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he effects of postharvest applications of 1-methylcyclopropene 
(1-MCP) and gibberellic acid (GA3) on fruit quality of stored 

mango cv. ‘Zibda’ at 13°C were studied during two successive 
seasons, 2014 and 2015. Fruits divided into three equal groups and 
treated with 0, 1 and 1.5 ppm of 1-MCP. Applications were performed 
by placing each group into a hermetic chamber and exposing them to 
the gas for 24 hours at room temperature. After the duration of 1-MCP 
applications, the fruits in each group divided into three equal 
subgroups and mangoes were dipped into aqueous solutions of GA3 at 
0, 50 and 100 ppm concentration for ten minutes. All treatments were 
stored at 13°C for five weeks. All postharvest applications 
significantly increased fruit storability and reduced the deterioration 
rate of mango fruits during storage. Moreover, the combination 
treatments of 1-MCP with GA3 were more effective in this aspect. This 
experiment revealed that, postharvest application of ‘Zibda’ mango 
fruits with exposed to 1-MCP for 24 hours or dipped in GA3 solution 
for ten minutes especially combined treatments before storage at 13°C 
alleviated decay incidence reduced weight loss percentage and 
increased marketable fruit percentage. In addition, these applications 
delayed the variability of fruit colour, decreased loss of fruit firmness 
and maintained inner fruit quality for up to five weeks at 13°C 
followed by three days shelf life at room temperature. 

 
Keywords: Gibberellic acid, 1-Methylcyclopropene, Mango, Colour 

Firmness, Decay, Fruit quality. 
 

Mango (Mangifera indica L.) is one of the most popular and traditional fruit in 
the world. In Egypt, The total occupied area of mango orchards reached 183341 
feddans with annually total production of 786528 tons according to Statistics of 
Ministry of Agriculture and Land Reclamation (2014). Mango is considering a 
climacteric fruit and it has poor storage life. Fruit ripening rapidly after 
harvesting, this is because of trigger ethylene, which greatly affects a loss in its 
commercial value (Wongkhot et al., 2012). The rapid quality loss and short 
storage life of the mango fruit makes it highly perishable with a short shelf life 
period (Narayana et al., 1996). Ripening process of mango fruit is follow by a 
peak in respiration and a concomitant production of ethylene (Wills et al., 1998). 

T 
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Ethylene is a plant hormone, has a major role in promote ripening processes 
(Wang et al., 2002). This simple hydrocarbon molecule can diffuse in and out of 
plant tissues from both endogenous and exogenous sources (Saltveit, 1999). 
Ethylene affects on the quality of harvested products and can be helpful or 
harmful, depending on the produce and it is ripening stage (Saltveit, 1999). 
Usually after harvesting, the ripening process in mature green mango involves a 
series of biochemical reactions because of increase respiration, ethylene 
production and change in structural of polysaccharides. These effects resulted in 
fruit softening, degradation of chlorophyll, developing pigments by carotenoids 
biosynthesis, conversion carbohydrates or starch into sugars and change in 
organic acids, lipids, phenolics and volatile compounds, thus leading to fruit 
ripening (Herianus et al., 2003). Some commercial strategies used to withdraw 
deleterious effects of ethylene over fruits are practicing. For instance, avoid 
exposure to ethylene, minimize ethylene production and action during fruit 
ripening, harvest, storage and transport by using compounds that inhibit ethylene 
action through interaction with ethylene receptors (Sisler and Serek, 1997; 
Watkins, 2006 and Wang et al., 2009). Moreover, low temperature is useful for 
maintaining fruit quality and extending shelf life of mangoes (Mitra & Baldwin, 
1997 and Nunes et al., 2007) and it can be used to delay the ripening process of 
climacteric fruits by reducing the ethylene production from tissues and minimizes 
the rate of response of the tissue to ethylene action (Wills et al., 1998).  

 
1-Methylcyclopropene (1-MCP) is a synthetic cyclic olefin capable of 

inhibiting ethylene action and it acts as a competitor of ethylene, blocking its 
access to the ethylene-binding receptors (Sisler and Serek, 1997). 1-MCP is a 
gaseous nontoxic product that is used to delay the ripening and softening process, 
extend the storage as well as shelf life and improves post-storage quality of 
several climacteric fruits (Watkins, 2006). Application of 1-MCP at low 
concentrations prior to the climacteric increase delayed the onset of the 
climacteric peaks of C02 and ethylene production and is more effective in 
reduction the activities of ethylene biosynthesis enzymes, 1-aminocyclopropane-
1-carboxylic acid synthase (ACS), 1-aminocyclopropane-1-carboxylic acid 
oxidase (ACO) and 1-aminocyclopropane-1-carboxylic acid (ACC) content 
(Watkins, 2006 and Wang et al., 2009). Furthermore, 1-MCP was effective in 
inhibition the increment of the activities fruit softening enzymes (pectin methyl 
esterase, 1,4-β-D-glucanase and polygalacturonase) in the skin as well as in pulp 
tissues of ‘Chousa’, ‘Dashehari’ and ‘Langra’ mango fruits and consequently 
fruit softening delayed (Singh & Neelam, 2008). Meanwhile, 1-MCP treatment at 
very low concentration has been used to delay fruit ripening, improve postharvest 
quality and maintain firmness of many fruits including, mangoes (Del Monte et 
al., 2004; Wang et al., 2009 and Sivakumar et al., 2012), avocados (Jeong et al., 
2003 and Meyer & Terry, 2010), banana (Abdalnoor, 2010), kiwifruits (Boquete 
et al., 2004), nectarines (Özkaya et al., 2016) and ‘Eureka’ lemons (Abd El-
khalek, 2012 and El-Abbasy et al., 2013). 1-MCP application is effective in 
preventing superficial scald and controlled soft scald, internal browning, and 
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breakdown incidence, impairs fruit ripening and improving overall fruit quality 
of pears (Vanoli et al., 2013 and Rizzolo et al., 2014). Exogenous application 
with 1.0 μl/l of 1-MCP decreased ethylene production and activities of 
polygalacturonase and pectin methyl esterase during ripening of ‘Chousa’, 
‘Dashehari’ and ‘Langra’ mango fruits and consequently fruit softening delayed 
(Singh & Neelam, 2008). In addition, respiration rates and ethylene production are 
reduced in fruits treated with 1-MCP (Del Monte et al., 2004, Singh & Neelam, 
2008 and Wang et al., 2009). As for bioactive compounds, ascorbic acid content 
was higher in 1-MCP treated mango ‘Tommy Atkins’ as compared to the 
untreated mango (Del Monte et al., 2004). Meanwhile, 1-MCP prevented or 
delayed chlorophyll degradation and the activity of chlorophyllase enzyme in 
orange and lime fruits (Porat et al., 1999 and Win et al., 2006). Moreover, treated 
‘Tower II’ avocado fruits with 0.9 µL/L of 1-MCP for 12 hours at 20°C had 
greener colour as compared to untreated fruits after storage for 12 days at 20°C 
(Jeong et al., 2003). In addition, application of ‘Tahiti’ lime and ‘Oroblanco’ 
citrus fruits with 0.5 or 1.0 µL/L of 1-MCP or in combination with gibberellic 
acid increased the shelf life for 40 days and delayed changes in colour intensity 
(Tavares et al., 2004). In addition, 1-MCP enhanced the disease resistance and 
reduced the decay incidence during storage in oranges (Porat et al., 1999), pineapples 
(Pietro et al., 2009), ‘Eureka’ lemons (Abd El-Khalek, 2012 and El-Abbasy et al., 
2013) and mangoes (Chutichudet et al., 2016). 

 
Plant growth regulators can be used as postharvest treatments to maintaining 

various physical and biochemical characteristics of fruits. Plant growth regulators 
performed effectively in reduction of postharvest decay, and extension of shelf 
life of mango (Ahmed & Singh, 2000 and Feng et al., 2016). Generally, 
gibberellic acid (GA3) is one of some plant growth regulators known for its anti 
senescing properties and ethylene antagonist, which delaying ripening processes 
and colour transformation of climacteric fruits (Wahdan et al., 2011). In 
mangoes, postharvest treatment with GA3 at 200 or 300 ppm delayed ripening 
and changes in colour of fruit and reduced an increasing in total soluble solids 
content, total sugar, loss of ascorbic acid content, acidity and physiological loss 
in weight during storage and shelf life period (Feng et al., 2016). Moreover 
application of GA3 on mangoes significantly decreased fruit weight loss during 
storage (Wahdan et al., 2011 and Islam et al., 2013a). In addition, GA3 treatment 
significantly slowed the rate of rind colour change, softening and maintained 
internal fruit quality of ‘Clementine’ mandarin and ‘Washington’ navel orange 
fruits during cold storage (El-Otmani and Coggins, 1991). Postharvest dips in 
GA3 (50 and 100 ppm) inhibited the decay development of stored lemon fruits for 
90 days (Ben-Yehoshua et al., 1995).  

