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that belongs to the Punicaceae family and different parts of it have been used as
medicinal plant. The pomegranate seeds are the sources of lipid, sugars, protein and
essential minerals. Objective: This study was planned to investigate the composition
of fatty acids in seed oil of eight Iranian pomegranate cultivars. Methods: Mature ripe
fruits of eight pomegranate cultivars were harvested from a commercial pomegranate
orchard. Arils were dried via an air oven and oil extraction process was performed
using Soxhlet apparatus with petroleum ether as solvent. Finally, identification of fatty
acids in pomegranate seed oil was done by gas chromatography (GC). Results: A
considerable variation was observed in the composition of fatty acids and oil content
of pomegranate cultivars. The total oil content of the Iranian pomegranate cultivars
was ranged from 10.81 g/100 g DW to 15.03 g/100 g DW palmitic acid (C16:0), stearic
acid (C18:0), oleic acid (C18:1), linoleic acid (C18:2) and linolenic acid (C18:3) were
major fatty acids in the Iranian pomegranate cultivars. Linolenic acid being considered
and identified as the main fatty acid, ranged from 71.35 % for Poost-Ghermez to
74.58 % for Gar cultivars (P < 0.05). In saturated fatty acids, palmitic acid (C16:0)
with a mean of 0.414 (g/100 g DW) and in unsaturated fatty acids, linolenic acid
(C18:3) with a mean of 7.3 (g/100 g DW) were the dominant fatty acids found in
studied pomegranates. Also, our results showed that Sorahi cultivar had the highest oil
content (15.03 %), C18:1 (8.92 %) and C20:1 (1.12 %) among selected pomegranate
cultivars. In pomegranate seed oil, 7.84 % of the fatty acid was saturated and 91.08 %
was unsaturated. In addition, the ratio of polyunsaturated fatty acids to saturated ones
were found 9.83 to 11.54. Conclusion: Eight cultivars of the Iranian pomegranate seed
oils in this study contained very high levels of unsaturated fatty acids especially in
linolenic acid. The quality obtained due to fatty acid composition can in turn enhance
the general condition of the heath.

Abbreviations: SFA, Saturated Fatty Acids; UFA, Unsaturated Fatty Acids; MUFA, Mono Unsaturated Fatty Acids;
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1. Introduction

The pomegranate (Punica granatum L.) is one
of the oldest known edible fruits that belongs to
the Punicaceae family [1, 2]. It is said that the
origin of this fruit Iran and different parts of it
(fruit, juice, leaves and bark) have been used in
the Iranian herbal medicine [3]. Pomegranate has
been grown in Iran since the ancient time. Given
that, a diverse germplasm has evolved in the area
over the past centuries [4]. The cultivation of the
pomegranate is mainly confined to semi-and
mild-temperature to subtropical climates and
adapted to regions with hot summer and cold
winters such as Mediterranean countries [5]. The
edible parts of pomegranate fruits are mainly
consumed fresh; however, it has also been used
in the preparation of fresh juices, canned
beverages, jelly, jams, etc. [6]. According to the
reports, arils, juicer part of fruit, contain 50 to
70 % of its mass and the seeds represent from 5
to 15 % of the pomegranate mass [7]. The seeds
of pomegranate, inner woody part, depending on
its cultivar vary between 40 to 100 g/kg [8], but
in many pomegranate processing industries the
seeds remain as waste product [9], whereas they
are the sources of lipid, polyunsaturated fatty
acids, sugars, protein and other bioactive
compounds [10, 11]. The lipid of seeds varies
between 140-270 g/kg dry matter, so they are rich
in lipid [12].

Because of the antioxidant activity of some of
the pomegranate seed oils, particularly their
important role in the prevention of lipid oxidation
processes, the studies on the lipid compositions
of pomegranate in Iran, Turkey, Spain and China
have been considered in horticultural and
medical science [13]. Essential fatty acids
including saturated and unsaturated fatty acids
range based on pomegranate varieties. In
pomegranate seed oil, 83.6 % of the fatty acids
were saturated and 16.3 % were unsaturated [10].
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In another study in Spain, it was shown that 30-
33.8 % of the fatty acids were saturated and 66.2-
69.0 % of them were unsaturated [14].

