ab 

Values followed by the same letter (s) of each column are not significantly different at 5% level 
EV  :Ethanol vapor   &  SA : salicylic acid 

 
B.1.2.Titratable acids: 
 
Table 6: Effect of some postharvest treatments on  titratable acidity of  "Kitt" mangoes under chilling temperature stress (7days at 51°C)  
              followed by ripening at 202°C during 2011 and 2012  season 

Treatments  Days in  ripening room  at 202° C
0 2 4 6 8 10 

 Season 2011
 Control  1.07 a 0.98 a 0.93 a 0.95 a  0.99 a 1.14 a 
 0.5 mM SA 1.08 a 0.96 a 0.91 a 0.87 ab 0.90 a 0.94 b 
 1.0 mM SA 1.10 a 1.01 a 0.98 a 0.86 ab 0.73 b 0.59 d 
 E.V. at 25%  1.13 a 1.02 a 0.91 a 0.91 ab 0.80 b 0.71 c 
 0.5 mM SA + E.V. 1.07 a 0.99 a 0.90 a 0.83 b 0.76 b 0.64 cd 
 1.0 mM SA + E.V. 1.12 a 0.97 a 0.89 a 0.85 ab 0.76 b 0.66 cd 

 Season 2012
Control  1.03 a 0.93 a 0.91 a 0.96 a 1.06 a 1.27 a 
 0.5 mM SA 0.98 a 0.91 a 0.85 a 0.72 b 0.84 b 0.87 b 
 1.0 mM SA 1.06 a 0.88 a 0.80 a 0.75 b 0.68 c 0.60 cd 
 E.V. at 25%  0.96 a 0.92 a 0.84 a 0.77 b 0.72 c 0.63 c 
 0.5 mM SA + E.V. 0.99 a 0.87 a 0.86 a 0.73 b 0.67 c 0.53 cd 
 1.0 mM SA + E.V. 1.00 a 0.85 a 0.84 a 0.71 b 0.65 c 0.51 d 

Values followed by the same letter (s) of each column are not significantly different at 5% level 
EV: Ethanol vapor   &  SA : salicylic acid 

 
Mango is a climacteric fruit, and it shows increase in sugars contents and decrease in organic acids contents 

accompanied with ripening (Mitra and Baldwin 1997). The fact that SA treated fruit showed a higher TSS may 
be attributed to the alleviated CI. The contents of organic acids in fruit are mainly dependent on the activities of 
their synthetic and hydrolytic enzymes, SA treatment was probably regulated the activities of related enzymes. 
(Zheng et al 2003) 
 
 
B.2. Solute leakage % (EC): 
 

It is observed from Table (7), increase in solute leakage with advanced in ripening days with all treated or 
untreated fruits. The average of solute leakage increased from 11.7-13.6 to 21.9 - 48.9% after 10 days of 
ripening in first season regardless of the used treatments. The increase in solute leakage with increasing fruit life 
could be considered a reason for chilling injury of mango fruits. The end of period at 202° C, the treatment of 
25% EV and SA at 1.0 mM recorded the least value of solute leak than other treatments. The reduction of solute 
leakage explained the ability this treatments to chilling injury. On contrary, the control treatment exhibited the 
high value of solute leakage than other treatments, which mean its high ability, to chilling injury.  
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Table 7: Effect of some postharvest treatments on  of  solute leakage % "Kitt" mangoes under chilling temperature stress (7days at 51°C)  
             followed by ripening at 202°C during 2011 and 2012  seasons 

Treatments  Days in  ripening room  at 202° C
0 2 4 6 8 10 

 Season 2011
 Control  13.6 a 19.7 a 26.1 a 30.1 a 37.6 a 48.9 a 
 0.5 mM SA 13.0 ab 16.2 b 19.7 b 20.4 bc 26.8 b 33.2 b 
 1.0 mM SA 12.2 bc 14.1 c 15.8 cd 18.6 c 21.1 c 23.3 d 
 E.V. at 25%  11.7 c 14.4 c 15.0 d 17.5 c 19.6 c 21.9 d 
 0.5 mM SA + E.V. 12.1 bc 15.6 c 17.7 bc 19.0 c 20.4 c 25.7 cd 
 1.0 mM SA + E.V. 12.6 ab 17.3 b 19.6 b 22.1 b 26.0 b 28.4 c 

