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Abstract Combined effects of controlled atmosphere and

different postharvest treatment (salicylic acid, oxalic acid

and putrescine) on bioactive compounds and quality of

pomegranate cv. Hicaznar were investigated. Pomegranates

were harvested at commercial harvest stage and transported

immediately to postharvest physiology laboratory. Fruit

were divided into four groups. 1 Control: Dipped into

distilled water ? 0.01% Tween-20 solution for 10 min. 2

Oxalic acid (OA): Dipped into 6 mM OA ? Tween-20

solution for 10 min. 3 Salicylic acid (SA): Dipped into

2 mM SA ? Tween-20 solution for 10 min. 4 Putrescine

(PUT): Dipped into 2 mM PUT ? Tween-20 solution for

10 min. After treatments, pomegranates were stored at

6 �C and 90 ± 5% relative humidity for 6 months in

controlled atmosphere (5% O2 ? 15% CO2). Weight loss,

color, total soluble solids content, titretable acidity (TA),

total phenolic content, vitamin C, antioxidant activity and

sugar content (glucose and fructose) were determined at

0th, 2th, 4th and 6th month of cold storage. Generally,

weight losses were minimized by treatments, especially

PUT, compared to control. The level of ascorbic acid sig-

nificantly tended to decrease throughout the storage in all

treatments. Treated pomegranate exhibited higher titrat-

able acidity, total phenolic contents and antioxidant activ-

ity compared to control samples. However, PUT was the

best among all treatments. The results suggest that SA, OA

and PUT have the potential to extend the storage life of

pomegranate by delaying quality loss and maintaining

some bioactive compound and antioxidant activity.

Keywords Punica granatum � Controlled atmosphere �
Phenolic content � Antioxidant activity � Sugar � Ascorbic
acid

Introduction

The pomegranate, considered as a tropical and subtropical

climate fruit, is one of the oldest known edible fruit originated

from Turkey (Selçuk and Erkan 2015). Pomegranate is also

gaining popularity in recent years due to its high economic,

nutritive andmedicinal attributes (Barman et al. 2011).Due to

increasing awareness of healthy nutrition in the world, studies

on functional foods and components are increasing.As a result

of these studies, it is stated that pomegranate (Punica grana-

tum L.) is a fruit in the functional foods class owing to con-

taining high level of vitamin C, antioxidants compound and

polyphenol content (Varasteh et al. 2012).

Pomegranate is a non-climacteric and a highly perish-

able fruit during storage. Postharvest losses are still about
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30% because of weight loss, discoloration of skin color and

decay of fruit (Barman et al. 2011; Kumar and Kalita 2017;

Porat et al. 2018). These symptoms reach the arils, which

results in a reduction in both internal and external fruit

quality (Mirdehghan et al. 2007). Recent studies on

pomegranate have been focused on prolonging the storage

life and preserve the storage quality of fruit (Selçuk and

Erkan 2014). To extend storability and marketing of sev-

eral fruit species, good results were obtained with

polyamines (Mirdehghan et al. 2007; Sharma et al. 2017),

SA (Sayyari et al. 2009), edible coating (Ghasemnezhad

et al. 2013) and heat treatments (Mirdehghan et al. 2006).

And also, these treatments have been made to alleviate the

severity of these symptoms (weight loss, discoloration of

skin color and decay of fruit) with satisfactory results.

SA, OA and PUT are natural organic compounds that are

found ubiquitously in plant species, including some impor-

tant crops, and play different roles (such as fruit tissue

browning, fruit ripening, controlling fruit decay, suppressing

ethylene production, maintaining firmness, preserving fruit

color) in the living organisms (Smith 1985; Sayyari et al.

2009, 2010; Barman et al. 2011). Exogenous application of

PUT has been reported to improve storage life and storage

quality attributes in many fruit like apricot (Martinez-

Romero et al. 2002; Zokaee Khosroshahi and Esna-Ashari

2007), plum (Perez-Vicente et al. 2002;Khan et al. 2008) and

pomegranate (Barman et al. 2014). Pre- and postharvest SA

also has several physiological and biochemical effects

(Raskin 1992), including ethylene synthesis and chilling

injury (Leslie andRomani 1986). Similarly, OA and SAhave

been reported as anti-senescence agents, the main effects in

fruit being delayed postharvest ripening process (Gimenez

et al. 2017), reduced chilling injury (Luo et al. 2011),

extended the storability (Valero et al. 2011) and increased

disease resistance (Zheng et al. 2007).

