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Abstract Punicalagin is a natural compound that extracted from pomegranate husk and can be used as valuable by product.
Antioxidant effect of punicalagin on the oxidative stability of sesame oil upon storage was assessed and compared with
synthetic antioxidant butylated hydroxy tolouene (BHT). Sesame oil sample was categorized into three groups, sesame oil
alone, sesame oil with BHT and sesame oil with punicalagin. All samples monitored and tested throughout 60 days. Tested
experiments involved peroxide value (PV) to identify the primary products of oil oxidation, Thiobarbituric Acid Reactive
substances (TBARS) and P-Ansidine value (PAV) both to identify the secondary products of oxidation. Moreover, total
oxidation index (TOTOX) was calculated to evaluate the overall oxidation status of sesame oil samples. The results at day 30
and 60 revealed that the presence of punicalagin with sesame oil significantly reduced PV, PAV and TOTOX while it
significantly inhibited TBARS formation at day 60 only in comparison with sesame oil alone. Moreover, the results of sesame
oil with BHT exhibited significant reduction in PAV and TOTOX when compared to oil with punicalagin. These findings
indicated a substantial potential for using punicalagin as natural antioxidant to improve the quality of sesame oil during

storage.
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1. Introduction

Sesame oil is an edible vegetable oil that extracted from
raw sesame seed (Sesamum Lndicum Linn). Sesame oil is

ranked as the second after olive oil due to its nutritional value.

[1] Sesame oil is known for its usage as cooking oil due to its
oxidative stability at storage [2,3] and during frying [4]
compared to other vegetable oils. The remarkable stability of
sesame oil is due to the presence of different antioxidant
compounds such as tocopherols and lignans [5,6]. The
common antioxidant activity of sesame oils’ tocopherol was
showed by y-tocopherol [7] and three lignan compounds
including sesamin, sesamolin and sesamol are responsible
for the strong antioxidant property of sesame oil [8].
Moreover, sesame oil contains different fatty acids such as
linoleic acid (35-50%), oleic acid (35-50%), palmitic acid
(7-12%) and stearic acid (3.5-6%) [9]. The composition and
ratio of fatty acids in sesame oil are affected by physiological
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and ecological factors [10]. Therefore, sesame oil was
selected in this study.

Oil is easily oxidized when exposed to different factors
such as presence of light, trace metal and oxygen due to
presence of unsaturated bond in its chemical structure.
Oxidation of oil affect adversely on nutritional quality and
shelf life of the oil [11]. Lipid peroxidation is a complex
process which occurs in stages and rapidly produce
numerous compounds. These compounds are responsible for
the rancidity of lipids [12,13]. Hydroperoxides consider one
of the main primary oxidation products which oxidized
further during the process to produce secondary oxidation
products. Different organic compounds as alkanes, alkenes,
aldehydes and ketones are examples for the second oxidation
products. In order to minimize the occurring of lipid
oxidation and prolong the shelf-life, antioxidants were used.
Antioxidants prevent the autoxidation of oils and fats by
transferring their hydrogens to free radicals [14] and hence
reduce the possibility of oil oxidation and rancidity.
Antioxidants can be either presence in nature specifically
in plant kingdom (e.g. Gallic acid, o-tocopherol) or
manufactured (e.g. butylated hydroxy anisole and BHT)
[15].
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Although synthetic antioxidants succeeded to highly
minimize lipid oxidation but there is a safety concern on
health for using them. Thus, attention is now increasingly
paid to the utilization of more effective and non-toxic
antioxidants of natural origin. Researchers have been found
natural antioxidant can represent similar action to the
synthetic one without adverse effect on consumer health [16].
One of the highly natural antioxidant sources is pomegranate,
due to the presence of hydrolysable tannin compounds [17].
The waste products that result after peeling pomegranate
fruit are potentially valuable by-products as they contain a
substantial amount of punicalagin [18]. Punicalagin (Figure
1) is the main component of pomegranate husk and one of
the hydrolysable tannins in Pomegranate fruit in addition to
gallic and ellagic acid. It has been reported to have a range of
health benefits in vitro and in animal studies, including
anticancer, antiinflammation, antibacterial, hepatoprotective
activity and antioxidant [44-46]. Furthermore, punicalagin
having the capacity of free radical scavenging that could
stop lipid oxidation chain reactions [47]. The potential
understanding of antioxidant effect of punicalagin may well
lead to the utilization of this waste by product compound as a
source of natural antioxidant. Therefore, the current study
will evaluate the effect of punicalagin on the oxidation
stability of sesame oil during storage in order to improve the
oil quality and comparing the results with synthetic
antioxidant BHT.
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Figure 1. Chemical structure of Punicalagin. Sources National Center
for Biotechnology Information (2020). PubChem Compound Summary
for CID 16129869, Punicalagin. Retrieved October 2, 2020 from
https://pubchem.ncbi.nlm.nih.gov/compound/Punicalagin