 Season 2012
Control  14.1 a 23.4 a 27.3 a 34.6 a 40.5 a 51.3 a 
 0.5 mM SA 13.4 a 15.8 b 16.3 b 21.5 b 30.1 b 36.9 b 
 1.0 mM SA 12.5 b 13.2 c 15.4 b 17.3 c 20.8 cd 21.1 d 
 E.V. at 25%  12.0 b 13.4 c 14.9 b 16.1 c 18.3 d 20.3 d 
 0.5 mM SA + E.V. 11.8 b 12.5 c 15.0 b 17.5 c 23.4 c 26.7 c 
 1.0 mM SA + E.V. 12.5 c 14.0 c 15.0 b 19.1 bc 22.6 c 27.3 c 

Values followed by the same letter (s) of each column are not significantly different at 5% level 
EV  :Ethanol vapor   &  SA : salicylic acid 

 
Cell membrane is a chilling sensitive compounded of the fruit cell. Several metabolic enzymes are 

membranes bound. When fruit chilled, membrane deteriorate and a sudden drop in the activity of membrane 
bound enzyme will be obtained As a result , the substrate of such enzymes (middle metabolites) will accumulate  
causing chilling injury development.With chilling injury, membrane permeability considerably increased due to 
its deterioration allowing more solute leakage (Abd El-Samad, 1998). Electrolyte leakage increased significantly 
in chilled fruits (Lester et al 1988). The chilling of sensitive fruit has increased membrane permeability (King, 
and  Ludford 1983). Moreover, after 10 days untreated fruits exhibited high solute leakage (48.9%) than other 
treatments which considered an indicator for its high susceptibility to chilling injury  
 
B.3. Ethylene production measurements: 

 
Table 8: Effect of some postharvest treatments on ethylene production (ppm/g fruit fresh weight/hr)   of  "Kitt" mangoes under chilling  
              temperature stress (7days at 51°C) followed by ripening at 202°C during 2011 and 2012  season 

Treatments  Days in cold storage  
at 5 1° C

Days in  ripening room  at 202° C 

10hr. 7 5 10 

 Season 2011
 Control  0.59 a 0.31 c 1.24 e 2.74 d 
 0.5 mM SA 0.54 a 0.36 c 2.27 d 4.11 c 
 1.0 mM SA 0.41 bc 0.43 b 2.94 c 6.00 b 
 E.V. at 25%  0.33 c 0.71 a 3.94 a 7.46 a 
 0.5 mM SA + E.V. 0.32 c 0.69 a 3.22 bc 7.01 a 
 1.0 mM SA + E.V. 0.35 c 0.76 a 3.64 ab 6.52 ab 

 Season 2012
Control  0.68 a 0.30 d 1.67 d 3.11 d 
 0.5 mM SA 0.56 b 0.42 c 2.68 c 4.97 c 
 1.0 mM SA 0.47 bc 0.55 b 3.82 b 6.73 ab 
 E.V. at 25%  0.40 c 0.88 a 4.45 a 7.20 a 
 0.5 mM SA + E.V. 0.44 c 0.73 a 4.20 a 7.11 ab 
 1.0 mM SA + E.V. 0.41 c 0.80 a 3.87 b 6.67 b 

Values followed by the same letter (s) of each column are not significantly different at 5% level 
EV  :Ethanol vapor   &  SA : salicylic acid 

 
Data table (8) explained that, in the beginning of cold storage duration (0 days) all ethanol vapor treatments 

(whether alone or with salicylic acid both concentrations) exhibited less values of ethylene production followed 
by SA at 1.0 mM with slight different among them. However, untreated fruit and treated with SA at 0.5 mM 
exhibited similar values of ethylene production ranged from (0.54 to 0.68 ppm/g fruit fresh weight/hr) during 
both seasons. After 7 days of cold storage, the higher values of ethylene production were recorded by 25% 
ethanol vapor, SA at 0.5 mM + EV and SA at 1.0  mM + EV. Ethanol vapor exposure, was able to sustain and 
protect ethylene-producing system (Nasr, 2004). On the other hand, the least value of ethylene production was 
recorded untreated fruit. Ethylene production and the capacity to convert ACC to ethylene in mango fruit peel 
were not enhanced by storage temperatures, which cause chilling injury to the peel (Lederman et al., 1997). 

