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Abstract

Pomegranate (Punica granatum L.) is one of the oldest known and nutrient rich edible fruits. 
Peel and Arils of three available cultivars of this fruit in Bangladesh namely, Bangladesh 
pomegranate, Indian-Mridula and Egypt pomegranate were analyzed to evaluate their 
biochemical and bioactive properties. The ash, crude fiber, lipid, moisture, pH, titratable acidity, 
total soluble solid, total sugar as well as bioactive properties included DPPH radical scavenging 
activity, total phenolic content (TPC), total flavonoid content (TFC), total tannin content (TTC) 
and vitamin C were assessed in the study. The results of the analysis showed that the ash, pH, 
titratable acidity, moisture, total sugar ranged from 0.26-0.93%, 3.54-4.01, 1.40-1.87%, 75.43-
81.20%, 9.02-10.12 g DE/100g for aril and 1-2.03%, 3.53-4.12, 1.75-1.88%, 71.69-76.65%, 
21.14-29.19 g DE/100g for peel respectively. However, the seed of all cultivars contained 
significantly (p<0.05) higher amount of lipid and crude fiber than peel especially high lipid 
content in the seed of Mridula (23.30 g/100g) and peel of Egypt pomegranate (11.76 g/100g) 
and high crude fiber content in the seed of Bangladesh pomegranate (64.96 g/100g) and peel of 
Mridula (15.61 g/100g). The peel showed markedly higher DPPH radical scavenging activity, 
TPC, TFC, TTC and vitamin C than aril. The cultivar behaved as the most influencing factor 
for variation among the values of individual parameters observed. The findings suggested that 
pomegranate peel appeared to have more potential as health supplement and rich in natural 
antioxidants than aril.   

Introduction

Pomegranate (Punica granatum L.) is a fruit 
bearing deciduous shrub or small tree belongs to the 
family Punicaceae (previous Lythraceae) and native 
to central Asia, but since the pomegranate tree is 
highly adaptive to a wide range of climates and soil 
conditions, it is grown in many different geographical 
regions including the Mediterranean basin, Asia and 
California. The name “Pomegranate” derived from 
Latin pomum “apple” and granatus “seeded”. In 
Bangladesh, it is locally called “Dalim”. It is one 
of the oldest known edible fruits that has been an 
enormous source of food and herbal medicinal value. 
The fruit was seen by ancient Egyptians as a symbol 
of prosperity and ambition (Hassan et al., 2012).

  In Bangladesh it is mainly grown at homestead 
as ornamental tree and generally considered as an 
important minor fruit species (Rahman and Rahman, 
2014). Recent scientific findings corroborate 
traditional usage of the pomegranate as a medical 

remedy and indicate that pomegranate tissues of 
the fruit, flowers, bark and leaves contain bioactive 
phytochemicals that are antimicrobial, reduce blood 
pressure and act against serious diseases such as 
diabetes and cancer (Holland et al., 2006). 

There has been recently an explosion of interest 
in pomegranate fruit worldwide. Though freshly 
consumed, they are also used for processing: fresh 
juice, canned beverages, alcoholic beverages, and 
jellies, flavored and colored drinks. The edible parts 
of pomegranate fruit are named aril. They contain 
large amounts of organic acids, sugars, minerals, 
vitamins and polyphenols, showing high antioxidant 
activity and several medical benefits (Legua et al., 
2012). The fruit contains anticarcinogenic (Bell 
and Hawthorne, 2008), antimicrobial (Reddy et al., 
2007), and antiviral compounds (Kotwal, 2007).

Recent biological studies have proven that 
certain compounds contained in pomegranate juice, 
which has been shown to reduce blood pressure, 
are antiatherosclerotic and significantly reduce low 
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density lipoprotein (LDL) oxidation (Aviram et al., 
2004). Pomegranate peel is generally non-edible but 
rich in polyphenols which exhibit various biological 
activities, such as eliminating free radicals, inhibiting 
oxidation and microbial growth and decreasing the 
risk of cardio and cerebrovascular diseases and 
some cancers. Many researchers have shown that 
preparations containing the pomegranate peel extract 
can be used to prevent and/or cure atherosclerosis, 
diarrhea, gastric ulcer, venereal disease and estrogen-
related diseases (Opara et al., 2009).

The natural process of oxidation produces energy 
to operate biological cycles in living organism. This 
oxidation in living beings causes the formation of 
free radicals or reactive oxygen species (ROS). The 
uncontrolled and excessive production of free radicals 
such as hydroxyl radical, hydrogen peroxide etc. cause 
damage to the body as well as assistive oxidative 
stress (Shin et al., 2015). The alliance between free 
radicals or ROS and diseases can be clarified by 
the concept of “Oxidative stress”. Human body has 
multiple mechanisms especially enzymatic and non-
enzymatic antioxidant systems to protect the cellular 
molecules from ROS-induced damage. However, the 
endogenous defense may not be enough to severe or 
continued oxidative stress. Hence, certain amounts 
of exogenous antioxidants are constantly required to 
maintain an adequate level of antioxidants in order to 
balance the ROS in human body. Thus various fruits 
such as apple, orange, pomegranate, grape, berry 
etc. have received attention due to their antioxidant 
activity (Kar et al., 2011; Rahman et al., 2015). 