 
Apparently, the reduction of losses and extension of postharvest life of mango 

will help to increase the market price in the off seasons, which play a good role in 
the economic development. Therefore, the current research was aimed at studying 
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the influence of postharvest treatments with 1-MCP as an anti-ethylene and plant 
growth regulators (GA3) on ripening, fruit quality parameters of ‘Zibda’ mango 
fruits during storage at 13°C. 

 
Materials and Methods 

 
Fully mature green of mango fruits cv. ‘Zibda’ (Mangifera indica L.) were 

picked according to Mitra and Baldwin (1997) during the 2014 and 2015 seasons. 
They were obtained from a commercial private orchard in El-Behera 
Governorate, Egypt (latitude, 31°02" N, longitude, 30°28" E). The fruits were 
apparently uniform in size and free of visible symptoms of infection, plucked on 
the first week of august and directly transported to the postharvest laboratory of 
Horticulture Research Institute in Giza governorate, nearly at 175 Km from the 
orchard. Fruits at the laboratory were thoroughly cleaned with tap water to 
remove dirt, latex and reduce fruit temperature, after that fruits were completely 
dried by electric fans. A total of 810 fresh fruits were selected and randomly 
divided into three equal groups. A powder containing 0.14% of 1-MCP as active 
ingredient was released from a commercial powdered formulation (Smart 
FreshTM Rohm and Hass Inc., USA) by adding distilled water, according to the 
manufacturer’s instructions was used for the treatments. Three groups of mango 
fruits were treated as follows: the weight of 1-MCP powder was calculated by the 
area of hermetic chamber (162 liter), 50 ml of distilled water were added to the 
flask containing a predetermined amount of powder and was stirred until its 
complete dissolution, which giving 0, 1 and 1.5 ppm of 1-MCP. For untreated 
fruits, the flask did not contain powder. 1-MCP application was performed by 
placing the each group into a hermetic chamber and exposing them to the gas for 
24 hours. After the duration of treatments, mango fruits in each group were 
removed from the container and divided into three subgroups, after that the fruits 
were dipped in aqueous solutions of gibberellic acid (0, 50 and 100 ppm) 
containing 0.05% (v/v) Tween-80 to improve wettability and adherence to 
mangoes surface for ten minutes. Then the fruits were air dried by electric fan for 
one hour and then packaged in cardboard boxes (50×35×15 cm). Each treatment 
included ten boxes, each containing nine fruits (90 fruits per treatment). 
Subsequently the treated fruits stored at 13±1°C and 85-90 % relative humidity 
(RH) for 5 weeks. At zero time of cold storage and after every one week intervals 
of cold storage period plus three days as a shelf life period at room conditions 
(22-28°C and 60-75% RH) for to simulate a marketing period, fruit samples were 
taken to measure the changes in external and internal fruit quality during cold 
storage period. 

 
Measurements of fruit physical and chemical characteristics 

Weight loss percentage was calculated by the following equation [(initial fruit 
weight - fruit weight at examination date) / (initial fruit weight)] × 100. 

 
Decayed fruit percentage was determined as follow [(number of decayed 

fruits at examination date) / (initial number of fruits)] ×100. 
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Marketable fruit percentage was calculated by the following formula [(sound 
fruits at examination date) / (initial fruit weight)] ×100. 

 
Fruit colour was measured using a Minolta CR-400 Chroma Meter (Minolta 

Co. ltd. Osaka, Japan). The measurements of skin and flesh colour were 
expressed in chromaticity values of hue angle (h°). Three readings were taken at 
different locations of each mango fruit during each data observation (McGuire, 
1992 and Voss, 1992). 

 
Fruit firmness of the flesh was recorded by using lfra texture analyzer 

Instrument. The force required to penetrate 1 cm inside the fruit using a needle 
probe diameter of 5 mm was measured. The machine was set with peak mode and 
speed of 0.3 mm/sec. Readings were recorded on three points in the equatorial 
region of the whole fruit and the results were expressed as the resistance force to 
the penetrating tester in units of pressure g/cm² (Watkins & Harman, 1981). 

 
Fruit juice was extracted by crushing the pulp of each fruit and fruit juice 

strained through a muslin cloth and used for measuring internal fruit quality as 
follow: 
 

Fruit content of ascorbic acid (AsA) was determined according to method of 
adopting the procedure described by AOAC (2000) and was calculated as 
mg/100 ml juice. 
 

Fruit content of total soluble solids (TSS) was determined by hand 
refractometer, 0-32 scale (ATAGO N-1E, Japan) and expressed in °Brix after 
making the temperature correction at 20°C according to AOAC (2000). 
 

Fruit content of titratable acidity (TA) was determined as per the procedure 
of AOAC (2000). Aliquot was taken and titrated against 0.1 N NaOH to the 
phenolphthalein end point and expressed as citric acid and was calculated as 
g/100 ml of the juice. 

 
Fruit TSS/TA ratio was calculated from the values recorded for fruit TSS 

and TA percentages determined. 
 
Statistical analysis 

This experiment was arranged in a completely randomized design having 
three replications (Steel et al., 1997) and consisting of two factors (postharvest 
treatments and storage periods). This experiment was analysis as factorial. Data 
calculated as percentage were transformed to arcsine of square root before 
statistical analysis and non-transformed means are shown. The effects of 
postharvest treatments and cold storage periods on different attributes were 
analyzed statistically by analysis of variance (ANOVA) using the MSTAT-C 
statistical package (M-STAT, 1993). Comparisons between means were done by 
Duncan’s multiple range tests (DMRT) at probability ≤ 0.05. 
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Results and Discussion 
  
Effect of postharvest applications of 1-methylcyclopropene (1-MCP) and 
gibberelic acid (GA3) on ‘Zibda’ mango fruit quality during cold storage 

Physical characteristics 

Fruit weight loss, decay and marketable percentages 

Data presented in Tables 1, 2 and 3 clearly indicated that, weight loss and 
decay percentages of mango fruits gradually and significantly increased with 
prolonging of cold storage period followed by shelf life during the two seasons in 
this work. On contrast, marketable fruits percentage gradually and significantly 
decreased with the advancement of cold storage period in the two seasons under 
this investigation.  
 
TABLE 1. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and 

gibberelic acid (GA3) on changes in weight loss percentage of ‘Zibda’ 
mango fruits during storage at 13°C plus 3 days shelf life at 22-28°C 

 
Storage period (days)  

Postharvest treatments 
0 7 14 21 28 35 Means 

Season 2014 
Distilled water (control) 2.77 r-v 4.47 opq 7.13 mn 10.17 e-j 15.73 b 20.87 a 10.19 A 
1 ppm 1-MCP 1.03 wx 2.73 r-v 6.03 no 8.80 jkl 11.57 def 12.33 cd 7.08 BCD 
1.5 ppm 1-MCP 0.47 x 2.17 r-w 5.53 o 8.90 i-l 11.23 def 12.47 cd 6.79 CDE 
50 ppm GA3 1.27 vwx 2.97 q-u 5.90 no 9.93 f-j 11.50 def 13.27 c 7.47 B 

100 ppm GA3 2.70 r-v 4.40 opq 5.53 o 8.13 klm 11.77 cde 11.80 cde 7.39 BC 
1 ppm 1-MCP + 50 ppm GA3 1.70 t-x 3.40 p-s 4.50 opq 9.27 h-l 10.93 d-g 11.40 def 6.87 CD 
1.5 ppm 1-MCP + 50 ppm GA3 1.84 s-x 3.54 pqr 4.69 op 8.60 j-m 11.50 def 11.70 cde 6.98 BCD 

