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ABSTRACT: This study was conducted to enhancement the oxidative stability of soybean and
sunflower oil by blending them with palm oil to form binary blends. The physical and chemical
properties, refractive index, free fatty acids, peroxide value, iodine value, saponification value and
fatty acid composition of palm oil and its blends with soybean and sunflower oils were determined to
evaluate oils and their blends. Results revealed that palm oil was the best oil compared to sunflower
oil and soybean oil, as well as blending of palm oil with sunflower oil and soybean oil to form binary
blends led to the enhancement of oxidative stability of sunflower and soybean oil. The best binary
blend was the blend which consists of 50% palm oil: 50% soybean.

Key words: Qil blends, palm oil, soybean oil, sunflower oil, oxidative stability, peroxide value,

saponification value.

INTRODUCTION

The predominant fat used in Egypt today is
palm oil. It is a common and often used food
ingredient in the global food industry. Due to the
amount of saturated fat that provides stability
and increased resistance to oxidation when
heating at high temperatures, the food processing
industries falvour palm oil more than other types
of oil (Azrina et al., 2009).

Polyunsaturated fatty acids (PUFA), which
are more susceptible to oxidative alterations, are
present in significant concentrations in the
majority of vegetable oils trans fatty acids are
one type of oxidation product created by the
oxidative modifications in PUFA (TFA). These
TFA have negative metabolic side effects that
can change cell function and metabolism
(Holohan, 1997).

One of the most popular oils in use today is
soybean oil. Because it contains a wide range of
the essential fatty acids and sterols required by
the body to maintain health, soybean oil is also
healthier than the majority of other plant oils
(Kailas et al., 2013). The physical and chemical
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composition of blended oils as well as blood
lipids have previously been claimed to be improved
by vegetable oils when blending (St-Onge et al.,
2003).

Approximately 40-50% of sunflower seeds
are made up of oil, which is a significant source
of the polyunsaturated fatty acid (linoleic acid)
with possible health advantages (Lopez et al.,
2000 and Monotti, 2004). Sunflower oil is a
crucial oil to use for cooking due to the fatty
acid structure. Due to its high linoleic acid
content (48.3 to 74.0%), moderate oleic acid
content (14.0 to 39.4%), and low level of
saturated fatty acid content (12%), it is regarded
as a highly polyunsaturated oil. Because the
body is unable to produce these fatty acids, they
are vital to life (Gunstone, 2002).

By delaying or preventing the breakdown of
lipids, synthetic antioxidants like butylated
hydroxyanisole (BHA), butylated hydroxytoluene
(BHT), tert-butylhydroquinone (TBHQ), and
propyl gallate (PG) have been able to modulate
oxidation processes thus far (Taghvaei et al.,
2015; Metzner Ungureanu et al., 2020; Odeh
et al., 2021).
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Hydrogenation, interesterification, fractionation,
and blending are methods that can change an
oil’s nutritional properties, quality and stability.
Blending oils with diverse compositions and
attributes is the most straightforward way to get
the required oil characteristics because
interesterification and fractionation require
specialised and expensive equipment, while
interesterification leads to the development of
trans isomers (Hashempour-Baltork et al.,
2016). When two or more oils from various
vegetable species are combined (in a ratio
greater than 5%), an edible oil blend is created
(Guiotto et al., 2014). Therefore, this study was
carried to study and evaluate the physico-
chemical properties of blended palm oil with
soybean and sunflower oils.

MATERIALS AND METHODS

Materials and Reagents

All chemicals used in the study, were purchased
from Sigma—Aldrich (St. Louis, MO, USA). All
chemicals and solvents were analytical reagent
grade. Refined, bleached and deodorized RBD
sunflower oil (SFO), RBD soybean oil (SBO)
and RBD palm oil (PO) were obtained from
Tanta QOil and Soap Co., Tanta, Egypt.