In this 21st century, most population suffer 
from various chronic diseases principally cancer, 
heart disease and stroke which was probably a 
relatively rare disease in the ancient world. There 
are many cause behind these chronic diseases 
namely industrialization, environmental pollution, 
adulteration in food, less physical labor, imbalance 
diet and alcohol etc. But among all these ‘The World 
Cancer Research Fund’ has confirmed the central 
importance of diet as a major determinant of many 
forms of cancer across the globe. There are three 
general factors that are potentially important in any 
human population for causing cancer which includes 
presence of carcinogenic compounds in food, 
inadequacy of nutrient intake and inadequate intake 
of bioactive food components. Studies reported that 
there is a negative correlation found between dietary 
intake of phenolics and coronary heart diseases, 
stroke and cancer (Kar et al., 2011; Zzaman et al., 
2013). 

Previous researchers have reported the 
physicochemical properties and nutritional quality 

attributes of pomegranate varieties grown in different 
parts of world such as Morocco (Legua et al., 2012), 
Oman (Opara et al., 2009), Iran (Fadavi et al., 
2005), Turkey (Özkan, 2005), Spain (Martinez et 
al., 2006) and India (Khodade et al., 1990). While 
the literature has an abundance of research reports 
on the biochemical attributes and health benefits of 
pomegranate, there seems be to lack of scientific 
data on pomegranate grown under Bangladeshi 
climatic conditions and available imported 
cultivars. Therefore, the current research focused 
on characterizing one local and two major imported 
cultivars to determine the biochemical and bioactive 
properties of the fruits. 

Materials and Methods

Pomegranate samples 
Fresh Pomegranate fruit of two imported cultivars 

were purchased from the Imported Fruit Wholesale 
Market, Badamtoli, Old Dhaka in Bangladesh and one 
cultivar of locally grown fruit was purchased from a 
local nursery of Chowhattah, Sylhet in Bangladesh. 
Thus, a total of three pomegranate cultivars were 
analyzed: (a) Bangladesh pomegranate, (b) Egypt 
pomegranate and (c) Indian-Mridula. 

Chemicals
Aluminum chloride from Qualikems (India); 

Anthrone reagent, Auramine O dye, Phenolphthalein, 
Sodium hydroxide, Sodium salt of EDTA 
(Ethylenediaminetetraacetic acid) and Tannic 
acid were obtained from Loba chemie (India). 
Chloroform, Dextrose, Diethyl ether, Ethanol, Folin–
Ciocalteu reagent, Gallic acid, Hydrochloric acid, 
L-Ascorbic acid, Methanol, Oxalic acid, Potassium 
iodate, Potassium iodide, Quercetin, Sodium acetate, 
Sodium carbonate, Sodium nitrite, Sulfuric acid from 
Merck (Germany); Sodium chloride from Uni-chem 
(UK) and DPPH (2,2-diphenyl-1-picrylhydrazy) 
were purchased from Sigma-Aldrich (USA) and all 
chemicals and reagents used were analytical grade.

Preparation of sample 
The fruits were cut into halves with a kitchen 

knife and peels and arils were manually separated. 
The juice of arils was extracted using a kitchen juicer 
(Model- MJ-M176P Juicer/ Blender, Panasonic, 
Osaka, Japan) and stored in individual glass bottles at 
refrigerator during the analysis. Separated peels and 
arils were directly Freeze-dried until a constant weight 
was reached and powdered in a grinder (Model- MJ-
M176P Juicer/ Blender, Panasonic, Osaka, Japan). 
Seeds of the fruits were separated from the juice and 
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washed carefully to remove sugars and other adhering 
materials. Separated seeds were dried at Freeze drier 
until a constant weight was reached and powdered in 
a grinder. All powdered samples were kept in plastic 
boxes at room temperature until further analysis.

Preparation of aril and peel extracts
The powdered aril (1 g) and peel (2.5 g) were 

used to prepare methanol extracts. The extracts 
were procured by dissolving with 10 mL methanol: 
water mixture (70:30 v/v) and then mixed well using 
vortex for 1 min. The mixtures were then centrifuged 
at 3,500 rpm for 15 min. The mixtures were filtered 
through filter paper with Whatman No. 1 using 
Buchner funnel and the filtrates were considered as 
aril and peel extracts. Each sample was extracted in 
triplicate and the extracts were stored in a refrigerator 
for further analysis.

Biochemical properties
Biochemical properties include ash, crude fiber, 

lipid, moisture, pH, titratable acidity and total soluble 
solid were determined in triplicate in accordance with 
standards procedures. Ash content was determined 
in muffle furnace for about 550°C for 3hrs, until 
constant weight was obtained (AOAC, 2004). Crude 
fiber content in freeze dried pomegranate peel and 
seed powder was determined by acid digestion 
(H2SO4 0.255N) and alkali digestion (NaOH 0.313N) 
using (AOAC, 2005) method. Lipid content in freeze 
dried peel and seed powder was estimated using 
Chloroform: methanol solution (2:1) according to the 
method described by Folch et al. (1957). Moisture 
in aril and peel of pomegranate was determined by 
oven dehydration method at 105°C up to the constant 
weight. The loss in weight was moisture content 
(AOAC, 2004). The pH of pomegranate aril and peel 
was measured according to the method described 
by Defreitas et al. (1997) by directly using a digital 
pH meter (Model- PH500). The concentration of 
titratable acidity as citric acid in pomegranate aril 
and peel was determined by titration (Ranganna, 
1986). Total soluble solid (TSS) of pomegranate aril 
and peel juice was measured according to (AOAC, 
2005) by using a digital Hand refractometer (model 
- REF103bp) at room temperature with values being 
expressed as ◦Brix.

