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Abstract The effect of three different coatings; resin wax
(Britex Ti), carnauba wax (Xedasol M14), and chitosan (1
and 2 % w/v) on postharvest quality of pomegranate fruits
were investigated. Fruits quality characteristics and bioactive
compounds were evaluated during 40, 80 and 120 days stor-
age at 4.5 °C and 3 additional days at 20 °C. The results
showed that uncoated fruits showed higher respiration rate,
weight loss, L* and b* values of arils, total soluble solids
(TSS)/titratable acidity (TA), and pH than coated fruits during
storage. Coating treatments could delay declining TSS and TA
percent, a* value of arils, as well as bioactive compounds such
as total phenolics, flavonoids and anthocyanins content and
antioxidant activity. The coated fruits with commercial resin
and carnauba waxes showed significantly lower respiration
rate and weight loss than other treatments, however carnauba
wax could maintain considerably higher fruits quality and
bioactive compounds than other coating treatments. The re-
sults suggested that postharvest application of carnauba wax
have a potential to extend storage life of pomegranate fruits by
reducing respiration rate, water loss and maintaining fruit
quality.

Keywords Pomegranate . Coating . Shelf life . Antioxidant
compounds

Introduction

Pomegranate (Punica granatum L.) is one of the most impor-
tant fruit crops which grown on commercial scale in Iran
(Fadavi et al. 2005). Although total pomegranate production

in Iran changes from 1 year to another, but the recent produc-
tion has reached to 900,000 tones (Anonymous 2011). The
edible parts of pomegranates (called arils) make up approxi-
mately 50 % of the fruit weight and are made up of 76–85 %
juice and 15–24 % seeds (Varasteh et al. 2012). Pomegranate
fruits are mainly used fresh and mostly for making juice, jelly
and grenadine (Elyatem and Kader 1984). It is a good source
of natural antioxidants (Gil et al. 2000), such as anthocyanins,
flavonoids, and phenolic acids (Zaouay et al. 2012). In addi-
tion, it is rich in the usual nutrients such as vitamins and
minerals (Fawole and Opara 2013).

In spite of the low respiration rate in pomegranate fruits, it
is a highly perishable commodity (Barman et al. 2011), be-
cause of fruit peel has numerous minute openings that permit
free movement of water vapor, and make fruit highly suscep-
tible to water loss (Fawole and Opara 2013). Furthermore, it is
sensitive to low temperatures and cold storage at 5 °C or lower
resulted in fruits chilling injury (Elyatem and Kader 1984).
However, storage at higher temperature leads to reduction of
shelf life by acceleration of physiological and pathological
activities (Barman et al. 2011).

A potential postharvest treatment that preserves fruit qual-
ity is the use of surface coatings. They are usually used for
fresh fruits to provide alternative modified atmosphere storage
by reducing quality changes and quantity losses through mod-
ification and control of the internal atmosphere of the individ-
ual fruits (Park 1999). The performance of different types of
coatings is dependent on their composition. Chitosan (a high
molecular weight cationic polysaccharide) is soluble in dilute
organic acids and could theoretically be used as a preservative
coating material for fruits (Jiang and Li 2001). Previous
studies showed that chitosan coating delayed the decline of
anthocyanin content and chroma value in pomegranate fruit
(Varasteh et al. 2012), exhibited antifungal activity in citrus
fruits (Chien et al. 2007), retarded weight loss and the decline
in sensory quality of litchi fruits (Dong et al. 2004) and
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reduced respiration rate and delayed the increase in polyphe-
nol oxidase (PPO) activity and the changes in colour in longan
fruit (Jiang and Li 2001). Carnauba wax is another natural
edible coating material, which is recovered from the underside
of the leaves of a Brazilian palm tree (Copernica cerifera). It
reduced chilling injury, weight and firmness loss in pome-
granate fruit (Barman et al. 2011) and incidence of fungal
disease in nectarines and plums during storage (Goncalves
et al. 2010). Formerly, the effect of carnauba wax (Barman
et al. 2011) and chitosan coating (Varasteh et al. 2012) have
been studied on cold storage of pomegranate fruit, but they
haven’t been compared with another and other coatings in one
study. Therefore, the main purpose of this study is to compare
the effects of three different coatings on maintaining some
quality parameters and bioactive compounds of pomegranate
fruit cv. Malase Torshe Saveh stored at 4.5 °C followed by
3 days at 20 °C under marketing condition.