Preparation of Oil and Its Blends

Containing Antioxidants
Selection of oils

The selection of test oils was based on the
presence of varying polyunsaturated fatty acids
(PUFA) composition. Thus, PO which includes
SFO, SBO and its blending PO 50%: SFO 50%,
PO 50%: SBO 50% and SMO 50%: SFO 50%
were used in this investigation.

Samples preparation

Three blends of palm oil, soybean oil and
sunflower oil were prepared using a mechanical
stirrer at 180 rpm for 15 min (Kumar et al.,
2009). These blends were prepared in the ratio
of 1: 1. These three blends named as:

Sample A =50% palm oil : 50% sunflower oil.
Sample B = 50% palm oil : 50% soybean oil.
Sample C= 50% soybean oil: 50% sunflower oil.

All oil blends were treated with and without
36 ppm TBHQ in a series of transparent glass
bottles having a volume of 200 ml each, to
examine their antioxidative activity. Schaal oven
test was conducted to evaluate the effect of
antioxidants against oxidation during the
accelerated oxidative storage of oils.

Physical and Chemical Properties
Refractive index

Abbe refractometer was used for the
determination of refractive indices of oil and fat
sample. Temperature of the refractometer was
maintained at 40 + 1°C using a thermostatically
controlled water bath. Refractive indices were
determined following the procedures given by
Cocks and van Rede (1997).

Oxidative Stability Test
Free fatty acid

Free fatty acid content (FFAC) was determined
according to standard methods of AOCS (2000).

Peroxide value (PV)

The peroxide value (PV) was conducted by
referring to the AOAC method 965.33 described
by AOAC (2011).

Determination of lodine Value (1V)

The iodine value (IV) in the oil samples was
determined using the Wijs method, as described
in the AOAC (1997) official method 993.20.

Fatty acid composition

The fatty acid methyl esters were analyzed
using to Thermo Ultra Trace GC series gas
chromatography and Thermo DSQIl  mass
spectrometer from Thermo Fisher Scientific
(Waltham, MA, USA). SGE BP x 70 column 25
m x 0.25 mm, 0.25 pum film thicknesses (65%
methyl - 35% phenyl silicone) was used (Tong
et al., 2007). Area under each fatty acid peak
relative to the total area of all fatty acid peaks
was used to quantify the fatty acids identified.
Results are reported as g fatty acid/100 g of total
fatty acids (Lutterodt et al., 2011).

Saponification value

The official Method (AOAC, 2011) No. 920.160
was used to calculate the oil's saponification
value. It required distillation and the manufacture
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of 0.1 N KOH solutions. A 5g sample of oil was
collected, weighed in a conical flask, fixed to an
air condenser, and then heated until fully
saponified. After cooling, it was titrated with 0.5
M HCI. The indicator used was phenolphthalein.

Accelerated Oxidation Storage Experiments
(Rancimat Test)

Rancimat was used to measure storage of oils
and blends in accordance with Official Method
Cd12b-92 (AOCS, 1997, 1998). Using the
Rancimat 743 equipment (Metrohm) and 3g of
oil sample that had been heated to 110°C with an
air flow of 20 L/h, stability was expressed as the
induction time (h).

Statistical Analysis

All data were statistically analyzed using the
general linear models procedure of the statistical
analysis system SAS (1998). Significances of
differences were defined at p<0.05. All
experiments as well as related analysis results
were repeated three times and all obtained data
are expressed as an average.

RESULTS

Physical and Chemical Properties for RBD
Sunflower, Palm Oil and Soybean Oils

Free fatty acids

According to Horuz and Maskan (2015),
the released fatty acids in fried foods are more
likely to undergo thermal oxidation, which
results in unpleasant smells and odours. The free
fatty acids of oils (sunflower, palm, and soybean
oils) were revealed to be 0.045%, 0.040% and
0.038%, respectively, according to data presented
in Table 1. Among palm oil, sunflower oil and
soybean oil, free fatty acids were reported at the
lowest levels. Kathleen and Monoj (2005),
Razali (2005), Angeles et al. (2017) and Hashem
et al. (2017) all concur with these findings.
It is important to note that the tested palm
oil, soybean oil and sunflower oil all met the
requirements of Egyptian Standard
Specifications, Number 999 (2017) for crude
edible oils in terms of free fatty acids.