Total sugar content
The spectrophotometric method using anthrone 

reagent as described by Nwosuagwu et al. (2009) 
was used to determine total sugar in aril and peel. 
One gram of the crushed sample was dispersed 
after thorough shaking in 50 ml distilled water in a 

conical flask and filtered through Whatman No. 1 
filter paper of which 1ml of the filtrate was measured 
into a separate tube. 6 ml of anthrone reagent was 
run into the tube with the aid of a pipette under ice 
blocks. The tubes were later transferred into boiling 
water in a water bath at 100oC and allowed to boil 
for 10 min ensuring that the tubes were covered with 
aluminum foil to prevent evaporation. Then it was 
cooled in running water for 5 min. The absorbance 
of the solution was read at 620 nm using T60 UV-
Visible Spectrophotometer against a reagent blank. A 
set of standard solutions of dextrose was read against 
a blank. Total sugar content was determined as g of 
Dextrose equivalent per 100gram using the equation 
obtained from a standard Dextrose calibration curve. 

DPPH radical scavenging activity
The radical scavenging activity of the aril and 

peel of pomegranate was estimated according to 
the method described by Abedin et al. (2014). One 
mL of methanol extract was placed into a test tube 
and mixed with 4 mL of DPPH solution (0.1 mM in 
methanol) then shaken vigorously. The mixture was 
left to stand for 30 min at room temperature in dark 
place. After incubation, the absorbance was read at 
517 nm using T60 UV-Visible Spectrophotometer. 
Triplicate measurements were carried out for each 
sample. The percentage of DPPH radical scavenging 
was measured from the following equation where the 
absorbance of DPPH solution without extract was 
used as control:

% scavenging of DPPH = (1− Absorbance of sample 
/ Absorbance of control) × 100

Total phenolic content
Total phenolic content was measured based on 

Folin and Ciocalteu assay as reported by Amorim et 
al. (2008). An aliquot of 0.2 mL methanol extract was 
taken into a test tube and added with 8.3 mL distill 
water. Then 0.5 mL of Folin–Ciocalteu reagent was 
added in the same tube and kept at room temperature 
for 5 minutes. After that 1 mL of 35% saturated 
aqueous solution of sodium carbonate (Na2CO3) was 
transferred to the tube and shaken well. The solution 
was incubated at room temperature for 20 min. 
The absorbance was read at 765 nm using T60 UV-
Visible Spectrophotometer against a reagent blank. 
Gallic acid was used as standard in calibration curve 
preparation (10 − 60 mg/100 mL). Quantification 
(mg/g of aril and peel powder) was obtained by 
reporting the absorbance in the calibration curve. The 
results of total phenolic were expressed in terms of 
Gallic acid equivalent in mg/g of dry powder.
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Total flavonoid content
Total flavonoid content of the peel and aril was 

determined according to the method described by 
Zzaman and Yang (2014). The methanol extract (1 
mL) was added with 4 mL of distilled water into 10 mL 
of graduated flask. After that 0.3 mL of sodium nitrite 
solution (5%) was transferred to the same flask. Then 
0.3 mL of aluminum chloride solution (10%) and 2 
mL of sodium hydroxide (1 M) were added after 5 and 
6 min respectively. The volume of the flask was made 
up with distilled water and the mixture was mixed 
well. Following this, the absorbance of the mixture 
was measured against blank at 510 nm using T60 
UV-Visible Spectrophotometer. The total flavonoid 
content in each extract was measured using standard 
curve made using Quercetin (20 − 100 mg/L) and the 
results were expressed as mg Quercetin equivalent 
(mg QE/g) of aril and peel. 

Total tannin content
Total tannin content was measured based on 

Folin and Ciocalteu assay as reported by Amorim et 
al. (2008). An aliquot of 0.2 mL of methanol extract 
was taken into a test tube and then added with 8.3 
mL distill water. Then 0.5 mL of Folin–Ciocalteu 
reagent was added in the same tube and kept at room 
temperature for 5 minutes. After that 1 mL of 35% 
saturated aqueous solution of sodium carbonate was 
transferred to the tube and shaken well. The solution 
was incubated at room temperature for 20 min. The 
absorbance was read at 725 nm using T60 UV-Visible 
Spectrophotometer against a blank reagent. Total 
tannin content was determined as mg of tannic acid 
equivalent per gram (mg TAE/g) using the equation 
obtained from a standard tannic acid (20-100 mg/L) 
calibration curve. 

Vitamin C content
The estimation of Vitamin C Content in fresh 

pomegranate aril and peel was carried out as per 
Janghel et al. (2012). One ml juice and 4-5g thin 
slice of peel were homogenized with 100-150 ml of 
Oxalic acid as soon as possible to avoid oxidation 
of ascorbic acid.  Then 1ml of EDTA solution was 
added to it and centrifuged. Supernatant of this 
mixture was dilute to a suitable volume with distilled 
water for analysis. An aliquot of 1ml sample solution 
was transferred into a 25 ml graduated flask. Then 
0.4 ml Potassium iodide (0.1 mol/L) - Potassium 
iodate (0.2 mol/L) mixture solution (5:1) was added 
to it followed by 1ml Hydrochloric acid (0.02 mol/L) 
solution was added. Then the mixture was gently 
shaken until appearance of yellow color that indicates 
liberation of iodine. After that 1ml of auramine O dye 

(0.01%) solution was added to it followed by 2ml of 
sodium acetate (2.0 mol/L) solution and the mixture 
was shaken for 2 minutes. The mixture was made up 
25 ml with distilled water and mix well. It was kept 
for 10-15 minutes for completion of reaction. The 
absorbance of the mixture was read at 405 nm using 
T60 UV-Visible Spectrophotometer against blank. 
L-Ascorbic acid was used as standard in calibration 
curve preparation and vitamin C content in samples 
as mg/100g was obtained by reporting the absorbance 
on the equation from calibration curve.