1 ppm 1-MCP + 100 ppm GA3 1.07 wx 2.77 r-v 5.70 no 8.33 klm 10.47 e-i 11.30 def 6.61 DE 
1.5 ppm 1-MCP + 100 ppm GA3 1.53 u-x 3.23 p-t 4.70 op 7.80 lm 9.50 g-k 10.63 e-h 6.23 E 

Means 1.60 F 3.30 E 5.52 D 8.88 C 11.58 B 12.86 A    

Season 2015 

Distilled water (control) 4.18 r-v 5.88 n-r 7.72 lmn 11.20 f-i 17.47 b 19.90 a 11.06 A 
1 ppm 1-MCP 1.75 w-z 3.45 t-w 5.34 o-s 7.12 mno 12.12 d-h 13.50 cd 7.21 C 
1.5 ppm 1-MCP 1.71 w-z 3.41 t-w 6.09 n-q 8.35 klm 11.40 f-i 11.52 f-i 7.08 C 
50 ppm GA3 3.29 t-x 4.99 p-t 6.57 m-p 9.79 ijk 13.37 cde 12.46 c-g 8.41 B 
100 ppm GA3 2.75 u-x 4.45 q-u 6.18 n-q 8.95 jkl 13.01 c-f 13.97 c 8.22 B 
1 ppm 1-MCP + 50 ppm GA3 0.81 z 2.51 v-z 3.97 s-v 7.57 lmn 12.74 c-g 11.84 d-h 6.57 CD 
1.5 ppm 1-MCP + 50 ppm GA3 1.57 xyz 3.27 t-x 5.10 p-t 7.58 lmn 11.62 e-h 10.57 hij 6.62 CD 
1 ppm 1-MCP + 100 ppm GA3 0.94 yz 2.64 u-y 4.06 s-v 6.19 n-q 10.97 ghi 12.24 c-h 6.17 D 
1.5 ppm 1-MCP + 100 ppm GA3 1.82 w-z 3.52 s-w 4.80 p-t 7.67 lmn 10.43 hij 9.07 jkl 6.22 D 
Means 2.09 E 3.79 D 5.54 C  8.27 B 12.57 A 12.79 A     
Means followed by the same letters within postharvest treatments, storage periods and their 

interactions in each season are not significantly different at level P ≤ 0.05 according to DMRT. 
The duration of the exposure to 1-MCP and GA3 dipping were 24 hours and 10 minutes, respectively. 
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These results are in accordance with those reported by Islam et al. (2013a). 
They reported that, mango fruits weight loss percentage and decay incidence 
gradually and significantly increased with prolonging of storage period.  
 

Data also indicated that, all postharvest treatments significantly decreased the 
deterioration rate in these characteristics during the two seasons in this work as 
compared to untreated fruits. Moreover, fruits treated with either 1 or 1.5 from 1-
MCP in combination with gibberellic acid at 50 or 100 ppm significantly had the 
lowest deterioration rate in these characteristics during the two seasons under this 
study. Data also cleared that, there was a significant interaction among all these 
studded treatments during the two seasons in this research. 
 
 
TABLE 2. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and 

gibberelic acid (GA3) on changes in decay percentage of ‘Zibda’ mango 
fruits during storage at 13°C plus 3 days shelf life at 22-28°C 

 
Storage period (days)  

Postharvest treatments 
0 7 14 21 28 35 Means 

Season 2014 
Distilled water (control) 0.00 m 0.00 m 9.73 ij 20.03 c 37.27 b 41.77 a 18.13 A 
1 ppm 1-MCP 0.00 m 0.00 m 0.00 m 0.00 m 11.80 f-i 14.07 d-f 4.31 B-D 

1.5 ppm 1-MCP 0.00 m 0.00 m 0.00 m 0.00 m 10.67 g-j 12.37 f-h 3.84 C-E 
50 ppm GA3 0.00 m 0.00 m 0.00 m 0.00 m 13.23 ef 15.73 d 4.83 B 
100 ppm GA3 0.00 m 0.00 m 0.00 m 0.00 m 12.60 e-g 14.67 de 4.54 BC 
1 ppm 1-MCP + 50 ppm GA3 0.00 m 0.00 m 0.00 m 0.00 m 9.57 j 12.20 f-h 3.63 DE 

1.5 ppm 1-MCP + 50 ppm GA3 0.00 m 0.00 m 0.00 m 0.00 m 7.29 k 12.90 ef 3.36 E 
1 ppm 1-MCP + 100 ppm GA3 0.00 m 0.00 m 0.00 m 0.00 m 0.00 m 13.97 d-f 2.33 F 
1.5 ppm 1-MCP + 100 ppm GA3 0.00 m 0.00 m 0.00 m 0.00 m 3.07 l 10.23 h-j 2.22 F 

Means 0.00 E 0.00 E 1.08 D 2.23 C 11.72 B 16.43 A    

Season 2015 

Distilled water (control) 0.00 g 0.00 g 12.28 de 18.49 cd 30.17 b 43.31 a 17.37 A 

1 ppm 1-MCP 0.00 g 0.00 g 0.00 g 0.00 g 5.39 fg 18.59 cd 4.00 BC 
1.5 ppm 1-MCP 0.00 g 0.00 g 0.00 g 0.00 g 5.03 fg 17.15 c-e 3.70 BC 
50 ppm GA3 0.00 g 0.00 g 0.00 g 0.00 g 11.23 ef 20.79 c 5.34 B 

100 ppm GA3 0.00 g 0.00 g 0.00 g 0.00 g 5.42 fg 20.41 c 4.31 BC 
1 ppm 1-MCP + 50 ppm GA3 0.00 g 0.00 g 0.00 g 0.00 g 0.00 g 17.65 c-e 2.94 BC 
1.5 ppm 1-MCP + 50 ppm GA3 0.00 g 0.00 g 0.00 g 0.00 g 0.00 g 17.19 c-e 2.86 BC 
1 ppm 1-MCP + 100 ppm GA3 0.00 g 0.00 g 0.00 g 0.00 g 0.00 g 14.35 c-e 2.39 C 

1.5 ppm 1-MCP + 100 ppm GA3 0.00 g 0.00 g 0.00 g 0.00 g 0.00 g 14.14 c-e 2.36 C 

Means 0.00 C 0.00 C 1.36 C 2.05 C 6.36 B 20.40 A   

Means followed by the same letters within postharvest treatments, storage periods and their 
interactions in each season are not significantly different at level P ≤ 0.05 according to DMRT. 

The duration of the exposure to 1-MCP and GA3 dipping were 24 hours and 10 minutes, respectively. 
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Fruit weight loss during storage could largely be attributed to moisture loss 
that occurs through physiological processes, such as transpiration and respiration 
(Magazin et al., 2010). The reduction in weight loss of the fruits treated with 1-
MCP and GA3 especially in combination treatments might be due to its anti-
senescent action, which causes the decrease in the tissue permeability thereby 
reduced physiological loss in weight by delaying fruit ripening as mentioned by 
Sudha et al. (2007).  

 
TABLE 3. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and 

gibberelic acid (GA3) on changes in marketable percentage of ‘Zibda’ 
mango fruits during storage at 13°C plus 3 days shelf life at 22-28°C 

 
Storage period (days)  

Postharvest treatments 
0 7 14 21 28 35 Means 

Season 2014 
Distilled water (control) 97.23 a-e 95.53 d-h 83.13 o 69.99 u 47.00 v 37.37 w 71.71 E 
1 ppm 1-MCP 98.97 ab 97.27 a-e 93.97 h-k 91.20 lm 76.63 rs 73.60 t 88.61 CD 
1.5 ppm 1-MCP 99.53 a 97.83 a-e 94.47 f-i 91.10 lm 78.10 qr 75.17 st 89.37 BC 
50 ppm GA3 98.73 ab 97.03 a-f 94.10 g-k 89.83 lm 75.27 st 71.00 u 87.66 D 
100 ppm GA3 97.30 a-e 95.60 c-h 94.47 f-i 91.87 j-m 75.63 st 73.53 t 88.07 D 
1 ppm 1-MCP + 50 ppm GA3 98.30 abc 96.60 b-h 95.50 d-h 90.73 lm 79.50 pq 76.40 rs 89.51 BC 
1.5 ppm 1-MCP + 50 ppm GA3 98.16 a-d 96.46 b-h 95.31 e-h 91.40 lm 81.21 op 75.40 st 89.66 B 
1 ppm 1-MCP + 100 ppm GA3 98.93 ab 97.23 a-e 94.30 g-j 91.67 klm 89.53 mn 74.73 st 91.07 A 
1.5 ppm 1-MCP + 100 ppm GA3 98.47 ab 96.77 b-g 95.30 e-h 92.20 i-l 87.43 n 79.14 pq 91.55 A 
Means 98.40 A 96.70 B 93.39 C 88.89 D 76.70 E 70.70 F    