Peroxide value

The main oxidation product resulting from
lipid oxidation is hydrogen peroxide. It could

degrade into secondary volatile and nonvolatile
compounds, lowering the oil’s quality. This
signals the beginning of the oxidative alterations
(Gotoh and Wada, 2006). The oxidation of
iodine ion by hydroperoxide can be used to
detect the presence of hydroperoxide in the oil.
The oil sample is treated with a saturated iodine
solution, which combines with the hydroperoxide
that result from the oxidation of the lipids to
produce free iodine. lodine that has been freed is
next titrated against sodium thiosulphate. The
titration value can be determined and expressed
as the mill equivalents of oxygen per kilogram
of sample (megq. O/kg), which stands for peroxide
value (Zhang et al., 2021). The Peroxide value
is the most common way to detect lipid
oxidation. The primary compounds that emerge
at the start of the autoxidation are peroxides. PV
is largely empirical even though it is applicable
in the early stages of oxidation. The test is
extremely sensitive to temperature variations.
PV rises throughout the oxidation, reaches a
maximum, and then starts to fall. The peroxide
value (P.V.), which measures the concentration
of peroxides and hydroperoxides, is a commonly
used tool for tracking the early stages of lipid
oxidation. The peroxide value of pure oils was
shown in Table 1 (sunflower, palm and soybean
oils had values of 0.18 meq. O,/Kg, 0.20 megq.
0,/Kg, and 0.15 meq. O,/Kg, respectively) .The
least amount of peroxide was found in soybean
oil when compared to palm and sunflower oils.
These findings concur with those of Hashem et
al. (2017), Sabbir et al. (2016), Prathibha et al.
(2018) and Tilahun et al.,, (2018). It is
important to note that the tested palm oil,
soybean oil, and sunflower oil all met the
requirements of Egyptian Standard
Specifications, Number 999 (2017) for crude
edible oils in terms of peroxide value.

lodine value

The literature states that the iodine value (1V)
is a measure of the degree of unsaturation and
lipid oxidation, with a high value suggesting that
the oils are prone to oxidation. Additionally, the
unsaturated nature impacts the stability of oils
and causes deterioration effects to manifest
during storage (Neagu et al., 2013). According
to the Codex Alimentarius Commission standard
for refined oils, the iodine value of each SFO
and SBO was between 118 and 141 and 124 and
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Table 1. Physical and chemical properties for RBD sunflower, palm oil and Soya bean oils

Properties Palm oil Sunflower oil  Soya bean oil
Refractive index (RI) 1.45123+0.01*° 1.46068+0.02°  1.46053+0.02°
Colour (R) 2.300+0.06* 0.717+0.01° 0.616+0.01°
Free fatty acids (F.F.A)% 0.040+0.001° 0.045+0.00° 0.038+0.002°
Peroxide value (P.V) meq. O2/Kg 0.20+0.02° 0.18+0.01° 0.15+0.02°
lodine value (1.V) 12/100g 52.1+1.02" 131+1.80° 130+2.12°
Saponification value (SAP.V) 12/100g 198+1.22° 192+1.98° 191+2.92°
Unsaponification value (UNSAP.V) 12/100g 0.22+0.01° 0.49+0.03" 0.52+0.01°

* Values (means +SD) with different superscript letters are statistically significantly different (P < 0.05).

139 ¢/100g oil, respectively. lodine value, a
gauge of general unsaturation, is frequently used
to describe oils and fats. As oil oxidises, the
number of double bonds decreases, which is
associated with a decline in iodine value. The
unsaturation of the oil correlates with the high
iodine value (Che-Man and Tan, 1999). Table
1 both display the IV value of RBD sunflower,
palm, and soya bean oils. Oils (sunflower, palm
and soybean) have iodine values of 131, 52, and
130 1,/100g, respectively. These findings were
in agreement with Prathibha et al. (2018) and
Tilahun et al. (2018). It is important to note that
the tested palm, soybean, and sunflower oils all
met the requirements of Egyptian Standard
Specifications, Number 999 (2017) for crude
edible oils in terms of iodine content.

