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ABSTRACT 

 Pomegranate is a popular fruit, rich in antioxidants and minerals but sensitive to 

postharvest storage. The efficiency of 5 and 10 mM γ-Aminobutyric Acid (GABA) 

combined with 0.5% carnauba wax as edible coating was investigated on extending the 

cold storage life of pomegranate fruit (Cv. Malas Saveh) after 45 and 90 days. Coatings 

maintained fruit freshness, inhibited the chilling injury symptoms, reduced peel 

malondialdehyde formation (minimum of 0.74 nM g-1), reduced loss of aroma/taste, and 

increased aril antioxidant activity (maximum of 94.9%). Aril anthocyanin content was 

more stable in 5 mM GABA coated than uncoated fruits. However, the coatings caused 

more weight loss on 45th day (11.0% in 10 mM GABA and 8.3% in the control). This 

parameter was similar in coated and uncoated fruits after 90 days. Aril phenolic content 

in coated fruits was higher on 90th day but not on 45th day (maximum of 0.08 mg.100g-1 in 

the control on day 45). Aril lightness increased in the control sample on 45th day while 

coated fruits were more similar to harvest time. After 90 days, the control and treated 

samples were similar. The color scales (a*, b*, and Chroma) values of peels and arils 

declined by storage without any significant effects of coatings. Peel and aril Hue did not 

change by storage time or coatings. Results suggested some benefits of coatings for 

retaining the postharvest quality of pomegranate fruits.  

Keywords: Antioxidant activity, Fruit quality, Punica granatum L, Shelf life. 

INTRODUCTION 

 Preservation of fresh fruit rich in health 

benefits and aroma compounds has become a 

challenge to horticulture and the food industry, 

because deterioration of fresh fruits occurs 

gradually during postharvest storage (Kumar 

et al., 2020). For years, the edible coatings 

have been used to preserve fruits in a natural 

way and are defined as a thin layer made up of 

edible components covering the fruit surface 

for modifying the internal atmosphere and 

reducing the respiration rate and metabolic 

reactions (Kumar and Neeraj, 2019).  

 Some materials that are used as edible 

coatings are originally endogenous natural 

substances in plants that accumulate in 

response to biotic and abiotic stresses. 

Gamma-Aminobutyric Acid (GABA) is an 

example. Some information is available on 

the effect of GABA on quality maintenance 

of horticultural crops postharvest (Shang et 

al., 2011; Wang et al., 2014; Rastegar et al., 

2020; Ebrahimzadeh et al., 2019). Natural 

waxes are also widely used as edible 

coatings, to block the transpiration and to 

improve the outer surface appearance of 

different foods. Carnauba wax, which is 

obtained from the leaves of Copernicia 

cerifera palm tree, has been shown to retain 

the postharvest quality of some crops such 

as eggplant (Singh, et al., 2016) and guava 

(Germano et al., 2019).  

 Pomegranate (Punica granatum L.) is a 

desirable fruit rich in natural antioxidants 
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such as anthocyanins, flavonoids, phenolic 

compounds, vitamins and minerals 

(Meighani, et al., 2014), but highly 

perishable in cold storage. Positive effects of 

some types of edible coatings on extending 

the storage life of pomegranates have been 

reported including putrescine and carnauba 

wax (Barman et al., 2011), chitosan 

(Varasteh et al., 2012), chitosan, carnauba 

wax and resin wax (Meighani, et al., 2014), 

and chitosan, ascorbic acid and citric acid 

(Zarbakhsh et al., 2019). 

 Despite the beneficial properties of 

GABA and carnauba wax, they have not 

been combined as a coating. Therefore, the 

aim of this study was to evaluate the effect 

of GABA-carnauba wax edible coating on 

the postharvest quality and physiology of 

pomegranate fruits stored at cold conditions.

MATERIALS AND METHODS 

Plant Material, Coating and Storage 

 The ripened and uniform-sized 

pomegranate fruits (Cv. Malas Saveh) were 

obtained from Shahreza orchards, Isfahan, 

Iran. Fruit harvest index was the ratio of 

soluble solids (17%) to total acid (5%). Six 

fruits were used for each replication. The 

treatments were the combination of GABA 

(Sigma Aldrich, Germany) with carnauba 

wax (Merck, Germany) in three levels (0.5% 

carnauba+5 mM GABA, 0.5% carnauba+10 

mM GABA and distilled water as control). 