2. Materials and Methods

2.1. Preparation of Oil Samples

Fresh Sesame seeds (Sesamum Indicum Linn) were
obtained from Jizan city, Saudi Arabia (SA). The seeds were
then given to Albarkah factory in Jeddah city, SA to process
and to extract the oil. Extracted oil was categorized into
3 different samples: sesame oil alone (control), sesame
oil treated with synthetic antioxidant BHT and sesame
oil treated with natural antioxidant Punicalagin. The
concentration of punicalagin and BHT based on (Shah et al,

2016). Oil samples were prepared according to Rashid et al.
[19] with slight modifications. Briefly, stock solutions of
punicalagin and BHT was firstly prepared with concentration
of 600 ppm by dissolving 10 mg of each in 16.6 ml
pyrogallol. Punicalagin and BHT were obtained from Sigma
Aldrich (St. Louis, MO). Each antioxidant was then added to
1 L sesame oil. All 3 samples were stored for 60 days at
laboratory temperature (25°C) and exposed to atmospheric
oxygen and light. To investigate the progression of oil
oxidation and the effect of both antioxidants, all experiments
were conducted at 0, 30 and 60 days. All analytical
determinations were performed in triplicate manner to obtain
independent measurements for every time.

2.2. Peroxide Value (PV)

Peroxide value is used to indicate the concentration of
peroxides and hydroperoxides that are formed in the initial
stages of lipid oxidation process [20]. When the oil start to
oxidize, peroxides start to form leading to iodine liberation
from potassium iodide. lodine formed can be then estimated
by titration with standard sodium thiosulfate using the
method of Horwitz et al. [21]. Briefly, 5 g of oil sample
was placed into 250 ml flask, followed by adding 30 ml
acetic acid-chloroform solution and shaking until the oil
completely dissolved. After dissolving, 0.5 ml saturated
potassium iodide solution was added and swirled for exactly
1 min followed by an immediate addition of 30 ml Deionized
water. One ml of starch was added as an indicator. Sample
was then titrated against 0.1 N sodium thiosulfate until the
blue-gray color disappeared. The volume of titrant was
recorded and used to calculate the peroxide value according
to the following equation and results were expressed as
milliequivalents of peroxide/ Kg oil:

Peroxide Value= (S — B) X N X 1000/ oil sample weight

Where,

S = Volume consumed during titration of the sample (ml)
B = Volume consumed during titration of the blank (ml)
N = Normality of sodium thiosulfate solution

2.3. Acid Value (AV)

Acid value experiment was used in this study to calculate
the percentage of free fatty acid liberated due to the
hydrolysis of fat (triglycerides) using the method of AOCS
[22]. Briefly, in 250 ml flask, 1 g oil was added to 10 ml
ethanol for dissolving. Following by addition of 2 drops of
phenolphthalein as indicator. Oil samples were then titrated
against 0.1 N potassium hydroxide (KOH) until the faint
pink color appeared. The volume of titrant was recorded and
used to calculate the free fatty acid value according to the
following equation:

