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ABSTRACT: Fruit tissue softening and decline in fruit quality are two postharvest shelf life limiting factors, 
which are due to mechanical damages during transportation and high respiration along with water loss 
respectively. Ethylene accelerates these effects, but plant bioregulators such as 1-methylcyclopropene (1-
MCP) and aminoethoxyvinyl glycine (AVG) have been developed to mitigate its effect. 1-MCP is an 
ethylene action inhibitor and AVG acts as an inhibitor to the biosynthesis of ethylene. The goal of this 
project was to evaluate the effectiveness of AVG and 1-MCP for maintaining fruit quality and enhancing 
storage life in ʻ Kinnowʼ  mandarin (Citrus reticulate Blanco). The effects of two different AVG doses (250 
and 500 mg L-1) and 1-MCP at 1 µL L-1 concentration, after harvest in 15-day and 30-day cold storage 
were investigated. In order to carry out this investigation the two different AVG doses and 1-MCP were 
applied on fruit firmness, chilling injury, natural decay, weight loss, total soluble solids content (TSS), 
titrable acidity (TA), vitamin C content and total antioxidant activity (TAA) of mandarins. Fruits treated with 
AVG (250 mg L-1) along with 1-MCP (1 mg L-1) resulted in minimum incidence of chilling injury, decay and 
weight loss and significant increase in fruit firmness, TSSC, TA, vitamin C content and TAA both in 15-day 
and 30-day cold storage. The highest chilling injury, natural decay and weight loss and the lowest TSSC, 
TA, vitamin C content and TAA were recorded in no treated mandarins. 
 
Keywords: Ethylene inhibitors, quality, postharvest, 1-methylcyclopropene, 1-MCP, 
aminoethoxyvinylglycine, AVG 
 

INTRODUCTION 
 

 ʻ Kinnowʼ  mandarin (Citrus reticulate Blanco) is the first generation hybrid between King and Willow leaf 
mandarins, developed by Dr. H.B. Frost at California during 1935. When other citrus varieties failed to adopt, 
ʻ Kinnowʼ  consistently performed well in semi-arid and sub-mountainous area. Basically, characters like precocity 
and prolificacy in bearing, attractive fruit color, higher juice content, absence of granulation disorder and heavy 
returns have attracted growers to intensify its cultivation (Bindra, 1990). Several factors have been reported to be 
associated with postharvest losses of ʻ Kinnowʼ  mandarin. Postharvest losses caused by fungal diseases and 
physiological activities (respiration, ethylene liberation and enzyme) are the major factors limiting the shelf life of the 
ʻ Kinnowʼ  (Singh and Mandal, 2006). 
 Storage life can be prolonged with pre-harvest treatments on the tree or postharvest pre-storage treatments. 
The ethylene inhibitors AVG (aminoethoxyvinylglycine) and 1-MCP (1-methylcyclopropene) used are common 
postharvest pre-storage treatments for mandarins (Asrey , 2012).  
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 AVG is commercially sold under the name of ReTain®. It is a human and environmentally friendly organic product 
registered for use for apples, pears, peaches, plums, mandarins and nectarines in several countries (Greene and 
Schupp, 2004; Rath and Prentice, 2004). Byers (1997) reported the inhibitory effect on ethylene biosynthesis and 
consequent suppression of ethylene production by various plant tissues. Autio and Bramgage (1982) observed that 
AVG treatments delayed ripening and harvest, increased fruit firmness and prolonged storage life of fruit. Pre-harvest 
treatment of fruits with AVG decreases ethylene production, delays fruit maturity, and allows fruit to ripen more slowly 
(Bregoli , 2002; Torrigiani , 2004; Cline, 2006). However, the effect is timing- or cultivar-dependent (Byers, 1997; 
Belding and Lokaj, 2002). Furthermore, it is difficult to directly evaluate the shelf-life of AVG-treated fruit, because 
AVG affects fruit maturity, which in turn influences shelf-life. Postharvest application of AVG significantly suppresses 
ethylene production and reduces fruit softening and therefore postharvest rotting (Byers, 1997; Garner , 2001). 
 1-Methylcyclopropene (1-MCP), an ethylene action inhibitor, prevents the ripening effects of ethylene in many 
climacteric and some non-climacteric fruits (Blankenship and Dole, 2003), but its effects differ by species. A 
commercial breakthrough in 1-MCP application technology resulted from the formulation of 1-MCP as a stable 
powder in which it is complexed with γ-cyclodextrin, so that 1-MCP is easily released as a gas when the powder is 
dissolved in water. Like apples (as climacteric fruits), in which 1-MCP significantly reduces ethylene production and 
maintains firmness for many days (Fan , 1999; Cin , 2006), mandarins ethylene production and softening are affected 
and reduced by 1-MCP treatment (Laamim , 2005; Asrey , 2012). In Shamouti oranges, 1-MCP is effective in 
inhibiting negative effects of ethylene and delays degreening. However, it is shown to be ineffective against ethylene 
effects such as enhancing chilling injury and increasing decay (Porat , 1999). 
 The combination of AVG and 1-MCP as a fruit ripening control method has not as yet been explored. In this 
study, the combined effects of AVG and 1-MCP treatments on storage life and postharvest loss reduction and 
maintenance of fruit quality were investigated in ʻ Kinnowʼ  mandarin. 
 