Saponification and unsaponification value

Less ester bonds or higher molecular weight
fatty acids in glycerides are associated with
lower saponification values, and vice versa
(Nangbes et al., 2013). All three of the examined
oil samples are essentially within acceptable
limits. The highest saponification values were
produced by sunflower oil (192 mg KOH/g) and
palm oil (198 mg KOH/g). Sunflower, palm and
soybean oils each had an unsaponification value
of 0.49, 0.22, and 0.52 I,/ 100g. These findings
concur with those of Akinola et al. (2010),
Prathibha et al. (2018), Tilahun et al. (2018)
and El-gazzar et al. (2021). The saponification
values for the tested palm oil, soybean oil, and
sunflower oil were in compliance with the
Egyptian Standard Specifications, number

999 (2017) for the crude edible oils. These
results are consistent with those reported before.

Colour

Refined oils have usually soft tastes, clear
and transparent appearance (Suzanne, 2010).
Table 1 provides the colour values for the three
edible oils. The results fell into the R =0.616/Y
to R =2.3/Y range. According to the Table 1,
palm oil (R=2.30) had the reddest hue in
comparison to the global standard. This is
possibly a result of the bleaching process's
insufficient colour reduction. For any palm oil,
for instance, R=1.4/Y=15 is both an acceptable
value and a good grade level (Codex
Alimentarius Commission, 1999). However, in
our investigation, palm tree oil yielded greater
red values than anticipated. The presence of
carotenoids and other red pigments may be the
cause of this. Additionally, oils may become
coloured due to warming, dilution ratios, the
presence of dissolved contaminants, and other
unfinished products (Nangbes et al., 2013).

Refractive index

One of the most crucial physical characteristics
used to identify fats and oils is the refractive
index since it may be used to calculate how
saturated oil is. Results in Table 1 demonstrate
that for sunflower, palm, and soybean oils,
respectively, the values of RI were 1.46068,
1.45123, and 1.46053. These findings concur
with those of El-Anany (2007), Tilahun et al.
(2018) and El-gazzar et al. (2021). It is
important to note that the tested palm, soybean,
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and sunflower oils all met the requirements of
Egyptian Standard Specifications, Number
999 (2017) for crude edible oils in terms of
refractive index.

Physical and Chemical Properties for
Sunflower Qil, Palm Oil and Soybean Qil
Blends

A quick, practical, and affordable strategy to
improve the physicochemical and nutritional
characteristics of the oil is to blend it. Currently,
it is a standard procedure in the food sector. It is
an affordable and acceptable approach to supply
oil with a balanced fatty acid profile, increased
stability, and also improved content of antioxidant
and bioactive substances, according to humerous
researches (Fadda et al., 2022).

Free fatty acids

Data in Table 2 showed that the free fatty
acids of triple blended (palm oil, soybean oil,
and sunflower oil) 50% palm oil were found to
be the following 50% palm oil: 50% soybean oil
was 0.039%, 50% sunflower oil: 50% soybean oil
was 0.041% and 50% palm oil: 50% sunflower
oil. These findings are in agreement with those
of Kailas et al. (2012) and El-gazzar et al.
(2021). It is important to note that the tested
triple blend of “palm oil, soybean oil and sunflower
oil" complied with Egyptian Standard
Specifications, Number 999 (2017) for the
crude edible oils in terms of free fatty acids.