(Vv —=B) XN x56.1
w

Acid value =

Where,
V = titrant volume consumed during titration of the
sample



74 Ulfat M. Omar et al.:

Enhancing the Stability of Polyunsaturated Sesame Oil

Against Oxidation via Addition of Natural Antioxidant During Storage

B = titrant volume consumed during the titration of the
blank

N = normality of KOH

W = weight of oil (g)

2.4. Thiobarbituric Acid Reactive Substances
(TBARS Value)

In this method Malondialdehyde (MDA) that produced
from lipid hydroperoxide decomposition will form red
complex. The absorbance of this red chromophore can
be measured at 532 nm using a spectrophotometer [23].
Firstly, a 50 microliter of oil samples were drawn with a
microsyringe then added to test tubes containing a mixture of
0.8 ml of distilled water, 0.2 ml of 8.1% sodium dodecyl
sulphate (w/v), 1.5 ml of 20% acetic acid (w/v) with pH 3.5
and 1.5 ml of 0.8% 2-thiobarbituric acid solution in water
(w/v). Samples were then heated at 100°C for 1 hr. After
cooling, all samples were centrifuged at 4300 x g for 10 min.
Finally, the absorbance of the upper layer was measured at
532 nm using a spectrophotometer. The concentration of
MDA in each sample was then determined by comparing the
average optical density of samples with a standard curve of
Tetraethoxypropane (TEP). Stock solution of 1 pg/ml TEP
was prepared by adding 0.1 pg TEP to 9.999 ml distilled
water. A standard curve was prepared by using serial dilution
of TEP with concentration range: 0.2, 0.4, 0.6, 0.8 and 1
pg/ml. The absorbance of each concentration was measured
and used to calculate the amount of MDA in oil samples,
reported as pg MDA/ g oil.

2.5. P-Anisidine Value (PAV)

PAV is used in this study to evaluate the secondary
products of oil peroxidation. The principle of the method is
built on the reaction between P-methoxy aniline (Ansidine)
and aldehydic compounds that produced from the
decomposition of hydroperoxide compounds. This method
was performed according to Schwieter [24] with some
modification. In brief, two solutions were prepared,
solution A and B. Solution A contains 0.5 g oil sample that
dissolved in 25 ml of 2, 2, 4-Trimethylpentane (iso-octane).
Absorbance of solution A was then measured at 350nm using
iso-octane as a blank. Solution B was prepared by adding 1
ml P-anisidine dissolved in glacial acetic acid (2.5 g/ L) to 5
ml of solution A. Solution B was mixed and stored against
light. After 10 min exactly, the absorbance was measured at
350 nm using ratio of 1 ml: 5 ml P-anisidine and iso-octane
respectively as a blank. The p- anisidine value calculated
according to the following equation:

[25 X (1.24S — AB)]
m

P — ansidine value =

Where,

AS = absorbance of Test solution B at 350 nm

AB = absorbance of Test solution A at 350 nm

m=weight of the substance to be examined in Test
solution A (g)

2.6. Total Oxidation Value (TOTOX)

The overall oxidation index of all sesame oil samples was
calculated using method of Pereira et al. [25] according to
following equation:

TOTOX =2 * PV + PAV

PV = peroxide Value
PAV = P-anisidine Value

2.7. Statistical Analysis

Results were statistically analyzed using GraphPad Prism
software version (8.1.0). Statistical analysis comparisons
were made by two-way analysis of variance (ANOVA)
followed by Tukey’s multiple comparison test. Data were
presented as means + SEM and differences at p < 0.05 were
considered to be significant.

3. Results

3.1. Peroxide Value (PV)

Figure 2 demonstrates the PV for sesame oil alone
(control), sesame oil with BHT and sesame oil with
punicalagin under storage condition for 60 days. The results
showed a significant increase in PVs for all samples as the
storage time extended. At zero time, the result exhibited no
significant difference between the control and sesame oil
samples with BHT and Punicalagin individually. However,
as storage period continued to 30 and 60 days, presence of
BHT and Punicalagin was significant in reducing peroxide
values when compared to the control. The results showed no
significant difference in PVs values between treated samples;
oil with BHT and sesame oil with punicalagin.