Statistical analysis
The data procured were presented as means ± 

standard deviation (SD). All measurements were 
performed in triplicate and the data analyzed by 
ANOVA using SPSS 17.0. The significant difference 
was considered at the level of p < 0.05.

Results and Discussion

Biochemical properties 
The biochemical properties such as ash, crude 

fiber, lipid, moisture, pH, titratable acidity, total 
soluble solid and total sugar content of three different 
pomegranate cultivars are presented in Table 1. 
The ash content of aril, peel and seed ranged from 
0.26% to 0.93%, 1.0 to 2.03% and 1.58% to 2.04% 
respectively. Bangladesh pomegranate showed the 
highest ash content (0.93% and 2.03%) in its aril 
and peel respectively, it also showed lowest ash 
content (1.58%) in its seed among the three cultivars. 
Mridula showed the highest ash content (2.04%) 
in its seed and lowest ash content (1.00%) in its 
peel among the three cultivars. Egypt pomegranate 
showed the lowest ash content (0.26%) in its aril. The 
study (Ullah et al., 2012) recorded ash content in peel 
powder of pomegranate as 5% which is higher than 
the values found in this study. 

The crude fiber content in peel and seed of three 
different cultivars were evaluated and the results 
showed that the fiber content ranged from 8.88% 
to 11.24% in peel and 37.19% to 64.96% in seed. 
The highest fiber content in peel was showed by 
Mridula (15.61%) which was significantly different 
from others. The lowest fiber content in peel was 
showed by Bangladesh pomegranate (8.88%) where 
Egypt pomegranate showed 11.24% fiber. The seed 
of Bangladesh pomegranate showed highest fiber 
content (64.96%) and was significantly different 
from others, followed by 52.72% and 37.19% by 
Egypt pomegranate and Mridula respectively. The 
study (Ullah et al., 2012) recorded fiber content in 
peel powder of pomegranate as 21%. The results of 
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this study is little lower than that. A study (El-Nemr 
et al., 1990) observed that the seeds of pomegranate 
are a rich source of crude fiber (35.3%). This study 
showed higher values than that. 

Lipid content on a basis of dry matter in peel 
ranged from 7.97 g/100g for Mridula to 11.76 g/100g 
for Egypt pomegranate. Bangladesh pomegranate had 
8.04 g/100g lipid in peel. The highest lipid content 
in seed was observed in Mridula (23.30 g/100g) 
which was significantly different from others where 
20.47 g/100g and 21.18 g/100g lipid were observed 
in Bangladesh pomegranate and Egypt pomegranate 
respectively. The study (Ullah et al., 2012) evaluated 
pomegranate peel powder and found 9.4 % lipid 
content in it. Egyptian pomegranate varieties (32) 
were studied for their physiochemical and antioxidant 
properties and found oil content in seeds ranged from 
4.75 - 31.21 % (Hassan et al., 2012). The values of 
this work also lied in this range.

The moisture content in aril of Mridula was 
highest (81.20%) and Bangladesh pomegranate 
showed the lowest (75.43%). The peel of Egypt 
pomegranate showed the highest moisture content 
(76.65%) and Bangladesh pomegranate showed the 
lowest moisture content (71.69%). The study (Opara 
et al., 2009) reported moisture content in peels of 
Indian red (Ruby) and Egypt as 75.58% and 71.70% 
respectively. The studies (Fadavi et al., 2005) revealed 
that pomegranate fruit juices from different varieties 
of Iran contained 74.5% moisture on average. These 
experiments supported the results found in this study.

The pH content of pomegranate arils and peels 
of three different cultivars ranged from 3.54 to 
4.01 and 3.53 to 4.12 respectively. Arils of Egypt 
pomegranate showed the highest pH content (4.01) 
but it was not significantly different from others. The 
peel of Bangladesh pomegranate showed the highest 

pH Content (4.12) followed by Mridula (3.53) where 
peels of Egypt showed lowest pH content (3.53). The 
study (Opara et al., 2009) reported pH content in arils 
of Indian red and Egypt as 3.53 and 3.32 respectively. 
They also reported pH content of peels of Indian red 
and Egypt as 4.32 and 3.60 respectively. The US 
Food and Drug Administration (FDA 2007) reported 
a pH range of 2.93–3.20 for edible portions (arils) 
of pomegranate in the natural state, which is slightly 
lower (more acidic) than the pH of arils in our present 
study. Several factors such as fruit variety, maturity 
status, and postharvest handling will contribute to the 
differences in pH values.

The titratable acidity ranged from 1.40% to 1.87% 
in aril and from 1.75% to 1.88% in peel. The highest 
titratable acidity was showed by Egypt pomegranate 
(1.87%) followed by Bangladesh (1.53%) and 
Mridula (1.40%). The peel’s highest titratable 
acidity was recorded by Egypt (1.88 %) followed 
by Bangladesh (1.87%) and Mridula (1.75%). The 
study (Ullah et al., 2012) recorded titratable acidity 
in peel powder of pomegranate as 4.86%. A study 
(Melgarejo et al., 2011) reported titratable acidity 
(TA) content in juices of nine Spanish pomegranate 
cultivars within the range of 0.24% to 1.89%. Ozgen 
et al. (2008) studied pomegranate cultivars grown 
in the Mediterranean region of Turkey. The highest 
acidity in that study was 3.8%, compared to 1.87% 
in this study. The acidity content definitively plays an 
important role in the perception of fruit quality. Data 
from other collections around the world suggested 
that the TA content and pomegranate taste depend on 
climate and growing conditions (Dafny-Yalin et al., 
2010).