The fruits were immersed for 15 minutes in 

each treatment. After the surface of the fruits 

was dried, they were placed in plastic 

baskets, transferred to cold storage at 4±1°C 

and 85±5% relative humidity and stored for 

90 days for further investigations.

Physiological Loss in Weight (PLW) 

 Weight loss was obtained from the 

difference between the weight of the first 

day and the weight at the storage day and 

was expressed as a percentage of the initial 

fresh weight with the following equation:  

(FW-DW)/FW×100 [FW: Fresh Weight, 

DW: Dry Weight] 

Chilling Injury and Malondialdehyde 

 Brown spots on the peel surface and 

internal separating segments, and pale aril 

color were considered as symptoms of 

chilling injury (Mirdehghan and Rahemi, 

2005). The degree of chilling injury was 

calculated based on a range from zero to 

five: Zero: No symptoms of chilling injury, 

One: 1 to 20%, Two: 20 to 40%, Three: 40 

to 60%, Four: 60 to 80%, and Five: More 

than 80% (Wang et al., 2006). For 

malondialdehyde, 0.25 g of peel was ground 

in 5 mL of 0.1% trichloroacetic acid and 

centrifuged. One mL of extract was added to 

4 mL of 20% trichloroacetic acid containing 

0.5% thiobarbituric acid. The concentration 

was determined with absorbance 

measurement at 450, 532 and 600 nm with 

the following equation (Shekari et al., 

2021):  

MAD (nmol g
-1

 FW)= 6.45 (OD532–

OD600)–0.56 OD450 

MAD means Malondialdehyde, and OD 

means optical density.  

Total Antioxidant Activity, 

Anthocyanins Content and Total Phenolic 

Content 

 Total antioxidant activity of arils was 

determined by the 2,2-DiPhenyl-1- Picryl-

Hidrazil (DPPH) radical-scavenging 

method. The absorbance was measured at 

517 nm, and was expressed as the inhibition 

percentage of the DPPH radical (Rastegar et 

al., 2020). For anthocyanins content, 1 mL 

of aril extract was made to 25 mL by buffer 

(0.2N KCl)/(0.2N HCl) with pH= 1. Another 

10 mL of the same extract was made to 25 

mL by buffer (1N CH3CO2Na)/(1N HCl) 

with pH= 4.5. The adsorption rate of these 

two samples was read at 510 nm and the 
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amount of anthocyanin was calculated by 

the following equation and was expressed as 

mg L
-1 

of fruit juice (Rapisarda et al., 2000):  
    

 ⁄
 (               )               

                             

 For determination of total phenolic content, 

5 g of arils was ground with 10 mL of 

phosphate buffer and centrifuged. Then, 100 

mL of supernatant was mixed with 400 mL of 

phosphate buffer, 2.5 mL of Folin–Ciocalteu 

(1:10 diluted), and 2 mL of 7.5% sodium 

carbonate. Absorbance measurement was done 

at 760 nm using gallic acid for preparing the 

standard curve. The results were expressed as 

mg of gallic acid in 100 g of fresh weight 

(Orthofer and Lamuela-Raventos, 1999).  

Color Indicators 

 Color values of peels and arils were 

directly measured with a color meter 

(Minolta Chroma Meter Model CR-400, 

Minolta, Japan). The color was measured as 

the Lightness (L*), red-green (a*) and Blue-

yellow (b*). The Chroma value and Hue 

angle were calculated by the following 

equations (Moradinezhad et al., 2020):  

Chroma =√            Hue angle= 

      
  

  
  

Sensory Evaluation 

 The sensory analysis included a panel test 

with 10 semi-trained panelists in each of the 

four replications (a total number of 40 

panelists). The panelists evaluated the 

aroma/taste and freshness of fruits. Excellent 

was shown with 5, very good with 4, good 

with 3, moderate with 2, poor with 1, and 

extremely poor with 0 (Moradinezhad et al., 

2020) 

Statistical Analysis 

 The study was a factorial experiment 

based on a completely randomized design 

with four replications. Sources of variation 

were storage time (0, 45 and 90 days), 

coatings (control, 0.5% carnauba+5 mM 

GABA, and 0.5% carnauba+10 mM GABA) 

and their interaction. Mean values were 

reported as the mean±standard error of 

means. Data were analyzed by SAS 9.1 

statistical software package and the Least 

Significant Difference (LSD) test at P= 0.05 

was used to compare the means. The charts 

were plotted in MS-Excel software package. 