Season 2015 

Distilled water (control) 95.82 a-e 94.12 a-g 80.00 klm 70.32 nop 52.35 q 36.80 r 71.57 D 
1 ppm 1-MCP 98.25 ab 96.55 a-d 94.66 a-f 92.88 a-g 82.49 i-l 67.92 op 88.79 ABC 
1.5 ppm 1-MCP 98.29 ab 96.59 a-d 93.91 a-g 91.65 a-g 83.57 h-k 71.33 nop 89.22 AB 
50 ppm GA3 96.71 a-d 95.01 a-f 93.43 a-g 90.21 c-h 75.39 mn 66.75 op 86.25 C 
100 ppm GA3 97.25 abc 95.55 a-f 93.82 a-g 91.05 b-g 81.56 j-m 65.62 p 87.48 BC 
1 ppm 1-MCP + 50 ppm GA3 99.19 a 97.49 abc 96.03 a-e 92.43 a-g 87.26 g-j 70.51 nop 90.49 A 
1.5 ppm 1-MCP + 50 ppm GA3 98.43 ab 96.73 a-d 94.90 a-f 92.42 a-g 88.38 f-i 72.25 nop 90.52 A 
1 ppm 1-MCP + 100 ppm GA3 99.06 a 97.36 abc 95.94 a-e 93.81 a-g 89.03 e-i 73.41 no 91.44 A 
1.5 ppm 1-MCP + 100 ppm GA3 98.18 ab 96.48 a-e 95.20 a-f 92.33 a-g 89.57 d-h 76.79 lmn 91.43 A 
Means 97.91 A 96.21 A 93.10 B 89.68 C 81.07 D 66.82 E    
Means followed by the same letters within postharvest treatments, storage periods and their 

interactions in each season are not significantly different at level P ≤ 0.05 according to DMRT. 
The duration of the exposure to 1-MCP and GA3 dipping were 24 hours and 10 minutes, respectively. 

 
These results are in harmony with the findings of Chutichudet et al. (2016) on 

mango fruits, who reported that postharvest application of 1-MCP reduced 
physiological loss in weight in comparison to untreated fruits. Moreover, these 
results are conformity with the findings of Wahdan et al. (2011) and Islam et al. 
(2013a). They reported that, dipping mango fruits in GA3 reduced weight loss 
during storage. 
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Susceptibility mango fruits to postharvest diseases were increased during 
storage because of the physiological changes and senescence of fruits (Prusky & 
Keen, 1993). They also cleared that, the reducing decay appearance after treating 
with 1-MCP may be associated with changes in natural antifungal compounds in 
ripening fruit.  

 
The reduction of decay incidence of mangoes cv. ‘Zibda’ during storage by 

postharvest application with either 1-MCP or GA3 especially in combination 
treatments may be due to the low respiration rate and the delay senescence of 
fruits, which could enhance resistance to infection and lesion development as has 
been previously suggested by Watkins (2008).  

 
These results coincide with previous reports of Pietro et al. (2009) on 

pineapple fruits, who found that 1-MCP might be beneficial in controlling 
microbial growth. Moreover, these results are in line with the findings of Abd El-
khalek (2012) and El-Abbasy et al. (2013) on ‘Eureka’ lemon fruits and 
Chutichudet et al. (2016) on mangoes. They demonstrated that, 1-MCP 
application had a positive effect in reducing postharvest decay as compared to 
control treatment during storage. Moreover, immersed fruits before storage in 
GA3 inhibited the decay development of mangoes (Kumar & Sing, 1993) and 
lemons (Ben-Yehoshua el al., 1995).  
 

Fruit firmness 

Data shown in Table 4 appeared that, firmness of mango fruits gradually and 
significantly decreased with prolonging of cold storage period followed by shelf 
life during the two seasons in this study. These results are in harmony with those 
obtained by Singh & Neelam (2008), Wang et al. (2009), Sivakumar et al. (2012) 
and Chutichudet et al. (2016). They illustrated that, firmness of mango fruits 
gradually and significantly decreased with the progress of storage period. 

 
Moreover, data indicated that, all postharvest treatments significantly 

decreased loss of fruit firmness during the two seasons in this work as compared 
to untreated fruits. Moreover, fruits treated with 1.5 of 1-MCP in combination 
with gibberellic acid at 100 ppm significantly had the lowest decreasing rate of 
fruit firmness during the two seasons under this study. Data also mentioned that, 
there was a significant interaction among all these studded treatments during the 
two seasons in this research. 
 

Fruit softening of mango fruits was associated with the increase of activities 
of cell wall hydrolysis enzymes because of ripening process (Ali et al., 2004). 
Similar effects in delaying softening of mango fruits and reducing the 
deterioration rate of firmness during storage have been observed by 1-MCP 
postharvest treatments (Del Monte et al., 2004; Singh & Neelam, 2008; Wang et 
al., 2009; Sivakumar et al., 2012 and Chutichudet et al., 2016). Furthermore, 
these results are in harmony with those obtained by Wahdan et al. (2011), who 
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found that postharvest treatment of GA3 of mango fruits showed better retention 
of firmness as compared to untreated fruits. 
 
 
TABLE 4. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and 

gibberelic acid (GA3) on changes in firmness (g/cm2) of ‘Zibda’ mango 
fruits during storage at 13°C plus 3 days shelf life at 22-28°C 

 
Storage period (days)  

Postharvest treatments 
0 7 14 21 28 35 Means 

Season 2014 
Distilled water (control) 195.7 de 192.0 ef 164.3 ij 93.7 n 48.3 uv 36.3 v 121.7 D 
1 ppm 1-MCP 193.0 ef 189.3 efg 156.3 j 108.7 lm 98.3 mn 57.3 stu 133.8 C 
1.5 ppm 1-MCP 200.4 a-e 196.7 cde 175.0 ghi 115.3 kl 77.3 o-r 64.7 rst 138.2 ABC 
50 ppm GA3 213.4 ab 209.7 a-d 174.7 ghi 86.0 nop 74.7 pqr 55.7 tu 135.7 C 
100 ppm GA3 215.0 a 211.3 abc 170.3 hij 97.0 mn 70.7 q-t 55.7 tu 136.7 BC 
1 ppm 1-MCP + 50 ppm GA3 191.4 ef 187.7 efg 168.0 hij 116.7 kl 92.3 n 68.3 rst 137.4 ABC 
1.5 ppm 1-MCP + 50 ppm GA3 202.4 a-e 198.7 b-e 180.0 fgh 127.3 k 83.3 n-q 65.0 rst 142.8 A 
1 ppm 1-MCP + 100 ppm GA3 197.4 cde 193.7 ef 180.0 fgh 125.0 k 90.0 no 68.0 rst 142.4 AB 
1.5 ppm 1-MCP + 100 ppm GA3 192.7 ef 189.0 efg 189.0 efg 126.3 k 89.3 no 71.0 qrs 142.9 A 
Means 200.2 A 196.5 A 173.1 B 110.7 C 80.5 D 60.2 E     

Season 2015 

Distilled water (control) 198.7 cde 195.0 def 138.0 n 81.7 v-y 51.7 z 44.7 z 118.3 D 
1 ppm 1-MCP 181.4 f-i 177.7 hij 141.3 mn 114.7 op 100.3 p-t 86.0 t-x 133.6 C 
1.5 ppm 1-MCP 194.4 d-g 190.7 e-i 161.7 kl 106.0 pq 91.3 q-v 74.7 wxy 136.5 C 
50 ppm GA3 212.0 abc 208.3 bcd 127.0 no 101.0 p-t 94.7 q-v 66.0 y 134.8 C 
100 ppm GA3 196.0 def 192.3 e-h 153.3 lm 103.0 p-s 98.3 p-u 67.3 y 135.0 C 
1 ppm 1-MCP + 50 ppm GA3 217.7 ab 214.0 ab 163.7 jkl 112.7 op 87.7 r-w 69.3 y 144.2 B 
1.5 ppm 1-MCP + 50 ppm GA3 227.4 a 223.7 ab 178.6 g-j 104.3 pqr 89.7 q-w 70.7 xy 149.1 AB 
1 ppm 1-MCP + 100 ppm GA3 225.4 a 221.7 ab 174.9 ijk 102.7 p-t 93.3 q-v 82.0 u-y 150.0 AB 
1.5 ppm 1-MCP + 100 ppm GA3 226.4 a 222.7 ab 182.9 e-i 100.7 p-t 93.0 q-v 87.0 s-w 152.1 A 
Means 208.8 A 205.1 A 157.9 B 103.0 C 88.9 D 72.0 E     
Means followed by the same letters within postharvest treatments, storage periods and their 

interactions in each season are not significantly different at level P ≤ 0.05 according to DMRT. 
The duration of the exposure to 1-MCP and GA3 dipping were 24 hours and 10 minutes, respectively. 