The Total Soluble Solid (TSS) content of different 
cultivars was Bangladesh pomegranate (13.03oBrix), 
Mridula (14.23oBrix) and Egypt (14.53oBrix). This 

Table 1. Biochemical composition of different parts of three pomegranate 
cultivars

*All values are reported as mean ± standard deviation, n = 3.
*Means with the same letter in column and row are not significantly different (p < 0.05). 
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TSS was in accordance with those reported from 
other collections grown in different regions around 
the world. The study described that total soluble 
solids ranged from 20.33 to 12.27 (°Brix) among 
32 Egyptian pomegranate Accessions (Hassan et 
al., 2012). Fadavi et al. (2005) reported that the 
pomegranate fruit juices from different varieties of 
Iran contained TSS within the range of 12.0oBrix to 
16.5oBrix. TSS assessment is not only important for 
juice quality evaluation, but for determining also the 
suitability of cultivars for pomegranate wine making 
(Seser et al., 2007).

Total sugar content of three different cultivars 
was ranged from 9.02% to 13.24% in aril and 
21.14% to 29.19% in peel. The highest sugar content 
in aril was observed in Mridula (13.24%) which was 
statistically significant from others where lowest was 
observed in Bangladesh pomegranate (9.02%). The 
peel of Mridula showed the highest sugar content 
(29.19%) and was significantly different from others. 
Bangladesh pomegranate showed the lowest sugar 
content (21.14%) where Egypt pomegranate showed 
(21.95%) in peel. Fadavi et al. (2005) found total 
sugar content within the range of 7.20% to 12.36% 
in pomegranate juices grown in Iran. A study (Ullah 
et al., 2012) recorded total sugar content in peel 
powder of pomegranate as 31.38%. Ozgen et al. 
(2008) reported sugar content in pomegranate juices 
grown in Turkey as 13.20% on average. The total 
sugar content found in aril and peel of three cultivars 
were more or less similar to the results reported by 
these studies. 

DPPH radical scavenging activity
The DPPH radical scavenging activity is widely 

used method to measure antioxidant activity in 
food sample. The degree of discoloration indicates 
the scavenging potentials of the antioxidant 

extract. DPPH radical scavenging activity of three 
pomegranate cultivars are showed in Figure 1. In this 
study, the differences in antioxidant activity among 
arils of the pomegranate cultivars were statistically 
significant and the values ranged from 90.13 to 
59.61% but no significant difference found in peels. 
It can be seen that the radical scavenging activity 
was higher in aril of Bangladesh pomegranate and 
lower in Egypt pomegranate. Akhavan et al. (2015) 
evaluated juices from ten Iranian Pomegranate 
cultivars and found radical scavenging activity varies 
from 18.8% to 71.3% among cultivars which is lower 
than the values found in this study. Manukumar and 
Thribhuvan (2014) recorded 48% DPPH radical 
scavenging activity in pomegranate juice.  Singh et 
al. (2002) found that the methanol extract of peels 
showed 81% antioxidant activity at DPPH model 
system which was close to present study.

Total phenolic content
The Folin and Ciocalteu’s assay is the widely 

used method to determine total phenolic in plant 
materials. The basic mechanism is an oxidation 
reaction with the phenolic group where metal ion 
reduced forming blue color compounds. Much 
attention has given on polyphenol research recently 
because of its antioxidant activity and other beneficial 
effect on human health such as in the prevention and 
treatment of cardiovascular diseases, cancer and 
other antimicrobial activities (Zzaman et al., 2013; 
Abedin et al., 2015). The total phenolic content (TPC) 
in aril and peel powder for different pomegranate 
cultivars is shown Table 2. TPC significantly varied 
among the three evaluated cultivars in aril and peel. 
Bangladesh pomegranate gave the highest TPC in 
aril (75.36 mg GAE/g) and Mridula in peel (328 mg 
GAE/g) while Egypt pomegranate showed the lowest 
in both aril (3.77 mg GAE/g) and peel (222.73 mg 

Figure 1. DPPH radical scavenging activity (mean ± standard deviation) of peel and 
arils of pomegranate cultivars. For each type of fruit fraction, means followed by 
different letters are significantly different at p<0.05. (A). Comparison among arils 
and peels of three pomegranate cultivars. (B). Comparison between aril and peel of 
individual cultivar. 
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GAE/g). Li et al. (2006) found that TPC in pulp 
extract 24.4 mg TAE/ g and in peel extract 249.4 mg 
TAE/ g which were close to this work. The reported 
levels of pomegranate TPC widely ranged from 23.7 
mg/100 g up to 930.4 mg/100 g (Legua et al., 2012). 
Furthermore, Gil et al. (2000) reported TPC of 2117 
± 95 and 2566 ± 131 mg/L for pomegranate juice 
from fresh arils and for a commercial pomegranate 
juice, respectively. The variation in TPC among 
cultivars may be due to growing seasons, agricultural 
practices, climate and soil condition etc.

Total flavonoid content
Flavonoids are the largest group of polyphenolic 

compounds found in higher plants and synthesized 
from the shikimic acid and malonic acid pathways. 
Flavonoids possess free radical scavenging 
activities which prevent oxidative cell damage, 
have anti-inflammatory, anticancer activities as 
well as protection against the different levels of 
carcinogenesis (Manukumar and Thribhuvan 2014). 
Total flavonoid content (TFC) in aril and peel of three 
pomegranate cultivars are shown in Table 2. The TFC 
was higher in peel extract than aril extract. There was 
statistical significant different among TFC of arils 
and peels of different cultivars which was higher in 
both aril (22.17 mg QE/g) and peel (64.64 mg QE/g) 
of Bangladesh pomegranate and also lower in both 
aril (14.89 mg QE/g) and peel (45.28 mg QE/g) of 
Egypt pomegranate. Li et al. (2006) also reported 
that flavonoids account for only a small part of total 

phenolic present in the peel extract of pomegranate. 
They found 17.2 mg RE/g TFC in pulp extract and 
59.1 mg RE/g in peel extract. This study was quite 
similar with values of present work. Kar et al. (2011) 
studied juices of 9 ecotypes of Tunisian pomegranate 
and found a range of 145 to 636 mg QE/L TFC. 