To the best of our knowledge, there are a few literatures

available about the beneficial effects of only one of these

materials (SA, PUT, OA) on pomegranates in each research.

But as far aswe know, no study has been conducted yet on the

combined effects of controlled atmosphere storage and all

these materials on Hicaznar pomegranate. Therefore, the

main purpose of this study was to investigate the combined

effects of controlled atmosphere and different postharvest

treatments (SA, OA and PUT) on bioactive compounds and

quality of pomegranate cv. Hicaznar.

Material and methods

Material

Pomegranates (Punica granatum cv. Hicaznar) were har-

vested manually at commercial maturity from a

commercial orchard and transported to the postharvest

physiology laboratory immediately. Fruit with signs of

sunburn, bruises, mechanical damage and disease were

eliminated, and samples were selected for uniformity in

size, shape and color.

Hicaznar, with its sour–sweet taste, is the most popular

export pomegranate cultivar in Turkey and is cultivated

widely in the west Mediterranean coast of the country. The

fruit is large size with dark red skin color and the arils are

tender, with deep violet–red color, delicious sour–sweet

(Selçuk and Erkan 2015).

Chemicals

SA (C 99.0%), OA (97%) and PUT ([98%) were procured

from Sigma-Aldrich. SA, which belongs to a group of

phenolic, is widely distributed in plants and it is now

considered as a hormonal substance (Luo et al. 2011). OA,

a natural organic acid, is a final metabolite product in

plants (Zheng et al. 2007). Polyamines (PAs) are a class of

positively charged small aliphatic amines that are ubiqui-

tous in living organisms. PUT, spermidine and spermine

are the major forms of PAs found in plants (Khan et al.

2008).

Treatments and storage conditions

Selected pomegranates were randomly divided into four

groups (each group contained 135 fruit). 1 Control (C):

Dipped into distilled water ? 0.01% Tween-20 solution for

10 min. 2 Oxalic acid (OA): Dipped into 6 mM OA

? Tween-20 solution for 10 min. 3 Salicylic acid (SA):

Dipped into 2 mM SA ? Tween-20 solution for 10 min. 4

Putrescine (PUT): Dipped into 2 mM PUT ? Tween-20

solution for 10 min. After dipping treatments, fruit placed

on kraft paper were allowed to dry at 20 �C overnight.

Dried pomegranates were placed in plastic boxes and

stored at 6 �C and 90 ± 5% relative humidity for 6 months

in controlled atmosphere condition (5% O2 ? 15% CO2).

During cold storage, 15 fruit of each replicate were ana-

lyzed at 60 days intervals. Other group of 30 fruit was used

for initial analyses.

Quality and biochemical analysis

Weight loss of pomegranates was expressed as the per-

centage of loss of weight with respect to the initial weight.

Weight loss was determined by the formula;

First weight � Last weightð Þ=First weight½ � � 100

Color was measured at two points on the fruit surface

with a colorimeter (Minolta CR-400, Japan) over 15

pomegranates in each replicate. The colorimeter was
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calibrated using the manufacturer’s standard white plate

(Y = 92.3, x = 0.3136 and y = 0.3194). The values were

expressed by the CIE L* (indicates the lightness, 0–100

representing dark to light), a* (determines the degree of

red-green color, with a higher positive a* value indicating

more red) and b* (indicates the degree of yellow–blue

color, with a higher positive b* value indicating more

yellow) (Parmar et al. 2017) and the values were evaluated

as L*, chroma (C*) and hue angle (h�).

h� ¼ tan�1 b�=a�ð Þ C� ¼ a�ð Þ2þ b�ð Þ2
h i1=2

Total soluble solids (TSS) content was measured using a

digital refractometer (Atago Pocket PAL-1) and expressed

as g kg-1.

Titratable acidity (TA) was determined by a digital pH

meter (Hanna Instruments) and titrimeter (Digitrat, Isolab),

and expressed as g citric acid kg-1.

Fruit decay was determined by hedonic test with 9

panelists (panelists were mixed age (25–50), genders and

cultural background) using decay index. Decay index was

assessed on a 1–5 scale, describing the severity of

postharvest fungal decay (1 = no decay; 2 = 25%;

3 = 50%; 4 = 75% of the fruit surface affected, and

5 = entire fruit decayed) (Selçuk and Erkan 2014).