Materials and methods

Plant material Pomegranate (Punica granatum L. cv. Malase
Torshe Saveh) fruits were harvested at the commercial ripen-
ing stage (180 days after fruit set) from a commercial orchard
located at Saveh, Markazi province, Iran. Immediately, the
same day fruits were transported by a ventilated car to the
laboratory in University of Guilan, Iran. Pomegranate fruits
were selected for uniformity in size (300–350 g), shape and
colour. Diseased, sunburn, bruised and injured fruits were
discarded. The remaining fruits were randomized and divided
into five lots of 45 fruits for the following treatments in three
replicates (each replicate contained 15 individual fruits).

Treatments and storage conditions Fruits were coated with
three different coatings, chitosan (medium molecular weight,
Fluka, Buchs, Switzerland) at 1 and 2 % (w/w), carnauba wax
(Shellac solution in ammonia + carnauba emulsion 27 % +
food additives; commercial name: Xedasol M14; Xeda
International Co. France) and resin wax (Wood resin wax
18 % + Imazalil 0.2 % + Tiabendazol 5 %; commercial name:
Britex Ti; Brodex Co. Spain). Dipping fruits in distilled water
was used as a control. The coating treatment of resin and
carnauba waxes were manually applied by brush at ambient
temperature. For chitosan treatment, fruits were dipped for
2 min in solution of 1 & 2 % (w/v) chitosan with 1 % acetic
acid (v/v), which was prepared according to the method
described by Jiang et al. (2005). Coated fruits allow drying
at ambient temperature. Thereafter, fruits were stored at
4.5±0.5 °C with 90±5 % relative humidity.

Fruits sampling and evaluation Five fruits from each repli-
cate were randomly sampled every 40 days interval at cold
storage and 3 additional days at 20 °C. Respiration rate and

weight loss were assayed in intact fruits. Thereafter, fruits
husk was carefully cut at the equatorial zone with sharpened
knives, peels and arils were manually separated. Aril colour
values from sampled fruits were measured according to
Fawole and Opara (2013). The aril juice was extracted using
a garlic press to evaluate quality parameters [total soluble
solid (TSS), titratable acidity (TA), TSS/TA and pH], antiox-
idant activity and total phenol, flavonoid and anthocyanin
content. The same parameters were also measured at harvest
time and considered as a day 0. For quality parameters data are
shown only at day 0 and last sampling date.

Fruits weight loss and respiration rate Weights of individual
replicate were recorded at harvest time (day 0) and every
40 day intervals at cold storage and 3 additional days at
20 °C over 120 days storage. Cumulative weight losses were
expressed as a percentage loss of original weight (Fawole and
Opara 2013).

Respiration rate was measured by placing one fruit in 1 L
flask and cappedwith a rubber stopper for 3 h. Then, 1 mL gas
samples were withdrawn from the headspace by syringe to
determine carbon dioxide (CO2) using a gas chromatograph
(Model: Agilent 7890A) equippedwith a Poropak column and
thermal conductivity detector. The column, injector and de-
tector temperatures were 90, 120 and 100 °C, respectively.
Heliumwas used as the carrier gas at a flow rate 60 mLmin−1.
Respiration rate was expressed as mg CO2 kg−1 h−1 on three
replicates.

Aril colour values Pomegranate aril colour wasmeasured using
a colourimeter (Chroma Meter, CR 400-Minolta, Japan). Aril
colour was assessed according to the Commission International
del’Eclairage (CIE) and expressed as L*, a* and b* values.
Aril colour from sampled fruit was measured on the
20 g arils placed in a colourless glass petri dish
(Fawole and Opara 2013).

TSS, TA, TSS/TA and pH Total soluble solids (TSS) was
determined with a digital refractometer (Euromex RD 635,
Holland) at 20 °C, and expressed as % (°Brix). Titratable
acidity (TA) was determined by titrating with 0.1 N NaOH
up to pH 8.2, using 5 mL of diluted juice in 35 mL distilled
water, and results expressed as % citric acid. TSS to TA ratio
was calculated by dividing TSS to TA percent. The pH was
measured at room temperature using a Metron model pH
meter (WTW 526, Germany).