Peroxide value

Data in Table 2 showed that the combined
peroxide value of palm, soybean, and sunflower
oils. The ratio of 50% palm oil to 50% sunflower
oil was 0.18 meq. O,/Kg. The peroxide value for
the tested triple blended "palm oil, soybean oil
and sunflower oil" were in compliance with the
Egyptian Standard Specifications, number
999 (2017) for the edible oils crude. 50%
soybean oil was 0.17 meq. O,/Kg and 50%
sunflower oil: 50% soybean oil was 0.16 meq.

lodine value

Data from Table 2 showed that the combined
iodine value of palm, soybean, and sunflower
oils 50%palm oil: 50% soybean oil was 91 gl./
100g; 50% sunflower oil : 50% soybean oil was

130.5 gl,/100g; and 50% palm oil: 50% sunflower
oil was 91.5 gl,/100g. The iodine value for the
tested triple blended "palm oil, soybean oil and
sunflower oil" was in compliance with the
Egyptian Standard Specifications, Number
999 (2017) for the crude edible oils. These
results correlate to those of Kailas et al. (2012)
and El-Gazzar et al. (2021).

Saponification and unsaponification value

Data presented in Table 2 indicated that
saponification value of blended (palm oil,
soybean oil and sunflower oil). 50% palm oil :
50% sunflower oil was 194 mg KOH/g, 50%
palm oil: 50% soybean oil was 193.5 mg KOH/g
and 50% sunflower oil : 50% soybean oil was
191.5 mg KOH/g .While unsaponification value
of triple blended (palm oil, soybean oil and
sunflower oil) 50% palm oil : 50% sunflower oil
was 0.35 mg KOH/g, 50% palm oil: 50%
soybean oil was 0.38 mg KOH/g and 50%
sunflower oil: 50% soybean oil was 0.50 mg
KOH/g. The saponification value for the tested
triple blended "palm oil, soybean oil, and
sunflower oil" was in compliance with the
Egyptian Standard Specifications, number
999 (2017) for the crude edible oils. These
results are consistent with those of Kailas et al.
(2012) and EI-Gazzar et al. (2021).

Refractive index

Data presented in Table 2 indicated that
refractive index of blended (palm oil, soybean
oil and sunflower oil). 50% palm oil: 50%
sunflower oil was 1.45593, 50% palm oil: 50%
soybean oil 1.45586 and 50% sunflower oil : 50%
soybean oil was 1.46060. These results
correspond to the results El-Gazzar et al.,
(2021), are worth to mention that the refractive
index for the tested triple blended "palm oil,
soybean oil and sunflower oil" were in
conformity with the Egyptian Standard
Specifications, number 999 (2017) for the
crude edible oils.

Colour

Data presented in Table 2 indicated that color
values of triple blended (palm oil, soybean oil
and sunflower oil) 50% palm oil: 50% sunflower
oil was 1.4 R, 50% palm oil : 50% soybean oil
1.13 R and 50% sunflower oil : 50% soybean oil
was 0. 60 R. The red values in oils made from
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Table 2. Physical and chemical properties for RBD sunflower oil, palm oil and Soybean oil blends

Properties 50% palm oil : - 50% palm oil : 50% soybean : _
50% sunflower oil  50% soybean oil  50% sunflower oil
RI 1.45593+0.01° 1.45586+0.02° 1.46060+0.01°
Colour 1.4+0.03% 1.13+0.05" 0.6+0.04°
Free fatty acids (F.F.A) 0.042+0.00% 0.039+0.002° 0.041+0.001°
Peroxide value (P.V) 0. 18+0.03% 0.17+0.02° 0.16+0.02°%
lodine value (1.V) 91.5+2.4° 91+3.12" 130.5+4.5°
Saponification value (SAP.V) 194+2.2° 193.5+2.6™ 191.5+2.4°
UNSaponification value (UNSAP.V) 0.35+0.01° 0.38+0.01° 0.5+0.02°

* Values (means +SD) with different superscript letters are statistically significantly different (P < 0.05).

palm oil and its derivatives were greater than
anticipated. The presence of carotenoids and
other red pigments may be the cause of this.
Additionally, oils may become coloured due to
warming, dilution ratios, the presence of
dissolved contaminants, and other unfinished
products (Nangbes et al., 2013). These
outcomes match those of Tilahun et al. (2018).