RESULTS AND DISCUSSION  

Fruit Weight Loss  

 As the storage time lengthened, the 

weight of the fruits decreased significantly 

(P= 0.05). Coatings showed higher weight 

loss on 45
th
 day (8.3% in control; 10.3 and 

11.0% in GABA 5 and 10 mM, 

respectively), but after 90 days there was no 

significant difference between control and 

coatings (15.4% in control; 15.1 and 14.0% 

in GABA 5 and 10 mM, respectively) 

(Figure 1-a). The degree of changes in 

metabolic reactions and the level of 

reduction in weight loss in fruits that are 

covered by edible coatings depends on the 

type and thickness of the coating (Dhall, 

2013). Although the edible coatings are 

usually expected to reduce the weight loss, 

in our study, the coatings accelerated it until 

45
th
 day, which may be due to carnauba 

concentration. Chiumarelli and Hubinger 

(2014) reported that coatings with 0.2% 

carnauba wax were better barriers to 

moisture and gas exchange and the 

formulations with higher carnauba wax 

resulted in rigid coatings.  

Chilling Injury 

 During storage, the chilling injury 

symptoms were increased (maximum score 

of 2.6 for the control on day 90). Carnauba 

0.5% plus GABA 5 mM inhibited the 

chilling injury at 45
th
 day, and both coatings 
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had positive effects on controlling the injury 

on 90
th
 day (Figure 1-b). Storage at low 

temperatures results in a reduction in both 

internal and external fruit quality. The 

recommended safe storage temperatures for 

pomegranates are 5°C for up to 2 months, 

and 7.2°C for longer periods, but in this 

temperature, microbial growth may occur 

(Kashash et al., 2016). GABA is naturally 

induced when plants are exposed to abiotic 

stresses. It increases the antioxidants 

activity, proline accumulation, and the 

content of saturated fatty acids and the 

integrity of membranes (Rastegar et al., 

2020). GABA is effective on postharvest 

tolerance to chilling injury in banana (Wang 

et al., 2014), peach (Shang et al., 2011) and 

walnut kernel (Ebrahimzadeh et al., 2019). 

Carnauba wax has also been shown to 

elevate the tolerance to chilling temperatures 

through reducing gas exchange between the 

food and the surrounding environment. 

Carnauba wax in combination with 

putrescine decreased chilling injury of 

pomegranates (Barman et al., 2011). 

Positive effect of carnauba on chilling injury 

has also been reported on guava (Germano 

et al., 2019), grapefruit (Dou, 2004), and 

citrus (Kellerman et al., 2014). At any 

duration of storage, the response of fruits to 

the edible coatings depends very much on 

the composition and concentration of the 

coating (Dhall, 2013). Therefore, it can be 

deduced from the results of this study that 

carnauba (0.5%) plus GABA (0.5 mM) is a 

better formulation for short storage periods, 

while carnauba (0.5%) plus GABA (1 mM) 

is more effective for longer storage periods. 

Malondialdehyde 

 With increase in the storage time, the 

amount of malondialdehyde in peels 

increased. Both coatings, especially 

carnauba 0.5% plus GABA 10 mM, were 

able to reduce this increase (0.74 and 1.05 

nM g
-1

 on days 45 and 90, respectively) 

(Figure 1-c). Malondialdehyde is the product 

of fatty acid peroxidation caused by high 

oxygen availability, and membrane 

damages, therefore, it can be used as an 

oxidative damage marker (Ebrahimzadeh et 

al., 2019). Here, malondialdehyde formation 

can be the result of both chilling stress and 

drought stress upon weight loss. GABA acts 

as an inhibitor of malondialdehyde 

formation because it is capable of reducing 

H2O2 content and increasing antioxidant 

potential (Valenzuela et al., 2017). In button 

mushrooms during 15 days of storage at 

4°C, exogenous GABA increased the 

endogenous GABA content by increasing 

the expression of glutamate decarboxylase 

gene and decreasing the expression of 

GABA transaminase gene (Shekari et al., 

2021). It is also suggested that a possible 

cold stress protective mechanism might be 

induced by GABA, which alleviates cold 

storage symptoms of fruits (Wang et al., 

2014). Suppression of malondialdehyde 

formation by GABA in postharvest storage 

has been demonstrated in some other fruits 

like banana and orange (Wang et al., 2014; 

