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A B S T R A C T

Pomegranate (Punica granatum L.) is extensively cultivated in Middle East especially in Iran. For centuries, this
fruit has been used in Iranian herbal medicine. Pomegranate peel, seed and juice contain considerable amounts
of phenolic compounds and have antioxidant activity. Pomegranate peels, juice and seeds from three regions of
Natanz, Shahreza, and Doorak were obtained. Antioxidant activity, total phenolic, flavonoids, and flavonols
contents of pomegranate peels, seeds and juices extracts were analyzed. The β-carotene bleaching test and
Folin–Ciocalteu method were applied in this study. The pomegranate peel extract showed high levels of anti-
oxidant activity in comparison to seeds and juices. Doorak peel by 58% had the highest antioxidant activity
among two other peels. Total phenolics, flavonoids, and flavonols contents of pomegranate peel were evaluated
much more higher than seeds and juices. The significant positive correlation between antioxidant activity and
total phenolics was reported. According to achieved results, high antioxidant capacity of pomegranate especially
peel, had shed light to use them as natural food preservatives.

1. Introduction

Pomegranate (Punica granatum L.) is extensively cultivated in
Middle East especially in Iran (Li et al., 2006; Tehranifar et al., 2010).
Iran contributes in approximately 47% to the total of world pome-
granate production (Ambigaipalan et al., 2016; Fischer et al., 2011).
For centuries, this fruit has been used in Iranian herbal medicine
(Ardekani et al., 2011). The pomegranate fruit consists of several
anatomical parts including seed, juice, peel, leaf, flower, bark, and roots
(Orak et al., 2012). Pomegranate's by-products such as seeds and peel
consisted 12% and 50% of the whole fruit (Fawole et al., 2012;
Tehranifar et al., 2010). In herbal remedies of many countries, Fruits,
peels and roots of pomegranate have been widely applied (Al-zoreky,
2009). Besides health benefits attributed to pomegranate, antioxidant
activity of its different parts was subjected by recent studies
(Ghasemian et al., 2006; Orak et al., 2012; Tezcan et al., 2009).

Pomegranate peel, seed and juice contain considerable amounts of
phenolic compounds and it has been related to antioxidant activity of
this fruit (Ghasemian et al., 2006; Orak et al., 2012; Ozgen et al., 2008;
Tehranifar et al., 2010). Presence of phenolic compounds such as an-
thocyanins, ellagic acid, phytoestrogenic flavonoids, and tannins in
different parts of pomegranate have been confirmed (Mousavinejad
et al., 2009; Negi and Jayaprakasha, 2003). Due to growing interests to
utilize natural preservatives in food industry, application of waste
products of pomegranate (peel and seed) with high antioxidant activity
could be useful (Naveena et al., 2008).

The purpose of this study is to analyze the antioxidant activities of
three type of pomegranate cultivated in Iran. For this purpose, peel,
seed, and juice of pomegranate grown in different regions were in-
vestigated in order to compare the antioxidant activity and, total phe-
nolic, Flavonoid, and Flavonol contents. Also, the relation between
antioxidant activity and total phenolic compounds of different parts
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was estimated.

2. Material and method

2.1. Sample preparation

Three varieties of Pomegranates were purchased from markets in
Natanz, Shahreza, and Doorak provinces of Iran. In order to separate
seeds and peels, mature and healthy pomegranate were washed and cut
manually. Seed, peels and juices were dried in incubator at 30–40 °C.
Dried samples were powdered by grinder and stored at room tem-
perature until extraction. The powders (100 g) were extracted with
1000ml ethanol (80%) at room temperature (25 °C) for 48 h. Then
extracts were passed twice through filter paper and dried in oven 37 °C.
Samples were stored at 4 °C until use (Singh et al., 2002).

2.2. Determination of antioxidant activity with the β-carotene bleaching test

Antioxidant activity of pomegranate extracts (peel, seed and juice)
were determined with Folin-Ciocalteu reagent by β-Carotene Linoleate
method described by Dapkevicius et al. (1998). The mixture of 0.5mg
β-carotene in 100 μl chloroforms was prepared. Then, 25 μl linoleic
acid, 200mg Tween-40 (polyoxyethylene sorbitan monopalmitate) and
100ml of oxygenated distilled water were added to previous solution.
Then, 2.5 ml of prepared solution was added to 350 μl of methanolic
solution of the extracts (2 g L−1) (Merck, Germany). BHT was con-
sidered as a control. The absorbance of samples and control at 490 nm
were taken (Dapkevicius et al., 1998).

The antioxidant activity (AA) of the extracts was estimated by using
the following formula:

AA=100 [1 - (A0 - At)/ (A°0 - A°t)]

Where A0 and A°0 are the absorbance values measured at zero time of
the incubation for test samples and control, respectively, and At and A°t
are the absorbencies measured in the test sample and control, respec-
tively, after 48 h (Dapkevicius et al., 1998). All determinations were
carried out in triplicate.