Total tannin content
Tannin is one of the phenolic compounds that 

gives the same reaction with Folin-Ciocalteau phenol 
reagent. It can be also determined by the Folin 
and Ciocalteu’s assay. As it is one of the phenolic 
compounds, it has same health benefits as other 
polyphenols. Total tannin content (TTC) of three 
pomegranate cultivars are shown in Table 2. There 
were significant differences in TTC of arils and peels 
of different cultivars. The TTC was higher in both 
aril and peel of Bangladesh pomegranate 14.00 mg 
TAE/g and 110.59 mg TAE/g respectively, while 
it was significantly lower in both aril and peel of 
Egypt pomegranate 3.35 mg TAE/g and 78.93 mg 
TAE/g respectively. These results were slightly 
lower than those obtained by Cam and Hisil (2010) 
in pomegranate peel 260.2 ± 12.6 mg TAE/g in 
methanolic extract and 82.6 ± 5.6 mg TAE/g in 
aqueous extract. TTC varies with solvent and 
extraction methods. Cam and Hisil (2010) reported 
that 262.7 ± 11.5 mg TAE/g can be recovered from 
dry pomegranate peel as hydrolyzable tannins 
using pressurized water extraction. Elfalleh et al. 
(2011) showed that juice and peel of six Tunisian 

Table 2. Bioactive properties of three cultivars of pomegranate fruit fractions

*All values are reported as mean ± standard deviation, n = 3.
*Means with the same letter in column and row are not significantly different (p < 0.05). 

Figure 2. Vitamin C (mean ± standard deviation) of peel and arils of three pomegranate 
cultivars. For each type of fruit fraction, means followed by different letters are 
significantly different at p<0.05. (A). Comparison among arils and peels of three 
cultivars. (B). Comparison between aril and peel of individual cultivar. 
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Pomegranate varieties ranges from 1.97 ± 0.48 mg 
TAE/ml to 3.38 ± 0.67 mg TAE/ml and 111.23 ± 10.22 
mg TAE/g to 140.55 ± 7.37 mg TAE/g respectively 
which was very close to present work. Furthermore, 
Gil et al.  (2000) reported lower total hydrolyzable 
tannins in juice from fresh arils (0.539 mg/mL). 

Vitamin C content
The results for vitamin C content in aril and peel of 

pomegranate from three different cultivars are shown 
in Figure 2. It indicated that Egypt pomegranate 
showed high value for vitamin C in both fresh aril 
(59.91 mg/100g) and peel (122.03 mg/100g) while 
Bangladesh pomegranate showed lowest value 
both in fresh aril (18.13 mg/100g) and peel (40.71 
mg/100g). Irrespective of the cultivar, the fruit peel 
contained significantly (p < 0.05) higher vitamin C 
than the aril. The higher vitamin C content in fruit 
peel was in agreement with the reports of other 
investigators, which showed stronger antioxidant 
activity in different fruit peels than aril fractions (Guo 
et al., 2003; Li et al., 2006). Opara et al. (2009) found 
that fresh aril content lower amount of vitamin C than 
peel which varies from approximately 55 mg/100g to 
75 mg/100g in aril and 80 mg/100g to 120 mg/100g 
in peel. It was little similar to present work. But they 
found higher vitamin C content in Indian varieties 
than Egypt one which was totally opposite to values 
of present study.    

Conclusion

In this study, biochemical and bioactive properties 
of three pomegranate cultivars namely, Bangladesh 
pomegranate, Indian-Mridula and Egypt pomegranate 
were evaluated and significant differences were 
observed among the cultivars. For all cultivars total 
acidity and sugar were higher in peel than aril while 
fiber and lipid content were higher in seed. All three 
cultivars showed outstandingly high bioactivity such 
as total phenolic content, total flavonoid content, 
total tannin content and vitamin C in peel than aril.  
The DPPH radical scavenging activity was very high 
in Bangladesh pomegranate both in aril and peel. 
Therefore, the combination of aril (juice) and peel 
had higher antioxidant activity than these parts (aril 
and peel) separately. This study provides important 
data for composition information of the fruits (e.g. 
vitamin C, titratable acidity, antioxidant activity 
etc.) highlighting that the pomegranate fruit can be 
a good source of nutrients which can be used to treat 
various chronic diseases. Besides, there are a number 
of criteria that should receive more attention in future 
study such as evaluation of antimicrobial properties 

of pomegranate fruit fractions, its color component 
separation and use it in food products, seed oil 
extraction etc. Antioxidant activity of seed oil can 
be also estimated and finally several novel products 
can be developed from its aril, peel or dried seed and 
incorporate those in different products to increase 
their potentiality. 

References

Abedin, M. Z., Karim, A. A., Gan, C.Y., Ghazali, F. C., 
Barzideh, Z., Zzaman, W. and Zaidul, I. S. M. 2015. 
Identification of angiotensin I converting enzyme 
inhibitory and radical scavenging bioactive peptides 
from sea cucumber (Stichopus vastus) collagen 
hydrolysates through optimization. International Food 
Research Journal 22(3): 1074-1082. 