Unsaturated fatty acids like oleic acid, linoleic
acid, linolenic acid and eicosenoic acid are the
components of the pomegranate seed. The
linoleic acid and a-linolenic acid (ALA, 18:3n-3)
are known as a protector of cardiovascular
diseases [15, 16]. Linoleic acid is one of the most
important fatty acids that regulates the low-
density lipoprotein (LDL) and enhances its
clearance [15]. On the other hand, one of the rare
conjugate linolenic acid isomer and an ideal
highly unsaturated fatty acid is punicic acid. The
amount of rare trans-18-carbon fatty acid
(punicic acid) ranges from 45 to 70 percent [17,
18].

The dominant unsaturated fatty acid
compositions of 15 commercial cultivars grown
in Turkey vary between 13.95 to 24.13 % and
punicic acid varies between 70.42 to 76.17 %
[19]. Punicic acid may inhibit invasion of human
prostate cancer cells [20], may prevent cancer
and arthrosclerosis [21] and its activities against
metabolic syndrome and inflammation have been
confirmed by various in vivo experiments [17,
22].

The objective of this study was to investigate
the lipid content and fatty acid compositions of
oil seeds of eight Iranian pomegranate cultivars.

2. Materials and Methods
2.1. Fruit sample collection

Fully matured fruits of eight pomegranate
cultivars namely; "Golabi", "Yazdani", "Sorahi",
"Poost-Ghermez", "Mirzaei”, "Lop Sorkhi",
"Gar" and "Ali-Akbari” were harvested (in
September and November 2015) from a
commercial pomegranate orchard in Najaf-Abad
city in central of Iran situated at the 51° 18' E, 32°
36' N and 1655 m above the sea level. The
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average annual rainfall in the studied region was
157.38 mm and the absolute maximum,
minimum and the average annual temperature
were 35.6 °C, -5.1 °C and 18.15 °C, respectively.
The texture of soil was sandy loam with
pH = 7.52 and EC = 8.08 (dS/m). The trees were
planted 5 and 4 m between and along the rows,
respectively.

Fruits of eight cultivars were harvested from 9
year-old trees. For each cultivar, three trees were
selected and 15 fruits (5 fruits /tree) were randomly
picked from external and internal parts of each
pomegranate cultivar. The same routine cultural
practice was performed for pomegranate fruit
production. Samples of pomegranate fruits were
transported to the laboratory of the Islamic Azad
University, Isfahan (Khorasgan) Branch for further
preparations and analysis.

2.2. Oil extraction and Analysis of Fatty Acid
Composition

The selected pomegranates fruits were
transported to the laboratory with defects
(sunburns, cracks, cuts and bruises in husk) being
discarded. Following peeling out the skin,
covering seeds were removed. Arils of fruits
were hand-separated and 3 samples were taken
from each cultivar. All the arils were dried for 2
days in an air oven at 60 °C to constant weight.
Fifteen grams of each cultivar seeds were
crushed in a mortar and then the process was
further developed by deploying petroleum ether
as solvent by Soxhlet extractor device, and lipids
extraction procedure was performed for 6 hours
[23]. The samples were then dried in desiccators
for 1 hour, and finally were weighed to obtain the
grams of oil extracted [12].

Fatty acids were converted to their methyl
esters by fast cold transmethylation with
methanolic potassium hydroxide 2M, according
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to the method 5509 of the ISO [24, 25]. Briefly,
a mass of 4.0 g of oil was weighted and added
with 40 ml methanol and 0.5 ml of KOH and the
mixture was heated in a bath at 100 °C and then
it was cooled in running water at room
temperature. In the next step, the mixture was
transferred to a separation funnel along with 20.0
ml heptane and 50.0 ml of deionized water. After
agitation and phase separation, the aqueous phase
was discarded. After phase separation, the
supernatant containing fatty acid methyl esters
was collected for gas chromatography analysis.

