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ABSTRACT

Edible oils have been used widely in food processing, especially processes with thermal treatment such as frying. In the
frying process, oils are usually used repetitively and trigger the presence of lipid oxidation which results in the
degradation of fatty acids. This degradation of fatty acids then results in the reduction of quality in oil which includes
decreasing nutritional value. The reduction of quality in oil is very dangerous as it can migrate into the food that can be
consumed by humans and trigger several negative health effects such as carcinogenic properties. In order to preserve
the quality of the oil, antioxidants are used to improve its oxidative stability. As there are some restrictions and
drawbacks of using synthetic antioxidants, natural antioxidants are more preferable to be used in the food industry. In
this paper, the subjects that were reviewed are oils with high polyunsaturated fatty acids content and natural antioxidants
that have the potential to improve oxidative stability of the oils which are rosemary extract, sesame seed extract, green
tea extract and fruit peels extract. The optimum extraction method and active compounds contained in the extract also
be discussed. The methodology of this paper is using journal reviews through Google Scholar. The keywords used to
search related journals include natural antioxidant, antioxidant activity, rosemary extract, green tea extract, sesame seed
extract, frying, heating, fatty acids, optimum extraction, edible oils, oxidative stability, lipid oxidation. Secondary data
was obtained from other research which related to the changes of fatty acid composition after processing food with
edible oils that have high unsaturated fatty acid content and analysis of several parameters for measuring oxidative
stability. The usage of natural antioxidants which are rosemary extract, sesame seed extract, and green tea extract has
been proven to improve oxidative stability of the oils and prevent degradation of polyunsaturated fatty acids.
Polyphenolic compounds inside the extracts are the ones that contribute to its antioxidative activity. The optimum
extraction method of the extracts is by using solvent extraction and the difference of solvent used is mainly based on
the polarity of the extracts

Keywords: Active compound, Antioxidant activity, Edible oil, Fatty acids, Oxidative stability.

1. INTRODUCTION

Edible oils have been used widely in food industries
and processing. Fatty acids content in edible oils are one
of the major components that affect the oxidative
stability. Oils that were oxidized can trigger the presence
of lipid oxidation and other chemical reactions that can
affect the quality of the final product which might be
harmful to human health as it is a major source of
destructive free radicals in human diets [1].

In lipid oxidation, reactive oxygen species (ROS)
attack unsaturated fatty acids that contain multiple double
bonds and methylene groups with hydrogen atoms and
initiate the radical peroxidation chain reaction.

Antioxidants neutralize free radicals by accepting or
donating electrons in order to eliminate the unpaired
condition of the radical which leads to reacting with
reactive radical and destroying them thus having the
capability to inhibit oxidation. The addition of
antioxidants to the edible oil have the potential to
increase the oxidative stability of oil during different
processing (heating and frying) and storage [2-6].

Natural antioxidants from plant extracts such as
rosemary extracts, sesame seed extract, green tea extracts
have already been proven to increase oxidative stability
in edible oil during processing and storage. It also has
comparable antioxidative activity as  synthetic

Copyright © 2022 The Authors. Published by Atlantis Press International B.V.

Thisis an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/.

117


mailto:tabligh.permana@gmail.com

ATLANTIS

PRESS

antioxidants and it also gives additional health benefits
[2-6].

In this review, fatty acid compositions and stability of
edible oil with high unsaturated fatty acid content used
for deep frying will be discussed to achieve evidence of
lipid oxidation. Due to the lipid oxidation occurred in
edible oil used in food processing, the addition of several
natural antioxidants including its active compounds that
can improve the oxidative stability of edible oils will be
discussed to prevent further oxidation in the oil and can
preserve more unsaturated fatty acids inside the oil. The
optimum extraction method of each extract will be
discussed to achieve maximum extract yield and potential
analysis regarding the review of several journals is also
going to be discussed.

