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ABSTRACT: In this study, we investigated the effect of roasting conditions and time on the physicochemical properties of 
pomegranate seed oil. We analyzed the fatty acid, total phenolic, flavonoid, tocopherol, and phytosterol contents of pome-
granate seed oil extracted under four conditions: raw, heated at 160°C for 15 min, heated at 160°C for 20 min, and heated at 
180°C for 10 min, which included three that were well-established to enhance nutritional and flavor properties. Further-
more, the oxidative stability was evaluated based on the acid value, peroxide value, and induction period. Roasting signifi-
cantly decreased the contents of punicic acid, polyunsaturated fatty acids, tocopherol, and phytosterol and the 2,2-diphen-
yl-1-picrylhydrazyl radical scavenging capacity (P<0.05) of the oil. Conversely, saturated fatty acids, monounsaturated fat-
ty acids, acid value, peroxide value, total phenolic and flavonoid contents, and induction period were significantly increased 
(P<0.05). Our results suggest that the roasting conditions were nutritionally and oxidatively stable, thereby enhancing the 
roasting process and providing a database for essential roasting treatments for pomegranate seed oil.
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INTRODUCTION

Pomegranate (Punica granatum L.) is a tree species native 
to India that is widely cultivated in China, India, Iran, 
Mediterranean countries, and the United States (Khoddami 
et al., 2014). It is a functional product that provides nu-
tritional and health benefits and it has been cultivated 
for nutritional and pharmacological uses since ancient 
times (Kaseke et al., 2020b). All parts of the pomegran-
ate plant, including the skin, flesh, and seeds, contain 
healthy compounds. The skin and flesh are rich in puni-
calagin, tannins, anthocyanins, and ellagic acid, and are 
frequently consumed as fresh fruit or in various prod-
ucts, including juice, syrup, jam, and wine (Drinić et al., 
2020; Kaseke et al., 2021). Pomegranate seeds, a by-prod-
uct of pomegranate processing (Kaseke et al., 2021), are 
rich in bioactive compounds, such as polyphenols, tocoph-
erols, phytosterols, and punicic acid (Kaseke et al., 2021), 
and contain approximately 12%∼20% oil (Musa Özcan 
and Uslu, 2023).

Pomegranate seed oil is a valuable industrial and health 
alternative to pomegranate seeds, which are waste prod-

ucts (Musa Özcan and Uslu, 2023). Similar to pomegran-
ate, it has attracted much scientific interest because of 
its uniqueness in terms of fatty acid composition and 
bioactivity (Iriti et al., 2023). Pomegranate seed oil com-
prises palmitic acid, stearic acid, oleic acid, linoleic acid, 
and four isomers of linolenic acid (Khoddami et al., 2014). 
Punicic acid, an -5 isomer of linolenic acid, is the pri-
marycomponent and has antioxidant and anticancer prop-
erties (Drinić et al., 2020). Furthermore, major biomark-
ers include palmitic acid (saturated fatty acids), oleic 
acid (monounsaturated fatty acids), -sitosterol (phytos-
terol), and -tocopherol (tocopherol) (Iriti et al., 2023), 
and it is rich in phenolic compounds (Musa Özcan and 
Uslu, 2023). Therefore, pomegranate seed oil reduces 
total cholesterol, wound inflammation, type 2 diabetes 
risk, insulin resistance, and glucose intake, provides an-
tioxidant and anticancer protection, and prevents obesity 
(Khoddami et al., 2014; Iriti et al., 2023), making pome-
granate seed oil a uniquely valuable product (Iriti et al., 
2023).

Thermal treatment of foods affects their bioactive and 
physicochemical properties. Thermal processing is a tra-
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ditional processing method that improves the nutritional 
value and organoleptic properties of foods; however, 
proper heating is essential because it affects the antioxi-
dant capacity, composition, and concentration of volatile 
compounds (Musa Özcan and Uslu, 2023). Kaseke et al. 
(2020b) evaluated the quality and antioxidant capacity of 
pomegranate seed oil following microwave treatment, and 
Kaseke et al. (2020a) investigated the effects of blanching 
on the physicochemical and bioactive substances and an-
tioxidant properties of pomegranate seed oil. This study 
aims to investigate the effects of roasting temperature 
and time on the physicochemical and phytochemicals of 
pomegranate seed oil by comparing its composition un-
der different roasting conditions.