Fatty Acids Composition for Sunflower
Oil, Palm Oil and Soybean Oil

The fatty acid composition of polyunsaturated
and saturated fatty acid ratio of pure oils used in
this studied are presented in Table 3. Palm oil

contained (40.0%) oleic acid (C18:1) and 46.08 %

palmitic acid (C16:0), these results are in
agreement with Naghshineh et al. (2010) and
El-gazzar et al. (2021). whereas sunflower and
soybean oils contained a lower level of oleic
acid was found to be (23.11%), (20.70 %),
respectively. On the other hand, Linoleic acid
values were (67.79%) and (59.0%) for sunflower
and soybean oils respectively. From Table 3 it
noted that samples of soybean oil content of
Linolenic acid (6.26%), while this fatty acid
nondetect for sunflower and palm oils. According
to Juarez et al. (2011), fresh soybean oil
included 10.3% of palmitic acid (C16:0), 4.9%
of stearic acid (C18:0), 21.5% of oleic
acid (C18:1), 53.4% of linoleic acid (C18:2),
and 5.1% of linolenic acid. These findings are in
agreement with their findings (C18:3). Ferrari
et al. (1996) also discovered that the refined
soybean oil’s fatty acid content was 11.2%

C16:0, 0.1% C17:0, 3.5% C18:0, 24.9% C18:1,
50.2% C18:2, 3.5% C18:3, 0.4% C20:0, 0.4%
C20:1, 0.5% C22:0, and 0.2% C24:0. El-gazzar
et al. (2021) also discovered that palm oil
included (49.70%) oleic acid (C18:1) and (34.90%
palmitic acid (C16:0), whereas sunflower and
soybean oils contained a lower level of oleic
acid, which was found to be (18.80%) and
(23.18%), respectively. On the other hand,
linoleic acid values were (67.80%) and (49.56%)
for sunflower and soybean oils respectively,
soybean oil content of linolenic acid (3.50 %),
while the percentage of this fatty acid was
(0.30%) and (0.30%) for sunflower and palm
oils, respectively.

Fatty Acids Composition for Sunflower
Oil, Palm QOil and Soybean Oil Blends

Binary blended oils (50% palm oil : 50%
sunflower oil, 50% palm oil : 50% soybean oil
and 50% soybean oil : 50% sunflower oil) had
their fatty acid composition, percentage of saturated
fatty acids, percentage of mono-unsaturated
fatty acids, and percentage of poly-unsaturated
fatty acids determined using GLC apparatus.
The results are shown in Table 4. Data indicated
that the percent of main components in binary
blended (50% palm oil: 50% sunflower oil) were,
total saturated fatty acids 29.44%, merestic acid
0.51%, palmetic acid 26.11%, stearic acid
2.66%, arachidic acid 0.16%, oleic acid 34.44%,
linoleic acid 35.84% and total-unsaturated fatty
acids 70.56% .While the percent of main
components in binary blended
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Table 3. Fatty acids composition for RBD sunflower oil, palm oil and soybean oil

Fatty acids composition Palm oil Sunflower oil Soybean oil
Caprylic C8:0 0.00 0.00 0.00
Capric C10:0 0.00 0.00 0.00
Lauric C12:0 0.31+0.02° 0.00+0.00" 0.00+0.00°
Myristic C14:0 0.92+0.05° 0.00+0.00" 0.00:0.00°
Palmitic C16:0 46.08+2.3% 5.30+0.9° 10.29+1.12°
Stearic C18:0 3.5+0.06® 2.70+0.1° 3.65+0.04°
Arachidic C20:0 0.2+0.02° 0.10+0.01° 0.10+0.01°
SFA 51.00+1.2° 8.10+0.85° 14.04+1.05"
Oleic Ci18:1 40.0+£2.4° 23.11+1.5 20.70+£1.3°
Linoleic C18:2 9.00+1.2° 67.79+2.6° 59.00+2.3"
Linolenic C18:3 0.00+0.00° 0.00+0.00" 6.26+0.02°
Archidonic C20:1 0.00 0.00 0.00
USFA 49.0+1.8° 91.40+3.4° 85.96+3.6"

* Values (means +SD) with different superscript letters are statistically significantly different (P < 0.05).