2. MATERIALS AND METHOD

This review paper with the title “A Review on The
Potential of Natural Antioxidant Sources to Improve
Oxidative Stability in Edible Oils” was conducted from
April 2020 until June 2020 in Swiss German University.

The methodology of this paper is using journal
reviews through Google Scholar which leads to Science
Direct, Research Gate, Elsevier, Wiley, Semantic
Scholar, National Center for Biotechnology Information
and Link Springer.

The keywords used to search related journals include
natural antioxidant, antioxidant activity, rosemary
extract, green tea extract, sesame seed extract, frying,
heating, fatty acids, optimum extraction, edible ails,
oxidative stability, lipid oxidation.

Secondary data was obtained from other research
which related to the changes of fatty acid composition
after processing food with edible oils that have high
unsaturated fatty acid content and analysis of several
parameters for measuring oxidative stability.

3. RESULTS AND DISCUSSION

Sunflower oil has the most monounsaturated fatty
acid content (XMUFA) which consist of 24% oleic acid
compared to cottonseed oil and soybean oil. Edible oil
with high MUFA content is known to be less prone to
oxidation due to its fewer double bonds (Rauf et al.,
2017). As for polyunsaturated fatty acids content,
sunflower oil was also on the lead with the amount of
67.06% polyunsaturated fatty acids from total fatty acids
in the oil which consist of linoleic acid and alpha-
linolenic acid.
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3.1. Fatty Acids Composition of Several Edible
Oil After Deep-Frying

Sharoba & Ramadan [7] have done research about
changes of fatty acid composition of an edible oil after
deep frying process. The research used 3 kg each of
sunflower oil and cottonseed oil as the frying medium
with 300g French fries per batch as the sample. The oil
that was used was heated at 180°C and the samples were
fried for 6 minutes at an interval of 10 minutes, for 16
hours.

After experiencing high heat temperature processing
which is deep frying for sunflower oil, cottonseed oil and
soybean oil, significant changes occurred in the fatty acid
compositions.

3.1.1. Changes of Polyunsaturated Fatty Acids
(PUFASs) After Deep-Frying

According to Figure 1, PUFAs content after deep-
frying in sunflower oil (y= -0.0056x + 65.7) appears to
be more stable than cottonseed oil (y=-0.0232x + 53.385)
and soybean oil (y= -0.0135x + 60.912). It might be
affected by the physical properties of each oil, which is
the smoke point where sunflower oil appears to have
higher smoke points than the other oil [8].

PUFAs Content (%)
(6]
(8]
o
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Figure 1. Changes in PUFAs Content in Sunflower,
Cottonseed and Soybean Oils [7]

Another factor that might be affecting the stability of
the oils is the amount of naturally occurring alpha-
tocopherol contained in each oil where sunflower oil
appears to contain the highest amount, followed by
soybean oil [9]. Due to higher smoke point and alpha-

118



ATLANTIS

PRESS

tocopherol contained in sunflower oil, it appears to be
more stable than the other oils.

The difference in the reduction value of each oil
might be affected by the difference of frying time used in
the experiment. It might also be affected by the sample
difference where sunflower and cottonseed oil used
French fries as the sample, while soybean oil used
chicken as the sample. Naseri et al. [10] has done similar
research about the changes of fatty acid compositions
after frying silver carp (Hypophthalmichthys molitrix) by
using sunflower ail, olive oil, corn oil and soybean oil. It
was shown in the data that the total PUFAs in each oil
decreased, while total PUFAs in silver carp increased.

According to Hakimeh et al. [11], the decrease of
moisture inside the silver carp due to evaporation makes
the fat contained in oil easier to come inside thus
increasing fat content in silver carp. Therefore, the initial
moisture inside the samples are also the factors of
decreasing value of PUFAs content in the oil.