Juice total phenolics and flavonoids content Total phenolic
content (TPC) in pomegranate juice were determined by using
Folin–Ciocalteu method as described by Ghasemnezhad et al.
(2013) with a slight modification. Briefly, 300 μL of diluted
pomegranate juice in the ratio of 1:100 with methanol was
mixed with 1.5mL diluted Folin–Ciocalteu reagent with water
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(1:10 v/v) and 1.2 mL of 7.5 % of sodium carbonate. The
absorbance was measured by a UV-visible spectrophotometer
(T80+, PG Instruments) at 760 nm. The results were
expressed as mg gallic acid equivalent in 100 mL of juice
(mg GAE/100 mL of juice).

Total flavonoids content (TFC) in juice was determined by
a colourimeteric method described by Park et al. (2008). In a
10 mL tube, 0.3 mL pomegranate juice, 3.4 mL 30 % ethanol,
0.15 mL of 0.5 mol L−1 sodium nitrite (NaNO2) and 0.15 mL
of 0.3 mol L−1 aluminium chloride (AlCl3. 6H2O) were added
and mixed. After 5 min, 1 mL of 1 mol L−1 Sodium hydroxide
(NaOH) was added and the mixture was measured at 506 nm.
The results were expressed as mg catechin equivalents (RE)
per 100 mL of juice.

Juice total anthocyanins content and antioxidant activity Total
anthocyanins content (TAC) was determined spectrophoto-
metrically by the pH differential method as described by
Ghasemnezhad et al. (2013). Absorbance was measured at
510 and 700 nm in buffers at pH 1.0 and 4.5 using a UV–
visible spectrophotometer, and then calculated according to
following equation: A = [(A510 – A700)pH1.0 − (A510 –
A700)pH4.5]. Results were expressed as mg of cyanidin-
3-glucoside per 100 mL of juice, using a molar absorp-
tive coefficient (ε) of 26,900 and a molecular weight of
449.2.

The antioxidant activity (AA) of pomegranate juices
was measured according to the DPPH method reported
by Brand-Williams et al. (1995) with modifications.
Briefly, 100 μL of juice diluted with methanol in the ratio
of 1:10 was mixed with 1.9 mL of 0.1 mM DPPH in
methanol. The absorbance was measured at 515 nm using
a UV-visible spectrophotometer. For each sample, three
separate determinations were recorded. Antioxidant activ-
ity was expressed as the percentage decline in absorbance
relative to the control, corresponding to the percentage of
DPPH scavenged (%DPPHsc), which was calculated as:
%DPPHsc = (1 − Asample/Acontrol)×100.

Statistical analysis The experimental design was two-
factorial, sources of variation were time storage (40, 80
and 120 days) and coating treatments. Data were analyzed
using ANOVA procedure SAS software Version 9.1. Mean
comparisons were performed using least significant differ-
ence (LSD) tests at p<0.05 level. The results were present-
ed as mean values±SE. All the treatments were replicated
three times.

Results and discussion

Fruit weight loss As the results showed (Fig. 1), the weight
loss of coated and uncoated pomegranate fruits significantly

increased over cold storage and 3 additional days in shelf life
condition. However, weight loss percent was significantly
affected by coating treatments and the higher value was found
in control fruits (Fig. 1). At the end of storage time, the highest
weight loss (≈18 %) was recorded in control fruits, while this
one was (≈10 %) for resin wax, which was the most effective
treatment on reducing weight loss. Furthermore, there was a
significant difference among resin wax and other coated fruits
except for carnauba wax at the end of storage (Fig. 1). No
significant difference was found between 1 and 2 % chitosan
concentrations.

Fawole and Opara (2013), found that water loss in pome-
granate fruits during storage is mainly related to the peel, up to
the arils. This is due to high porosity of peel that permits free
movement of water vapor (Elyatem and Kader 1984).
Consequently, coating treatments will serves as a gas barrier
to oxygen, carbon dioxide and water vapor, which can reduce
water loss in fruits (Park 1999). The reduction of weight loss
by coating treatment was reported in pomegranate (Barman
et al. 2011), and other fruits such as mango (Dang et al. 2008),
citrus (Chien et al. 2007) and longan (Jiang and Li 2001)
fruits. Resin based waxes, such as Britex Ti formulated for
shine surface fruits, have relatively low permeability that
restricted gas exchange (Petracek et al. 1998). Hence, the
lower weight loss in coated fruits during storage could be
related to formation of a barrier to gas diffusion between
pomegranate fruits and atmosphere.