2.3. Determination of total phenolic content

The total phenolics were determined by using Folin–Ciocalteu
method and Gallic acid was used as a standard equivalent (in mg/g).
Approximately, 500 μl of Folin–Ciocalteu reagent (Merck, Germany)
were mixed to 100 μl diluted pomegranate extracts. After 3 or 5min,
400 μl 7.5% sodium carbonate were added to the mixture and stand for
30min in room temperature. The absorbance was measured by spec-
trophotometer at 765 nm (Parsaei et al., 2013).

2.4. Determination of total flavonoids

The total flavonoids were estimated by Aluminium chloride

colorimetric technique. 0.5ml of each extract was mixed with 0.5ml
Aluminium chloride (2%), and then 3ml potassium acetate (5%)
(Merck, Germany) was added. The solution was left for 40min in room
temperature and the absorbance of the reaction mixture was measured
at 415 nm. The calibration curve was plotted by different concentration
of rutin equivalents (in mg/g).

2.5. Determination of total flavonols

The preparation of samples for flavonols determination was done
according to Aluminium chloride colorimetric technique, as described
above. After 150min, the absorbencies were measured at 440 nm
(Miliauskas et al., 2004).

2.6. Statistical analysis

Data were analyzed by SPSS software using analysis of variance
(ANOVA) and differences among means were determined for sig-
nificance at P < 0.05 using Tukey's test.

3. Result and discussion

3.1. Antioxidant activity

Pomegranate has been propagated as a polyphenol-rich food with
health beneficial effects due to its high antioxidative capacity, thus is
being commonly referred as ”superfruit” (Fischer et al., 2011). Owing
to high levels of phenolic acids, flavonoids and other polyphenolic
compounds, pomegranate could be used as an effective scavenger of
several reactive oxygen species (Ozgen et al., 2008). In other word,
natural phenolic compound can inhibit food oxidation and prolong
shelf life and quality of food products. In addition, food industry is
interested in substitution of natural compounds instead of chemical
ones, in order to promote food safety. As shown in Table 1, the anti-
oxidant activity of peel, seed and juice of pomegranate ranged from 45
to 58%, 26–54%, 9–10%, respectively. In general, antioxidant activity
of Doorak's seed and peel were considered significantly higher than
others. Overall, antioxidant activities of peels were estimated higher
than seeds and juice except for Doorak seed (Table 1). This fact is
consistent with studies which indicated high antioxidant activity of
pomegranate peel against other parts (Li et al., 2006; Orak et al., 2012).

Antioxidant activity has been reported for twenty Iranian pome-
granate juices 15.59–40.72% (Tehranifar et al., 2010), seven Turkish
commercial pomegranate juices 10.37–67.46% (Tezcan et al., 2009),
and eight Iranian pomegranate juices 18.6–42.8% (Mousavinejad et al.,
2009). The antioxidant activity of pomegranate juices (9–10%) in our
study is much lower than those reported by previous researchers. Singh
showed antioxidant activity of methanol extract of peels (at 50 ppm)
and seeds (at 100 ppm) 83% and 22.6%, respectively (Singh et al.,
2002), which is much higher than our results.

Table 1
Antioxidant activity and total phenolic, flavonoids and flavonols in different parts of pomegranate extract.

Total flavonols (mg rutin/g)
Mean ± SD

Total flavonoids (mg rutin/g)
Mean ± SD

Total phenolics (mg GAE/g)
Mean ± SD

Antioxidant activity (%)
Mean ± SD

Pomegranate extract

25c± 5.43 36c± 3.56 276c± 12.69 45d ± 9.94 Natanz peel
37b ± 8.51 45b ± 6.25 361b ± 12.87 50c± 10.86 Shahreza peel
45a±9.84 54a±8.96 413a± 16.84 58a± 10.52 Doorak peel
8.02e± 1.58 30.5d ± 6.38 72.4d ± 10.02 34e± 4.06 Natanz seed
3.4f± 1.24 7.55e±2.12 73d ± 13.35 26f± 6.14 Shahreza seed
22d ± 2.47 38c± 6.38 73d ± 9.45 54b ± 12.20 Doorak seed
1.5g ± 1 1.8f± 1.03 23.8e± 6.74 10g ± 3.24 Natanz juice
1.5g ± 0.9 2.14f± 0.92 15.8f± 5.81 9g ± 2.84 Shahreza juice
2fg ± 1.01 8.7e± 2.47 12.4g ± 5.21 9g ± 3.02 Doorak juice
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3.2. Total phenolic, flavonoid and flavonol content