3.1.2. Changes in Trans-Fat After Deep-Frying

After the deep-frying process, it can also be seen that
trans unsaturated fatty acids increase as the frying time
increases in all samples as illustrated in Figure 2. It can
happen due to the lack of stability of the cis configuration
during oxidation process and changing it into trans
configuration.
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Figure 2. Changes in Transfat Content in Sunflower,
Cottonseed and Soybean Oils [7]

This theory was supported by research from Bansal et
al. [12]and Tsuzuki et al. [13] where the trans fatty acid
of several edible oil also increased and cis fatty acids
decreased prior to heating and frying treatment. This
statement was also in line with the decreasing of PUFAS
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content in section 3.1.1 after deep frying where the cis
configuration of PUFA decreased, thus increasing the
trans-fat content.

When the oil is being heated, atoms occurred in cis
configuration agitated and the hydrogen atom will be
removed from the cis configuration and form lipid
radical. Due to the removal of hydrogen atoms, the bond
will become unstable, and it will quickly attract another
hydrogen atom and it may attach to the other side of the
chain, thus forming a trans configuration that will
stabilize the fatty acids [14]. According to research by
Moreno et al. [15], the significant increase of trans fatty
acids in edible oils mostly started at 150°C and showed a
continuous increase with the increase of time and
temperature. However, trans fatty acid occurred during
the research are considered as minor constituents as it
does not occur in a high amount.

3.1.3. Changes in Monounsaturated Fatty Acid
(MUFA) after Deep-Frying

After the deep-frying process, there are increasing
values of C18:1cis known as oleic acid which is
categorized as MUFA from the data. The increase of total
MUFA in each oil after deep-frying was shown in Figure
3.
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Figure 3. Changes in MUFA Content in Sunflower,
Cottonseed and Soybean Oils [7]

From Figure 3, cottonseed oil experienced the highest
increase of total MUFA with sunflower oil and soybean
oil, respectively. Increase values of oleic acid might be
caused by the migration of the fat contained in the
samples to the oil and due to higher oxidative stability of
MUFA [7,10, 16]. Therefore, the differences in the
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increased percentage of monounsaturated fatty acids of
each oil sample were also affected by the initial MUFA
content in the sample.

Due to the instability of edible oils with high
unsaturated fatty acid content that has been stated in
section 3.1.1 and 3.1.2, the need to improve oxidative
stability of those oils are essential. It is also important to
note that the migration of fatty acids content from oil to
food might be dangerous if the oil has been oxidized due
to its capability of bringing undesirable chemical
compound such as cytotoxic and genotoxic aldehydes
which will affect the nutritional, physical and chemical
properties of the food itself [17-18]

3.2. Improvement of Oxidative Stability of
Several Edible QOils by The Addition of
Antioxidant

There are two types of antioxidants used in edible oils
which are natural antioxidant and synthetic antioxidant.
Natural antioxidants have gained popularity due to the
thoughts of consumers that natural ingredients are better
than the synthetic ones [19]. Synthetic antioxidant has
decreased in consumers interest due to its toxicity and
carcinogenic properties and its limitation of use in several
countries [20-23].

Natural antioxidant obtained from plant materials are
mainly polyphenols (phenolic acids, anthocyanins,
lignans and stilbenes), carotenoids (xanthophylls and
carotenes) and vitamins (vitamin C and E). As for the
synthetic type of antioxidant, the most used are butylated
hydroxytoluene (BHT), butylated hydroxyanisole (BHA)
and tert butylhydroquinone (TBHQ) [24].

Most edible oils already contain natural antioxidants
from its natural sources and it is called as tocopherol or
known as Vitamin E. The level of tocopherol contained
in the oil are important as it can contributes to its
oxidative stability. The rosemary extract (Rosmarinus
officinalis L.), sesame seed extract (Sesamum indicum),
and green tea extract are the potential natural antioxidants
in this case.