The end of  ripening duration ,the high ethylene production values were recorded with all treatments 
ethanol vapor however , the highest concentration of SA given convergent values of these treatments.It could be 
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concluded that control treatment caused a general reduction in ethylene production than other treatments which 
means that this fruits failured in ripening. 

Ethanol vapor exposure, was able to sustain and protect ethylene-producing system (Wu et al 1992). 
Salicylic acid (SA) is a plant hormone inhibiting ethylene biosynthesis and delaying the senescence (Ozeker, 
2005 & Bal and Celik 2010). SA has been shown to inhibit the conversion of ACC into ethylene (Leslie and 
Romani, 1988) by suppressing ACC oxidase activity (Fan et al., 1996). 

 
B.4. Respiration rate (mg CO2/kg fruit/hr): 

 
Table 9: Effect of some postharvest treatments on Respiration rate (mg CO2/kg fruit/hr): of  "Kitt" mangoes under chilling temperature  
              stress (7days at 51°C) followed by ripening at 202°C during 2011 and 2012  season 

Treatments  Days in cold storage  
at 5 1° C

Days in  ripening room  at 202° C 

10hr. 7 5 10 

 Season 2011
 Control  33.8 a 11.9 c 62.6 a 99.3 a 
 0.5 mM SA 29.7 b 13.6 b 54.3 b 81.3 b 
 1.0 mM SA 23.6 c 13.1 bc 40.5 c 64.3 c 
 E.V. at 25%  16.4 d 15.9 a 32.7 d 45.6 d 
 0.5 mM SA + E.V. 17.3 d 16.2 a 28.4 d 41.7 d 
 1.0 mM SA + E.V. 20.1 cd 15.0 a 37.1 d 43.8 d 

 Season 2012
Control  32.1 a 13.7 c 80.4 a 127.3 a 
 0.5 mM SA 26.6 b 14.2 c 43.3 bc 72.9 b 
 1.0 mM SA 24.1 b 16.7 ab 38.7 d 59.7 c 
 E.V. at 25%  20.6 c 18.3 a 40.4 c 49.7 d 
 0.5 mM SA + E.V. 17.9 c 15.8 b 39.2 d 50.3 d 
 1.0 mM SA + E.V. 19.5 c 16.2 b 46.7 b 54.3 cd 

Values followed by the same letter (s) of each column are not significantly different at 5% level 
EV  :Ethanol vapor   &  SA : salicylic acid 

 
At the beginning of the cold storage duration it is clear, that respiration rate was decreased with all used 

treatments except treated fruit acid with SA at  0.5  mM  or untreated fruit (table 9) .It is evident that, ethanol 
vapor treatments caused a gradual decrease in respiration rate in cold store and a gradual increase during holding 
days at 20 2°C. This finding explained the importance of these treatments in increasing chilling injury 
tolerance of treated fruits.Ethanol vapor reducing fruit respiration before and during cold storage may arrest the 
accumulation of such respiratory metabolites. (Wu et al, 1992). This findings could be attributed to that, the 
fruits reach to the end of climectaric phase which characterized by the normal reduction in respiration rate and 
the fruits become ripe and edible. (Nasr, 2004).  

Untreated fruits  exhibited a decrease in respiration rate during cold storage followed by a sharp increase 
after removal from cold storage and during  holding at room temperate (20 ± 2°C) ranged from (11.9 to 99.3 and 
13.7 to 127.3 mg CO2/kg fruit/hr) after cold storage at (5 ± 1°C) and the end ripening  period at (20 ± 2°C) 
during both season under study  respectively. The rate of oxidation  relative to glycolysis which may lead to the 
accumulation of an intermediate respiratory substances to toxic levels or fermentation causing chilling injury 
development (Minorsky, 1985). 
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