MATERIALS AND METHODS

Experimental materials
Frozen pomegranate (P. granatum L.) seeds were pur-
chased online from Turkey. The pulp was removed and 
dehydrated using a dry oven (WOF-W155, DAIHAN Sci-
entific Co., Ltd.), and then frozen at −18°C until further 
use.

Roasting and oil extraction of pomegranate seed oil
Four roasting conditions were applied, including three 
roasting conditions (160°C_15 min, 160°C_20 min, 180°C_ 
10 min) and raw, which were selected based on anti-
oxidant properties and flavor analysis results from pre-
vious studies. One hundred grams of pomegranate seeds 
were roasted at 160°C for 15 min, 160°C for 20 min, or 
180°C for 10 min using the oven function of a multi- 
light oven (EON-C200F, Guangdong Midea Kitchen Ap-
pliances Manufacturing Co., Ltd.). Subsequently, they 
were finely ground using a grinder (CSM-309, SY Elec-
tronics Co.) and placed in a glass vial. Then, hexane (500 
mL) was added, and the powder was stored at 4°C for 24 
h. Next, the hexane-containing pomegranate seeds were 
filtered and excess moisture was removed using anhy-
drous sodium sulfate. A liquid layer was obtained and 
the pomegranate seeds were removed. A rotary evapo-
rator (Rotavapor R-3, Buchi Korea) was used to remove 
hexane from the liquid layer, which was then used for 
further analysis.

Fatty acid composition analysis
We added 0.5 mL of heptadecanoic acid (C17:0, 1 mg/mL 
hexane), which is the internal standard for fatty acid com-
ponents, to approximately 100 mg of the sample and dis-
solved it in 2 mL of 0.5 N NaOH/methanol solution. 
After heating it at 100°C for 10 min, it was cooled, and 4 
mL of BF3 was added. Then, the sample was heated at 
100°C for 40 min to proceed with derivatization. After 

cooling, the upper layer was extracted by adding 5 mL of 
hexane and saturated NaCl, filtered, and analyzed. Gas 
chromatography (GC; Agilent 7890A, Agilent Technolo-
gies) was used to analyze fatty acids. The column used for 
the analysis was an SP-2560 capillary column (100 m× 
0.25 mm i.d., 0.25 m film thickness, Agilent Technolo-
gies), and the injector and detector temperatures were 
set at 250°C. The oven was heated to 130°C for 5 min 
and then increased by 4°C per min to 240°C, then main-
tained for 15 min. Each isolated fatty acid was identified 
by comparing its retention time (RT) with that of a fatty 
acid standard (Lim et al., 2016).

Total phenolic content (TPC) analysis
Each sample (1 mL) was mixed with ethanol (1 mL) and 
distilled water (5 mL); 0.5 mL of Folin-Ciocalteu’s phe-
nol (Sigma-Aldrich) was added to the solution, and the 
mixture was stirred for 5 min. One milliliter of 10% so-
dium carbonate (Na2CO3) solution was added to the solu-
tion, and the solution was centrifuged at 1,764 g for 10 
min. Then, 200 L of the sample was added to a 96-well 
plate, and the absorbance was measured at a wavelength 
of 750 nm using a UV Spectrophotometer (Multiskan 
Go, Thermo Fisher Scientific). The TPC was expressed 
as milligrams of gallic acid equivalents per mL of oil (mg 
GAE/mL) using an equation obtained from the standard 
gallic acid calibration curve (0.01∼0.08 mg/mL) (Hong 
et al., 2020).

Total flavonoid content (TFC) analysis
We mixed 0.5 mL of the sample with 1.5 mL of 95% 
ethanol, 0.1 mL of 10% aluminum nitrate and 1 M po-
tassium acetate. The mixture was vortexed for 5 min, 
then 2.8 mL of distilled water was added, and the sam-
ple was left to react at 23°C for 30 min. Subsequently, 
the TFC was computed using a calibration curve obtained 
by adding 200 L of the mixture to a 96-well plate and 
measuring the absorbance at a wavelength of 415 nm. 
The TFC was expressed as milligrams of quercetin equiv-
alents per mL of oil (mg QE/mL) using an equation ob-
tained from the standard gallic acid calibration curve 
(0.01∼0.08 mg/mL) (Hong et al., 2020).