Table 4. Fatty acids composition for RBD sunflower oil, palm oil and soybean oil blends

Fatty acids composition 50% Palm oil : 50% 0% Palmoil : 5005 Soybean 50% :
sunflower oil 50% soybean sunflower oil
Caprylic C8:0 0.00 0.00 0.00
Capric C10:0 0.00 0.00 0.00
Lauric C12:0 0.00 0.00 0.00
Myristic C14:0 0.51+0.04° 0.45+0.03" 0.00+0.02°
Palmitic C16:0 26.11+1.3% 27.47+1.1° 7.58+1.2°
Stearic C18:0 2.66+0.12° 3.15+0.16° 2.65+0.14°
Arachidic C20:0 0.16+0.02° 0.17+0.03 0.07+0.02°
SFA 29.44+0.85" 30.79+1.0° 10.30+1.2°
Oleic ci18:1 34.44+1.6% 32.79+1.8" 25.00+1.5°
Linoleic C18:2 35.84+2.00° 33.72+2.04° 61.96+3.22°
Linolenic C18:3 0.00+0.02° 2.05+0.04° 2.28+0.05°
Archidonic C20:1 0.00 0.00 0.00
USFA 70.56+2.6° 69.21+2.9° 89.70+3.2°

* Values (means +SD) with different superscript letters are statistically significantly different (P < 0.05).



1028 El-Badawy, et al.

(50% palm oil: 50% soybean) were, total saturated
fatty acids 30.79%, merestic acid 0.45%, palmetic
acid 27.47%, stearic acid 3.15%, arachidic acid
0.17%, oleic acid 32.79%, linoleic acid 33.72%,
linolenic acid 2.05% and total-unsaturated fatty
acids 69.21%. Also, the percent of main

components in binary blended (50% soybean: 50%

sunflower oil were, total saturated fatty acids
10.30%, palmetic acid 7.58%, stearic acid
2.65%, arachidic acid 0.07 %, oleic acid 25.0%,
linoleic acid 61.96 %, linolenic acid 2.28% and
total-unsaturated fatty acids 89.70%. By mixing
palm oil with both sunflower oil and soybean oil,
it was possible to produce mixtures of good
quality, cheap prices and good contents of
unsaturated fatty acids, which have a good effect
on consumer health. Qil blending's primary goal
is to combine the best qualities of many oils into
a single oil and to create a product with a
balanced fatty acid profile, high stability, a
concentration of bioactive substances that are
good for human health, high functionality and
high industrial value (Dhyani et al., 2018).

These findings concur with those of El-
gazzar et al. (2021), who reported that the
primary constituents in binary blended (palm oil
and soybean oil) were 80% PO: 20% SB,
accounting for 36.07% of the total saturated fatty
acids. The percentage of all mono-unsaturated fatty
acids was 50.53%. Lauric acid was 0.25%,
Merestic acid was 1.11%, Palmetic acid was
28.82%, Stearic acid was 5.65%, and Arachidic
acid was 0.24%, Oleic acid was 50.33% and
palmetoleic acid was 0.20%; 13.40% of all
polyunsaturated fatty acids were present. There
were 13.20% of linoleic acid and 0.20% of
linolenic acid.