Habibi et al., 2019). Carnauba wax is a 

barrier against oxygen, therefore, capable of 

reducing oxidative damages. It was 

previously reported that GABA preserves 

pomegranate fruit quality during cold 

storage (Barman et al., 2011). Carnauba 

inhibition of malondialdehyde formation is 

consistent with the results on guava 

(Germano et al., 2019). 

Antioxidant Activity 

 Antioxidant activity underwent little 

changes during storage. The coatings 

recorded higher antioxidant activity than the 

control after 90 days (minimum of 86.87% 

for the control on day 90; all other cases 

above 94%) (Figure 1-d). Because 

pomegranates are very rich in 

phytochemicals with antioxidant properties, 

the antioxidant capacity did not decline until 

45 days, but a small decrease was observed 

after 90 days of storage in the control fruits. 

Antioxidant capacity of coated fruits was 

even stable after 90 days, because GABA 
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activates metabolic pathways involved in the 

maintenance of redox status and scavenging 

hydrogen peroxide (Valenzuela et al., 2017). 

In addition, carnauba wax is a barrier against 

oxygen, therefore, reducing oxidative 

reactions. Similarly, higher antioxidant 

capacity by DPPH scavenging was found in 

GABA-treated mango fruits during 4 weeks 

of storage. The researchers stated that the 

role of GABA in increasing antioxidant 

activity was due to its ability to increase the 

production of antioxidant compounds such 

as phenols and flavonoids, as well as the 

activity of antioxidant enzymes (Rastegar et 

al., 2020). Beta-aminobutyric acid enhanced 

antioxidant enzymes activity and caused 

higher levels of antioxidant activity through 

scavenging DPPH, superoxide and hydroxyl 

radicals in cherries postharvest (Wang et al., 

2016). In stored guava fruits, 

galactomannan-carnauba wax increased the 

activity of antioxidant enzymes, superoxide 

dismutase, and catalase, which led to 35% 

lower hydrogen peroxide content (Germano, 

et al., 2019).  

Anthocyanin Content 

 After 45 days, the anthocyanin content of 

fruits increased compared to harvest time, 

but carnauba 0.5% plus GABA 5 mM was 

able to keep this value stable (72.07 mg L
-1

 

for harvest time; 60.54 and 66.42 mg L
-1

 for 

days 45 and 90, respectively). After 90 days, 

the anthocyanin content of all treatments 

was similar to harvest time (Figure 1-e). 

Pomegranate is a rich source of 

anthocyanins. Because anthocyanins have 

high antioxidant potential, their synthesis 

usually continues after harvest and at low-

temperature storage (Zarbakhsh et al., 

2019). Here, anthocyanin synthesis 

continued until 45
th
 day in the control and 

fruits treated with carnauba 0.5% plus 

GABA 10 mM, but not in fruits treated with 

carnauba 0.5% plus GABA 5 mM. The latter 

fruits showed also less chilling injury on day 

45, which may be the reason why they did 

not need anthocyanin synthesis. After 90 

days, the anthocyanin content declined due 

to their probable involvement in radical 

scavenging. In contrary, Varasteh et al. 

(2012) reported that the total anthocyanin 

content of pomegranates decreased with 

storage time, but this change was reduced 

with chitosan treatments and at lower 

storage temperature (2°C as compared to 

5°C). In another research, the level of 

pomegranate total anthocyanins increased 

significantly during 30 days of storage and a 

slight decrease was observed thereafter 

(Sayyari et al., 2016). Anthocyanin content 

of pomegranates increased until 40 days of 

storage followed by a decrease and carnauba 

coating could delay declining anthocyanin 

content of pomegranates (Meighani et al., 

2014). 