Fruit respiration rate Respiration rate of coated and control
fruits continuously increased during storage time and shelf life
condition; however fruits respiration rate was significantly
affected by coating treatments (Fig. 2). It was significantly
higher over storage time in control fruits (Fig. 2). At the end of
120 days cold storage and 3 additional days in shelf life, the
highest (35.5±0.8 mg CO2 kg−1 h−1) and lowest (25.2±
0.9 mg CO2 kg−1 h−1) respiration rate was recorded in control
and resin wax coated fruits, respectively (Fig. 2). The tenden-
cy of higher water loss of uncoated pomegranate was accom-
panied with the increase of respiration rate over storage
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Fig. 1 Effect of different coatings on the weight loss of pomegranate
fruits during 120 days storage at 4.5 °C and 3 additional days at 20 °C.
The value indicates the mean±standard error
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(Figs. 1 and 2). After 120 days cold storage with 3 additional
days in shelf life, resin wax had significantly lower respiration
rate than 1 and 2 % chitosan, but no significant difference was
showed with carnauba wax (Fig. 2).

We found that respiration rate of coated fruits and control
increased during storage time and shelf life. This was in
contrast with finding of Elyatem and Kader (1984), who
reported that respiration rate in pomegranate fruits declined
over cold storage period. According to previous studies, the
increment of respiration rate and weight loss under chilling
inducing storage condition, could be due to chilling injury
(Mirdehghan et al. 2007b) or disease development (Jiang and
Li 2001). But in this study, we didn’t find any chilling dam-
ages and disease incidence in fruits. Therefore, it could be due
to high porosity of pomegranate peel that naturally permits
free movement of water vapor and other gases. Therefore, the
increment of fruits respiration rate and weight loss could be
related to increasing peel porosity with extending storage
time. Coating treatments could serve as a gas barrier to oxy-
gen, carbon dioxide and water vapor, which can reduce both
water loss and respiration rate. This result is in agreement with
previous studies on pomegranate (Barman et al. 2011) and
longan fruit (Jiang and Li 2001), that showed respiration rate
of coated fruits was significantly lower than control under
cold storage. The lower respiration rate in coated fruits
attributed due to the less gas interchange and conse-
quently the lower oxygen availability to the fruit tissues
for respiration (Barman et al. 2011). Surface coatings
block pores of the peel and lessen permeability to water
vapor and gas exchanges (Varasteh et al. 2012). Jiang and Li
(2001) also indicated that chitosan coating decelerated respi-
ration rate of longan fruits and its effect increased with higher
chitosan concentration.

Aril colour values The changes of aril color values in coated
and uncoated pomegranate fruits are presented in Table 1. The
results showed that arils L* and b* values significantly de-
creased the first 40 days cold storage and 3 additional days in

shelf life, however no significant differences was found be-
tween coated and control fruits. Meanwhile, the L* and b*
values significantly increased to the end of storage. Both L*
and b* values was significantly affected by coating treatments.
Coated fruits showed the lower arils L* and b* values com-
pare to control, though no significant differences was ob-
served among coating treatments (Table 1). In contrast, a*
increased during the first 40 days storage. Thereafter, a*
values decreased gradually to the end of the experiment
(Table 1). At the end of storage, the highest and lowest a*
were recorded with carnauba wax and control fruits withmean
20.77±0.6 and 17.37±0.5, respectively. Additionally, there
was no significant differences among fruits coated with car-
nauba wax and 1 and 2 % chitosan concentration for a* at the
late sampling date (Table 1).

These results are in agreement with previous reports, in
which coating treatment delayed the changes in color values
of fruit (Jiang et al. 2005; Varasteh et al. 2012). Although, no
significant changes were observed for a* in the arils of ‘Ruby’
pomegranate cultivar stored under 2 and 5 °C for 16 weeks
(Fawole and Opara 2013). In general, the changes of aril color
values during cold storage could be related to synthesis or
discoloration of anthocyanin pigments, because the correla-
tion between color parameters and anthocyanin levels has
been previously reported in pomegranate fruit (Zaouay et al.
2012). Therefore, it seems that initial increasing in a* and
reduction in the lightness (L*) observed for the arils of coated
and uncoated fruits, could be due to anthocyanin synthesis in
the arils. Jiang et al. (2005) reported that the maintenance of
skin color of the litchi fruit by chitsoan coating may be related
to the higher level of anthocyanin content in the skin. The
increase in L*and b* and decrease in a* during 40 to 120 days
storage is probably related to discoloration or degradation
anthocyanin pigment by enzyme activity (Jiang and Li
2001). Our results showed lower variation for arils color
values in coated fruits than control, probably due to the less
activity of PPO enzyme that correlated with anthocyanin
discoloration (Jiang et al. 2005). Furthermore, the discrepan-
cies between this study and others previous could be due to
cultivar and experimental conditions.