3.2. Acid Value (AV)

The acid values for sesame oil alone (control), sesame oil
with BHT and sesame oil with punicalagin under storage
condition for 60 days are shown in Figure 3. At zero time, the
result revealed that there was no significant difference
between all samples. After 30 days the acid value of all
samples increased in comparison with zero time but still no
significant difference between all samples. As storage time
continued to 30 then 60 days, the acid value of all samples
increased in comparison with zero time but still no
significant difference between all samples.

3.3. Thiobarbituric Acid Reactive Substances
(TBARS Value)

Figure 4 illustrates TBARS value for control, sesame oil
with BHT and sesame oil with punicalagin during storage for
60 days. Value of TBARS increased gradually in all samples
with significant increase at day 60 only. In addition, the
results at this time revealed that BHT and punicalagin
treatments exhibited a significant reduction in TBARS
values (0.75 pg MDA/g oil and 0.73 pg MDA/g oil;
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respectively) when compared to the control. However, the
effect of punicalagin to reduce TBARS formation in sesame
oil was not significantly different from the effect of BHT.

3.4. P-Anisidine Value (PAV)

Data in Figure 5 represent the amount of p- anisidine
that measured throughout 60 days. Over the storage time, the
results showed that control sample exhibited the highest

content of p-anisidine followed by sesame oil with
punicalagin then sesame oil with BHT. At zero time, the
result exhibited no significant difference between all samples.
At day 30 and day 60, although sesame oil with punicalagin
showed significant reduction in PAV compared to the
control, sesame oil with BHT exhibited the lowest reduction
in PAV in comparing with other samples.
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Figure 2.

Peroxide value (PV) for sesame oil alone (control), sesame oil with BHT and sesame oil with punicalagin during storage period 60 days. Values

correspond to the means = SEM of three determinations. ANOVA was performed in GraphPad Prism version (8.1.0) followed by Tukey’s multiple
comparisons test. Different upper-case letters mean significant difference (p < 0.05) between PV of the same type of sesame oil during different time points.
Different lower-case letters mean significant difference (p < 0.05) between sesame oil alone (control) and sesame oil with antioxidants at the same time point
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Figure 3. Acid value (AV) for sesame oil alone (control), sesame oil with BHT and sesame oil with punicalagin during storage period 60 days. Values
correspond to the means = SEM of three determinations. ANOVA was performed in GraphPad Prism version (8.1.0) followed by Tukey’s multiple
comparisons test. Different upper-case letters mean significant difference (p < 0.05) between AV of the same type of sesame oil during different time points.
Different lower-case letters mean significant difference (p < 0.05) between sesame oil alone (control) and sesame oil with antioxidants at the same time point
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Figure 4.

TBARS value for sesame oil alone (control), sesame oil with BHT and sesame oil with punicalagin during storage period 60 days. Values

correspond to the means = SEM of three determinations. ANOVA was performed in GraphPad Prism version (8.1.0) followed by Tukey’s multiple
comparisons test. Different upper-case letters mean significant difference (p < 0.05) between TBARS of the same type of sesame oil during different time
points. Different lower-case letters mean significant difference (p < 0.05) between sesame oil alone (control) and sesame oil with antioxidants at the same

time point
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Figure 5. P-Anisidine Value (PAV) for sesame oil alone (control), sesame oil with BHT and sesame oil with punicalagin during storage period 60 days.

Values correspond to the means = SEM of three determinations. ANOVA was performed in GraphPad Prism version (8.1.0) followed by Tukey’s multiple
comparisons test. Different upper-case letters mean significant difference (p < 0.05) between PAV of the same type of sesame oil during different time points.
Different lower-case letters mean significant difference (p < 0.05) between sesame oil alone (control) and sesame oil with antioxidants at the same time point

3.5. Total Oxidation Value (TOTOX)

Table 1 shows the total oxidation changes over time for
sesame oil alone (control), Sesame oil with BHT and Sesame
oil with Punicalagin. The highest oxidation value was at
day 60 of storage for all oil samples. At day 30 and 60,
sample with BHT and sample with punicalagin exhibited
significantly lower oxidation index when compared to the
control. However, BHT revealed significant reduction in
total oxidation of sesame oil when compared to oil with
punicalagin.