 
Moreover, the present results indicated that there was a positive relationship 

between firmness and weight loss. This observation cleared that, postharvest 
application with either 1-MCP or GA3 especially in combination treatments 
delayed ripening process, retained firmness and extended the storage life of 
mango fruits by reducing weight loss during storage as documented by (Jeong, 
2001) on avocado fruits. 
 
Fruit skin and flesh colour 

Data illustrated in Tables 5 and 6 demonstrated that, flesh and skin colour of 
mango fruits represented as hue angle value (green or yellowish green, more than 
90 and greenish yellow or yellow, less than 90). Fruit skin colour changed 
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directly from green to yellow with prolonging of cold storage period followed by 
shelf life during the two seasons in this research. On the other side, fruit flesh 
colour changed directly from yellow to orange (hue angle around 65) with 
prolonging of cold storage period followed by shelf life during the two seasons in 
this research.  
 
TABLE 5. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and 

gibberelic acid (GA3) on changes in flesh colour represented as hue angle 
of ‘Zibda’ mango fruits during storage at 13°C plus 3 days shelf life at 22-
28°C 

 
Storage period (days)  

Postharvest treatments 
0 7 14 21 28 35 Means 

Season 2014 
Distilled water (control) 79.4 c-f 77.8 d-h 66.1 n-q 63.1 q 55.6 r 52.3 r 65.7 E 
1 ppm 1-MCP 85.2 ab 83.5 abc 77.4 d-h 74.6 f-m 71.2 i-n 71.0 j-o 77.1 D 
1.5 ppm 1-MCP 86.8 a 85.1 ab 80.8 b-e 75.9 d-j 73.1 h-m 67.0 n-q 78.1 CD 
50 ppm GA3 88.1 a 86.4 a 80.2 b-e 75.6 d-k 70.4 k-p 63.9 q 77.4 CD 
100 ppm GA3 88.3 a 86.6 a 79.6 c-f 76.6 d-i 70.0 l-p 63.9 q 77.5 CD 
1 ppm 1-MCP + 50 ppm GA3 88.0 a 86.3 a 83.2 abc 80.2 b-e 73.1 h-m 65.8 opq 79.4 BC 
1.5 ppm 1-MCP + 50 ppm GA3 88.7 a 87.0 a 88.4 a 73.9 g-m 75.3 e-l 69.4 m-p 80.5 B 
1 ppm 1-MCP + 100 ppm GA3 87.9 a 86.2 a 87.8 a 79.3 c-g 75.8 d-k 65.6 pq 80.4 B 
1.5 ppm 1-MCP + 100 ppm GA3 88.7 a 87.1 a 83.9 abc 80.9 bcd 80.2 b-e 73.7 h-m 82.4 A 
Means 86.8 A 85.1 B 80.8 C 75.6 D 71.6 E 65.8 F     

Season 2015 

Distilled water (control) 69.8 s-v 68.1 uv 66.3 v 61.1 w 59.3 w 58.7 w 63.9 E 
1 ppm 1-MCP 83.0 c-j 81.3 e-k 80.3 g-m 75.4 l-s 72.4 q-u 73.1 o-u 77.6 C 
1.5 ppm 1-MCP 85.1 a-g 83.4 b-i 81.5 d-k 75.2 m-s 74.5 n-t 71.9 q-u 78.6 BC 
50 ppm GA3 78.6 i-o 77.0 k-r 76.2 k-r 72.0 q-u 71.5 r-v 68.9 tuv 74.1 D 
100 ppm GA3 86.0 a-f 84.3 a-h 79.1 h-n 72.8 p-u 72.5 q-u 69.9 s-v 77.4 C 
1 ppm 1-MCP + 50 ppm GA3 89.3 a 87.7 abc 80.9 f-l 73.7 n-u 74.2 n-t 72.6 p-u 79.7 AB 
1.5 ppm 1-MCP + 50 ppm GA3 88.2 abc 86.5 a-f 81.6 d-k 78.7 i-o 75.0 m-s 72.4 q-u 80.4 AB 
1 ppm 1-MCP + 100 ppm GA3 88.6 abc 86.9 a-e 86.7 a-e 77.6 j-q 72.3 q-u 72.0 q-u 80.7 AB 
1.5 ppm 1-MCP + 100 ppm GA3 88.7 ab 87.0 a-d 85.6 a-g 78.2 i-p 76.0 k-r 75.1 m-s 81.8 A 
Means 84.2 A 82.5 B 79.8 C 73.9 D 72.0 E 70.5 E     
Means followed by the same letters within postharvest treatments, storage periods and their 

interactions in each season are not significantly different at level P ≤ 0.05 according to DMRT. 
The duration of the exposure to 1-MCP and GA3 dipping were 24 hours and 10 minutes, respectively. 
 

These results are in line with those obtained by Islam et al. (2013a) and 
Chutichudet et al. (2016). They mentioned that, skin colour of mango fruits 
changed from green and greenish yellow to yellow and pulp was changed from 
yellow to orange with prolonging of cold storage period. Moreover, data 
suggested that, all postharvest treatments significantly reduced changing rate of 
fruit skin and flesh colour during the two seasons in this investigation as 
compared to untreated fruits. In addition, fruits treated with 1-MCP in 
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combination with gibberellic acid significantly had the lowest colour changing 
rate during the two seasons under this study. Data also approved that, there was a 
significant interaction among all these studded treatments during the two seasons 
in this research. 
 
TABLE 6. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and 

gibberelic acid (GA3) on changes in skin colour represented as hue angle 
of ‘Zibda’ mango fruits during storage at 13°C plus 3 days shelf life at 22-
28°C 

 
Storage period (days)  

Postharvest treatments 
0 7 14 21 28 35 Means 

Season 2014 
Distilled water (control) 121.0 a-e 119.3 a-e 105.2 i-n 94.7 qrs 77.6 u 65.1 v 97.2 C 
1 ppm 1-MCP 122.2 a-d 120.5 a-e 106.8 i-m 98.9 n-r 98.7 n-r 96.3 p-s 107.2 B 
1.5 ppm 1-MCP 117.1 c-f 115.4 e-h 110.2 g-k 103.7 k-o 101.1 m-q 96.5 p-s 107.3 B 
50 ppm GA3 123.9 ab 122.3 a-d 108.8 h-l 103.9 k-o 92.6 rst 90.0 st 106.9 B 
100 ppm GA3 124.7 ab 123.1 abc 110.8 f-j 105.8 i-m 92.4 rst 87.4 t 107.4 B 
1 ppm 1-MCP + 50 ppm GA3 123.7 abc 122.0 a-e 118.3 b-e 111.0 f-j 103.9 k-o 91.0 st 111.7 A 
1.5 ppm 1-MCP + 50 ppm GA3 124.8 ab 123.1 abc 118.9 b-e 107.9 i-l 102.6 l-p 96.2 p-s 112.3 A 
1 ppm 1-MCP + 100 ppm GA3 126.1 a 124.4 ab 111.2 f-j 111.8 f-i 106.7 i-m 98.4 o-r 113.1 A 
1.5 ppm 1-MCP + 100 ppm GA3 126.1 a 124.4 ab 115.6 d-g 111.8 f-i 104.7 j-o 100.5 m-q 113.9 A 
Means 123.3 A 121.6 A 111.8 B 105.5 C 97.8 D 91.3 E     