Tocopherol content analysis
Approximately 50 mg of sample was dissolved with 50 
mL of hexane, filtered through a 0.45 m hydrophobic 
polytetrafluoroethylene syringe filter, and used for anal-
ysis. High performance liquid chromatography (HPLC; 
Agilent 1260N, Agilent Technologies) using the 
LiChrosorb Si-60 (4×250 mm, 5 m particle size, HibarⓇ 
Fertigsäle RT, Merck Millipore) was used to analyze the 
mixture. The HPLC detector was operated at an excita-
tion and emission wavelength of 290 and 330 nm, respec-
tively, using a fluorescence detector. The analyzed peaks 
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were identified by comparing their RT with those of to-
copherol standards (Shin, 2013).

Phytosterol content analysis
To approximately 1 g of sample, we added 500 L of in-
ternal standard 5-cholestane (1 mg/mL hexane), 8 mL 
of 3% (w/v) pyrogallol/ethanol, and 1 mL of prepared 
saturated KOH solution. After mixing, the samples were 
incubated at 80°C for 1 h and then cooled. Subsequently, 
7 mL of distilled water and hexane were added, then the 
hexane layer was removed under a nitrogen stream. Sub-
sequently, we added 0.5 mL of a N,O-Bis(trimethylsilyl) 
trifluoroacetamide solution containing 1% trimethylsilyl 
and 1 mL of a pyridine solution to redissolve it by mix-
ing, followed by 1 hour of derivatization at 80°C. Phytos-
terols were analyzed using GC-FID (Agilent 7890A), and 
the column was an HP-5 (30 m×0.32 mm i.d., 0.25 m 
film thickness, Agilent Technologies). The oven temper-
ature was 260°C, with a 3°C per min increase until it 
reached 300°C, where it was maintained for 15 min. The 
injector and detector temperatures were set at 300°C 
and 320°C, respectively (Shin et al., 2010).

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 
activity analysis
DPPH was prepared by mixing 3.9 mg of DPPH with 10 
mL of isooctane, making a 1 mM DDPH solution. We 
then mixed 5 mL of this solution with 45 mL of isooc-
tane, preparing a 0.1 mM DPPH solution. Approximately 
10 L of the sample was mixed with 1 mL of 0.01 mM 
DPPH solution (Sigma-Aldrich) and allowed to stand at 
room temperature in the dark for 20 min. The samples 
were then centrifuged at 125.44 g for 10 min, and the 
absorbance was measured using a spectrophotometer at 
517 nm using a 96-well plate. The measured absorbance 
values were substituted into the following equation to 
calculate the DPPH radical scavenging capacity (Hong et 
al., 2020).

DPPH radical scavenging activity (%)
=(1−sample absorbance/blank absorbance)×100

Acid value (AV) and peroxide value (PV) analysis
For AV analysis, approximately 4 g of sample was dis-
solved in a 1:1 (v/v) mixture of ether:ethanol, then ap-
proximately 200 L of 1% phenolphthalein solution was 
added. Titration was performed with the prepared 0.1 N 
KOH/ethanol solution until the mixture became pale 
red. The AV was calculated in comparison to the blank 
test.

For the PV assay, approximately 1 g of the sample was 
mixed with 10 mL of chloroform, 15 mL of acetic acid, 
and 1 mL of a prepared KI saturation solution. The mix-
ture was allowed to stand for 10 min in a dark room. 

Distilled water (75 mL) and 1 mL of 1% starch solution 
(indicator) were added, followed by titration with the pre-
pared 0.01 N Na2S2O3 solution until clear. The PV was 
calculated in comparison to the blank test. The AV and 
POV were determined using the AOCS Ca 5a-40, Cd 8-53 
official methods, respectively (AOCS, 2003, 2017).