The compositions of fatty acids were
determined by gas chromatography (Agilent
6890) equipped with a flame ionization detector
(GC-FID) and an Hp-88 capillary column (100
m, 250-pm i.d., 0.2 um film thickness). First, the
oven temperature was set at 198°C and was held
for 6 minutes. In the next phase, an increasing
process including 180 °C at 20 °C/ minutes (for
10 minutes) followed by 210°C at 20 °C/minutes
was done. The temperatures of injector and
detector were fixed at 250 and 280 °C,
respectively. Nitrogen with 99.9 % purity was
used as carrier. A certified fatty acids methyl
ester reference standard mixture (37 fatty acids
from C4 to C24) from Supelco, TraceSelec
(Bellefonte, PA, USA) was used. Fatty acid
methyl esters were identified by comparing the
retention time of the sample with a certified fatty
acid methyl esters mix and diverse individual
fatty acid methyl esters with literature data on
pomegranate seed oils. Finally, the contents of
fatty acids were expressed as percent [26].

2.3. Chemical and reagents

The solvent and chemical reagents used in the
current study had analytical grade and were
obtained from Merck Chemical Company and
Sigma-Aldrich.
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2.4. Statistical Analysis

The experimental design was a completely
randomized block design with eight treatments
and 3 replications. The results of all studied
variables were presented as mean = SE. The
mean values were separated according to
Duncan's multiple range test at the 95 %
confidence level using MSTAT-C software.

3. Results

According to analysis of variance, a
considerable variation was observed the
composition of fatty acids and the oil percent of
pomegranate cultivars (Table 1, 2 and 3).

The total amounts of lipid content of different
Iranian pomegranate cultivars are presented in
Fig. 1. According to obtained results, the total oil
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content was ranged from 10.81 g/100 g (in Lop-
Sorkhi) to 15.03 g/100 g (in Sorahi). The highest
oil content was obtained for Sorahi, followed by
Poost Ghermez, Mirzaei and Aliakbari cultivars.

The contents of saturated and unsaturated fatty
of seed oils extracted of the Iranian pomegranate
cultivars were given in Table 4 and 5. The main
saturated fatty acid among the eight cultivars was
palmitic acid (C16:0) that was ranging from 3.53 %
(in Yazdani cultivar) to 4.85 % (in Golabi cultivar).
The other saturated fatty acids in the samples were
heptadecanoic (C17:0), stearic (C18:0), arachidic
(C20:0) and behenic acid (C22:0) that were ranged
between 0.04-0.07, 1.95-2.87, 0.52-1.36 and 0.35-
0.48 %, respectively (Table 3).

Table 1. Analysis of variance for oil percent and the composition of saturated fatty acids of pomegranate cultivars

S.0.V df Oil percent Palmitic acid Stearic acid Arachidic acid Behenic acid
Repeat 2 8.74m 0.476™ 0.380™ 0.292™ 0.001"
Cultivar 7 39.78™ 0.711™ 1.265™ 0.337™ 0.008"

Error 14 20.04 0.056 0.042 0.025 0.007
CV (%) - 8.97 5.70 8.77 17.13 20.59

S.0.V: Source of variation, df: degree of freedom, C.V: coefficient of variation; "™ and **: non-significant and significant at 1 %

probability levels, respectively.

Table 2. Analysis of variance for the composition of unsaturated fatty acids of pomegranate cultivars

S.0.vV df Oleic acid Linoleic acid Linolenic acid Eicosenoic acid
Repeat 2 4.555™ 3.681™ 115.379™ 0.331™
Cultivar 7 1.927™ 0.782m 3.234m 0.072™
Error 14 0.202 0.401 10.452 0.016
CV (%) - 5.80 6.75 4.43 13.11

S.0.V: Source of variation, df: degree of freedom, C.V: coefficient of variation; "™ and **: non-significant and significant at 1 %

probability levels, respectively.

Table 3. Analysis of variance for the content of fatty acids and their ratios of pomegranate cultivars

S.0v df SFA? UFAP MUFA° PUFA! UFA/SFA
Repeat 2 3.109™ 233.932™ 7.317 159.760™ 0.503"™
Cultivar 7 0.642" 2.216™ 2.021™ 1.755"™ 1.563™

Error 14 0.201 11.825 0.180 10.124 0.716
CV (%) - 5.72 3.78 4.88 3.86 7.24

S.0.V: Source of variation, df: degree of freedom, C.V: coefficient of variation; ™ and *: non-significant and significant at 5 and 1 %

probability levels, respectively.

a Saturated fatty acids, ® unsaturated fatty acids, ¢ Monounsaturated fatty acids and ¢ Polyunsaturated fatty acids.
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The relative percentage of unsaturated fatty
acids is shown in Table 5. Linolenic acid (C18:3)
was the dominant fatty acid in the studied
pomegranate. The amount of this fatty acid
ranged between 71.35 for Poost-Ghermez and
74.58 % for Gar cultivars.

