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 A B S T R A C T  
 
In the study, the effect of AVG application at different concentrations on the post-harvest fruit quality of  apple cultivar (Malus cominnus L. cv. 
Red Chief ) was investigated. The study consisted of four applications, 75, 150 and 225 mg/ L-1 AVG and control. AVG was applied 4 weeks 
before anticipated harvest. The effect of AVG application on fruit size was inconsistent. 225 mg L-1 dose application increased fruit size while 
the smaller fruit were harvested on the tress applied 75 mg L-1 AVG. It was determined that the weight losses during storage decreased with 
AVG application. The more firmness fruit were harvested with 125 mg L-1AVG application while there was no significant difference in terms of 
fruit firmness between other applications. The fruit firmness decreased in proportion to the cold storage period while the highest loss of fruit 
firmness was recorded with the control application. In the study, fruit with higher acidity but lower Solible Solids Content (SSC) ratio were 
harvested with AVG application. However, the effect of AVG concentration on titratable acidity and SSC ratio of the fruit was not significant. 
Depending on the cold storage period, the SSC ratio in the fruit increased while the titratable acidity ratio decreased. There was no difference 
between the applications in the decrease in the titratable acidity ratio during cold storage. However, it was determined that the ratio of SSC in 
AVG-applied fruit was lower than the control, but the application dose was not effective.  
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INTRODUCTION 

In apple, which is a climacteric fruit type, the physiological and structural changes such as softening of the cortex, starch 
hydrolysis, chlorophyll degradation, and colour changes occur during ripening (Mattheis et al., 1991). In apples, the increase in 

SSC, loss of acidity and formation of volatile compounds such as aldehydes, alcohols and esters during ripening and storage 
significantly affect the sensory quality of the fruit. Ethylene, which is effective in all these changes that occur in the ripening and 

storage processes and is known as the ripening hormone, accelerates the softening, unwanted colour changes and deterioration 

processes in apples during storage, thus it limits the storage and post-harvest life of the fruit (Mattheis et al., 1991).  

Apple fruit is highly sensitive to ethylene, however, it produces large amounts of ethylene during ripening (Giovannoni, 2008). 
Therefore, the studies to reduce quality losses in fruit during storage generally focus on applications that inhibit ethylene 
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production and enzyme activities responsible for ethylene biosynthesis (Martínez-Romero et al., 2007). For this aim, the 

bioregulators such as silver ions, diazocyclopentadiene, 1-methylcyclopropene, and aminoethoxyvinylglycine (AVG) (Kader, 

2002), 1H-cyclopropabenzene and 1H-cyclopropa naphthalene (Singh et al., 2018) can be used.  AVG is a naturally occurring 
amino acid that suppresses ethylene production in plant tissues by inhibiting the enzymatic activity responsible for the conversion 

of S-adenosylmethionine to 1-aminocyclopropane-L-carboxylic acid (Boller et al., 1979). ReTain is a commercial product 

containing a proprietary 15% w/w AVG that uses apples, pears, peaches, nectarines and cherries to delay fruit maturity, reduce 
pre-harvest fruit drop, preserve fruit firmness and increase storage potential (Rath and Prentice, 2004). 

In the previous studies, it had been reported that the pre-harvest AVG application increased postharvest life by reducing ethylene 

production by delaying maturation at harvest and storage on apple (Sigal-Escalada and Archbold, 2009), pear (Tarabih, 2014), 

plum (Ozturk et al., 2012), peach (Çetinbaş et al., 2012), nectarine (McGlasson et al., 2005), sweet cherry (Koc Guler et al., 
2019), tomato (Candir et al., 2017) and melon (Hung et al., 2010).   It was observed that the effect of AVG to retard ripening and 

maintaining fruit firmness at harvest and after storage the apple cultivars such as ‘Spartan’, ‘Spencer’ (Bramlage et al., 1980), 

‘Gala’, ‘Jonagold’ (Wang and Dilley, 2001), ‘McIntosh’ (Stover et al., 2003), Gala’ and ‘Cripp’s Pink’(Phan-Thien et al., 2004). 

However, it has been determined that the effect varies depending on the application concentration (Schupp and Greene, 2004) 
and the cultivar (Elfving et al., 2007). In this study, the effect of AVG application at different concentrations on fruit quality in 

storage in Red Chief apple cultivar was investigated. 

 
MATERIALS AND METHODS 

Plant material and experimental design 

In the study in which the effect of AVG application at different concentrations on the post-harvest fruit quality of Red Chief apple 

cultivar was investigated. The 7-year-old apple trees of MM106 x Red Chief rootstock - cultivar combination were used as plant 
material. The trees were planted with a 4x2 m planting density and trained as Central Leader. The cultural practices such as 

irrigation, fertilization, pruning and thinning were done on the trees.  