Abedin, M.Z., Karim, A.A., Latiff, A.A., Gan, C., Ghazali, 
F.C., Barzideh, Z., Ferdosh, S., Akanda, M.J.H., 
Zzaman, W., Karim, M.R. and Sarker, M.Z.I. 2014. 
Biochemical and radical-scavenging properties of sea 
cucumber (Stichopus vastus) collagen hydrolysates. 
Natural Product Research 28 (16): 1302-1305.

Akhavan, H., Barzegar, M., Weidlich, H. and Zimmermann, 
B. F. 2015. Phenolic Compounds and Antioxidant 
Activity of Juices from Ten Iranian Pomegranate 
Cultivars Depend on Extraction. Journal of Chemistry 
2015: 907101.

Amorim, E. L. C., Nascimento, J. E., Monteiro, J. M., 
Sobrinho, T. J. S. P., Araújo, T. A. S. and Albuquerque, 
U. P. 2008. A Simple and Accurate Procedure 
for the Determination of Tannin and Flavonoid 
Levels and Some Applications in Ethnobotany and 
Ethnopharmacology. Functional Ecosystems and 
Communities 2 (Special Issue 1): 88-94. 

AOAC. 2004. Official Methods of Analysis. 14th ed. 
Washington, D.C.: Association of Official Analytical 
Chemists.

AOAC. 2005. Official Methods of Analysis. 14th ed. 
Washington, D.C.: Association of Official Analytical 
Chemists.

Aviram, M., Rosenblat, M., Gaitini, D., Nitecki, S., 
Hoffman, A., Dornfeld, L., Volkova, N., Presser, D., 
Attias, J., Liker, H. and Hayek, T. 2004. Pomegranate 
juice consumption for 3 years by patients with carotid 
artery stenosis reduces common carotid intima-media 
thickness, blood pressure and LDL oxidation. Clinical 
Nutrition 23: 423–33.

Bell, C. and Hawthorne, S. 2008. Ellagic acid, pomegranate 
and prostate cancer-a mini review. Journal of Pharmacy 
and Pharmacology 60: 130–44.

Cam, M. and Hisil, Y. 2010. Pressurized water extraction of 
polyphenols from pomegranate peels. Food Chemistry 
123(3): 878–85.

Dafny-Yalin, M., Glazer, I., Bar-Ilan, I., Kerem, Z., 
Holland, D. and Amir, R. 2010.     Color, Sugars and 
Organic Acids Composition in Aril Juices and Peel 
Homogenates Prepared from Different Pomegranate 
Accessions. Journal of Agriculture and Food 



Sumaiya et al./IFRJ 25(2): 737-746 745

Chemistry 58: 4342–4352.
Defreitas, Z., Sebranek, J. G., Olson, D. G. and Carr, J. 

M. 1997. Carrageenan effects on salt soluble meat 
proteins in model systems. Journal of Food Science 
62: 539-543.

Elfalleh, W., Tlili, N., Nasri, N., Yahia, Y., Hannachi, 
H., Chaira, N., Ying, M. and Ferchichi, A. 2011.  
Antioxidant Capacities of Phenolic Compounds and 
Tocopherols from Tunisian Pomegranate (Punica 
granatum) Fruits. Journal of Food Science 76(5): 707-
713.

El-Nemr, S. E., Ismail, I. A. and Ragab, M. 1990. Chemical 
composition of juice and seeds of pomegranate fruit. 
Molecular Nutrition and Food Research 34(7): 601–
606.

Fadavi, A., Barzegar, M.., Azizi, M. H. and Bayat, M. 
2005. Note. Physicochemical Composition of Ten 
Pomegranate Cultivars (Punica granatum L.) Grown 
in Iran. Food Science and Technology International 
11(2): 113–119.

Folch, J., Lees, M. and Loane-Stanley, G. M. 1957. A 
simple method of isolation and purification of total 
lipids from animal tissues. Journal of Biological 
Chemistry 226: 497–509.

Gil, M.I., Tomas-Barberan, F.A., Hess-Pierce, B., Holcroft, 
D.M. and Kader, A. A. 2000. Antioxidant activity of 
pomegranate juice and its relationship with phenolic 
composition and processing. Journal of Agriculture 
and Food Chemistry 48: 4581–4589.

Guo, C., Yang, J., Wei, J., Li, Y., Xu, J. and Jiang, Y. 
2003. Antioxidant activities of peel and seed fractions 
of common fruits as determined by FRAP assay. 
Nutrition Research 23: 1719–1792.

Hassan, N. A., El- Halwagi, A. A. and Sayed, H. A. 2012. 
Phytochemicals, Antioxidant and Chemical Properties 
of 32 Pomegranate Accessions Growing in Egypt. 
World Applied Sciences Journal 16 (8): 1065-1073.

Holland, D., Bar-Ya’akov, I. and Hatib, K. 2006. 
Pomegranate research at Newe Ya’ar. Alon Hanotea 
60:411–413. 

Janghel, E. K., Sar, S. and Pervez, Y. 2012. A new method 
for determination of ascorbic acid in fruit juices, 
pharmaceuticals and biological samples. Journal of 
Scientific and Industrial Research 71: 549-555.

Kar, C. E., Ferchichi, A., Attia, F. and Bouajila, J. 2011. 
Pomegranate (Punica granatum) Juices: Chemical 
Composition, Micronutrient Cations, and Antioxidant 
Capacity. Journal of Food Science 76(6):795-800.

Khodade, M. S., Wavhal, K. N. and Kale, P. N. 1990. 
Physicochemical changes during the growth and 
development of pomegranate fruit. Indian Journal of 
Horticulture 47: 21–27.