Extraction of pomegranate samples for total phenolic

content and antioxidant activity The pomegranate sample

mixed with 25 mL methanol solution was crushed by the

aid of homogenizer. It was left in dark conditions for

14–16 h at 4 �C and then filtered with filter paper (Thai-

pong et al. 2006).

Determination of total phenolic content The total phenolic

substance content was determined by spectrophotometer by

modifying the Folin-Ciocalteu colorimetric method (Swain

and Hillis 1959). Extract (0.15 mL) was vortexed for

30–40 s by adding 2.4 mL of purified water and 0.15 mL

of Folin-Ciocalteu (1:10) solution. After 3–4 min 0.3 mL

sodium carbonate (Na2CO3, 1 N) was added and allowed to

stand at 20 �C for 2 h in dark condition. The absorbance

was read at 725 nm wavelength by spectrophotometer. The

total amount of phenolic substance (per fresh weight) was

expressed as gallic acid equivalent (GAE) g kg-1.

Determination of antioxidant activity by FRAP method

Ferric Reducing Antioxidant Power (FRAP) method was

used to determine antioxidant activity. To 0.15 mL extract

2850 FRAP working solution was added and incubated for

30 min at 20 �C in dark condition. The absorbance was

read at 593 nm wavelength by spectrophotometer. The

antioxidant activity values (per fresh weight) were

expressed as trolox equivalent (TE) mmol kg-1 (Benzie

and Strain 1996).

Extraction and HPLC analysis of ascorbic acid and sugars

Ascorbic acid (vitamin C) was determined following a

modified method of Watada (1982). Pomegranate samples

were crushed by a mixer. The crushed samples were fil-

tered with filter paper to remove water. Sample (5 mL) was

mixed with 6% (w v-1) aqueous solution of metaphos-

phoric acid, then centrifuged in a refrigerated centrifuge.

The extract was filtered through 450 nm pore filters and a

0.01 mL sample used for HPLC analysis of AA. Extracts

were analyzed using a liquid chromatograph equipped with

a diode array detector monitoring at 210 nm. The HPLC

conditions were as follows: column, ODS-3 C-18

(5.000 nm, 250 9 4.6 i.d.); solvent 2% (w v-1) KH2PO4/

H2O as mobile phase, at a flow rate of 0.5 mL min-1, at

25 �C.
Sugars were determined following a modified method of

Melgarejo et al. (2000). Pomegranate samples were cru-

shed by a mixer. The crushed samples were filtered with

filter paper to remove water. Sample extract (1 mL) and

nanopure water (9 mL) was added to a 15 mL volumetric

flask, and then centrifuged in a refrigerated centrifuge at

3000 g for 10 min at 200 �C. Acetonitrile (up to a final

volume of 5 mL) was added to 1 mL of supernatant. The

extract was filtered through 450 nm pore filters and a

0.01 mL sample used for HPLC analysis of sugars (glu-

cose, fructose). The analysis was done in triplicate.

Extracts were analyzed using a liquid chromatograph

equipped with a refractive index detector. The HPLC

conditions were as follows: column, Inertsil NH2

(5.000 nm, 250 9 4.6 i.d.); solvent 70% (v v-1) ACN/H2O

as mobile phase, at a flow rate of 0.9 mL min-1, at 25 �C.
For AA and sugars quantification, external standard

calibration curves were used for the identified components.

Five injections were made for each calibration level. For

the linear regression of the curves of external calibration

standards, R2 values were between 0.995 and 0.999.

Statistical analysis

The experiment was set up according to the factorial ran-

domized design with 3 replications (15 fruit per replica-

tion). Data were expressed as the mean ± SE for all

parameters. Sources of variation for cultivar were treat-

ments and storage period. Main effects and interactions

were analyzed and means were compared by Tukey’s test

at a significance level of 0.05 (Table 2). All analyses were

performed with JMP software package by General Linear

Model (GLM) univariate test.
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Results and discussion

Weight loss

Visual quality of pomegranates, which is main quality

parameter for marketing, is affected by weight loss of fruit

during storage. Pomegranates are highly susceptible to

weight loss because of high porosity of the skin (Selçuk

and Erkan 2015). In this research, treatments and storage

periods significantly (p\ 0.05) affected the weight loss of

pomegranates (Table 2). The weight loss of pomegranates

progressively increased with increased storage period and

reached 6.41% in control group at the end of storage. PUT

was the most effective treatment in controlling weight loss

of pomegranates, followed by OA and SA. PUT treated

pomegranate lost 0.86% of their initial weight, whereas

these values were 2.15% and 2.76% for OA and SA,

respectively at the end of experiment (Fig. 1). The lower

weight loss in treated pomegranates might be attributed to

stabilization or maintenance of cell integrity and the per-

meability of the tissues with these applications (Mirde-

hghan et al. 2007). In addition, the suppressing effect of

these treatments on metabolic activity of fruit after harvest

can be responsible for lower weight losses. Comparing the

effects of treatments, the combination of PUT and CA

storage was more effective for weight loss than the others.