Table 1. Total Oxidation Index (TOTOX) for sesame oil alone (control),
sesame oil with BHT and sesame oil with punicalagin during storage period
60 days. Values correspond to the means £ SEM of three determinations.
ANOVA was performed in GraphPad Prism version (8.1.0) followed by
Tukey’s multiple comparisons test. Different upper-case letters mean
significant difference (p < 0.05) between PV of the same type of sesame oil
during different time points. Different lower-case letters mean significant
difference (p < 0.05) between sesame oil alone (control) and sesame oil with
antioxidants at the same time point

S il
Stqrage esame o1 Sesame oil Sesame oil with
Time alone | R .
with BHT Punicalagin
(days) (Control)
0 11.8+4.02* 11.14 1.55%° 11.4+1.64™
30 39.1+0.65%  28.8+2.80% 32.9+231%
60 60.1+0.92%  36.9+3.96 41.4+1.53"%
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4. Discussion

The current study evaluated the effect of Punicalagin
as a natural antioxidant extracted from waste material
(pomegranate husk) on the oxidative stability of sesame oil
during storage. The results obtained were compared with
pure sesame oil and sesame oil treated with BHT. Different
assays were applied as PV, FAA, TBARS, PAV and TOTOX
to determine the activity of antioxidants used on primary
and secondary oxidative compounds that produced during
storage.

4.1. Peroxide Value

Peroxide value was used to measure the primary oxidation
product that are produced in fats upon oxidation [24]
According to CODEX standard for oils, PV should be lower
than (15 Meq/kg oil) [26]. The results obtained from this
study indicated that PV of sesame oil alone (control) was
within reference range at the start of the study (3.7 Meq/kg
oil) and then increased gradually until it reached (24 Meq/kg
oil) at the end of the study indicating rancidity of the oil.
These results are in line with data reported recently by
Pereira et al. [27] who found that PV of sesame oil exposed
to oxygen and light for sixty days was 20 Meqg/kg oil.
Although sesame oil is considered a stable oil (due to the
presence of tocopherols and lignans), the efficacy of these
antioxidants was attenuated by the storage conditions
(atmospheric oxygen and light).

At zero time there were no significant difference between
Sesame oil alone and Sesame oil treated either with BHT or
Punicalagin. These result in concur with study done by FAO
[28] which stated that there was no significant difference on
oxidative stability of walnut oil treated with natural and
synthetic antioxidants at zero time of storage. As storage
time continued to 60 days, the control sample showed a
significant difference compared to samples treated with BHT
and Punicalagin. These results might be related to the
addition of antioxidants which enhance the polyunsaturated
structure of sesame oil [29] and provides protection against
oxidation process [30,31]. Similar results were reported by
Alsufiani et al. [32] who found that the addition of either
punicalagin or BHT to canola oil decreased the peroxide
values of the samples compared to control oil [32]. Also,
found similar results when they add natural antioxidants to
sunflower oil [33].

4.2. Acid Value

The acid value experiment indicates the amount of free
fatty acids in oil sample that liberated upon fat hydrolysis. It
also determines the quality of sesame oil as the more acid
value obtained, the more oil oxidized and hence had low
quality [34]. In the present study, AV of all sesame oil
samples were increased gradually with storage time but they
were within reference range (4 mg KOH/ g oil) [26]. This
increase in AV with time was previously reported by
Salaheldeen et al. [27] in sesame oil as well as in other oils
such as palm, peanut and sunflower.

In this study sesame oil alone had no significant
difference compared to sesame oil with BHT or punicalagin
at all storage time points. This result was similar to the
finding of another research when sunflower oil was treated
with either natural or synthetic antioxidant [35].