3.2.1. The Addition of Rosemary Extract in
Edible Oil

It has been reported that the addition of rosemary
extract in soybean oil that are heated at 180°C for 10
hours a day for two consecutive days improves its
oxidative stability index and slows polyunsaturated fatty
acid oxidation as shown in Figures 4 and 5. The addition
of 3000 mg/kg rosemary extract also showed a
comparable antioxidant activity on heated soybean oil as
50 mg/kg TBHQ and does not show synergistic effect
between them. The concentration of TBHQ that is used
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is the most common concentration that is utilized by the
soybean oil industry.
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Figure 4 Changes of Oxidative Stability Index in Edible
Oil with The Addition of Rosemary Extract
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Figure 5 Changes of PUFAs Content in Edible Oil with
The Addition of Rosemary Extract and TBHQ

Rosemary extract with the concentration of 400
mg/kg also shows its capability as antioxidant in soybean
and cottonseed oil which was stored in an oven at 62°C
for 24 days where it slows down the formation of
peroxide and shows a comparable activity with edible
oils with the addition of 400 ppm BHA+BHT with 200
ppm each as shown in Figure 6 and 7 [5]. A 200 ppm is
used as the concentration of BHA+BHT which is the
usage limitation (BPOM, 2013; FDA, 2019).

When used in a deep-frying treatment of potato at
180°C, sunflower oil with the addition of 1000 mg/kg
rosemary extract was able to reduce the formation of free
fatty acids and conjugated dienes even more than 50% if
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compared with BHA and control as shown in Figure 8
and 9 [25].
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Figure 6 Changes of Peroxide Value in Soybean Oil with
The Addition of Rosemary Extract and BHA+BHT [5]
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Figure 7 Changes of Peroxide Value in Cottonseed Oil
with The Addition of Rosemary Extract and BHA+BHT
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Figure 9 Changes of FFA Content in Sunflower Oil with
The Addition of Rosemary Extract, BHA, Tocopherol
and TBHQ [25]

Reduction of conjugated dienes after deep-frying
process was correlated with its oxidative stability because
it was both primary and secondary oxidation products
which are produced from hydroperoxides. With the
reducing values of both of them, it means that the
oxidation process has become slower and produces less
oxidation products which are caused by the increase of
the oxidative stability of the oil.

From the studies, rosemary extract has the capability
of becoming an antioxidant source in edible oil and
comparable with synthetic antioxidants. Antioxidative
properties of rosemary extract are correlated to its
polyphenolic compounds. According to Mena et al. [26]
there are 24 diterpenoids, 24 flavonoids and 5 phenolic
acids in rosemary extract.

3.2.2. The Addition of Sesame Seed Extract in
Edible Oil

Sesame seed extract has comparable antioxidant
activity in sunflower and soybean oil that are store at
70°C in an oven with BHA, BHT and TBHQ by looking
at the changes in the formation of conjugated dienes as
shown in Figure 10 and 11 [4].

Sesamolin is thermally unstable and during thermal
treatment, it was converted into sesaminol and sesamol
which are the major antioxidant products in sesame seed
extract [27-28]. It has been reported that both sesaminol
and sesamol has high antioxidant activity which leads to
its capability to retard peroxide value in oil and exhibit
radical scavenging properties on DPPH. This oxidation
product of sesamolin is the main reason for thermally
stable and high oxidative stability of sesame seed extract
[4]. Sesaminol also showed a synergistic effect with y-
tocopherol which is a natural antioxidant found in edible
oils [29]. The synergistic effect of both antioxidants
improved the oxidative stability of edible oil during
thermal processing and storage [30].
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Figure 10 Changes of Conjugated Dienes in Soybean Oil
with The Addition of Sesame Seed Extract, BHA, BHT
and TBHQ [4]
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Figure 11 Changes of Conjugated Dienes in Sunflower
Oil with The Addition of Sesame Seed Extract, BHA,
BHT and TBHQ [4]

3.2.3. The Addition of Green Tea Extract in
Edible Oil

In the addition of green tea extract in canola oil that
was heated at 95°C for 98 hours, there is a decreasing
value of reduction of polyunsaturated fatty acids after the
heating period as shown in Figure 12.