This can be explained by strong delaying effect of PUT on

cell integrity and senescence process of fruit. It is clear

from this study that the integration of postharvest PUT

treatments with CA storage can be promising application

for restricting weight loss of pomegranate cv. Hicaznar.

Total soluble solid, titratable acidity, color

and sugar

The effects of treatments and storage time on the total

soluble solid contents of pomegranates were statistically

(p\ 0.05) significant (Table 2). TSS of fruit fluctuated

during storage and decreased compared to initial values,

regardless of treatments. At the end of storage, TSS con-

tents of pomegranates varied between 155.7 g kg-1 (SA)

and 158.7 g kg-1 (OA), while the initial value was

166.3 g kg-1 (Fig. 1). This reduction can be due to uti-

lization of sugars in respiration (Ramesh et al. 2016;

Fig. 1 Weight loss, total soluble solid (TSS) and titratable acidity

(TA) content of control and treated pomegranates during storage. C:

(Dipped into distilled water ? 0.01% Tween-20 for 10 min), SA:

(Dipped into 2 mM SA? Tween-20 solution for 10 min), OA:

(Dipped into 6 mM OA? Tween-20 solution for 10 min), PUT:

(Dipped into 2 mM PUT ? Tween-20 solution for 10 min). Vertical

bars represent the standard error of the mean (n = 3)
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Shaarawi and Nagy 2017). Our results are in agreement

with Artes et al. (1996, 1998). However, some previous

studies reported increases in TSS contents of pomegranate

throughout storage, depending on higher moisture loss

(Koksal 1989; Ghafir et al. 2010).

In present study, the initial titratable acidity (as citric

acid) of pomegranates was 13.0 g kg-1. The TA contents

of fruit significantly decrease over time regardless of

treatments, especially in the first two months. Generally,

the decreased in acidity with ripening could be attributed to

factors, such as transformation of acids to other compounds

and reduced ability of fruit to synthesize acids with

maturity (Shaarawi and Nagy 2017). PUT was the best

treatment in maintaining TA, while control samples had the

lowest values at the end of storage. SA and OA also

delayed acidity losses compared with non-treated fruit

(Fig. 1). These positive effects of treatments and controlled

atmosphere storage on TA might be due to the slowing

down of fruit metabolism by them. It is well known that

CA and PUT treatments alone have delaying effect on TA

contents of pomegranate during cold storage (Artes et al.

1996; Barman et al. 2011). But as far as we know, there is

no research conducted on combined effect of these treat-

ments on pomegranate quality loss after harvest. This

research revealed that PUT and CA combination has

potential for maintaining TA of pomegranate compared to

other treatments. This can be ascribed to the higher sup-

pressing effects of PUT on metabolism and senescence

process of fruit. It is known that organic acids are the major

respiratory substrates in fruit (Echeverria and Valich 1989;

Sayyari et al. 2011). Selçuk and Erkan (2015) reported that

the decrease of TA in pomegranate could be due to the use

of citric acid in respiratory process of fruit during storage.

It is concluded that treatments, especially PUT, suppressed

the metabolic activity and respiration rate of pomegranates,

which are accordance with previous studies (Sayyari et al.

2009; 2010; Barman et al. 2011).

Colour changes of pomegranates peel are presented in

Fig. 2. Skin colour, which influences consumer demand, is

very important quality parameter for pomegranates. When

compared to values at harvest, L* and C* values signifi-

cantly (p\ 0.05) decreased in all treatments at the end of

cold storage. However, it was not observed same decrease

for ho values in all applications. The effects of treatments

Fig. 2 L*, chroma (C*) and hue angle (h�) value of control and

treated pomegranates during storage. C: (Dipped into distilled water

? 0.01% Tween-20 for 10 min), SA: (Dipped into 2 mM SA?

Tween-20 solution for 10 min), OA: (Dipped into 6 mM OA?