TSS, TA, TSS/TA and pH Quality parameters of pomegranate
fruits at harvest time and after 120 days cold storage with 3
additional days at 20 °C are summarized in the Table 2. There
was a decrease in TSS and TA percent at the end of storage in
coated and control fruits. After 120 days storage, the highest
reduction of TSS (5.8 %) and TA (25.1 %) were recorded in
control fruits (Table 2). A significant difference was found for
TA in coating and control fruits. The changes in TA content
were more slowly in coated than in control fruits. The coating
treatments tend to maintain significantly (P<0.05) higher
levels of TA than compared with the control, while there were
no significant differences for TSS between control and coating
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Fig. 2 Effect of different coatings on the respiration rate of pomegranate
fruits during 120 days at 4.5 °C and 3 additional days at 20 °C. The value
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treatments (P<0.05) at the end of the storage period. The
highest level of TA was recorded in fruits coated with resin
wax after 120 days storage (Table 2). The TSS/TA ratio of
pomegranate fruits is shown in Table 2. A significant increase
of TSS/TAwas found in both coated and control fruits at the
end of the storage as compared to harvest time. The highest
increase was observed in control fruits (25.8 %).

The changes of TSS and TA during storage in pomegranate
fruits could be the result from ripening process, as previously
reported (Mirdehghan et al. 2007b; Sayyari et al. 2011).
Furthermore organic acids are the main respiratory substrates
during pomegranate postharvest storage (Sayyari et al. 2011).
These results are also in agreement with previous reports in
coated pomegranate (Nanda et al. 2001), longan (Jiang and Li
2001) and litchi fruits (Jiang et al. 2005), in which TSS and
TA reduced during cold storage and the coating treatment
could significantly reduce it. In contrast, Ghasemnezhad
et al. (2013), found that TSS and TA significantly increased
in chitosan coated pomegranate arils during storage for 12 days

at 4 °C. The increase in TSS/TA during storage was attributed
to higher decrease in TA in comparison with the TSS.

The juice pH at harvest time was 3.34±0.04 and increased
at the end of experiment in the control and coated fruits,
reaching maximum values at the end of storage with mean
3.59±0.04 in control fruits but without significant differences
with coating treatments (Table 2). In accordance, Elyatem and
Kader (1984) also reported an increase in juice pH of
pomegranate stored at 0–10 °C for 16 weeks. The change in
pH is associated with number of reasons; it might be due to the
effect of treatment on the biochemical condition of the fruit
and slower rate of respiration and metabolic activity (Jitareerat
et al. 2007).

Total phenolic content TPC of coated and control pomegran-
ate fruits were summarized in the Table 3. Non-significant
enhancement was observed in TPC up to 40 days storage, but
thereafter its content declined to the end of storage (Table 3).
The lowest TPC was found in control (84.8±3.5 mg GAE

Table 1 Changes in arils colour
parameters (L*, a* and b*) in
coated and uncoated pomegranate
fruits over 120 days storage at
4.5 °C and 3 additional days at
20 °C

Values with different letters across
coating treatment and storage time
for each parameter are significant-
ly different at p<0.05. Data are the
mean±SE (n=3)