MATERIALS AND METHODS 
 

Materials and treatments 
 Fruit of the mandarin cultivar ‘Kinnow’ were harvested from a commercial orchard in Kazeroon, Iran in the 
commercial harvesting time and were treated the same day. The experiment was conducted using a factorial design 
with AVG treatment and 1-MCP treatment as the two factors with three replications. For AVG treatment, fruit were 
sprayed with ReTain® (Valent Biosciences Corp., USA), a commercial product containing 15% (w/w) AVG, at doses 
corresponding to 250 and 500 mg L−1 AVG. For 1-MCP treatment, the fruits were dipped in a container including 1 
µL L-1 1-MCP (SmartFreshTM) for 5 minutes. Fruit to be treated with both AVG and 1-MCP were treated with AVG 
and then 1-MCP. After treatments, the fruits were transferred to the cold storage at 4 ± 1 ºC and 85 ± 5% RH for 4 
weeks of storage. The fruits were analyzed on the 15-day and 30-day to determine changes in fruit quality 
parameters. For each analysis period, 18 fruits were selected and used for the fruit quality characteristics and 
bioactive compounds [chilling injury, natural decay, weight loss, total soluble solids content (TSS), titrable acidity 
(TA), vitamin C content and total antioxidant activity (TAA)]. Measurements were performed shortly after the fruit 
were taken out of cold storage. 
 
Estimation of chilling injury and decay rates 
 The method of Sala (1998) was used to evaluate chilling injury five days after the fruits were removed from cold 
storage. The method is based on a rating scale of surface browning intensity (1, sound fruit; 2, less than 25%; 3, 25 
to 50%; and 4, more than 50% pitting). The chilling injury index (CI), which expresses the severity of cold damage, 
was calculated by adding the products of the number of fruit in each category by the value assigned to this category 
in the rating scale and dividing the sum by the total number of fruit evaluated. 
 CI = Σ (number of fruit with chilling injury x score of severity) / Total number of fruit evaluated. 
 Decay rate by counting the number of rotted fruits in each treatment was measured and reported in scale of 
percentage (Gao , 2013). 
 
Fruit firmness 
 Fruit firmness was determined using a texture analyzer (model: TA+Di, Stable Microsystems, UK) using 
compression. The sample was compressed using a cutting and firmness was defined as maximum force (kgf) during 
compression. 
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Weight loss 
 Weight loss (WL) was calculated by using the following formulas and recorded using a scale with an accuracy 
of 0.01 g (L12, Bingjing Haitai Electronic Apparatus Co., China).  
WL% = (IW – FW)/IW × 100  
With IW, initial fruit weight; and FW, final fruit weight after storage. 
 
Determination of biochemical quality attributes 
 Total soluble solids content (TSSC) was quantified by a hand-held sugar refract meter (PAL-α, ATAGO Co. Ltd., 
Japan). Titrable acidity (TA) was measured by titration with NaOH 0.1 N to pink color appearance and expressed as 
percentage of citric acid (Li, 2000). Ascorbic acids (Vitamin C) were determined also using 2,6 
Dichlrophenolindophenols for the titration of juice and presented as milligrams of ascorbic acid per 100 g fruit weight 
(AOAC, 1980). Each measurement was performed in triplicate.  
 
Total antioxidant activity 
Extraction of total antioxidants  
 Total antioxidants were extracted according to Halvorsen, (2002) with minor modifications. Freeze-dried 
mandarin flavedo (0.1 g) was mixed with 5 mg 1 eq/L perchloric acid and homogenized using an Ultra-Turrax (Model: 
T25D, IKA-Germany) for 30 s. The homogenate was centrifuged at 10,000 g for 10 min at 4°C; the resulting 
supernatant collected and stored at 4°C until further analysis. 
 