Thermophilic Stability for Sunflower Oil,
Palm QOil and Soybean Qil (By Antioxidants
and Without Antioxidant) at 110 C

The antioxidative potential of the employed
antioxidants was determined by the induction
duration. The time needed to reach an end point
of oxidation corresponding to either a degree of
observable rancidity or a rapid change in the rate
of oxidation is known as the induction period
(IP), also known as the oxidative stability index
(OSI) (Presa and Lopez, 1995). In general, raw
vegetable oils are more oxidatively stable than
their refined and processed counterparts. In
addition to the fatty acid composition, the

presence of minor bioactive elements such
tocols, sterols, metal ions, polar lipids, and the
initial concentration of hydroperoxides affects
the oxidative stability of a substance
(Madhujith and Sivakanthan, 2019 and Cai et
al.,, 2021). The results of induction periods at
110C for sunflower oil by antioxidant,
sunflower oil without antioxidant, palm oil by
antioxidant, palm oil without antioxidant,
soybean oil by antioxidant and soybean oil
without antioxidant were 8.3, 5.0, 5.23, 39.2,
31.6, 10.6 and 7.9 h, respectively (Table 5).
Results indicated that the induction period of
palm oil was the highest followed by soybean
oil and finally sunflower oil. However, the
differences between samples were significant.
Also, the addition of industrial antioxidants to
the oils increased the induction period for the
used oils as a result of the effect of antioxidants
which preserve fats and oils from deterioration,
rancidity/discolouration (Mujeeda and Prasad,
2016) by acting as chain-breaking radical
scavengers and peroxide decomposers (De
Souza et al.,, 2011: Mujeeda and Prasad,
2016). These results are in agreement with El-
gazzar et al. (2021).

Thermophilic Stability for Sunflower Oil,
Palm Oil and Soybean Oil Blends

The results of induction periods at 110°C for
50% palm oil 50%: sunflower oil by antioxidant,
50% palm oil: 50% sunflower oil without
antioxidant, 50% palm oil: 50% soybean by
antioxidant, 50% palm oil: 50% soybean without
antioxidant, 50% soybean: 50% sunflower oil by
antioxidant and 50% soybean: 50% sunflower
oil without antioxidant were 14.5, 9.9, 15.3, 11.7,
9.8 and 6.25 and respectively (Table 6). Results
indicated that the induction period of palm oil
was the highest followed by soybean oil and
finally sunflower oil. Also, the addition of
industrial antioxidants to the oils increased the
induction period for the used oils as mentioned
earlier. However, blending of different vegetable
oil can also improve the content of antioxidant
and bioactive lipids and these antioxidants and
bioactive components are also improving the
stability of vegetable oils (Abdel-Razek et al.,
2011; Dhyani et al., 2018). Garg et al. (2021),
Gonzalez-Gamallo et al. (2021) and El-gazzar
et al. (2021) who found that blending of
different vegetable oil improved the stability of
vegetable oils.
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Table 5. Thermophilic stability for sunflower oil, palm oil and soybean oil (by antioxidants and

without antioxidant) at 110 C

Palm 0|| Palm Oll Sunﬂower 0|| Sunﬂower 0|| Soybean Soybean
ar . . .
P Byanti  withoutanti ~ Byanti without anti Byanti  without anti
hr. 39.2+1.5° 31.6+1.3" 8.3+0.74¢ 5+0.22' 10.6+0.44° 7.9+0.82°

* Values (means +SD) with different superscript letters are statistically significantly different (P < 0.05).

Table 6. Thermophilic stability for sunflower oil, palm oil and soybean oil blends (by antioxidants

and without antioxidant) at 110 C

50% Palm oil : 50% Palm oil : 50% Palm oil : 50% Palm oil : 50% Soybean : 50% Soybean :

par 50% sunflower 50% sunflower 50% soybean
By anti

oil By anti il without anti

50% soybean 50% sunflower 50% sunflower
without anti oil By anti  oil without anti

hr. 14.5+1.04° 9.9+0.88°

15.3+1.02%

11.740.95° 9.8+0.75¢ 6.25+0.8°

*Values (means +SD) with different superscript letters are statistically significantly different (P < 0.05).

Conclusion

According to the above results, vegetable oil
blending is a physical, economical and simple
procedure to change FAC, to increase bioactive
components and natural antioxidants, and to
make products with specific properties.
Sunflower oil and soybean oil, the blends
showed higher oxidative stability indicators. The
findings imply that combining palm oil with
sunflower, soybean and other oils is a suitable
substitute for obtaining oils with greater
oxidative stability indices.
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