Season 2015 

Distilled water (control) 104.2 h-l 102.5 i-m 92.1 o-v 89.8 q-w 83.5 wxy 67.3 z 89.9 C 
1 ppm 1-MCP 118.5 a-f 116.9 b-f 103.6 i-l 96.8 l-r 94.3 n-t 84.9 v-y 102.5 B 
1.5 ppm 1-MCP 121.0 a-d 119.3 a-e 113.2 efg 98.0 k-p 90.9 p-w 85.7 u-y 104.7 B 
50 ppm GA3 121.3 a-d 119.6 a-e 111.1 fgh 94.8 n-t 88.2 s-x 80.7 xy 102.6 B 
100 ppm GA3 116.7 b-f 115.0 def 104.9 h-k 101.3 i-n 92.8 o-u 80.3 y 101.8 B 
1 ppm 1-MCP + 50 ppm GA3 123.6 abc 122.0 a-d 116.7 c-f 101.5 i-n 95.1 m-s 88.1 s-x 107.8 A 
1.5 ppm 1-MCP + 50 ppm GA3 124.5 ab 122.9 abc 106.6 g-j 97.4 k-q 87.1 t-y 84.8 v-y 103.9 B 
1 ppm 1-MCP + 100 ppm GA3 124.7 a 123.0 abc 116.5 c-f 103.5 i-l 94.8 n-t 89.6 r-w 108.7 A 
1.5 ppm 1-MCP + 100 ppm GA3 124.8 a 123.1 abc 116.8 b-f 107.1 ghi 99.3 j-o 84.6 v-y 109.3 A 
Means 119.9 A 118.3 A 109.1 B 98.9 C 91.8 D 82.9 E     
Means followed by the same letters within postharvest treatments, storage periods and their 

interactions in each season are not significantly different at level P ≤ 0.05 according to DMRT. 
The duration of the exposure to 1-MCP and GA3 dipping were 24 hours and 10 minutes, respectively. 

 
These results were confirmed by studies of (Pongprasert & Srilaong, 2014) on 

bananas and (Chutichudet et al., 2016) on mangoes. They reported that, 
postharvest treatment of 1-MCP prevented or delayed chlorophyll degradation 
and retained the highest hue angle value in comparison to control during storage. 
In addition, these results are in line with those obtained by (Islam et al., 2013a), 
who illustrated that mango fruits treated with GA3 delayed colour development 
and retarding chlorophyll degradation in the peel as compared to untreated fruits 
during storage. 
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Chemical characteristics 

Fruit contents of total soluble solids (TSS), titratable acidity (TA), TSS/TA ratio 
and ascorbic acid (AsA)  

Data shown in Tables 7, 8, 9 and 10 clearly indicated that, mango fruit 
contents of TSS and TSS/TA ratio gradually and significantly increased with the 
advancement of cold storage period followed by shelf life, while TA and AsA 
gradually and significantly decreased with prolonging of storage period during 
the two seasons under this investigation.  

 
These results are in agreements with the previous reports of Abu-Goukh & 

Abu-Sarra (1993) and Islam et al. (2013a). They mentioned that, AsA declined 
rapidly during storage of mangoes. Moreover, our results wee confirmed by those 
obtained by Bashir & Abu-Goukh (2003) on guava fruits and Abd El-khalek 
(2012) and El-Abbasy et al. (2013) on ‘Eureka’ lemon fruits.  

 
TABLE 7. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and 

gibberelic acid (GA3) on changes in AsA (mg/100 ml juice) of ‘Zibda’ 
mango fruits during storage at 13°C plus 3 days shelf life at 22-28°C 

 
Storage period (days)  

Postharvest treatments 
0 7 14 21 28 35 Means 

Season 2014 
Distilled water (control) 55.42 a-d 50.73 efg 42.40 k-o 40.17 op 20.77 t 16.93 u 37.74 E 
1 ppm 1-MCP 58.29 a 53.60 b-e 42.47 k-o 42.64 j-o 41.41 m-p 31.76 qrs 45.03 BC 
1.5 ppm 1-MCP 56.09 abc 51.40 ef 48.47 fgh 44.97 i-l 34.71 qr 33.97 qrs 44.94 BC 
50 ppm GA3 56.89 ab 52.20 e 42.20 l-o 41.00 nop 35.07 q 30.93 s 43.05 D 
100 ppm GA3 57.69 a 53.00 cde 43.00 j-o 43.83 j-n 33.94 qrs 31.43 rs 43.82 CD 
1 ppm 1-MCP + 50 ppm GA3 56.69 ab 52.00 e 47.85 ghi 44.81 i-m 38.59 p 32.11 qrs 45.34 B 
1.5 ppm 1-MCP + 50 ppm GA3 56.29 ab 51.60 e 47.88 ghi 45.81 h-k 42.51 k-o 32.49 qrs 46.10 AB 
1 ppm 1-MCP + 100 ppm GA3 56.69 ab 52.00 e 47.82 ghi 45.97 hij 43.87 j-n 33.85 qrs 46.70 A 
1.5 ppm 1-MCP + 100 ppm GA3 57.49 a 52.80 de 47.45 hi 45.14 h-l 44.54 i-m 34.52 qr 46.99 A 
Means 56.84 A 52.15 B 45.50 C 43.82 D 37.27 E 30.89 F    

Season 2015 

Distilled water (control) 51.52 f-j 46.83 h-n 37.27 s-v 38.03 r-u 28.17 xy 22.10 z 37.32 E 
1 ppm 1-MCP 58.22 cde 53.53 efg 46.20 i-o 43.27 k-r 41.07 n-t 30.80 wx 45.52 BC 
1.5 ppm 1-MCP 56.89 def 52.20 fgh 46.57 h-o 43.63 k-r 39.23 p-u 30.83 wx 44.89 C 
50 ppm GA3 51.89 f-i 47.20 h-m 46.20 i-o 42.90 l-s 36.30 tuv 24.57 yz 41.51 D 
100 ppm GA3 48.59 g-l 43.90 k-q 45.83 j-o 44.23 k-p 39.23 p-u 24.93 yz 41.12 D 
1 ppm 1-MCP + 50 ppm GA3 53.82 efg 49.13 g-k 46.57 h-o 44.73 k-p 40.70 o-t 32.00 vwx 44.49 C 
1.5 ppm 1-MCP + 50 ppm GA3 63.46 abc 58.77 cde 43.63 k-r 41.07 n-t 38.13 q-u 32.47 vwx 46.26 BC 
1 ppm 1-MCP + 100 ppm GA3 66.02 ab 61.33 bcd 46.93 h-n 42.17 m-s 38.87 p-u 29.70 wxy 47.50 AB 
1.5 ppm 1-MCP + 100 ppm GA3 67.12 a 62.43 abc 44.73 k-p 42.17 m-s 39.23 p-u 34.83 uvw 48.42 A 
Means 57.50 A 52.81 B 44.88 C 42.47 D 37.88 E 29.14 F    
Means followed by the same letters within postharvest treatments, storage periods and their 

interactions in each season are not significantly different at level P ≤ 0.05 according to DMRT. 
The duration of the exposure to 1-MCP and GA3 dipping were 24 hours and 10 minutes, respectively. 
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Data in the present study also revealed that, all postharvest treatments 

significantly decreased loss of fruit contents in TA and AsA as well as slowed an 
increase of fruit contents in TSS and TSS/TA ratio during storage in both seasons 
under this investigation as compared to untreated fruits. Moreover, mango fruits 
treated with 1-MCP in combination with gibberellic acid significantly had the 
lowest changing rate in all these characteristics during the two seasons under this 
study. On contrary, in untreated fruits (control), fruit content of TSS was 
increased till 21 days of cold storage period followed by three days shelf life, 
then decreased till end of storage period as compared to the all postharvest 
treatment, that showed an increase in TSS till end of the experiment. Data also 
mentioned that, there was a significant interaction among all these studded 
treatments during the two seasons in this research.  