High amount of total unsaturated fatty acids
was seen in all oil samples. Major mono-
unsaturated fatty acid among all studied cultivars
was oleic acid (C18:1), ranging from 6.51 % (for
Lop-Sorkhi) to 8.92 % (for Sorahi). Eicosenoic
acid (C20:1) as a major mono-unsaturated fatty
acid ranged between 0.62 (for Poost-Ghermez) to
1.12 % (for Sorahi). In this research, Linoleic
acid (C18:2) was the second most unsaturated
fatty acid and its percentage was between 8.52
and 10.12 % in Sorahi and Poost-Ghermez
cultivars, respectively. Oleic acid (C18:1)
content in the samples was 6.51 % for Lop Sorkhi
to 8.92 % for Sorahi cultivars. In terms of
eicosenoic acid content (C20:1), Poost-Ghermez
and Sorahi had the lowest (0.62 %) and highest
(1.12 %) percentages.

The relative order of unsaturated fatty acids in
studied pomegranates cultivars was linolenic
acid (71.35-74.58 %), followed by linoleic acid

N. Momeni & HA Asadi-Gharneh

(9.05-10.12 %) and oleic acid (6.51-8.92 %). The
amount of saturated fatty acids, mono-
unsaturated fatty acid, poly-unsaturated fatty
acid and ratio of poly-unsaturated to saturated
fatty acids of different Iranian pomegranate
cultivars are shown in Table 6.

As shown in Table 6, it has been confirmed
that the unsaturated fatty acids (USFA) were
dominant fatty acids in all Iranian pomegranate
cultivars.  The unsaturated fatty acids
(MUFA+PUFA) were 89.85 % (Lop-Sorkhi) to
92.42 % (Gar) of the total fatty acids. The ranges
of SFA, MUFA and PUFA between studied
pomegranates cultivars were 7.09-8.33, 7.38-
10.04 and 81.47-83.97 %, respectively. The
highest values of PUFA were observed in Gar
cultivar (83.97 %) and the (MUFA) and (SFA)
ranged between 7.38-10.04 % and 7.09-8.33 %,
respectively. Pomegranate seed oil samples in
this study had high concentration of PUFA with
a mean of 82.38 %. The ratio of PUFA/SFA
varied between 9.83 (Ali-Akbari) and 11.54
(Mirzaei). Based on the obtained results,
pomegranate seed oils had the following
sequence: PUFA > MUFA > SFA.
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Fig. 1. Total lipid content of studied Iranian pomegranate cultivars
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Table 4. The content of saturated fatty acids (relative percentage %) from seeds of eight Iranian pomegranate cultivars

Cultivars Palmitic acid Heptadecanoic acid Stearic acid Arachidic acid Behenic acid
(C16:0) (C17:0) (C18:0) (C20:0) (C22:0)
Golabi 4.85+0.27% 0.06 +0.01% 2.48 + 0.52° 0.54 +0.07¢ 0.38 £0.092
Yazdani 3.53+0.21° 0.06 + 0.02% 2.03+0.07¢ 1.36 + 0.18? 0.48 £0.122
Sorahi 3.58 +0.11° 0.06 +0.01% 2.41 +£0.16" 1.25 +0.23? 0.45+0.08?
Poost Ghermez 452 +0.63% 0.05 +0.01% 2.45 £ 0.47° 0.61 +0.20« 0.37 £ 0.05*
Mirzaei 3.89 +£0.21% 0.04 +0.02° 2.29 +0.21bd 0.52 +0.23¢ 0.35+0.5°
Lop Sorkhi 4.64 £0.312 0.05 + 0.03% 2.11+0.15%4 1,13 +0.34%® 0.35+0.072
Gar 4.05 + 0.39° 0.05 + 0.01% 1.95 +0.194 1.11 +0.36% 0.36 £0.092
Ali-Akbari 4,08 +£0.24° 0.07 £ 0.022 2.87£0.22° 0.87 +£0.22% 0.44 £0.072
Mean 4.14 0.05 3.32 0.92 0.39