Induction period (IP) analysis
The oxygen IP was measured using Rancimat (Metrohm 
CH series 892, Metrohm AG). Approximately 3 g of the 
sample was placed in the reaction vessel and forced oxi-
dation was performed by injecting air at 20 L/h and 
100°C. Upon heating and oxidation, polar substances, 
such as ketones, aldehydes, and carboxylic acids, were 
produced, and the oxygen IP was determined based on 
the value obtained from an electrolyte sensor mounted 
in deionized water (Kim et al., 2019).

Statistical methods
The results were expressed as the mean±standard devi-
ation of at least three replicates, and the significance of 
the results was tested by Tukey’s multiple range test 
(P<0.05) using SAS version 9.0 (SAS Institute Inc.).

RESULTS AND DISCUSSION

Fatty acid composition
The fatty acids contained in the pomegranate seed oil 
were analyzed, and the findings are shown in Table 1. The 
highest percentage of punicic acid (C18:3n5), the most 
representative fatty acid in pomegranate seed oil, was 
observed in the raw oil (86.80%; P<0.05). This was fol-
lowed by linoleic acid (C18:2n6c), oleic acid (C18:1n9c), 
palmitic acid (C16:0), and stearic acid (C18:0) at pro-
portions of 4.49%, 4.55%, 2.43%, and 1.73%, respec-
tively. After roasting, the percentage of punicic acid var-
ied from 82.96%∼85.87%, demonstrating a decreasing 
pattern of approximately 1.07%∼4.42% (P<0.05). Oleic, 
linoleic, palmitic, and stearic acids demonstrated increas-
ing patterns, varying between 4.83%∼5.78%, 4.91%∼ 

5.92%, 2.59%∼3.15%, and 1.80%∼2.20%, respectively 
(P<0.05). Therefore, the percentage of saturated and 
monounsaturated fatty acids in pomegranate seed oil in-
creased from 4.16%∼5.34% and 4.55%∼5.78% (P< 
0.05), respectively. Conversely, the percentage of polyun-
saturated fatty acids decreased to 88.88%∼91.29% (P< 
0.05).

The fatty acid composition is a most important quality 
attribute of seed oils because the type of fatty acid has a 
significant impact on the suitability for eating, functional 
foods, and other uses (Kaseke et al., 2021). Among the 
unsaturated fatty acids, polyunsaturated fatty acids are 
the most sensitive to heat treatment and are the first to 
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Table 1. Changes in fatty acid composition of raw and roasted pomegranate seed oils

Fatty acid
Fatty acid profile (%)

Raw 160°C_15 min 160°C_20 min 180°C_10 min

Palmitic acid (C16:0) 2.43±0.01d 2.59±0.01c 2.68±0.01b 3.15±0.01a

Stearic acid (C18:0) 1.73±0.01d 1.80±0.01c 1.85±0.01b 2.20±0.01a

Oleic acid (C18:1n9c) 4.55±0.01d 4.83±0.02c 4.92±0.01b 5.78±0.01a

Linoleic acid (C18:2n6c) 4.49±0.01d 4.91±0.02c 5.02±0.01b 5.92±0.01a

Punicic acid (C18:3n5) 86.80±0.01a 85.87±0.06b 85.54±0.01c 82.96±0.01d

SFA 4.16±0.01d 4.39±0.02c 4.53±0.01b 5.34±0.01a

MUFA 4.55±0.01d 4.83±0.02c 4.92±0.01b 5.78±0.01a

PUFA 91.29±0.01a 90.78±0.04b 90.55±0.01c 88.88±0.01d

Values are presented as mean±standard deviation in triplicate.
Means with different letters (a-d) indicate significant differences by Tukey’s multiple range test (P<0.05).
SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.