Parameter Treatment Day storage

0 40 80 120

L* Control 23.1±0.71 gh 19.0±0.87 j 25.4±0.85 cde 30.7±1.13 a

Chitosan 1 % 23.1±0.71 gh 20.5±0.85 ij 25.1±0.73 def 27.2±0.68 bc

Chitosan 2 % 23.1±0.71 gh 20.0±0.82 ij 22.1±0.79 hi 26.7±0.76 bcd

Carnauba wax 23.1±0.71 gh 19.5±1.05 j 23.5±0.84 fgh 25.8±0.71 bcde

Resin wax 23.1±0.71 gh 20.3±0.62 ij 24.5±0.78 efg 27.5±1.16 b

a* Control 22.6±0.56 e 25.4±0.30 a 20.9±0.27 fg 17.4±0.46 j

Chitosan 1 % 22.6±0.56 e 23.7±0.31 cd 22.0±0.38 e 19.8±0.55 hi

Chitosan 2 % 22.6±0.56 e 24.1±0.45 bc 22.7±0.24 de 20.2±0.35 gh

Carnauba wax 22.6±0.56 e 24.9±0.24 ab 22.0±0.37 e 20.8±0.59 fgh

Resin wax 22.6±0.56 e 24.3±0.37 bc 21.7±0.18 ef 19.0±0.48 i

b* Control 8.1±0.25 de 6.8±0.37 g 8.8±0.37 bcd 10.0±0.27 a

Chitosan 1 % 8.1±0.25 de 7.3±0.43 fg 8.1±0.43 cde 8.8±0.29 bc

Chitosan 2 % 8.1±0.25 de 7.1±0.30 g 8.2±0.30 cde 9.0±0.35 b

Carnauba wax 8.1±0.25 de 6.9±0.38 g 8.0±0.38 e 8.6±0.29 bcde

Resin wax 8.1±0.25 de 7.1±0.29 g 8.0±0.29 ef 9.2±0.30 b

Table 2 Changes in quality pa-
rameters (TSS, TA, TSS/TA, pH)
in coated and uncoated pomegran-
ate fruits immediately after harvest
and after 120 days storage at 4.5 °C
and 3 additional days at 20 °C

Values within the same column
with different superscripts are
significantly different at p<0.05.
Data are the mean±S.E. (n=3)

Treatment TSS (°Brix) TA (%) TSS/TA pH

At harvest day 0 17.7±0.3 1.34±0.02 13.2±0.30 3.34±0.04

120+3 days

Control 16.7±0.2 a 1.01±0.04 c 16.6±0.6 a 3.59±0.04 a

Chitosan 1 % 17.0±0.3 a 1.08±0.04 bc 14.4±0.7 c 3.51±0.02 a

Chitosan 2 % 17.1±0.4 a 1.11±0.03 ab 15.0±0.5 bc 3.49±0.08 a

Carnauba wax 17.3±0.3 a 1.14±0.03 ab 15.7±0.6 abc 3.44±0.06 a

Resin wax 17.3±0.3 a 1.19±0.02 a 15.9±0.3 ab 3.46±0.09 a
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100 mL−1) as compared to coating treatments. Coating treat-
ments, significantly suppressed declining in TPC during stor-
age. Fruits coated with chitosan and carnauba wax, signifi-
cantly maintained the higher TPC as compared to resin wax
and control (Table 3).

Our findings are in agreement with those reported by
Fawole and Opara (2013), who reported a decline in TPC in
pomegranate fruit (‘Ruby’ and ‘Bhagwa’) stored under 5–
7 °C for 16 weeks and Ghasemnezhad et al. (2013), in pome-
granate arils (‘Tarom’) coated with chitosan stored at 4 °C for
12 days. In contrast, Sayyari et al. (2011), found a significant
increase of TPC in control and treated pomegranate fruits over
84 days storage. The changes of TPC during cold storage may
be related to fluctuations of phenylalanine ammonia-lyase
(PAL) enzyme activity, the key enzyme in the first step of
the phenylpropanoid pathway directly involved in the biosyn-
thesis of phenolic compounds (Sayyari et al. 2011). In addi-
tion, the latter reduction in TPC could be related to enzymatic
degradation (Jiang et al. 2005). The inhibition of PPO and
peroxidase (POD) activity by coating treatment has also been
observed with longan and litchi fruits stored at low tempera-
ture (Dong et al. 2004; Jiang et al. 2005).

Total flavonoids content The change of TFC during storage
was similar to the phenolic content. TFC increased signifi-
cantly during the first 40 days, but thereafter its content

declined both coated and control fruits (Table 3). The level
of TFC at harvest time, recorded 83.5±3.7 mg RE 100 mL−1

that after 40 days storage reached to the highest level in coated
fruits with carnauba wax (91.4±2.1 mg RE 100 mL−1 juice).
The lowest TFC was recorded in control fruits after 120 days
storage. However, no significant differences observed among
coating treatments except for resin wax which had significant-
ly less value.