Phenolic Content 

 After 45 days, the amounts of phenolic 

content in coated fruits were lower than the 

control (0.087, 0.050, and 0.032 mg 100 g
-1
 for 

the control, GABA 5, and 10 mM, 

respectively), but after 90 days, this value was 

higher in coated fruits than the control (0.021, 

0.044, and 0.038 mg 100 g
-1
 for control, 

GABA 5, and 10 mM, respectively) (Figure 1-

f). Phenolic compounds are associated with 

plant responses against stresses (Gohari 

Ardabili et al., 2011). Total phenolic content is 

usually accumulated under low temperature 

storage due to acclimation process (Wang et 

al., 2014). Lower phenolic content in treated 

fruits than the control fruits of this study on 

45
th
 day may be the result of higher weight 

loss of treated fruits at this time, which 

probably imposed some drought stress to fruit 

tissues. However, after 90 days, while the 

weight loss of treated and control fruits was 

similar, the phenolic content of treated fruits 

was higher because of the beneficial effects of 

GABA as an edible coating. A lower phenolic 

content of coated fruits than the control has 

also been reported in pomegranate arils coated 

by ascorbic acid (Azizi et al., 2018). But, 

ultimately, control fruits will have lower 

phenolic content than coated fruits overtime. 
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(a) (b) 

 

 
(c) (d) 

 
 

(e) (f) 

Figure 1. Interaction effect of GABA plus carnauba coating and storage time on: (a) pomegranate fruit 

weight loss; (b)
 
pomegranate chilling injury; (c)

 
pomegranate malondialdehyde content; (d)

 
pomegranate 

antioxidant activity; (e)
 
pomegranate anthocyanin content; (f)

 
pomegranate phenolic compounds.  

 
The final loss of phenolic content in the 

control tissues is due to senescence and 

breakdown of cell structure. Edible coating 

can delay the senescence by controlling the 

metabolic rate, retaining phenolic content for a 

longer storage period (Kumar et al., 2020). 

Total phenolic content of banana peel stored at 

7°C increased until 10 days followed by a 

decrease on 15
th
 day, and again increased until 

20
th
 day. Bananas with GABA pretreatment 

showed higher phenolic content during storage 

time (Wang et al., 2014). In guava fruits, 

galactomannan-carnauba wax coating lowered 

polyphenol oxidase activity during 15 days of 

cold storage (Germano, et al., 2019).  

Color Indicators 

 Color is an important trait of fruits and 

determines the quality and consumer 

acceptability. In the present study, the Hue 
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Table 1. Effect of storage time and GABA plus carnauba wax as edible coating on Hue of pomegranate peels 

and arils.  

  Aril Peel 

  Control Carnauba 

(0.5%) GABA  

(5 mM) 

Carnauba 

(0.5%) 

GABA 

 (10 mM) 

Control Carnauba 

(0.5%) 

GABA  

(5 mM) 

Carnauba 

(0.5%) 

GABA  

(10 mM) 

 

Hue 

 

At harvest 0.5198 a 0.5198 a 0.5198 a 0.3801 a 0.3801 a 0.3801 a 

45 days 0.5177 a 0.4802 a 0.4448 a 0.3827 a 0.3265 a 0.3708 a 

90 days 0.5437 a 0.5242 a 0.4671 a 0.4088 a 0.3960 a 0.3752 a 

 

value of peels and arils was not affected by 

time, coatings and their interaction (Table 

1). For arils, a*, b* and Chroma were only 

affected by time, and declined on 90
th
 day 

(a*: 10.39; b*: 5.82; Chroma: 11.93 on day 

90) (Figures 2-a, -b, and -d). Aril lightness 

was influenced by the interaction of coatings 

and time, and showed an increase in the 

control sample on 45
th
 day compared with 

harvest time, but the arils of coated fruits 

were more similar to harvest time. After 90 

days, control and treated samples were 

similar to each other (Figure 2-c). For peels, 

only the effect of storage time was 

significant on a*, b*, lightness and Chroma. 

These values decreased by time (a*: 25.89; 

b*: 10.73; Lightness: 30.88; Chroma: 28.07 

on day 90) (Figures 2-e, -f, -g, and -h).  

 In another study on pomegranate, the Hue 

angle of peel was the highest at harvest time 

and declined on 60
th
 day of storage both in 

the control and carnauba waxed fruits. But 

Chroma value was the lowest at harvest and 

increased after 60 days without any 

significant difference between the control 

and waxed fruits. The authors stated that 

high Hue and low Chroma indicate the 

immaturity of fruits (Barman et al., 2011). 