 
TABLE 8. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and 

gibberelic acid (GA3) on changes in TSS (°Brix) of ‘Zibda’ mango fruits 
during storage at 13°C plus 3 days shelf life at 22-28°C 

 
Storage period (days)  

Postharvest treatments 
0 7 14 21 28 35 Means 

Season 2014 
Distilled water (control) 11.00 uvw 12.40 r 15.87 lm 21.77 a 19.30 bc 17.17 hij 16.25 A 
1 ppm 1-MCP 10.73 vwx 12.13 rs 14.73 no 15.97 l 17.80 e-h 19.27 bc 15.11 B 
1.5 ppm 1-MCP 10.47 wxy 11.87 rst 14.50 op 15.30 mn 17.53 f-i 18.87 cd 14.76 C 
50 ppm GA3 10.73 vwx 12.13 rs 14.93 no 16.23 kl 18.37 de 19.80 b 15.37 B 
100 ppm GA3 10.70 vwx 12.10 rs 14.90 no 16.07 l 18.10 ef 19.67 b 15.26 B 
1 ppm 1-MCP + 50 ppm GA3 10.23 xy 11.63 stu 14.07 pq 15.00 no 17.40 g-j 18.00 efg 14.39 D 
1.5 ppm 1-MCP + 50 ppm GA3 10.10 xy 11.50 stu 13.97 pq 15.00 no 16.77 jk 17.37 g-j 14.12 E 
1 ppm 1-MCP + 100 ppm GA3 9.93 y 11.33 tuv 13.73 q 14.83 no 16.33 kl 17.27 hij 13.90 EF 
1.5 ppm 1-MCP + 100 ppm GA3 9.83 y 11.23 tuv 13.67 q 14.77 no 15.97 l 16.87 ijk 13.72 F 
Means 10.41 F 11.81 E 14.49 D 16.10 C 17.51 B 18.25 A    

Season 2015 

Distilled water (control) 11.20 uv 12.60 s 15.57 mn 20.93 a 18.63 b 17.00 f-j 15.99 A 
1 ppm 1-MCP 10.37 wx 11.77 tu 14.40 pq 16.27 kl 17.57 d-h 17.90 cde 14.71 C 
1.5 ppm 1-MCP 10.37 wx 11.77 tu 14.37 pq 16.10 lm 17.40 e-h 17.73 def 14.62 C 
50 ppm GA3 11.03 v 12.43 s 14.77 op 16.90 h-k 17.70 d-g 18.47 bc 15.22 B 
100 ppm GA3 10.83 vw 12.23 st 14.70 op 16.50 i-l 17.60 d-h 18.20 bcd 15.01 B 
1 ppm 1-MCP + 50 ppm GA3 10.03 x 11.43 uv 14.27 pq 15.50 mn 17.27 e-h 17.67 d-g 14.36 D 
1.5 ppm 1-MCP + 50 ppm GA3 9.97 x 11.37 uv 13.83 qr 15.27 no 16.97 g-k 17.47 e-h 14.15 D 
1 ppm 1-MCP + 100 ppm GA3 9.90 x 11.30 uv 13.57 r 14.97 nop 16.43 jkl 17.17 e-i 13.89 E 
1.5 ppm 1-MCP + 100 ppm GA3 9.73 x 11.13 uv 13.30 r 14.67 op 16.37 jkl 16.97 g-k 13.70 E 
Means 10.38 F 11.78 E 14.31 D 16.35 C 17.33 B 17.62 A    
Means followed by the same letters within postharvest treatments, storage periods and their 

interactions in each season are not significantly different at level P ≤ 0.05 according to DMRT. 
The duration of the exposure to 1-MCP and GA3 dipping were 24 hours and 10 minutes, respectively. 
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Citric acid is a respiratory substrate and its consumption in respiration 
increased with the progress of storage period, whereby could be used as an 
organic substrate in the respiration process (Chandra et al., 1994 and Doreyappy-
Gowda & Huddar, 2001). The loss of fruit content in acidity was attributed to the 
conversion of citric acid into sugars and their further utilization in metabolic 
process of the fruit (Doreyappy-Gowda & Huddar, 2001 and Rathore et al., 
2007). They also added that, this might be responsible for the observed 
decreasing in acidity and increment in TSS during storage.  

 
TABLE 9. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and 

gibberelic acid (GA3) on changes in TA (g citric acid/100 ml juice) of 
‘Zibda’ mango fruits during storage at 13°C plus 3 days shelf life at 22-
28°C 

 
Storage period (days)  

Postharvest treatments 
0 7 14 21 28 35 Means 

Season 2014 
Distilled water (control) 1.55 a 1.23 b 0.91 ef 0.66 jkl 0.53 op 0.52 p 0.90 D 
1 ppm 1-MCP 1.58 a 1.25 b 1.01 cd 0.82 gh 0.69 ijk 0.57 m-p 0.99 BC 
1.5 ppm 1-MCP 1.53 a 1.20 b 1.03 cd 0.86 fg 0.68 i-l 0.62 k-n 0.99 C 
50 ppm GA3 1.57 a 1.24 b 1.02 cd 0.85 fg 0.65 j-m 0.56 nop 0.98 C 
100 ppm GA3 1.57 a 1.24 b 1.01 cd 0.95 de 0.72 ij 0.63 k-n 1.02 AB 
1 ppm 1-MCP + 50 ppm GA3 1.53 a 1.20 b 1.02 cd 0.91 ef 0.67 jkl 0.63 k-n 0.99 BC 
1.5 ppm 1-MCP + 50 ppm GA3 1.53 a 1.20 b 1.07 c 0.82 gh 0.67 jkl 0.60 l-o 0.98 C 
1 ppm 1-MCP + 100 ppm GA3 1.54 a 1.22 b 1.06 c 0.89 efg 0.72 ij 0.66 jkl 1.01 ABC 
1.5 ppm 1-MCP + 100 ppm GA3 1.58 a 1.25 b 1.03 cd 0.97 de 0.76 hi 0.67 jkl 1.04 A 
Means 1.55 A 1.22 B 1.02 C 0.86 D 0.68 E 0.60 F    

Season 2015 

Distilled water (control) 1.63 c 1.30 g 1.01 i 0.75 m 0.49 o 0.41 p 0.93 C 
1 ppm 1-MCP 1.72 b 1.40 f 0.96 ijk 0.78 m 0.62 n 0.46 op 0.99 A 
1.5 ppm 1-MCP 1.78 a 1.46 e 0.93 jk 0.77 m 0.61 n 0.48 o 1.00 A 
50 ppm GA3 1.54 d 1.22 h 0.97 ij 0.84 l 0.62 n 0.50 o 0.95 BC 
100 ppm GA3 1.66 c 1.33 g 0.96 ijk 0.74 m 0.62 n 0.45 op 0.96 B 
1 ppm 1-MCP + 50 ppm GA3 1.78 a 1.46 e 0.91 k 0.77 m 0.59 n 0.51 o 1.00 A 
1.5 ppm 1-MCP + 50 ppm GA3 1.80 a 1.47 e 0.93 jk 0.76 m 0.60 n 0.45 op 1.00 A 
1 ppm 1-MCP + 100 ppm GA3 1.80 a 1.47 e 0.93 jk 0.77 m 0.59 n 0.49 o 1.01 A 
1.5 ppm 1-MCP + 100 ppm GA3 1.78 a 1.46 e 0.94 jk 0.72 m 0.58 n 0.46 op 0.99 A 
Means 1.72 A 1.39 B 0.95 C 0.77 D 0.59 E 0.47 F    
Means followed by the same letters within postharvest treatments, storage periods and their 

interactions in each season are not significantly different at level P ≤ 0.05 according to DMRT. 
The duration of the exposure to 1-MCP and GA3 dipping were 24 hours and 10 minutes, respectively. 
 

In addition, the loss of fruit content in AsA with the progress of storage 
period could be attributed to rapid conversion of L-ascorbic acid into dihydro-
ascorbic acid in the presence of L-ascorbic acid oxidase (Smirnoff, 1996 and 
Zumreoglu-Karan, 2006). 
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The available results in this study were supported by the findings of Laamim 
et al. (2005) on mandarins, Win et al. (2006) on limes and Abd El-Khalek (2012) 
and El-Abbasy et al. (2013) on ‘Eureka’ lemon fruits. They mentioned that, 
postharvest treatments of 1-MCP decreased loss of fruit content in TA as 
compared to control during storage periods. Moreover, these results fall in line 
with the findings of Wahdan et al. (2011) and Islam et al. (2013b) on mango 
fruits. They claimed that, postharvest treatments of GA3 maintained fruit content 
of TA in comparison to untreated fruits (control) during storage period.  
 