This result is in contrast with Ghasemnezhad et al. (2013),
which observed a significantly increase in TFC in the arils
pomegranate stored at 4 °C for 12 days. The amount of
flavonoids depends on many factors such as genotype, envi-
ronmental conditions, production methods, transportation,
handling system and storage conditions postharvest of fruit
(Ghasemnezhad et al. 2013). The initial increases were prob-
ably related to synthesis of flavonoids compounds in pome-
granate fruit during postharvest storage (Varasteh et al. 2012),
and the latter decline could be correlated to flavonoids degra-
dation as previously found in phenolic content (Table 3).
However, Wang and Gao (2013), found a declining of flavo-
noids content in chitosan coated apple during cold storage and
the rate of reduction decelerated with higher chitosan
concentration.

Total anthocyanins content Changes of TAC was recorded in
coated and control fruits over cold storage time and 3

Table 3 Changes in total pheno-
lics (TPC), flavonoids (TFC) and
anthocyanins content (TAC) and
antioxidant activity (AA) in coat-
ed and uncoated pomegranate
fruits over 120 days storage at
4.5 °C and 3 additional days at
20 °C

Values with different letters across
coating treatment and storage
time for each parameter are sig-
nificantly different at p<0.05.
Data are the mean±S.E. (n=3).
TPC, (mg GAE 100 mL−1 juice);
TFC, (mg RE 100 mL−1 juice);
TAC, (mg L−1 ); AA, (%
DPPHSC)

Parameters Treatment Day storage

0 40 80 120

TPC Control 135.6±4.9 abc 135.7±5.1 ab 112.7±2.5 h 84.8±3.5 i

Chitosan 1 % 135.6±4.9 abc 135.8±4.4 abc 127.8±3.0 bcde 113.5±4.0 fg

Chitosan 2 % 135.6±4.9 abc 137.4±4.3 ab 125.4±5.3 cde 118.8±4.9 ef

Carnauba wax 135.6±4.9 abc 138.0±5.8 ab 129.9±6.1 abcd 123.5±4.5 def

Resin wax 135.6±4.9 abc 139.4±5.2 a 121.9±3.9 def 106.6±4.2 gh

TFC Control 83.5±2.6 cde 89.8±2.1 ab 73.3±1.9 gh 62.6±1.6 i

Chitosan 1 % 83.5±2.6 cde 87.4±2.3 abc 83.6±1.9 cde 71.9±1.8 gh

Chitosan 2 % 83.5±2.6 cde 88.1±3.0 abc 81.2±2.4 def 73.6±1.3 g

Carnauba wax 83.5±2.6 cde 91.4±1.5 a 83.5±2.1 cde 76.8±1.9 fg

Resin wax 83.5±2.6 cde 85.1±3.2 bcd 79.2±2.5 ef 68.2±1.9 h

TAC Control 147.6±.04de 166.3±0.3 a 142.3±0.7 ef 106.7±0.5 i

Chitosan 1 % 147.6±0.04 de 159.1±0.4 abc 152.7±0.7 cd 131.5±0.5 g

Chitosan 2 % 147.6±0.04 de 163.4±0.3 ab 159.8±0.5 abc 134.5±0.3 fg

Carnauba wax 147.6±0.04 de 165.2±0.3 ab 156.9±0.5 abcd 141.7±0.5 efg

Resin wax 147.6±0.04 de 162.4±0.4 abc 155.6±0.3 bcd 120.4±0.4 h

AA Control 65.7±1.5 def 68.6±1.4 bcd 56.8±1.8 h 48.7±1.6 i

Chitosan 1 % 65.7±1.5 def 70.7±2.4 bcd 67.2±2.4 cde 58.4±1.7 gh

Chitosan 2 % 65.7±1.5 def 73.3±2.0 ab 65.5±1.4 cde 60.5±1.6 gh

Carnauba wax
Carnauba wax

65.7±1.5 def 76.4±1.9 a 67.5±1.5 bcd 62.6±2.1 ef

Resin wax 65.7±1.5 def 72.0±2.2 abc 61.1±2.7 fgh 58.6±1.7 h
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additional days in shelf life (Table 3). The results showed that
the TAC significantly increased in coated and control fruits
during the first 40 days, but thereafter decreased up to the end
of storage. Fruit coating treatments could significantly main-
tain higher TAC than control during postharvest periods.
However, fruits coated with commercial carnauba wax
showed the highest TAC with 141.7±4.8 mg L−1 after
120 days storage at 4.5 °C plus 3 days at 20 °C (Table 3).