In our study, completely mature fruits were 

harvested, therefore, the Hue angle, which 

shows the basic color, was not influenced by 

time, neither in the control nor in treated 

fruits. The a* and b* values of arils and 

peels declined by time, indicating a 

reduction in redness and a reduction in green 

pigments. Therefore, peel and aril Chroma, 

which indicates the color intensity, 

undergone a reduction by time as well. The 

changes in peel and aril Chroma may be 

related to the anthocyanin synthesis or 

degradation (Figure 1-e), such that, in arils, 

Chroma increased slightly until 45
th
 day and 

decreased thereafter.  

 The decrease in peel lightness is probably 

related to wilting and dehydration overtime. 

It can also be due to tissue browning through 

polyphenol oxidase activity and membrane 

damage caused by cold stress. The reduction 

in fruit lightness with time is reported in 

sweet cherries while β-aminobutyric acid 

inhibited this reduction (Wang et al., 2016). 

Similar results were reported in fresh cut 

apples, in which the decrease in lightness 

was lower in GABA treated group (Gao et 

al., 2018). Here, however, the coatings were 

not effective in keeping peel lightness stable. 

In another study on pomegranates, color 

parameters were not significantly affected 

by pre-treatment applications 

(Moradinezhad et al., 2020). In our study, 

aril lightness showed an increase followed 

by a decrease in the control fruits and the 

coatings were able to inhibit these changes. 

In another research on pomegranates, aril 

lightness gradually decreased with time. 

Ascorbic acid coatings could control this 

reduction, probably by prevention of 

anthocyanin degradation (Zarbakhsh et al., 

2019). Meighani et al. (2014) reported a 

decrease in pomegranate aril lightness until 

40
th
 day of storage followed by an increase 

until 120
th
 day. They related these changes 

to anthocyanin synthesis and degradation, 

respectively. In our study, the changes in aril 

lightness in the control fruits may be related 

to substances other than anthocyanins.  
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Figure 2. Simple effect of storage time on aril a* (a), aril b* (b), aril Chroma (d), peel a* (e), peel b* (f), 

peel lightness (g), peel Chroma and interaction effect of GABA plus carnauba coating and storage time on 

aril lightness (c) of pomegranate. 

 

Higher stability in aril lightness in coated 

fruits than the control is probably due to 

lower metabolic reactions inside the coated 

fruits. 

Sensory Evaluation 

 According to panel test, the fruits had the 

best score (5= Excellent) of aroma and taste 
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Figure 3. Effect of GABA plus 

carnauba coating and storage time on 

pomegranate (a) Aroma and taste, and (b) 

Freshness of fruit texture. 

 
 

at harvest. The aroma and taste of fruits 

decreased with time, but carnauba 0.5% plus 

GABA 10 mM could decrease this reduction 

on 90
th
 day (2.87 and 3.3 degree for control 

and GABA 10 mM, respectively) (Figure 3-

a). No off-flavor was distinguished by the 

panelists. The highest score of fruit 

freshness belonged to harvest time as well; 

however, the storage time reduced this trait. 

The coatings had positive effects on keeping 

fruit freshness on 45
th
 day, but not on 90

th
 

day (Figure 3-b). Cold stress causes cell 

membrane damages leading to loss of water, 

volatiles, organic acids and sugars and, 

therefore, loss of sensory qualities. Textural 

changes occur along with ripening as well. 

Edible coatings have the ability to reduce 

these losses through lowering the enzymatic 

and biochemical reactions. In this study, 

carnauba 0.5% plus GABA 10 mM could 

decrease the reduction of aroma and taste on 

90
th
 day (Figure 3 a). In another research, it 

was found that GABA treatment could be 

employed for maintaining the sensory and 

nutritional quality of button mushrooms 

during cold storage (Shekari et al., 2021). 

Guava fruits waxed by carnauba remained 

firmer and the ripening process was delayed 

(McGuire, 1997). Grape fruits waxed by 

carnauba also remained shinier and more 

acceptable than the control (Dou, 2004).  