4.3. TBARS Value

In this study, TBARS method was used to evaluate the
effectivness of punicalagin to inhibit the formation of
secondary oxidation products and comparing the result with
absence of antioxidant and presense of BHT as synthetic
antioxidant. Continues accumilation of MDA was observed
throughout the storage time among all samples in this study.
This observation was noticed previously in sereval studies
done by Alsufianiet al. [32], Igbal et al. [36], Bardhan et al.
[37]. Interestingly, presence of punicalagin in sesame oil
sample successfully reduced MDA formation to 0.73 ug
MDA/g oil when compared to sesame oil alone 0.98 pg
MDA/g oil at day 60. Moreover, the reduction effect
expressed by punicalagin was not significantly different in
comparison with BHT. Similar results were stated by
Mansouri [38] who studied the effect of punicalagin addition
on olive oil stability through 60 days storage period. The
study reported a significant reduction in MDA formation in
the olive oil treated with punicalagin when compared with
olive oil alone. It also showed that there was no significant
difference between the BHT and punicalagin samples.

4.4. P-Anisidine Value (PAV)

Researchers using P-Anisidine value to estimate the
accurate oxidative rancidity of fats and oils with analyzing
the secondary oxidation products of unsaturated fatty acids,
mostly conjugated dienals and 2-alkenals [39]. The PAV of
all sesame oil samples showed general increasing during
the storage time. Similar results were obtained by other
researchers when they estimated the oxidative process during
storage of different oils such as canola, peanut, pecan and
rapseed oils [32,40,41]. Adding punicalagin to sesame oil
was significantly delayed the formation of secondary
oxidation products to score 7.70 in comparison with 11.80
scored by sesame oil alone. The result obtained in this study
is in concur with previous studies on canola oil conducted by
Agreganetal. [20], Shahbazi, and Shavisi [42]. Nevertheless,
punicalagin’s effect that observed in this experiment was not
as powerful as BHT in inhibiting alkanal formation. This
agrees with the results of Mansouri [38], who reported that
the addition of punicalagin on olive oil for 60 days did not
show better results when compared to the oil sample with
BHT. This observation could be explained by the chemical
structure difference between BHT and punicalagin. The
synthetic antioxidant (BHT) is known to have only one OH
group attached to the aromatic ring. On the other hand,
punicalagin possesses around 15 OH groups attached to
several aromatic rings. Therefore, BHT showed better oil
oxidation protective effect than punicalagin by providing
more sites to bind free radicals [40]. Another possible
explanation is the low concentration of punicalagin used in
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our study.

4.5. TOTOX

To obtain an overall information of sesame oil oxidation
stability, TOTOX was used as it includes both PV as primary
oxidation and PAV as secondary oxidation [20]. At the end
of study storage time, all samples exhibited an elevation in
TOTOX index as expecting from the continuing in oxidation
process. These findings are in concur with study done by
Maszewska et al. [43] as they noticed significant elevation in

TOTOX value of peanut, corn and rapeseed oils upon storage.

In the current study, oil treated with Punicalagin and BHT
significantly reduce the overall oxidation value to (41.41)
and (36.89) respectively in comparison with sesame oil alone
(60.14). A previous study conducted by Alogbi et al. [18]
to test the antioxidant activity of punicalagin in vitro showed
that this compound has a significant radical scavenging
activity and reducing power ability. Accordingly, we
hypothesized that the effectiveness of punicalagin on overall
oxidation of oil could be through these two mechanisms. To
support this hypothesis, future studies should examine these
mechanisms in oil samples.

5. Conclusions

Different quantitative parameters such as PV, AV,
TBARS, PAV and TOTOX were used in this study in order
to examine the antioxidative effect of punicalagin as natural
antioxidant on sesame oil during storage. Punicalagin
significantly reduced the formation of primary and
secondary oxidation products throughout storage period as
indicated by reducing PV, TBARS, PAV and TOTOX when
compared to sesame oil alone. Although BHT treatment
exhibited significant better results, punicalagin showed
promising results in protecting sesame oil from oxidation.
According to these results, punicalagin can be a good
candidate as natural antioxidant. However, further studies
might be required to investigate the effect of punicalagin for
longer storage time. In addition, examining the effect of
higher concentration of punicalagin is also suggested.
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