Tween-20 solution for 10 min), PUT: (Dipped into 2 mM PUT ?

Tween-20 solution for 10 min). Vertical bars represent the standard

error of the mean (n = 3)
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on L*, C* and ho values were statistically (p\ 0.05) sig-

nificant (Table 2). All treatments, especially SA, main-

tained skin brightness compared to control samples with

lower L* value changes during storage (Fig. 2). Treated

fruit had higher L* values (less dark peel) compared to

control group. It is explained that the higher loss of peel

luminosity in control groups was possibly related to the

higher water loss of control fruit. The average ho values of

skin were higher in SA and PUT treated fruit than those of

OA and control. Similarly Selçuk and Erkan (2015)

reported that control fruit had lower ho values (dark-reddish

colour) than treated pomegranate related to water loss. PUT

and OA treated pomegranates maintained C* values com-

pared to SA and control group. Higher C* values represent

better colour (vivid) for pomegranate peel. Control groups

had less h� values as they were dark-reddish, while treated

fruits were generally shiny red. Therefore, it can be con-

cluded from this research that PUT and OA are better

treatments to maintain the skin colour of pomegranates

compared with control and SA treated samples. As far as

we know, there are not detailed results about the effects of

OA on colour changes of pomegranates during storage. But

it is known that PUT treatments preserved skin colour

(through inhibiting chlorophyll and other color material

degradation) of pomegranates better than those of control

samples (Barman et al. 2011, 2014). Our results related to

the effects of PUT on skin colour of fruit are in agreement

with previous findings (Mirdehghan et al. 2007).

At harvest fructose and glucose contents of pome-

granates were 79.05 and 74.24 mg kg-1, respectively. The

level of these predominant sugars significantly decreased

with increased storage period in all treatments. The com-

binational impact of PUT application and CA storage

delayed both fructose and glucose losses during storage

compared to other treatments, though there were no sig-

nificant differences (p\ 0.05) among treatments. Control

group fruit had the lowest sugar contents at the end of

storage (Fig. 3, Table 2). This can be due to suppressing

effects of treatments on metabolic activity of fruit in

comparison to non-treated pomegranates. Similarly, Bar-

man et al. (2011) reported that lower level sugar might be

attributed to higher respiration rate of non-treated pome-

granates compared to PUT treated. It is known that, fruit

sugar is used in respiration process during storage. The

suppressing effect of PUT on respiration rate of pome-

granates was also reported by Mirdehghan et al. (2007).

Ascorbic acid, total phenolic and antioxidant

activity

Vitamin C, including AA and dehydroascorbic acid, is one

of the most important nutritional quality factors in many

horticultural crops (Lee and Kader 2000). The effects of

treatments and storage period on AA were given in

Tables 1 and 2. There was a significant decrease in AA

contents of pomegranates regardless of treatments during

cold storage. All these treatments had no significant effects

to maintain AA in comparison to control. The AA contents

of fruit changed from 35.4 mg kg-1 (C) to 31.0 mg kg-1

(OA) at the end of experiment, while initial value was

59.6 mg kg-1. The results of this research are in agreement

with previous studies (Artes et al. 1996; Nanda et al. 2001;

Aarabi et al. 2008; Barman et al. 2014) in which significant

decrease in AA content of pomegranates was reported

during storage. Whereas Miguel et al. (2006) found that

AA content of pomegranate increased after 4 months

storage. On the other hand, Sayyari et al. (2010) noted that

control pomegranates showed a remarkable reduction in

the content of AA but OA led to a significant increase in

AA after almost 3 months cold storage. These various

results can be attributed to different combinations of cul-

tivar, maturity, treatment and application doses as reported

by Lee and Kader (2000) for horticultural crops. Sayyari

et al. (2009) found that the AA contents of pomegranates

decreased in control and lower dose SA-treated (0.7 and

1.4 mM) fruit, but remained unchanged in fruit treated with

the highest dose (2 mM).

At the end of cold storage, no statistical effects due to

treatments on changes in total phenolic and antioxidant

activity of pomegranate were found. However, storage

period significantly affected total phenolic contents and

antioxidant activity of samples (Tables 1, 2). As can be

seen in Table 1 total phenolic contents fluctuated

throughout storage but an increase was observed at the end

of 6 months according to initial value (3.21 g kg-1). In

agreement with our results, Selçuk and Erkan (2015)

reported that the total phenolic content of Hicaznar

pomegranates fluctuated during cold storage and exhibited

an increase at the end of 180 days. In this study, the

application of PUT, SA and OA led to a significant increase

of the total phenolic contents with final average values of

4.10, 3.97 and 3.90 g kg-1, respectively, compared to

control (3.80 g kg-1). PUT and CA combination was the

best treatment to maintain or increase of total phenol

content of pomegranate followed by SA and OA (Table 1).