DPPH free radical scavenging capacity   
 The antioxidant capacity of mandarin flavedo and standards was also determined using the 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) free radical according to Wang , (2005). Briefly, a 0.1 mM DPPH solution in ethanol was 
prepared. The initial absorbance of DPPH in ethanol was measured at 517 nm. An aliquot (50 µl) of the extract was 
added to 3 mg of ethanolic DPPH with DMSO and the change in absorbance was measured after 20 minutes. The 
% radical scavenging activity of the mandarin flavedo extracts was calculated using the following formula,  
%RSA= (Abs control – Abs sample)/Abs control × 100    
Where, RSA is the Radical Scavenging Activity; Abs control is the absorbance of DPPH 
radical + ethanol; Abs sample is the absorbance of DPPH radical + plant extract. 
 
Statistical analysis 
 All statistical analyses were performed with SAS Version 12 (SAS Institute Inc., Cary, NC, USA). Data were 
analyzed by means of analysis of variance. The main effects and interactions were analyzed and means were 
compared by LSD test at a significance level of 0.05 
 

RESULTS AND DISCUSSION 
 

Results 
 The statistical analysis was carried out so as to determine the effects of AVG and 1-MCP on ̒ Kinnowʼ  mandarin 
postharvest quality. The results in Figure 1 revealed that fruit firmness decreased during storage period. However, 
AVG, 1-MCP and their combinations significantly maintained fruit firmness and prevented fruit softening as 250 mg 
L-1 AVG + 1-MCP treatment had the significant maximum fruit firmness during both storage periods. 
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Figure 1. Effects of AVG or 1-MCP application on firmness of ‘Kinnow’ mandarin fruit in 15-day and 30-day storage at 4 ºC. For 
the same day of storage, columns with different lowercase letters are significantly different (P < 0.05). Where, T0= Control, T1= 
1-MCP (1µL L-1), T2= AVG (250 mg L-1), T3= AVG (500mg L-1), T4= 1-MCP (1µL L-1) + AVG (250 mg L-1), T5= 1-MCP (1 µL L-1) 

+ AVG (500 mg L-1) 

  
 The application of AVG and 1-MCP treatments significantly decreased the chilling injury and fruit decay after 30-
day storage period. Fruits treated with 250 mg L-1 AVG in combination with 1-MCP showed the significant lowest 
chilling injury and decay (11%) and the highest value (40%) was observed in the control (Fig. 2). After 15-day storage 
period, significant differences were not observed among treatments in compared to control (Data not shown).  
 

 
  

Figure 2. Effects of AVG or 1-MCP application on decay and chilling injury of ‘Kinnow’ mandarin fruit in 15-day and 30-day 
storage at 4 ºC. For the same day of storage, columns with different lowercase letters are significantly different (P < 0.05). 

Where, T0= Control, T1= 1-MCP (1µL L-1), T2= AVG (250 mg L-1), T3= AVG (500mg L-1), T4= 1-MCP (1µL L-1) + AVG (250 mg 
L-1), T5= 1-MCP (1 µL L-1) + AVG (500 mg L-1) 

 
 Data on weight loss percentages are provided in Figure 3. Weight of mandarins decreased during storage in 
comparison with before applying the treatments. The weight loss value significantly decreased with 250 and 500 mg 
L-1 AVG in combination with 1-MCP (6.40% and 8.70% respectively) in 15-day storage period. There were no 
significant differences between AVG and 1-MCP treatments alone. The decrease in weight loss in 30-day for 250 mg 
L-1 AVG + 1-MCP (9.83%) significantly was the highest compared with the other treatments and the lowest decrease 
in weight loss (38.46%) was observed in the control.  
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Figure 3. Effects of AVG or 1-MCP application on weight loss of ‘Kinnow’ mandarin fruit in 15-day and 30-day storage at 4 ºC. 
For the same day of storage, columns with different lowercase letters are significantly different (P < 0.05). Where, T0= Control, 
T1= 1-MCP (1µL L-1), T2= AVG (250 mg L-1), T3= AVG (500mg L-1), T4= 1-MCP (1µL L-1) + AVG (250 mg L-1), T5= 1-MCP (1 

µL L-1) + AVG (500 mg L-1) 

 
 Total soluble solid content decreased in all treatments during the storage period. In both 15-day and 30-day 
storage period, 250 mg L-1 AVG + 1-MCP treatment and the control had the highest (13.20% and 12.21%) and the 
lowest (8.56% and 5.36%) TSSC, respectively (Fig. 4). No significant differences were observed among AVG and 1-
MCP treatments alone, however, treatments were found to be statistically different for 30-day. TSSC in all treatments 
were significantly different (P < 0.05) from the values observed at harvest in control. Also, AVG, 1-MCP and their 
combinations led to increasing TSSC in Mandarins at both storage times (Fig. 4). 
 