Health benefits of flavonoids have been subjected by recent studies,
and their potent antioxidant effects were proved (Orak et al., 2012).
The results of total phenolic, flavonoid and flavonol content are pre-
sented in Table 1. Regarding the total phenolic, flavonoids and flavo-
nols contents (Table 1), it could be noticed that Doorak pomegranate
peels extract (Doorak PPE) contained the highest levels in comparison
to Natanz and Shahreza. According to our results, phenolic content of
Natanz, Shahreza and Doorak peels were 3.81 and 11.59, 4.94 and
22.84, 5.65, and 33.30 fold higher than those of seeds and juices, re-
spectively. Our results are compatible with Orak (Orak et al., 2012),
which showed the highest phenolic compounds in pomegranate peel. In
our study, the differences in total flavonoid contents varied from 54
(Doorak peel) to 1.8 (Natanz juice) mg rutin/g. The total phenolic of
pomegranate seed in Jing research (Jing et al., 2012) was evaluated
1.29–2.17mg GAE/g. In contrast, in our study the total phenolic of
seeds was ranged from 72.4 to 73mg GAE/g. Li et al. evaluated the
phenolic and flavonoid content of pomegranate peel 249.4 mg/g
(tannic acid equivalents) and 59.1 mg/g (rutin equivalents), respec-
tively (Li et al., 2006). Mansure et al. reported the highest value of
polyphenols in methanolic peel extract 230.4 mg GAE/g (Mansour
et al., 2013). The total phenolic contents of pomegranate peel in Ar-
dekani study were ranged from 98.24 to 226.56mg GAE/g (Ardekani
et al., 2011), which is lower than our study (276–413mg GAE/g). Al-
though it must be considered that variation in the total phenolic con-
tents of pomegranate can be influenced by solvent used for extraction
(Ambigaipalan et al., 2016).

Different studies demonstrated antioxidant activity of pomegranate
peel 2.8 fold higher than pomegranate seed and leaf extract (Ismail
et al., 2012). While in the current study, antioxidant activity of Natanz,
Shahreza and Doorak pomegranate peel were 1.32, 1.92, and 1.07 fold
respectively, higher than those of seeds. The phenolic content of peels
in Natanz, Shahreza and Doorak pomegranates were respectively, 3.81,
4.9 and 5.65 fold higher than their seeds. The ratio of seed phenolic to
juice phenolic were reported 3.08, 4.62, and 5.88 fold higher for Na-
tanz, Shahreza and Doorak pomegranates, respectively. In contrast, the
peel/seed and seed/juice ratio were estimated 5.9 and 2.1 fold in Orak
et al. study (Orak et al., 2012).

In previous studies, the correlation between the content of total
phenolics and the antioxidant capacity of fruits had been reported (Li
et al., 2006). In the present study, the positive significant correlation
was reported among antioxidant activity and phenolic (0.78), flavo-
noids (0.95), and flavonol (0.89) contents in all samples. Our results are
comparable with those of Mansour et al. and Ozgen et al. (Mansour
et al., 2013; Ozgen et al., 2008). Kalaycıoğlu et al. studied the levels of
bioactive compounds and antioxidant activities in juice, peel, and seed
of 3 genotypes of pomegranate cultivated in Turkey. Results revealed
that the peel extract had approximately 12.4-fold higher total flavonoid
than that of juice extract, and seed extract had 13.4-fold more total
flavonoid than that of juice extract (Kalaycıoğlu and Erim, 2017). Pu-
nicalagin, most abundantly present in pomegranate peel is pre-
dominantly responsible for its potent antioxidant activity (Khalil et al.,
2017). The Aloqbi et al. research confirmed that punicalagin was pre-
sent in high concentrations in pomegranate husk compared to pome-
granate juice, as measured using a punicalagin standard (Aloqbi et al.,
2016). The Ambigaipalan et al. study revealed that pomegranate peel
contained 79 phenolic compounds, including 16 phenolic acids, 12
flavonoids, 35 hydrolyzable tannins, 8 proanthocyanidins, and 8 an-
thocyanins. Phenolic acids were the major phenolic compounds in po-
megranate peel followed by hydrolysable tannins, proanthocyanidins,
and flavonoids, mostly present in the insoluble-bound form
(Ambigaipalan et al., 2016).

4. Conclusion

In this study, pomegranates from three region of Iran were analyzed
for antioxidant activity and phenolic contents in peel, seed and juice of
their extracts. It was made clear that pomegranate grown in different
condition and also different parts of that, have variety phenolic con-
tents and antioxidant activity. The results showed positive correlation
between phenolic contents and antioxidant activity. According to
achieved results in recent years, high antioxidant capacity of pome-
granate especially peel, had shed light to use them not also as natural
food preservatives (Orak et al., 2012) but as a health supplement rich in
natural antioxidants. More studies are needed to use pomegranate ex-
tracts in food components until the proper replacement of chemical
additives by natural components, occurs.
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