It is known that because of anti-senescence and anti-res-

piration properties of PUT and SA, they retard many post-

harvest physiological activities responsible for quality

losses of fruit (Martinez-Romero et al. 2002; Asghari and

Aghdam 2010; Onursal et al. 2015). It might also be argued

that inhibition of respiration rate and ethylene production

with PUT may be due to the inhibition of activities of

enzymes related to these processes (Kakkar and Rai 1993;

Khan et al. 2008). On the other hand, Sayyari et al. (2010)

indicated that OA treatment induced lower losses of total

phenolic compound of pomegranates. The increasing
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mechanism of OA on the bioactive compounds and

antioxidant properties of fruit is not well known. But it has

been reported as a natural antioxidant by suppressing lipid

peroxidation and reducing the AA oxidation (Kayashima

and Katayama 2002).

The same trend was determined for antioxidant activity,

for which PUT, SA and OA treated pomegranates showed

higher antioxidant activity with average values of 36.10,

34.77 and 34.05 mmol kg-1 respectively, in comparison to

control samples (32.90 mmol kg-1), although there were

no significant differences between treatments and control

samples (Tables 1, 2). CA storage with lower O2 has a role

for lowering oxidation and its combined application with

treatments, especially PUT, might contribute higher

antioxidant activity retention. Pomegranates, depending on

varieties, are rich in antioxidant compounds including

phenolic compounds such as AA and anthocyanins. It was

thought that the increasing of total phenolic, especially in

PUT and CA combination, resulted in an increase of

antioxidant activity in pomegranates examined in this

study. Correspondingly, Mirdehghan et al. (2006) reported

that the total antioxidant activity of Mollar de Elche

pomegranate was highly correlated with total phenolic of

fruits, while total anthocyanins and AA had less contribu-

tion on antioxidant activity. Sayyari et al. (2010) found a

significant increase in antioxidant activity of pomegranates

treated with OA, especially for the 6 mM dose, during cold

storage although it was not known exact mechanism of OA.

Similarly Selçuk and Erkan (2014) reported an increase in

antioxidant activity of pomegranates cv. Beynar after

120 days cold storage. These findings related to higher

total antioxidant activity of pomegranates at the end of

storage might be explained by lowering losses of bioactive

compound such as phenolics, anthocyanins and AA (Bar-

man et al. 2014).

Decay index and chilling injury

During 6 months storage in CA, no chilling injury inci-

dence was recorded. This can be explained with the

resistance of Hicaznar variety to chilling injury and

appropriate storage temperature (6 �C). The effects of

treatments and storage period on decay index values were

significant (p\ 0.05) (Table 2). In the first 60 days, no

fruit decay was observed in all treatments. The first decay

incidence was determined at the 120 days of storage

varying between 1.22 (index value) and 1.78. At the end of

storage, the highest decay rate (as index) was obtained

from control samples (3.11), while pomegranates treated

with SA gave the lowest (1.89) value followed by OA

(Fig. 4). The positive effect of CA combination with SA

and OA on decay rate, as expected, can be attributed to its

antifungal effects. Similarly, Zheng et al. (2005) reported

that OA treatment in combination with CA storage

decreased the decay incidence and extended the storage life

of fruit.

Conclusion

In conclusion, weight loss of pomegranates was decreased

by PUT, SA and OA during storage, while these treatments

had not an obvious effect on TSS and AA contents. PUT

and OA maintained skin color better than SA and control

group samples. All treatments delayed sugar loss and

increased total phenolic and antioxidant activity of pome-

granates compared to control. However, PUT was the best

among all treatments in terms of weight loss, TA, sugar,

total phenolic and antioxidant activity. These treatments,

especially PUT, could be a promising postharvest tool for

delaying quality loss and maintaining or enhancing some

bioactive compound and antioxidant activity of pome-

granates during cold storage. In summary, pomegranate cv.