TABLE 10. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and 

gibberelic acid (GA3) on changes in TSS/TA ratio of ‘Zibda’ mango fruits 
during storage at 13°C plus 3 days shelf life at 22-28°C 

 
Storage period (days)  

Postharvest treatments 
0 7 14 21 28 35 Means 

Season 2014 
Distilled water (control) 7.12 q 10.20 p 17.51 kl 33.16 bc 36.20 a 33.23 bc 22.90 A 
1 ppm 1-MCP 6.80 q 9.70 p 14.59 no 19.58 ij 25.87 g 33.83 b 18.39 B 
1.5 ppm 1-MCP 6.86 q 9.90 p 14.05 no 17.90 jkl 25.81 g 30.50 de 17.50 C 
50 ppm GA3 6.86 q 9.81 p 14.74 no 19.15 jk 28.17 f 35.65 a 19.06 B 
100 ppm GA3 6.83 q 9.77 p 14.75 no 16.95 lm 25.05 g 31.48 cd 17.47 C 
1 ppm 1-MCP + 50 ppm GA3 6.72 q 9.73 p 13.81 no 16.60 lm 26.06 g 28.84 ef 16.96 C 
1.5 ppm 1-MCP + 50 ppm GA3 6.60 q 9.57 p 13.17 o 18.29 jkl 25.10 g 28.88 ef 16.93 C 
1 ppm 1-MCP + 100 ppm GA3 6.44 q 9.33 p 13.02 o 16.71 lm 22.64 h 26.40 g 15.76 D 
1.5 ppm 1-MCP + 100 ppm GA3 6.23 q 8.98 p 13.23 o 15.27 mn 21.15 hi 25.38 g 15.04 E 
Means 6.72 F 9.67 E 14.32 D 19.29 C 26.23 B 30.47 A    

Season 2015 

Distilled water (control) 6.88 ijk 9.70 hi 15.44 g 27.97 e 38.53 bc 41.43 a 23.33 A 
1 ppm 1-MCP 6.01 k 8.43 h-k 14.99 g 20.98 f 28.36 e 39.01 abc 19.63 BC 
1.5 ppm 1-MCP 5.82 k 8.09 h-k 15.46 g 20.98 f 28.72 e 37.12 cd 19.36 BCD 
50 ppm GA3 7.15 ijk 10.23 h 15.18 g 20.09 f 28.37 e 36.68 cd 19.62 BC 
100 ppm GA3 6.54 jk 9.22 hij 15.30 g 22.41 f 28.41 e 40.24 ab 20.35 B 
1 ppm 1-MCP + 50 ppm GA3 5.63 k 7.86 h-k 15.70 g 20.27 f 29.15 e 34.49 d 18.85 CD 
1.5 ppm 1-MCP + 50 ppm GA3 5.54 k 7.72 h-k 14.88 g 20.16 f 28.44 e 38.64 bc 19.23 CD 
1 ppm 1-MCP + 100 ppm GA3 5.50 k 7.67 h-k 14.60 g 19.53 f 27.87 e 35.25 d 18.40 D 
1.5 ppm 1-MCP + 100 ppm GA3 5.46 k 7.65 h-k 14.28 g 20.28 f 28.21 e 36.78 cd 18.78 CD 
Means 6.06 F 8.51 E 15.09 D 21.41 C 29.56 B 37.74 A    
Means followed by the same letters within postharvest treatments, storage periods and their 

interactions in each season are not significantly different at level P ≤ 0.05 according to DMRT. 
The duration of the exposure to 1-MCP and GA3 dipping were 24 hours and 10 minutes, respectively. 

 
Furthermore, these results are in line with the findings of Wahdan et al. 

(2011), who reported that GA3 postharvest treatment reduced the deterioration 
rate of mango fruits content in AsA during storage. In addition, our results are in 
agreement with the findings of Abdalnoor (2010), who demonstrated that 1-MCP 
postharvest treatment decreased loss of banana fruits content in AsA during 
storage.  
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In addition, these results are in accordance with those illustrated by Abd El-
Khalek (2012) and El-Abbasy et al. (2013). They mentioned that, postharvest 
treatment of 1-MCP significantly slowed the increase of ‘Eureka’ lemons 
contents of TSS and TSS/TA ratio as compared to control during storage. 
Moreover, the obtained results are in agreement with those mentioned by Ahmed 
& Singh (2000). They reported that, postharvest treatment of GA3 significantly 
delayed mango fruit content of TSS/TA ratio in comparison to untreated fruits 
during storage. 
 

Conclusion 
 
Our results revealed that, postharvest application of ‘Zibda’ mangoe fruits 

with exposed to 1-MCP for 24 hours or dipped in GA3 solution for ten minutes 
especially combined treatments before storage at 13°C alleviated decay 
incidence, reduced weight loss percentage and increased marketable fruit 
percentage. In addition, these applications constricted the variability of fruit 
colour, decreased loss of fruit firmness and maintained the fruit quality for up to 
5 weeks at 13°C and 85-90% RH followed by three days at room conditions (22-
28°C and 60-75% RH). 
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 بالمعاملة زبدهنجو صنف زیادة القدرة التخزینیة لثمار الما
  مض الجبریلیك بعد الحصاداحو  میثیل سیكلوبروبین-١ باستخدام

  
 عبد اللطیف د ربیعـعادل محمو **أحمد فتحي عبد الخالق *دـمحمود على أحمد محم

  ***عبد العزیز
 -كلیة الزراعة -ساتین قسم الب**،   مركز البحوث الزراعیة- معھد بحوث البساتین* 

-  مركز البحوث الزراعیة -  المعمل المركزي للزراعة العضویة***و  جامعة طنطا
  . مصر-القاھرة 

  
 جودة ىعل مض الجبریلیكاحمیثیل سیكلوبروبین و -١ تم دراسة تأثیرات معامالت

 و ٢٠١٤ موسميخالل  مئویة ١٣درجة  المخزنة علي زبدهثمار المانجو صنف 
 - ١بواسطة  تم تبخیر الثمار متساویة ثم تمجموعا ثالثة قسیم الثمار إليم ت ت.٢٠١٥

بعد .  ساعة٢٤ الملیون لمدة في جزء ١.٥ أو ١ أو ز صفرمیثیل سیكلوبروبین بتركی
 تم تقسیم ثمار كل مجموعة إلي ثالثة میثیل سیكلوبروبین -١فترة المعاملة باستخدام 

مض الجبریلیك بتركیز ائق في محلول ح دقا١٠تم نقعھا لمدة مجموعات فرعیة ثم 
 میثیل سیكلوبروبین - ١الثمار غیر المعاملة بـ.  دقائق١٠لمدة   ٪١ أو ٠.٥صفر أو 

 درجة على كل المعامالت خزنت. اعتبرت كمعاملة كنترولمض الجبریلیك احو
 هكل ھذ .أسابیع ٪ لمدة خمسة ٩٠ إلى ٨٥ورطوبة نسبیة یة  مئو١٣ حرارة

 على زیادة القدرة التخزینیة لثمار المانجو وتقلیل معنويثیر أمعامالت كان لھا تال
كذلك كان للمعاملة بكال المركبین المستخدمین .  التخزینأثناءمعدل تدھور الثمار 

 معاملة أن الدراسة على ھذهائج ت نأكدت.  ھذا الخصوصفيیجابیھ إكثر أً ثیراأ تًمعا
 جزء ١.٥ أو ١بتركیز  میثیل سیكلوبروبین -١من بكل  زبدهصنف ثمار المانجو 

لمدة  ٪ ١ أو ٠.٥ بتركیزمض الجبریلیك اح ساعة والنقع في ٢٤لمدة  الملیون في
 یةمئو ١٣ قبل تخزینھا على درجة المعامالت المشركة بینھماخاصة عشرة دقائق 

 الوزن في الثمار وكذلك تقلیل الفقد في تقلیل حدوث الفساد فيثیر فعال أ تلھكان 
باإلضافة إلي ذلك فإن ھذه المعامالت أخرت . ادة نسبة الثمار الصالحة للتسویقوزی

الداخلیة  الجودةالحفاظ على صالبة الثمار وللثمار وتقلیل الفقد في  اللونيالتحول 
على درجة حرارة ثالثة أیام  مئویة متبعة ب١٣درجة   عليأسابیعلمدة خمسة للثمار 

  .یقيعمر تسوفترة الغرفة ك