 
  

Figure 4. Effects of AVG or 1-MCP application on total soluble solids (TSS) of ‘Kinnow’ mandarin fruit in 15-day and 30-day 
storage at 4 ºC. For the same day of storage, columns with different lowercase letters are significantly different (P < 0.05). 

Where, T0= Control, T1= 1-MCP (1µL L-1), T2= AVG (250 mg L-1), T3= AVG (500mg L-1), T4= 1-MCP (1µL L-1) + AVG (250 mg 
L-1), T5= 1-MCP (1 µL L-1) + AVG (500 mg L-1) 

 
 The results in Figure 5 show that all treatments had significant effects on increasing titrable acidity in ʻ Kinnowʼ  
mandarins during storage. This acidity in the control was lower than the acidity in the AVG and 1-MCP treatments. 
While the TA values for control in 15-day and 30-day were respectively 31.93% and 25.40%. 250 mg L-1 AVG in 
combination with 1-MCP treatment significantly had the highest TA (47.96% and 46.70% respectively) at both storage 
periods. After this treatment, 500 mg L-1 AVG + 1-MCP had higher TA than the other treatments (Fig. 5). 
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Figure 5. Effects of AVG or 1-MCP application on titrable acidity (TA) of ‘Kinnow’ mandarin fruit in 15-day and 30-day storage at 

4 ºC. For the same day of storage, columns with different lowercase letters are significantly different (P < 0.05). Where, T0= 
Control, T1= 1-MCP (1µL L-1), T2= AVG (250 mg L-1), T3= AVG (500mg L-1), T4= 1-MCP (1µL L-1) + AVG (250 mg L-1), T5= 1-

MCP (1 µL L-1) + AVG (500 mg L-1) 

 
 Fruit treated with a combination of AVG and 1-MCP significantly had more vitamin C content than untreated 
controls throughout the both 15-day and 30-day storage periods (Fig. 6). Fruit vitamin C content with AVG or 1-MCP 
treatment alone significantly increased within storage periods; however the effect of 1-MCP was much smaller than 
that of AVG. Interestingly, 250 mg L-1 AVG in combination with 1-MCP showed a significant climacteric peak in 
vitamin C content of 6.8 mg 100g-1 fresh weight and 4.7 mg 100g-1 fresh weight in 15-day and 30-day storage 
respectively. The lowest vitamin C content (4.1 and 1.9 mg 100g-1 fresh weight) was observed in untreated fruits 
during storage period (Fig. 6). 
 

 
  
Figure 6. Effects of AVG or 1-MCP application on vitamin C content of ‘Kinnow’ mandarin fruit in 15-day and 30-day storage at 4 

ºC. For the same day of storage, columns with different lowercase letters are significantly different (P < 0.05). Where, T0= 
Control, T1= 1-MCP (1µL L-1), T2= AVG (250 mg L-1), T3= AVG (500mg L-1), T4= 1-MCP (1µL L-1) + AVG (250 mg L-1), T5= 1-

MCP (1 µL L-1) + AVG (500 mg L-1) 

 
 Results regarding means comparison of effects of AVG and 1-MCP treatments on antioxidant activity of 
ʻ Kinnowʼ  mandarins are presented in Figure 7. Total antioxidant activity revealed an increase from harvest (32.3%) 
to 15-day (57.9%) and 30-day (54.8%) in all treatments in both storage periods. The significant highest post-storage 
TAA value was observed in 250 mg L-1 AVG in combination with 1-MCP treatment and the lowest was seen in the 
control. AVG and 1-MCP treatments alone also had significant effects on increase in TAA values (Fig. 7). 
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Figure 7. Effects of AVG or 1-MCP application on total antioxidant activity of ‘Kinnow’ mandarin fruit in 15-day and 30-day 
storage at 4 ºC. For the same day of storage, columns with different lowercase letters are significantly different (P < 0.05). 