Mean in each column followed by different letters are significantly different (P < 0.05)

Table 5. The content of unsaturated fatty acids (relative percentage %) from seeds of eight Iranian pomegranate

cultivars
Cultivars Oleic acid Linoleic acid Linolenic acid Eicosenoic acid
(C18:1) (C18:2) (C18:3) (C20:1)
Golabi 7.45+0.71% 9.05 + 1.15% 73.64 + 3.56° 1.06 + 0.12%
Yazdani 6.93 + 0.34¢f 9.52 + 0.79% 73.11 + 3.10° 1.03 £ 0.22%
Sorahi 8.92 + 1.40° 8.52 £ 0.342 73.58 + 1.222 1.12 +0.282
Poost Ghermez 8.40+0.77® 10.12 + 0.56° 71.35 +1.20° 0.62 £ 0.24°
Mirzaei 7.93 + 1.050« 9.96 £ 0.418 71.88 +1.53? 1.01 £ 0.37%
Lop Sorkhi 6.51 + 0.63f 9.11 + 0.26% 73.36 + 3.522 0.87 £ 0.20°
Gar 7.53 +0.81¢c 9.39 + 1.28% 7458 +3.73? 0.92 +0.12%
Ali-Akbari 8.32 + 0.802¢ 9.36 + 1.50% 72.57 + 3.092 0.99 + 0.22%
Mean 7.74 9.37 73.00 0.95

Mean in each column followed by different letters are significantly different (P < 0.05)

Table 6. Content of fatty acids and their ratios in the seeds of Iranian pomegranate cultivars

Cultivars SFA (%) UFA (%) MUFA (%) PUFA (%) Ratio UFA/SFA
Golabi 8.31+£0.742 91.2 £5.08? 8.51 + 0.79bd 82.69 + 4.382 10.99 + 0.36°
Yazdani 7.46 +0.29% 90.59 * 4.26° 7.96 + 0.54% 82.63 + 3.80? 12.14 +0.22%
Sorahi 7.75+0.38%  92.14 + 12.043 10.04 £ 1.582 82.10 + 10.472 11.86 + 1.10%
Poost Ghermez 8.00 + 1.242 90.49 + 3.742 9.02 + 0.99%¢ 81.47 +2.752 11.46 + 1.56%
Mirzaei 7.09 + 0.66° 90.78 + 3.222 8.94 + 1.35% 81.84 +1.872 12.85+0.772
Lop Sorkhi 8.28 +0.832 89.85+4.072 7.38 £0.82¢ 82.47 + 3.262 10.89 + 0.62°
Gar 7.52 +£0.76%® 92.42 +7.792 8.45 + (.93« 83.97 + 6.882 12.31+£0.51%
Ali-Akbari 8.33+0.702 91.24 +5.172 9.31+0.91® 81.93 +4.292 10.98 + 0.67°

Mean 7.84 91.08 8.70 82.37 11.68

Mean in each column followed by different letters are significantly different (P < 0.05)

4. Discussion

The aim of this study was to investigate the
lipid content and fatty acid compositions of oil
seeds of eight Iranian pomegranate cultivars. The
lowest and the highest measured oil were seen in
Lop-Sorkhi and Sorahi cultivars, respectively.
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These values were partially consistent with the
results obtained from some Iranian commercial
varieties ranged from 13.5 % for Shahvar to 16.9
% for Pust Sefid [27]. The observed differences
in Iranian studies could be related to the varieties,
environmental condition and latitude that make
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various temperatures, different amount of
rainfall, not the same received light for the trees,
and finally. The harvesting year which leads to
the different chemical composition of
pomegranates.

The range of total oil in our study was in
agreement with the study carried out in Spain
[13] on seed oil of nine European pomegranate
varieties that showed the total lipids ranged
between 4.44-13.70 %. Given that, the minimum
amount of total oil in our study related to Lop-
Sorkhi (10.81 %) is twice more than the
minimum amount reported in European varieties
(4.44 % for Valenciana) [13]. In Turkey, the
study on the oil content of 15 commercial
pomegranate seed varieties showed the ranging
from 13.95 to 24 [19]. It is considerable that the
mean of seed oil of the varieties in our study is in
a lower level than the minimum of the seed oil of
all varieties studied in Turkey [19]. These
differences may be contributed to the varieties
being studied and also to the environmental
conditions.