CONCLUSIONS 

 In conclusion, pomegranate fruits undergo 

some qualitative and biochemical changes 

during cold storage. The use of GABA plus 

carnauba wax as edible coating imposed 

more weight loss until 45 days, which is not 

desirable for the producer, although this 

parameter was similar in the control and 

treated fruits on 90
th
 day. At the same time, 

the coatings had some beneficial effects for 

storage in terms of retarding the chilling 

injury and the changes triggered by time, 

such as color changes and loss of firmness. It 

appears that pomegranates can be kept for 

almost three months along with preservation 

of their quantitative and qualitative traits, if 

they are kept at 4±1°C and are coated with 

edible GABA plus carnauba wax. Regarding 

chilling injury signs, carnauba (0.5%) plus 

GABA (5 mM) was a better treatment for 45 

days of storage, but carnauba (0.5%) plus 

GABA (10 mM) is preferentially suggested 

for 90 days. Application of GABA and 

carnauba on arils (ready to eat pomegranate) 

is an issue that deserves research in the 

future. Application of lower concentrations 

of GABA and carnauba may also be 

examined in the next experiments in the 

hope that their negative effects on weight 

loss will be eliminated. 
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 به عنوان پوشش خوراکی گاما آمینوبوتریک اسید و واکس کارنوبااز  ترکیبی کاربرد

 در ذخیره سردروی انار 

 میردهقانح. عی، و س. ی. رفآ، آبادیبهرامف. ناظوری، ا. زمانی 

 

 چکیده

است، اها تسای ذخیسُ پس اش تسداشت ّا ٍ هَاد هعدًی  اکسیداى اًاز یک هیَُ هحثَب ٍ غٌی اش آًتی

هَالز ّوساُ  هیلی 10ٍ  5ّای  ( دز غلظتGABAتسیاز حساس است. تاثیس گاها آهیٌَ تَتسیک اسید )
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هلس ’ٍاکس کازًَتا تِ عٌَاى پَشش خَزاکی زٍی افصایش عوس ذخیسُ سسد هیَُ اًاز زقن  5/0تا %

کیلَگسم ًیسٍ(،  02/4ٌد سفتی پَست )حداکثس ّا تَاًست زٍش تسزسی شد. پَشش 00ٍ  45تعد اش ‘ ساٍُ

ّای آسیة سسهایی زا هْاز  کیلَگسم ًیسٍ( ٍ تاشگی هیَُ زا حفظ کٌٌد، ًشاًِ 22/0سفتی آزیل )حداکثس 

ًاًَهَل دز گسم( ٍ اش دست زفتي عطسٍ طعن زا  44/0آلدّید پَست )حداقل  دی  کٌٌد، تشکیل هالَى

( زا افصایش دٌّد. هقداز آًتَسیاًیي آزیل  0/04آزیل )حداکثس %اکسیداًی  کاّش دٌّد، ٍ فعالیت آًتی

ّای تدٍى پَشش پایدازتس تَد. اها  ًسثت تِ هیَُ GABAهَالز  هیلی 5ّای پَشیدُ شدُ تا  دز هیَُ

دز  GABA % ٍ3/2هَالز  هیلی 10دز  0/11افصایش دادًد )% 45ّا کاّش ٍشى زا دز زٍش  پَشش

هشاتِ تَد. هیصاى تسکیثات   داز ٍ تدٍى پَشش ّای پَشش زٍش دز هیَُ 00شاّد(، ایي پازاهتس تعد اش 

 02/0تفاٍتی ًداشت )حداکثس  45تاالتس تَد اها دز زٍش  00داز دز زٍش  ّای پَشش فٌَلی آزیل دز هیَُ

داز  ّای پَشش دز شاّد افصایش یافت، اها هیَُ 45گسم(. دزخشٌدگی آزیل دز زٍش  100گسم دز  هیلی

ّای  داز هشاتِ تَدًد. شاخص ّای شاّد ٍ پَشش زٍش، ًوًَِ 00اتِ شهاى تسداشت تَدًد. تعد اش تیشتس هش

a* ،b*ّا  دازی زٍی آى ّا اثس هعٌی ، ٍ کسٍهای پَست ٍ آزیل تا گرشت شهاى کاّش یافتٌد ٍ پَشش

هفید تَدى  ،ّا قساز ًگسفت. ًتایج ًداشتٌد. شاٍیِ زًگ پَست ٍ آزیل تحت تاثیس شهاى ٍ پَشش

  کٌٌد. ّا زا تسای حفظ کیفیت پس اش تسداشت هیَُ اًاز پیشٌْاد هی پَشش
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