Where, T0= Control, T1= 1-MCP (1µL L-1), T2= AVG (250 mg L-1), T3= AVG (500mg L-1), T4= 1-MCP (1µL L-1) + AVG (250 mg 
L-1), T5= 1-MCP (1 µL L-1) + AVG (500 mg L-1) 

 
Discussion 
 All treatments especially AVG and 1-MCP combination could reduce chilling injury and decay but increased fruit 
firmness in both storage periods. Fruit firmness is a quality parameter directly related to shelf life and fruit quality 
which was strongly maintained by AVG and 1-MCP in both climacteric and even non-climacteric fruits (Hayama , 
2008).  Guillen , (2007) reported lower decay of tomatoes due to 1-MCP treatment. The effectiveness of AVG and 1-
MCP in preventing fruit softening was previously published in many reports (Mir , 2001; Yuan and Carbaugh, 2007; 
Hayama , 2008; Asrey , 2012). In this study, 1-MCP delayed fruit softening and rotting, suggests that non-climacteric 
cultivars are unable to produce a large amount of ethylene, but that ethylene response in ʻ Kinnowʼ  mandarin is the 
same as in climacteric types. Our data indicate that very small amounts of ethylene were sufficient to slowly enhance 
fruit softening in mandarin. It is proved that fruit firmness is the most important effective parameter in chilling injury 
and natural decay (Asrey , 2012), so the effects of our treatments on chilling injury and decay could be described 
indirectly by their inhibiting results in softening. These results implied a beneficial effect of postharvest AVG and 1-
MCP at relatively low concentrations on the storage life of ʻ Kinnowʼ  mandarins, so we observed that fruit treated 
with AVG along with 1-MCP showed the lowest chilling injury and decay in both storage periods. As the 1-MCP and 
AVG have the ability to reduce respiration rate, cell wall softening enzyme activities (Eduardo and Kader, 2007; Win 
, 2006) and fruit firmness retention; their application might have reduced the nutrient availability to the pathogen 
which in turn resulted in less incidence percentage of decay in stored ʻ Kinnowʼ  mandarin fruits. These findings are 
in agreement with the results of other work carried out on these aspects (Singh, 2004; Wilson , 1991). 1-MCP is a 
synthetic cyclic olefin that inhibits ethylene by blocking access to the ethylene binding receptor, lowers action of 
maturation associated genes (PC-PG1 and PC-PG2) and enzymes (Sisler and Serek, 1997; Khan and Singh, 2007; 
Martinez , 2002). AVG is an analog of rhizobiotoxine. The root-nodule bacterium Rhizobium japonicam of soybean 
produces this phytotoxin. This phytotoxin competitively inhibits the conversion of S-adenosylmethionine (SAM) to 1-
aminocyclopropane-1-carboxylic acid (ACC) in the synthesis of ethylene (Byers, 1997). The inhibitory effect on 
ethylene biosynthesis and consequent suppression of ethylene production by AVG in various plant tissues is 
reported. The combined applications of 1-MCP and AVG have been succeeded in keeping over all fruit decay 
percentage at its minimum level. Minimum fruit decay and weight loss by the combined application of 1-MCP and 
AVG may be attributed to the higher fruit firmness (1-MCP treatment retained higher fruit firmness), which has likely 
prevented the pathogen invasion in stored fruits. Aguayo , (2007) also recorded less decay and weight loss in 1-MCP 
+ CaCl2 treated strawberry fruit kept at room temperature and cold storage. In general, the weight loss of ʻ Kinnowʼ  
fruits increased with the increase in storage period. In this experiment, except controls, other samples showed low 
weight loss. Numerous research studies demonstrated that weight loss was associated with respiration processes 
and evaporation of water from the fruit (Amarante , 2001). In our study, AVG, 1-MCP and especially their 
combinations showed a low weight loss probably due to a protective role on fruit peel integrity and softening which 
reduced water evaporation, gas exchange and decreased nutrient loss. AVG alone seemed to be more effective than 
1-MCP alone in controlling weight loss. The combination of AVG plus MCP resulted in greater weight retention across 
storage duration. These results are in line with findings of Sigal-Escalada, 2006.  
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 TSSC, TA and vitamin C decreased during the storage period. However, all treatments increased these quality 
traits for both storage periods. The increase in TSS by AVG and 1-MCP application may possibly be due to the 
breakdown of complex organic metabolites into simple molecules or due to hydrolysis of starch into sugars (Wills , 