Fig. 1. Total phenolic (A) and flavonoid (B) contents of pomegranate seed oil under four conditions. The means, indicated by different 
letters (a-d), are significantly different between the four conditions by Tukey’s multiple range test (P<0.05). GAE, gallic acid equiv-
alent; QE, quercetin equivalent.

be affected (Kim et al., 2019; Kaseke et al., 2021). Heat 
treatment affects the fatty acid composition by breaking 
the polymerization and double bonds of unsaturated fat-
ty acids, turning them into smaller molecules (Kim et 
al., 2019; Kaseke et al., 2021). Wroniak et al. (2016) re-
ported that heating decreases the amount of polyunsat-
urated fatty acids and increases the amount of saturated 
and monounsaturated fatty acids in vegetable oils. In 
this study, we observed a trend toward a decrease in the 
proportion of polyunsaturated fatty acids and a slight in-
crease in the proportion of saturated and monounsatu-
rated fatty acids. The proportion of punicic acid, the most 
common polyunsaturated fatty acid in pomegranate seed 
oil, decreased after roasting. Furthermore, Kaseke et al. 
(2021) reported a decrease in punicic acid content by ap-
proximately 7% in microwave-treated pomegranate seed 
oil. In pomegranate seed oil, a reduction in punicic acid 
is undesirable because punicic acid is highly associated 
with the oil’s bioactive properties. However, the reduc-
tion in punicic acid was <5% in this study; this reduc-
tion was, unlikely to have a significant effect on the bio-
chemical properties of pomegranate seed oil.

TPC and TFC
The TPC and TFC of raw and roasted pomegranate seed 
oils were analyzed, and the results are shown in Fig. 1. 
The TPC (Fig. 1A) was found to be 1.72 mg GAE/mL in 
raw oil, the lowest among the four conditions (P<0.05). 
Postroasting, the TPC demonstrated a continuous and 
significant increase, with the highest content being 4.45 
mg GAE/mL after heating at 180°C for 10 min (P<0.05). 
The TFC (Fig. 1B) was noted to be the lowest in the raw 
oil, at 4.05 mg QE/mL, and increased significantly post-
roasting (P<0.05). For TFC, the highest contents were 
observed in the oil heated at 160°C for 15 min and 160°C 
for 20 min, with 7.48 and 7.50 mg QE/mL, respectively, 
whereas treatment at 180°C for 10 min (5.64 mg QE/mL) 
demonstrated a decreasing pattern (P<0.05).

Phenolic and flavonoid compounds are polyphenols, 
secondary plant metabolites, and widely distributed in 
seed oils (Zhang et al., 2021). Polyphenols are the most 
abundant antioxidants in plants and have multiple func-
tions, including antioxidant, antimicrobial, and anti-in-
flammatory activities, which may aid in reducing the risk 
of chronic diseases (Kaseke et al., 2020a; Zhang et al., 
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Table 2. Changes in tocopherol and phytosterol contents of raw and roasted pomegranate seed oils

Phytochemical
Contents

Raw 160°C_15 min 160°C_20 min 180°C_10 min

Tocopherol (mg/100 g) -Tocopherol 1.28±0.03a 1.24±0.05a 1.08±0.04b 1.02±0.04b

-Tocopherol 105.79±0.31a 105.54±0.43a 97.79±0.34c 101.78±0.77b

Phytosterol (mg/100 g) Stigmasterol 63.93±0.24a 57.31±0.59b 57.25±0.20b 45.79±0.17c

-Sitosterol 1,298.61±6.39a 1,137.54±10.74b 1,134.80±7.43b 932.39±3.56c

Campesterol 85.20±5.54a 65.13±0.51b 60.90±0.73bc 54.38±0.93c

Values are presented as mean±standard deviation of three independent experiments.
Means with different letters (a-c) indicate significant differences by Tukey’s multiple range test (P<0.05). 

2021). Specifically, pomegranate seeds oil is a good source 
of phenolic compounds (Kaseke et al., 2020b). Generally, 
phenolic and flavonoid compounds are bound with other 
compounds, such as polysaccharides, proteins, and pec-
tin (Kaseke et al., 2020b). Thermal processing, such as 
roasting, increases the content of phenolic and flavonoid 
compounds by breaking them down or degrading them 
into their free forms, which releases them as small mole-
cules (Mohamed Ahmed et al., 2021). However, excessive 
roasting can cause heat-induced degradation; therefore, 
appropriate roasting conditions are essential (Ghafoor et 
al., 2020).