Fig. 3 Fructose and glucose value of control and treated pomegra-

nates during storage. C: (Dipped into distilled water ? 0.01% Tween-

20 for 10 min), SA: (Dipped into 2 mM SA? Tween-20 solution for

10 min), OA: (Dipped into 6 mM OA? Tween-20 solution for

10 min), PUT: (Dipped into 2 mM PUT ? Tween-20 solution for

10 min). Vertical bars represent the standard error of the mean

(n = 3)
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Hicaznar could be stored up to 5 months under combina-

tion of PUT and CA (5% O2 ? 15%CO2) with minimum

quality losses. However, more in-depth research is needed

to better understand the mechanism of these treatments on

postharvest physiology of pomegranates.

Table 1 Total phenolic

content, antioxidant activity and

ascorbic acid content of control

and treated pomegranates

during storage

Treatments 0 days 60 days 120 days 180 days Means

Ascorbic acid (mg kg-1)

C 59.63 ± 4.19 54.67 ± 0.32 30.15 ± 0.11 35.36 ± 0.38 44.95NS

SA 59.63 ± 4.19 40.78 ± 1.29 29.16 ± 0.32 31.22 ± 0.52 40.20

OA 59.63 ± 4.19 42.90 ± 2.06 32.68 ± 8.36 31.05 ± 0.66 41.57

PUT 59.63 ± 4.19 44.78 ± 0.53 29.98 ± 0.22 33.64 ± 0.50 42.01

Means 59.63a 45.78b 30.49c 32.82c

Total phenolic content (g kg-1)

C 3.21 ± 0.37 4.46 ± 0.04 3.11 ± 0.22 4.40 ± 0.10 3.80NS

SA 3.21 ± 0.37 4.57 ± 0.11 3.39 ± 0.31 4.71 ± 0.13 3.97

OA 3.21 ± 0.37 4.63 ± 0.06 3.47 ± 0.37 4.29 ± 0.56 3.90

PUT 3.21 ± 0.37 4.97 ± 0.03 3.52 ± 0.50 4.71 ± 0.06 4.10

Means 3.21b 4.66a 3.37b 4.53a

Antioxidant activity (mmol kg-1)

C 27.20 ± 3.71 39.22 ± 0.84 26.15 ± 2.17 39.04 ± 1.01 32.90NS

SA 27.20 ± 3.71 40.75 ± 1.06 28.98 ± 3.12 42.17 ± 1.28 34.77

OA 27.20 ± 3.71 41.38 ± 0.58 29.71 ± 3.75 37.91 ± 5.59 34.05

PUT 27.20 ± 3.71 44.74 ± 0.33 30.28 ± 4.96 42.19 ± 0.57 36.10

Means 27.20b 41.52a 28.78b 40.33a

C: (Dipped into distilled water ? 0.01% Tween-20 for 10 min), SA: (Dipped into 2 mM SA ? Tween-20

solution for 10 min), OA: (Dipped into 6 mM OA ? Tween-20 solution for 10 min), PUT: (Dipped into

2 mM PUT ? Tween-20 solution for 10 min). Means followed by different letters within the same row are

significantly different at p\ 0.05, n = 3, Tukey’s; NS: non significant

Values are mean ± standard error of triplicate determinations

Table 2 ANOVA for dependent variables for treatments, storage

period and their interactions for pomegranates

Parameters Treatments

(T)

Storage period

(SP)

T 9 SP

Weight loss ** ** NS

Total soluble solid ** ** **

Titratable acidity ** ** **

Colour L* ** ** NS

Chroma ** ** **

Hue angle ** NS *

Fructose NS ** NS

Glucose NS ** NS

Ascorbic acid

content

NS ** NS

Total phenolic

content

NS ** NS

Antioxidant activity NS ** NS

Decay index ** ** **

NSRepresents non-significance at p\ 0.05; ** Represents signifi-

cance at the 0.01 level; * Represents significance at the 0.05 level

Fig. 4 Decay index of control and treated pomegranates during

storage. C: (Dipped into distilled water ? 0.01% Tween-20 for

10 min), SA: (Dipped into 2 mM SA? Tween-20 solution for

10 min), OA: (Dipped into 6 mM OA? Tween-20 solution for

10 min), PUT: (Dipped into 2 mM PUT ? Tween-20 solution for

10 min). Decay index scale: 1 = no decay; 2 = 25%; 3 = 50%;

4 = 75% of the fruit surface affected, and 5 = entire fruit decayed.

Vertical bars represent the standard error of the mean (n = 3)
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