1980). The AVG and 1-MCP treatments helped in better retention and increasing of acidity as compared to control, 
which might be due to the positive role of treatments in delaying the ripening process and reducing respiration of 
fruits (Sigal-Escalada, 2006). Sugars and organic acids contribute to fruit taste and are used as respiratory 
substrates. TA mainly reflects the abundance of citric and ascorbic acids, the most conspicuous organic acids in 
citrus (Tucker, 1993). Citric acid is a major respiratory substrate and can fall by 50% during the ripening of a fruit. 
DeLong , (2004) and Fan , (1999) measured higher acidity in apples of different cultivars treated with 1-MCP and 
later stored in low temperature air. Itai and Tanahashi (2008) showed that 1-MCP application on Japanese pear 
inhibited sucrose loss and let to TA and TSS accumulation. 1-MCP changed the expression of sucrose metabolizing 
enzymes which resulted in an accumulation of hexoses in pear. 1-MCP slows vitamin C loss in Chinese jujube (Jiang 
, 2004), peaches (Liu , 2005), pineapples (Selvarajah , 2001), and minimally processed lettuce and pineapple (Budu 
and Joyce, 2003; Tay and Perera, 2004). Our results are in compliance with the findings of the above studies. In 
spite of our data, Asrey , (2012) demonstrated that the variation in postharvest quality parameters (TSS, acidity, 
sugar, vitamin C) of stored Kinnow mandarin fruits were insignificant under different 1-MCP treatments. Previous 
studies revealed that ethylene inhibitors, by limiting fruit respiration metabolism and fungal growth, thereby delaying 
the declines of nutritional components such as soluble solids, ascorbic acid and titratable acidity (Hagenmaier, 2005). 
 Fruit senescence positively correlates with antioxidant enzymes. Plants have evolved a well-integrated 
antioxidant system that includes enzymatic and nonenzymatic components to delay senescence caused by oxidative 
damage during fruit storage (Lemoine , 2010). In this research, total antioxidant activity (TAA) reduced during storage 
period. This finding is in line with results achieved for orange (Loscalzo , 2004), mango (Policegoudra and Aradhya, 
2007), kiwi fruit (Tavarini , 2007) and strawberry (Cordenusi , 2003). Gardener , (2000) also observed that flavonoid, 
vitamin C and antioxidant activity of orange, mandarin and grape fruit decreased within storage. Loss of antioxidant 
activity during storage period is due to large amount consumption of antioxidant compounds in defense of free 
radicals and cold storage stress (Gulen and Eris, 2004). Asrey , (2012) showed that Kinnow mandarins treated with 
1-MCP (250 nl L-1) resulted in maximum antioxidant activity. Similarly, total antioxidant activities of skin and flesh 
Braeburn apple were higher in AVG treated fruits (Ozkan , 2012). The results of Ilic , (2013) investigation suggest 
that 1-MCP can be used as a commercial technology due to its ability to maintain antioxidant capacity of tomato fruit 
as well as to delay fruit ripening. Apart from climacteric fruits, 1-MCP increased antioxidant activity and compounds 
in non-climacteric fruits and vegetables such as grape (Tesniere , 2004), pineapple (selvarajah , 2001), strawberry 
(Bower , 2003), Boroccoli (Able , 2002), carrot and lettuce (Fan and Mattheis, 2000). Increasing antioxidant activity 
due to AVG and 1-MCP application resulted in prolonging storage life. Our data was in conformity with the above 
findings.   
 This study clearly indicates that treatment with a combination of AVG and 1-MCP provides effective suppression 
of softening, chilling injury and decay and a decrease in weight loss during both 15-day and 30-day storage periods 
in mandarin cultivar ‘Kinnow’. Similarly, these treatments significantly increased total soluble solid, titrable acidity, 
vitamin C and total antioxidant activity. During storage period, all quality parameters reduced uninterested to 
treatments. However, treatments dramatically maintained the fruit quality and limit postharvest deterioration and 
diseases. Our findings show that the 1-MCP and AVG are compatible with each other for controlling postharvest 
rapid loss of quality. Combination treatment of 250 mg L-1 AVG and 1 µL L-1 1-MCP proved the above sentence, as 
it had the lowest chilling injury, decay and weight loss and the highest TSSC, TA, vitamin C and TAA. Thus, it is 
necessary to treat with both AVG and 1-MCP to reduce the postharvest deterioration of ‘Kinnow’ mandarin. 
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