The experiments were laid out in a randomized complete-block design with three single-tree replications per treatment. The 

trees were selected based on proximity in orchard and crop load. The study consisted of four applications, 75, 150 and 225 mg/ 

L-1 AVG and control (0 mg L-1). AVG combined with a Regulaid’ surfactant at 0.1% v/v, was applied 4 weeks (on 1th September 
2017) before anticipated harvest. For each application, one pair of trees was used in each block. Treatments were applied to 

run off with a low pressure hand sprayer. For each treatment, one pair of trees was used in each block. The ones wounded, 

diseased, or damaged from the hand-harvested fruit at the commercial harvest were discarded, and 12 kg of the fruit for each 
application and 3 kg for each analysis period were harvested. After measuring and analysing of the fruit at harvest, the remaining 

fruit were stored in the same store with normal atmospheric conditions at 0°C and 90±5% RH for 6 months. The following quality 

analyses and measurements were made in 3 kg of fruit for each application in two-month periods. 
 

Weight loss and firmness 

Fruit weights were determined using a digital scale (±0.01 g) (Radvag PS 4500/C/1, Poland). Weight loss was determined by 
the difference between the initial and final weights of each replicate during cold storage and expressed as percent. After the fruit 

peel has been removed by a cutting tool, flesh firmness (five fruit) was measured on three sides of equatorial line of each fruit 
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using a press mounted penetrometer (FT-327 MoCormick Fruit Tech., Yakima, ABD) with 11.1 mm tip. The values measured 

are expressed as Newton (N).  

 
Soluble solids content and titratable acidity  

A sample of juice was taken from one piece of each of ten fruit per tree, and 3 different measurements were obtained from each 
replication. SSC was determined with a digital refractometer (PAL- 1, McCormick Fruit Tech., Yakima, Wash) and the values 

had been expressed as % (oBrix). For titratable acidity (TA), 10 mL of extract was taken from each sample, 10 mL distilled water 

was added and the value corresponding to consumed sodium hydroxide (NaOH) during the titration with 0.1 N NaOH to increase 
the pH of samples to 8.1 was expressed in malic acid (g malic acid 100 mL-1). 

 

Statistical Analysis 

All statistical analyses were performed with SAS Version 9.3 (SAS Institute Inc., Cary, NC, USA). Data were analysed by analysis 

of variance. Mains of treatments were separated by Duncan’s multiple range tests at a significance level of 0.05. 

RESULTS AND DISCUSSION 

Fruit size is one of the important factors affecting consumer preferences. In our study to determine the effect of preharvest AVG 

application on postharvest quality losses in fruit, it was determined that the effect of AVG application on fruit size was significant 
and this effect varied depending on the application dose. 225 mg L-1 dose application increased fruit size while the smaller fruit 

were harvested on the tress applied 75 mg L-1 AVG. However, it was observed that 125 mg L-1 dose application had no effect 

on fruit size. However, Aglar et al. (2016) reported that the smaller fruit were obtained in pre-harvest AVG-treated Jersey Mac 
apple trees compared control.  

The weight loss in post-harvest cold storage causes great economic losses. The weight loss in fruit during cold storage is usually 
due to water loss as a result of the ongoing postharvest physiological activities such as transpiration and respiration (Becker 

and Fricke, 1996). The weight loss can be reduced by slowing ethylene production and respiration rates with the application of 

ethylene inhibitors such as AVG (Martínez-Romero et al., 2007). In the study that we carried out for this purpose, it was 
determined that the weight losses during storage decreased with the AVG application. However, the lower weight loss was noted 

with 125 mg L-1 at 60 days of storage while there was no significant difference between other treatments. It can be said that the 

weight loss was lower in AVG-applied fruit in the measurements made at 120 and 180 days of the cold storage, and the effect 
of the concentration was not significant in the application. The less weight loss was recorded with 125 mg L-1 application only at 

the end of storage (Table 1). 

Table 1: Effect of AVG treatments on weight loss of apple (Malus cominnus L. cv. Red Chief ) during storage  
 

Treatments 
(mg L-1) 

Harvest 
Fruit weight (g) 

Weight loss (%) 

60 day 120 day 180 day 

0  244.17b 1.02a 2.01a 2.43a 

75 213.83c 1.07a 1.37b 2.00b 

125 252,97b 0.05b 1.26b 1.57c 

225 296.53a 1.06a 1.51b 1.91b 
Means in columns with the same letter do not differ according to Duncan's test at P < 0.05. 
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The decrease in fruit flesh firmness during the cold storage is due to the loss of cell turgor pressure and cell wall hydrolysing 

enzymes (Cosgrove, 2001). Ethylene plays an important role in fruit softening with the activity of these functions in the fruit 

ripening process (Giovannoni, 2008). Wei et al. (2010) were determined that the fruit exposure to ethylene in Golden Delicious' 
and 'Fuji' apple cultivars increased the activity of fruit softening enzymes such as β-galactosidase (β-Gal), α-L-

arabinofuranosidase (α-L-Af), polygalacturonase (PG), and pectin methylesterase (PME) increased, but the activity of these 

enzymes decreased with the use of ethylene inhibitors such as AVG, BC, NC and 1-MCP, and the fruit firmness was maintaining 
during the cold storage. The higher fruit firmness in apple fruit treated with ethylene inhibitors can be attributed to the reduction 

in the rate of ethylene production, which reduces the activity of fruit softening enzymes (Giovannoni, 2008). In our study that is 