A similar result has been previously reported by Barman
et al. (2011), and Fawole and Opara (2013), on pomegranate
fruits, while Mirdehghan et al. (2007a), observed significant
increases in anthocyanins in putrescine-treated pomegranate
fruits over 60 days storage period at 2 °C plus 3 days at 20 °C.
With comparing these results and a* values, it could be seen
that a decrease in pigments coincides with reduction in TAC
for all treatments (Tables 2 and 3). Several studies have shown
that the anthocyanin content of pomegranate fruit could in-
crease or decrease depending on storage conditions and post-
harvest treatments (Fawole and Opara 2013;Mirdehghan et al.
2007a; Sayyari et al. 2011; Varasteh et al. 2012). Furthermore,
the effect of different treatments could be related to changes in
the fruit internal atmosphere (Miguel et al. 2004). The increase
in TAC during the first sampling date of storage may be
pertained to the anthocyanin synthesis in pomegranate fruits
during storage (Miguel et al. 2004; Varasteh et al. 2012). The
increase of anthocyanin concentration after harvest was pre-
viously reported in pomegranates (Varasteh et al. 2012;
Fawole and Opara 2013), cherries (Goncalves et al. 2007)
and strawberry (El Ghaouth et al. 1991). The increasing of
TAC during postharvest might result from activation of its
related enzymes as anthocyanins are the major phenolic com-
pound being synthesize in mature pomegranate fruit during
storage time (Miguel et al. 2004). Additionally, our results
showed that coating treatment reduced degradation of antho-
cyanins over storage period. It was most probably due to that
coating treatment reduces the activity of PPO and POD en-
zymes in response to changes in the internal atmosphere of
coated fruit (Varasteh et al. 2012). Dong et al. (2004), also
reported that degradation of anthocyanin in litchi fruit caused
by PPO and POD, but application chitosan coating treatment
decreased enzyme activity over storage time.

Antioxidant activity The AA of both coated and control
pomegranate fruits, increased during the first 40 days storage
and declined gradually up to the end of storage (Table 3).
Higher antioxidant activity was found in coated fruits than
control fruits. The highest AA (76.4±2.2 DPPHsc), was re-
corded in carnauba wax after 40 days storage, but the lowest
value (48.7 % DPPHsc) was found in control fruits after
120 days cold storage with 3 additional days in shelf life
condition (Table 3). The results also showed that AA changes
are parallel to phenolics, flavonoids and anthocyanins during
postharvest storage (Table 3).

Antioxidant capacity of plant products is mainly because of
the presence of pigments, vitamins and phenolic compounds
(Barman et al. 2011). In addition, a positive correlation be-
tween antioxidant activity and phenolic compounds in pome-
granate fruit has previously reported (Mirdehghan et al.
2007a). Therefore, total anthocyanin and other phenolic
compounds have effective role in antioxidant activity. In
agreement with our results, Ghasemnezhad et al. (2013) also
found a significant decrease in antioxidant activity of coated
and uncoated pomegranate arils over cold storage at 4 °C;
however this decrease was lower in coated treatment. The
reason for higher antioxidant activity in coated fruits may be
explained with the reduced losses of anthocyanins, total phe-
nols and flavonoids content (Table 3). In contrast, Mirdehghan
et al. (2007a) found an increase in antioxidant activity in
polyamine-treated pomegranate fruits during 60 days storage
at 2 °C with 3 additional days at 20 °C.

Conclusions

In conclusion, the data presented here unequivocally suggest
that postharvest physiological responses, quality parameters
and bioactive compounds of pomegranate fruits during cold
storage and shelf life, are affected by coating treatments. It
also suggested that total antioxidant activity of pomegranate
juice is related to variations of total phenol, flavonoid and
anthocyanin content over storage time. Coating treatment
significantly maintained these functional compounds during
storage in pomegranate fruits. The result also showed that a*
(redness) and other color parameters changed with fluctua-
tions of total anthocyanin content during storage period.
Commercial resin and carnauba waxes were more effective
than chitosan in reducing fruits water loss and respiration rate.
Indeed, carnauba wax was the most effective treatment in
maintaining quality parameters, total phenolics, flavonoids
and anthocyanins content and color parameters of pomegran-
ate fruit over storage period.
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