The TPC of pomegranate seed oil was observed to in-
crease with increasing blanching time in a previous 
study (Kaseke et al., 2020b), and the TPC of three pome-
granate seed oils increased following microwave treat-
ment (Kaseke et al., 2020a). Furthermore, in a previous 
study by Yang et al. (2018), the TPC and TFC of camel-
lia seed oil continued to increase up to a suitable roast-
ing temperature. With treatment of 180°C for 10 min, 
the TFC tended to decrease because of pyrolysis; thus, 
160°C for 15 min or 20 min were considered positive 
conditions.

Tocopherol content
The tocopherol content in pomegranate seed oil was an-
alyzed for - and -tocopherol, the two main tocopherols 
found in vegetable oils (Kim et al., 2019). Our findings 
are displayed in Table 2. The most abundant tocopherol 
in pomegranate seed oil was identified as -tocopherol. 
-Tocopherol was found at a concentration of 1.28 mg/ 
100 g in the raw oil, the highest content among the four 
conditions. After roasting, the content showed a decreas-
ing tendency (P<0.05) and varied between 1.02 and 
1.24 mg/100 g. However, in the case of the oil heated at 
160°C for 15 min, there was a slight decrease compared 
to the raw sample; however, the difference was not sig-
nificant (P>0.05). The oil treated at 160°C for 20 min 
and 180°C for 10 min showed a significant decrease 
(P<0.05) compared to the raw sample, with contents of 
1.08 and 1.02 mg/100 g, respectively. Moreover, -toco-
pherol showed the highest content (105.79 mg/100 g) 

in the raw sample, with a decreasing tendency postroast-
ing (P<0.05). Treatment at 160°C for 20 min and 180°C 
for 10 min showed a significant decrease (P<0.05) com-
pared to the raw sample, with contents of 97.79 and 
101.78 mg/100 g, respectively. ‑Tocopherol showed the 
highest content (105.79 mg/100 g) in the raw sample, 
with a noted decreasing tendency postroasting (P<0.05). 
However, the 160°C_15 min treatment showed a slight 
decrease compared to the raw sample, but the difference 
was not significant (P>0.05). After heating at 160°C for 
20 min and 180°C for 10 min, the contents were 97.79 
and 101.78 mg/100 g, respectively.

Tocopherols are lipophilic and powerful natural anti-
oxidants (Chirinos et al., 2016; Zhang et al., 2021). Some 
tocopherols are bound to proteins or phospholipids, and 
several studies have shown that heat treatment breaks 
these bonds and releases them, increasing their content 
(Zhang et al., 2021). However, as the intensity of ther-
mal processing increases, pyrolysis occurs, reducing the 
tocopherol content (Zhang et al., 2021). In this study, the 
tocopherol content was slightly decreased by roasting. 
Zou et al. (2018) noted a slight decrease in the tocopherol 
content of wheat germ oil after roasting, and Demnati et 
al. (2018) found a continuous decrease in tocopherol con-
tent with roasting temperature and time, with 3%∼20% 
for -tocopherol and 0%∼7% for -tocopherol. The rela-
tively greater reduction of -tocopherol is attributed to 
the fact that -tocopherol is less stable at high temper-
atures than other tocopherol isomers (Oracz et al., 2014). 
In this study, the tocopherol content showed a general 
decreasing trend. However, after treatment at 160°C for 
15 min, it decreased by 0%∼3% and did not show a sig-
nificant difference from the raw oil, which is considered 
the most positive of the three roasting conditions.

Phytosterol content
The phytosterol content of pomegranate seed oil was an-
alyzed, focusing on campesterol, stigmasterol, and -si-
tosterol, which are reported to be commonly present in 
vegetable oils (Table 2) (Kim et al., 2019). The most 
abundant phytosterol in pomegranate seed oil was iden-
tified as -sitosterol, followed by campesterol and stig-
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Fig. 2. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
activity of pomegranate seed oil under four conditions. The 
means, indicated by different letters (a,b), are significantly dif-
ferent between the four conditions by Tukey’s multiple range 
test (P<0.05).

masterol. Campesterol, stigmasterol, and -sitosterol had 
the highest contents in the raw oil at concentration of 
85.20, 63.93, and 1,298.61 mg/100 g, respectively. After 
roasting, the levels of all three phytosterols significantly 
decreased (P<0.05). Stigmasterol showed a decrease of 
around 10%∼28% compared to raw oil and varied in the 
range of 45.79∼57.31 mg/100 g. -Sitosterol decreased 
by approximately 12%∼28% after roasting, with changes 
ranging from 932.39∼1,137.54 mg/100 g. Campesterol 
showed the greatest percentage reduction (23%∼36%), 
ranging from 54.38∼65.13 mg/100 g.