Koketsu & Satoh [3] has compared the use of several
concentration of green tea extract (40 and 60 ppm) and
200 ppm of tocopherol in soybean oil at 98°C for 30
hours. The result was shown in peroxide value where the
addition of tocopherol does not show significant different
with the control and green tea extract showed a
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significant lower peroxide value than control and
tocopherol which is in line with another research [31] as
shown in Figure 13. It is also shown that green tea extract
was dose-dependent since the 60 ppm concentration
showed lower value than the 40 ppm concentration. It is
also reported that the peroxide value of oils used for
frying noodles at 180°C are decreased with the addition
of 40 and 60 ppm green tea extract and 200 ppm
tocopherol, with lower value in green tea extracts [3].
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Figure 12 Changes of Fatty Acids Content in Edible Oil
with The Addition of Green Tea Extract [2]
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Figure 13 Changes of Peroxide Value in Edible Oil
with The Addition of Green Tea Extract and Tocopherol

(3]

Antioxidant properties of green tea extract are related
to its high phenolic content. The major compound that
contributes to green tea antioxidant properties are
catechins that make up to 25-35% of the dry weight of
green tea leaves [32]. The four major catechins are
epigallocatechin-gallate (EGCG), epicatechin-gallate
(ECG), epigallocatechin (EGC) and epicatechin (EC)

122



ATLANTIS

PRESS

with the range percentage found are 27.4-59.0%, 7.9-
13.6%, 19.0-34.23% and 6.4-16.14% of total catechins,
respectively [33-34]. The difference of individual
compound percentage found in green tea might be due to
the difference of methods and green tea variety that are
used. It has also been reported that the concentration of
catechins in green tea is 35 times higher than black tea
which makes it more suitable as an antioxidant source
rather than black tea.

3.3. Potential Analysis

All the extracts that have been reviewed show its
capability to improve oxidative stability in all the edible
oils that have been examined. From the references, the
addition of natural extracts as antioxidant source in edible
oil does not depend on the type of oils that are used, as
there is no difference in the result of the parameter of
oxidative stability.

From the bioactive compound structure of the
extracts, rosemary and sesame seed might be potential for
high temperature processing. Rosemary extract contains
carnosic acid which when exposed to heat, it can still
remain as an antioxidant product which is carnosol. As
for sesame seed extract, it has sesamolin which can also
be converted into sesaminol and sesamol when exposed
to heat and provide the antioxidant effect.

Table 1. Potential Temperature of Each Extracts to
Improve Oxidative Stability

Extracts Temperature

Rosemary Extract 62°C & 180°C
Sesame Seed Extract 25°C & 72°C
Green Tea Extract 95°C — 98°C

It is hard to come to a conclusion regarding the most
potential extracts due to the differentiation of methods
that are used. However, from the data provided in several
journals, the natural extracts have shown its potential to
improve oxidative stability in certain temperatures as
shown in Table 1. Only rosemary extract that has been
proven to increase oxidative stability in edible oil during
frying temperature, which commonly in the range of
160°C to 180°C. However, all other extract also has the
potential to improve oxidative stability in edible oil
during processing and storage below 100°C.

4. CONCLUSION

Edible oils that are exposed to heat or not stored
properly experienced several chemical reactions which
lead to the degradation of polyunsaturated fatty acids due
to its low oxidative stability. The usage of natural
antioxidants which are rosemary extract, sesame seed
extract, and green tea extract has been proven to improve
oxidative stability of the oils and prevent degradation of
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polyunsaturated fatty acids. Polyphenolic compounds
inside the extracts are the ones that contribute to its
antioxidative activity. The optimum extraction method of
the extracts is by using solvent extraction and the
difference of solvent used is mainly based on the polarity
of the extracts.

Rosemary extract has the potential to improve
oxidative stability in edible oils used for frying (>160°C),
while green tea and sesame seed, have the potentials for
treatment below 100°C.
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