carried to determine the effect of AVG on ethylene production, the more firmness fruits were harvested with 125 mg L-1 AVG 
application while there was no significant difference in fruit firmness between other applications. The fruit firmness decreased in 

proportion to the cold storage period while the highest loss of the fruit firmness was recorded with the control application. At the 

end of  the cold storage, the loss in the fruit firmness of the control application was recorded as 44%. In the measurements made 

during the cold storage, it was determined that AVG-applied fruit were more firmness, but the difference between the application 
doses was not significant. However, considering the fruit firmness losses in AVG-applied fruit at the end of the cold storage, the 

lowest loss (13%) was recorded with 125 mg L-1 application while the fruit firmness in 75 mg L-1 and 225 mg L-1-applications 

were decreased by 27% and 24%, respectively (Table 2). In support of our results, in previous studies, it was observed that the 
effect of AVG to retard ripening and maintaining fruit firmness at harvest and after storage the apple cultivars such as ‘Spartan’, 

‘Spencer’ (Bramlage et al., 1980), ‘Gala’, ‘Jonagold’ (Wang and Dilley, 2001), ‘McIntosh’ (Stover et al., 2003), Gala’ and ‘Cripp’s 

Pink’(Phan-Thien et al., 2004). However, it has been determined that the effect varies depending on the application concentration 
(Schupp and Greene, 2004) and the cultivar (Elfving et al., 2007).  

Table 2: Effect of AVG treatments on fruit firmness of apple (Malus cominnus L. cv. Red Chief ) during storage  
 
 

Treatments 
(mg L-1) 

Fruit firmnes (N) 

Harvest 60 day 120 day 180 day 

0  73.9b 59.8b 51.7b 44.0b 

75 86.7a 73.0a 68.3a 63.3a 

125 75.3b 71.0a 70.0a 65.3a 

225 79.7ab 73.3a 65.7a 60.7a 

Means in columns with the same letter do not differ according to Duncan's test at P < 0.05. 
 

In the study, fruit with higher acidity but lower SSC ratio were harvested with AVG application. However, the effect of AVG 

concentration on acidity and SSC ratio of the fruit was not significant. However, Yildiz et al. (2012) reported that the fruit with 
lower SSC ratio were harvested with pre-harvest AVG application in Red Chief apple cultivar, and the change in SSC ratio 

occurred depending on the application dose, and the effect of AVG application on acidity was not significant. However, Wang et 

al. (2016) determined that pre-harvest AVG application had no effect on SSC and acidity in ‘Bartlett’ pear cultivar. SSC and 
acidity ratios in the cold storage fruit are significant criteria that determine the quality of the cold storage. Depending on the 

storage period, the SSC ratio in the fruit increased while the acidity ratio decreased. There was no difference between the 

applications in the decrease in the acidity ratio during storage. However, it was determined that the ratio of SSC in AVG-applied 
fruit was lower than the control, but the application dose was not effective. In line with this explanation, it can be concluded that 

AVG application delays fruit ripening and thus may prolong post-harvest life (Table 3). AVG applications, which delay ripening 
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and fruit softening in the cold storage, prolong the post-harvest life of the fruit. The fact that, in the previous studies, it had been 

reported that the pre-harvest AVG application increased postharvest life by reducing ethylene production by delaying maturation 

at harvest and storage on apple (Sigal-Escalada and Archbold, 2009), pear (Tarabih, 2014), plum (Ozturk et al., 2012), peach 
(Çetinbaş et al., 2012), nectarine (McGlasson et al. ., 2005), sweet cherry (Koc Guler et al., 2019), tomato (Candir et al., 2017) 

and melon (Hung et al., 2010). 

Table 3: Effect of AVG treatments on soluble solids content of apple (Malus cominnus L. cv. Red Chief ) during storage  
 
 

Treatments 
(mg L-1) 

Soluble solids content (%)  

Harvest 60 day 120 day 180 day 

0  15.34a 15.63a 15.81a 16.07a 

75 12.77c 13.00bc 13.30bc 13.67bc 

125 13.44b 13.64b 13.86b 14.14b 

225 12.20c 12.38c 12.60c 18.11c 

 

in columns with the same letter do not differ according to Duncan's test at P < 0.05. 

 

Table 4: Effect of AVG treatments on titratable acidity of apple (Malus cominnus L. cv. Red Chief ) during storage 
 

Treatments 
(mg L-1) 

Titratable acidity (% malic acid) 

Harvest 60 day 120 day 180 day 

0  0.44 b 0.43a 0.41a 0.40a 

75   0.46 ab 0.44a 0.42a 0.41a 

125 0.48 a 0.47a 0.45a 0.42a 

225 0.49 a 0.46a 0.45a 0.42a 

 

Means in columns with the same letter do not differ according to Duncan's test at P < 0.05. 
 

As a result, it has been revealed that pre-harvest AVG application can be used to prevent quality losses in storage with its effects 

such as reducing weight losses in post-harvest storage, maintaining fruit firmness, delaying ripening by limiting the SSC ratio. 
For this purpose, 125 mg L-1 dose can be recommended as an application dose. 
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