The total saturated fatty acids (SFA) in seed
oil of nine European pomegranate varieties
ranged from 4.9 to 7.3 % [13], and in our study,
it ranged from 7.09 to 8.33 %. In terms of
unsaturated fatty acids (UFA) as it was shown in
Table 2, all oil samples had high amount. Our
results confirmed the presence of linolenic acid
(C18:3) and linoleic acid (C18:2) in all seed oils
of pomegranates as previously reported [1, 17].
Also, total lipid of red pomegranate seed oil was
dominated by linoleic acid (20-21 %) and oleic
acid (19-21 %), but about purple pomegranates,
the main fatty acids were reported oleic acid (41-
43 %), punicic acid (0-25 %) and linoleic acid (0-
19 %) [28]. In our study, this consequence was
seen: heptadecanoic acid < behenic acid <
arachidic acid < eicosenoic acid < palmitic acid
< oleic acid < linoleic acid < linolenic acid. Our
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results were similar to those obtained in Iran on
25 different varieties which reported that
pomegranate seeds contain 6 to 15.7 % oil and
achieved the following results concerning the
fatty acid composition: behenic acid < myristic
acid < stearic acid < palmitic acid < oleic acid <
linoleic acid < linolenic acid [29].

Pomegranate seed oil contains high amount of
unsaturated fatty acids such as punicic acid, a
geometric isomer of linolenic acid which makes
up over 70 % of the total fatty acids present in the
oil [18]. Our results about these fatty acids were
similar to five different varieties of Iranian
pomegranate seeds [18]. In comparison with non-
Iranian cultivars, results showed
3.81-20.25 % for oleic acid, while in our study
the maximum amount was seen 8.92 % in Sorahi
cultivar. Reported values in another study for
oleic (6.82-7.17 %) and Eicosenoic (0.64-0.66
%) acids [22] were less than amounts that were
obtained in this study.

Linoleic and linolenic acids are synthesized in
various plants whereas human and other
mammals, because of their bio-system
disabilities to produce, should be provided these
fatty acids from external sources [30]. Vitality
effects of unsaturated fatty acids in cholesterols
control and heart disease risk reduction were
approved in studies [31, 32]. Linoleic acid has a
crucial role in protection of cardiovascular
diseases and as a regulator of low-density
lipoprotein, enhances its clearance [15].
According to our results, it can be stated that
Iranian pomegranate cultivars are good sources
of fatty acids especially unsaturated fatty acids
like linoleic and linolenic acids. On the other
hand, since all pomegranate cultivars were
collected from the same experimental condition,
it could be concluded that the observed variation
were affected by the genetic factors.
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When considering the overall fatty acids
composition, pomegranate seed oils in our study
had the following sequence: PUFA > MUFA >
SFA, but in Spanish [13] and China-grown
pomegranate [33] the sequence was PUFA >
SFA > MUFA which can be contributed to the
differences among cultivars, environmental
condition and latitude. Regarding PUFA/SFA
ratio, it varied between 9.83 (Ali-Akbari) and
11.54 (Mirzaei) cultivars. Differences among
cultivars were observed depending on the
cultivars, with values of PUFA ranging from 88.1
to 90.3 % for Katirbasi and Cis 127 cultivars,
SFA ranged between 6.1 to 7.4 % for CG8 and
Mollar de Elche and MUFA ranged between 3.9
to 6.3 % for White and Wonderful 2 in Spanish
cultivars [13] whereas PUF arranged between
81.47 to 83.97 for Gar and Poost-Ghermez, SFA
ranged 7.09 to 8.33 % for Mirzaei and Aliakbari
and MUFA ranging from 7.38 to 10.04% for
Lop-Sorkhi and Sorahi in our Iranian
pomegranate cultivars. The minimum amount of
this ration recommended by HMSO [34] is equal
to 0.45 and so, this ratio in our samples is well
above.

5. Conclusion

In this study, we assessed the composition of
fatty acids of eight Iranian pomegranate cultivars
from the central area of Iran. Pomegranate seeds
are a byproduct of this fruit, but according to
recent reports and this research, it could be
recommended to use it as a source of seed oil
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