Phytosterols and tocopherols are natural antioxidants 
that prevent oil rancidity (Zhou et al., 2016). Structurally 
similar to cholesterol, they can lower cholesterol levels 
by reducing the concentration of low density lipoprotein- 
cholesterol in the body, thereby reducing the risk of cor-
onary heart disease. They also exhibit antioxidant activ-
ity (Kim et al., 2019; Kaseke et al., 2020b). Similar to to-
copherols, proper roasting increases the phytosterol con-
tent, but excessive roasting leads to their oxidation and 
degradation (Zhang et al., 2021). In the present study, 
the phytosterol content tended to decrease after roasting. 
Zhou et al. (2016) reported that the phytosterol content 
of walnut oil decreased with increasing microwave heat 
treatment time, and Arab et al. (2022) confirmed that 
the phytosterol content decreased with increasing roast-
ing temperature. In this study, the phytosterol content 
of pomegranate seed oil decreased with roasting time 
and temperature.

DPPH radical scavenging activity
The DPPH radical scavenging capacities of the four con-
ditions of pomegranate seed oil were analyzed and are 
shown in Fig. 2. The highest DPPH radical scavenging 
capacity was observed in the raw samples (43.95%). After 

roasting at 160°C for 15 min or 20 min, the DPPH radi-
cal scavenging capacity revealed a slight decrease; how-
ever, no significant difference was found (P>0.05). The 
180°C_10 min treatment demonstrated the lowest anti-
oxidant capacity (43.65%).

The DPPH radical scavenging capacity test is a com-
monly used method for evaluating the antioxidant ca-
pacity because it measures the ability to scavenge free 
radicals or hydrogen donors (Oracz et al., 2014). Thermal 
processing, such as roasting, increases the antioxidant 
capacity owing to the release of bioactive compounds, 
such as phenols and flavonoids (Mohamed Ahmed et al., 
2021). However, in this study, the antioxidant capacity 
measurements showed a slight decrease. This was de-
termined by a decrease in tocopherols and phytosterols.

AV and PV
Thermal processing, such as roasting, affects the fatty 
acid composition of the oil as well as the AV/PV ratio, 
which is an indicator of oxidative stability (Kim et al., 
2019). The results of the AV analysis of pomegranate 
seed oil is shown in Fig. 3A. In the raw state, the AV of 
pomegranate seed oil was found to be 0.06. After roast-
ing, the AV showed an increasing pattern of 0.09, 0.09, 
and 0.07 at 160°C_15 min, 160°C_20 min, and 180°C_10 
min, respectively. The AV measures the amount of free 
fatty acids that have separated from the glyceride form 
and is an indicator of the degree of fatty acid hydrolysis 
(Kim et al., 2019; Drinić et al., 2020). Chirinos et al. 
(2016) reported that the AV of sacha inchi oil increased 
with increasing temperature and roasting time (Chirinos 
et al., 2016), while Kim et al. (2019) determined that the 
AV of various vegetable oils continues to increase with 
increasing thermal processing (Kim et al., 2019).

The results of the PV analysis of pomegranate seed oil 
are shown in Fig. 3B. The PV of the raw pomegranate 
seed oil was 4.39 meq/kg. After roasting, the PV increased 
by about 1.34∼2.27 times to 5.88, 8.64, and 9.96 meq/kg 
at 160°C_15 min, 160°C_20 min, and 180°C_10 min, re-
spectively. The PV is a measure of the primary oxidation 
products generated during the auto-oxidation of oil and an 
indicator of the degree of initial rancidity of the oil (Kim 
et al., 2019). The PV guideline for refined oils set by FAO 
and WHO (2001) is 10 meq/kg, with a value of >10 
meq/kg indicating oil oxidation (Chirinos et al., 2016). 
Chirinos et al. (2016) identified a consistent increase in 
the PV of sacha inchi oil with increasing roasting de-
grees. This increase in PV was associated with the deg-
radation of fatty acids, particularly polyunsaturated fatty 
acids (Chirinos et al., 2016).