Kotwal, G. J. 2007. Genetic diversity-independent 
neutralization of pandemic viruses (e.g. HIV), 
potentially pandemic (e.g. H5N1 strain of influenza) 
and carcinogenic (e.g. HBV and HCV) viruses and 
possible agents of bioterrorism (variola) by enveloped 
virus neutralizing compounds (EVNCs). Vaccine 
26:3055–3058.

Legua, P., Melgarejo, P., Abdelmajid, H., Jos´eMart´ınez, 

J., Mart´ınez, R., Ilham, H., Hafida, H. and Hern´andez, 
F. 2012. Total Phenols and Antioxidant Capacity in 10 
Moroccan Pomegranate Varieties. Journal of Food 
Science 77(1):115-120.

Li, Y., Guo, C., Yang, J., Wei, J., Xu, J. and Cheng, S. 2006. 
Evaluation of antioxidant properties of pomegranate 
peel extract in comparison with pomegranate pulp 
extract. Food Chemistry 96: 254–260.

Manukumar, H. M. and Thribhuvan, K. R. 2014. In-
vitro evaluation of physicochemical, antioxidant 
and Anti-inflammatory activity of pomegranate 
(Punica granatum L.) Juice and seed hydro extracts. 
International Journal of Pharma and Bio Sciences 
5(1): 131 – 141. 

Martinez, J. J., Melgarejo, P., Hernandez, F., Salazar, D. 
M. and Martinez, R. 2006. Seed characterization of 
five new pomegranate (Punica granatum L.) varieties. 
Scientia Horticulturae 110: 241–246.

Melgarejo, P., Cal´ın-S´anchez, A., V´azquez-Ara´ujo, L., 
Hern´andez, F., Mart´ınez, J. J., Legua, P. and Carbonell-
Barrachina, A. A. 2011. Volatile Composition of 
Pomegranates from 9 Spanish Cultivars Using 
Headspace Solid Phase Microextraction. Journal of 
Food Science 76(1):114-120.

Nwosuagwu, U. H., Ngozika, C. O. and Chiaka, C. N. 
2009. The chemical properties of African pear pulp 
at different stages of fruit development. International 
NGO Journal 4 (9): 380-385.

Opara, L. U., Al-Ani, M. R. and Al-Shuaibi, Y. S. 2009. 
Physico-chemical Properties, Vitamin C Content, 
and Antimicrobial Properties of Pomegranate Fruit 
(Punica granatum L.). Food Bioprocess Technology 
2:315–321.

Ozgen, M., Durgac, C., Serce, S. and Kaya, C. 2008. 
Chemical and antioxidant properties of pomegranate 
cultivars grown in the Mediterranean region of Turkey. 
Food Chemistry 111: 703–706.

Özkan, Y. 2005. Investigation on physical and chemical 
characteristics of some pomegranate genotypes 
(Punica granatum L.) of Tokat Province in Turkey. 
Asian Journal of Chemistry 17(2): 939–942.

Rahman, M.M., Das, R., Hoque, M.M. and Zzaman, W. 
2015. Effect of freeze drying on antioxidant activity 
and phenolic contents of Mango (Mangifera indica). 
International Food Research Journal 22(2): 613-617. 

Ranganna, S. 1986. Handbook of Analysis and Quality 
Control for Fruit and Vegetable Products, 2nd ed., 
Proximate Constituents, p. 9-10. New Delhi: Tata 
McGraw-Hill Publishing Company Limited.

Reddy, M. K., Gupta, S. K., Jacob, M. R., Khan, S. I. 
and Ferreira, D. 2007. Antioxidant, antimalarial 
and antimicrobial activities of tannin-rich fractions, 
ellagitannins and phenolics acids from Punica 
granatum L. Planta Medica 73:461–467.

Seser, E. D., AkCay, Y. D., Ilanbey, B., Yildirim, H. K. and 
S¨ozmen, E. Y. 2007. Pomegranate wine has greater 
protection capacity than red wine on low-density 
lipoprotein oxidation. Journal of Medicinal Food 
10:371–374.

Shin L.E.R., Zzaman, W. and Bhat, R. 2015. Influence 



746  Sumaiya et al./IFRJ 25(2): 737-746

of dehydration techniques on physicochemical, 
antioxidant and microbial qualities of ipomoea 
aquatica forsk., an underutilized green leafy vegetable. 
Journal of food Processing and Preservation 39(6), 
1118–1124. 

Singh, R. P., Chidambara Murthy, K. N. and Jayaprakasha, 
G. K. 2002. Studies on the antioxidant activity of 
pomegranate (Punica granatum L.) peel and seed 
extract using in vitro models. Journal of Agricultural 
and Food Chemistry 50: 81–86.

Ullah, N., Ali, J., Khan, F. A., Khurram, M., Hussain, 
A., Rahman, I. U., Rahman, Z. U. and Ullah, S. 
2012. Proximate Composition, Minerals Content, 
Antibacterial and antifungal Activity Evaluation of 
Pomegranate (Punica granatum L.) Peels Powder. 
Middle-East Journal of Scientific Research 11 (3): 
396-401.

World Cancer Research Fund. 1997. ‘Colon, rectum’, 
Food, Nutrition and the Prevention of Cancer: A 
Global Perspective, p. 216–51, Washington, D.C.: 
American Institute for Cancer Research.

Zzaman, W., Bhat, R. and Yang, T.A. 2014. Effect of 
superheated steam roasting on the phenolic antioxidant 
properties of cocoa beans. Journal of Food Processing 
and Preservation 38(4): 1932-1938. 