The AV and PV of pomegranate seed oil under the four 
conditions were analyzed, and both oxidation indicators 
were found to be increased after roasting. This suggests 
that roasting affects the oxidative stability of pomegran-
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Fig. 3. Acid value (A) and peroxide value (B) of pomegranate seed oil under four conditions. The means, indicated by different 
letters (a-d), are significantly different between the four conditions by Tukey’s multiple range test (P<0.05).

Fig. 4. Induction period of pomegranate seed oil under four 
conditions. The means, indicated by different letters (a-c), are 
significantly different between the four conditions by Tukey’s 
multiple range test (P<0.05).

ate seed oil.

IP
The IPs of the four conditions of pomegranate seed oil 
were measured and are shown in Fig. 4. The IP of the 
raw sample was 1.12 h. The IPs of the roasted pome-
granate seed oil were all increased compared to the raw 
oil. The longest IP was measured at 160°C_15 min, which 
was significantly increased by more than two times com-
pared to the raw sample (P<0.05). The oils that received 
treatments of 160°C_20 min and 180°C_10 min were 
measured at 1.72 and 1.44 h, respectively.

IP, which is used as an indicator of oxidative stability, 
is an important factor in the shelf-life and quality con-
trol of edible oils (Kim et al., 2019). In addition, the IP 
is the period when the amount of oxygen absorption in-
creases rapidly owing to external factors such as heat or 
oxygen, while oil freshness is maintained. Generally, the 
IP shows a pattern of shorter duration for oils with a 
higher unsaturated content (Kim et al., 2019). In a study 
by Habibnia et al. (2012), the IP of five pomegranate seed 
oils was measured at 110°C and ranged between 0.73 
and 1.02 h, similar to the IP of the raw samples in this 
study. Thermal processing, such as roasting, causes oxi-
dation of lipids but generally improves oxidative stability 
(Zhang et al., 2021). This is due to an increase in anti-
oxidants such as phenols, flavonoids, and tocopherols, 
as well as compounds produced through the Maillard re-
action, which have antioxidant activities, such as mela-
noidin (Rabadán et al., 2018). Rabadán et al. (2018) ob-
served that the IP of pistachio oil increased continuously 
with the roasting degree, and Arab et al. (2022) con-
firmed that the IP of sesame oil increased continuously 
with increasing roasting temperature.

In this study, the IP of pomegranate seed oils was 
measured in four different conditions, and all of them in-
creased compared to the raw sample, indicating the posi-
tive effect of the roasting treatment. Particularly, 160°C_ 

15 min increased by about two times, which is considered 
to be the most optimal roasting condition.

This study analyzed the fatty acids, antioxidant proper-
ties, and oxidative stability of pomegranate seed oil ex-
tracted under raw, 160°C_15 min, 160°C_20 min, and 
180°C_10 min conditions. Fatty acid analysis confirmed 
that the major fatty acid in pomegranate seeds was the 
C18:5 isomer (>90%), along with four other fatty acids. 
As the roasting degree increased, the proportions of puni-
cic acid and polyunsaturated fatty acids decreased, where-
as the proportions of saturated and monounsaturated fat-
ty acids increased. Regarding antioxidant properties, TPC 
and TFC were significantly increased compared to the raw 
sample, whereas tocopherols and phytosterols showed 
no significant difference when compared to the raw sam-
ple. The AV and PV increased after roasting but were 
within the acceptable range. However, the IP increased 
due to the positive effects of roasting. Our findings pro-
vided basic data on the physicochemical properties of 
pomegranate seed oil and are expected to be used as a 
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reference for setting conditions for extracting pomegran-
ate seed oil via oven-roasting.
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