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Effect of deep frying process using sesame oil, canola and frying oil on the level of
bioactive compounds in onion and potato and assessment of their antioxidant activity
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Abstract

In this study, potatoes and onions were fried in sesame oil, canola oil and commercial frying oil at 180 °C for 8 and 4 minutes
respectively. The process was performed at three steps. Fried potatoes and onions were evaluated by the measurements of
parameters such as fatty acid, tochopherols. The results showed that in terms of changes in fatty acid profile in fried samples,
the linolenic acid content in sesame and canola has been decreasing. The highest levels of tocopherol were found in fried
samples of sesame oil. Finally, it can be concluded that sesame oil has been shown to be better in terms of resistance to other

oils studied in this study.

Keywords: antioxidant; bioactive compounds; deep frying; phenolic compounds.

Practical Application: Select the best oil for deep frying technology.

1 Introduction

One of the popular, convenient and quick process to
prepare food is frying technique (Borjian Borojeni et al., 2016).
Despite the negative attitude towards fried foods in diet concerned
with calorie, cholesterol and saturated fat content, frying is a
delicious method to provide foods with good texture, taste
and color (Ghidurus et al., 2010) and palatability also improve
the nutritional quality of foods. Frying might be caused out in
two ways; shallow frying and deep drying. Deep frying is one
of the most prevalent methods. The purpose of deep frying is
to immerse the food at high temperature (150 to 190 °C), so
quality, taste and flavors of the final products will be improved
(Choe & Min, 2007). The quality of food prepared by this method
not only depends on the frying conditions, such as temperature
and time of frying, food weight, methods of frying, presence
of antioxidant, type of food and oil used (Choe & Min, 2007;
Serjouie et al., 2010) selection of proper oil, due to the absorption
in the final products, can affect the nutrition quality of the foods
(Chiou et al., 2009; Borjian Borojeni et al., 2016). According to
the WHO recommendation, the composition of fatty acids in
the daily diet should include 50% of saturated fatty acids, 40% of
monounsaturated fatty acids and less than 10% of polyunsaturated
fatty acids (Nikzad et al.,2013).

During deep frying several reactions such as hydrolysis,
oxidation, polymerization and isomerization might occur due
to the presence of some factors mainly high temperatures,
oil, air and water. These reactions have influence on the
nutritional properties of the oil (Serjouie et al., 2010; Sedaghat
Boroujeni & Hojjatoleslamy, 2018).

Oxidation of oils during food storage and processing not
only leads to a loss of nutritional value and digestive quality
of food, but also leads to the production of oxidized products
such as free radicals. Free radicals produced in food cause
spontaneous oxidation and the production of undesirable
chemical compounds and the development of many diseases,
especially cancer (Gol Ahmad et al, 2019).

Resistance to oxidative rancidity might be considered as one
of the important factor concerned with frying oils. Sesame oil
due to its popularity and presence of natural antioxidants namely
sesamol and tocopherols (Yen & Shyu, 1989) has been considered
as a healthy oil in Asian countries Nzikou et al., 2009). The oil
is used in food and cosmetic products due to its high oxidative
stability (Borjian Borojeni et al., 2016). Compounds such as
sesamin, sesamolin and sesamol have physiological functions
and can decrease blood lipids, increase anti-oxidative ability,
and act as anti-inflammatory (Wu, 2007; Bakhtiary et al., 2014).

Canola (Brassica napus) is another best oilseed crops that is
used as healthy oil. This oil is low in erucic acid and glucosinolates
and is different in terms of chemical, physical and nutritional
properties as compared to high erucic acid rapeseed oil (Beig
Mohammadi et al., 2012).

Two of the most important vegetables crops are onions
and potatoes in the world. In terms of taste and flavor, onion
(Allium cepa) has special position foods, and the popularity
of onion is not only due to their consumption as a flavor agent
but also to their healthy, nutritional and functional properties
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(Petropoulos etal., 2015). Potatoes (Solanum tuberosum) have the
high demand for consumption in the world (Bakhtiary et al., 2014).
Potatoes are good source of nutrients and contain fiber, minerals
and vitamins (Burlingame et al., 2009). Due to high consumption
of potatoes, they are considered as a good source of ascorbic acid
that act as vitamin C and antioxidant (Farhoosh & Esmaeilzadeh
Kenari, 2009).

The effects of sesame oil and rice bran oil on canola oil
during deep frying has been investigated by Reza Farhoush
and Reza Esmaeilzadeh Kenari in 2009 The purpose of this
study was to evaluate the effect of sesame oil and or rice bran
oil on degradation of canola oil during deep frying. The tests
consisted of the measurement of fatty acids composition using
gas chromatography, peroxide value, acidity using the AOCS
standard, polar compounds based on the method developed
by Schulte. The results showed that the best frying time was
obtained when canola oil was mixed with sesame oil and rice
bran oil, at the ratio of 94: 3: 3, respectively.

In another study, the effect of sesame oil on the quality
characteristics of frying oil during deep frying was investigated
by Borjian Borojeni et al. (2016). In this research, sesame
seeds were roasted and the oil was extracted. Commercial
frying oil (CFO) was mixed with different concentrations of
sesame oil (RSO) and then used for deep frying of potato chips.
This process was carried out daily at 180 °C for 1 hour in five
consecutive days. The performance of frying oil was evaluated
by measuring different parameters such as peroxide value,
oxidation strength index (OSI), total polar composition (TPC)
and fatty acid profile. The results indicated that roasting has a
significant positive effect on phenolic compounds (21 times) and
oxidative stability (3.6 times) of sesame oil. During frying, TPC
levels increased significantly. By increasing the concentration
of RSO, the antioxidant capacity of the frying oil increased,
although the commercial frying oil containing TBHQ had a
higher activity than 30% RSO.

Bakhtiari has carried out studies on the sensory evaluation
of potato chips sesame oil and palm olein oil and their mixture
were used as frying oil in 2014. In this research work, sensory
evaluation concerned with qualitative factors was applied.
The results showed that the mixture of these two oils provides
better stability during frying process.

The phytochemical compounds of onions and potatoes are
influenced by the method for usage. Since both vegetables usually
are consumed after cooking and frying, it is necessary to evaluate
their bioactive compound after processing at high temperature.
The aim of the present study is to evaluate the effect of three oils
(canola oil, sesame oil and frying oil) on the quality of potato
and onion during three stages of deep frying.

2 Materials and methods

All chemicals and reagents were purchased from Merck
Chemical Company. Samples of white onions were prepared
from local market and samples Agria potato were collected from
Poldasht, west of Iran. The Sesame, canola and frying oils were
obtained from local market in Tehran.

546

2.1 Sample preparation

Crude and fresh potatoes and onions were washed, dried, peeled
and cut to suitable size. The oils were stored at room temperature.
The producer for preparing the samples was deep frying.

2.2 Frying technique

Deep-frying was carried out at 180 °C for 4 min for onions
and at 180 °C for 8 min for potatoes (Ramirez-Anaya et al., 2015).
The selected time for frying depended on the suitable color and
texture of foodstuff. New samples of chopped potatoes and onions
were poured into the oils previously used after 120 minutes of
interruption and fried again under the same conditions. This procedure
was carried out for the third time to study the changes occurring.
The samples were then immediately refrigerated for further analysis.

2.3 Moisture, fiber and fat content

The moisture, fat, and fiber contents of the Samples were
examined by AOAC methods (2007) (Ramirez-Anaya et al., 2015).
For moisture content the samples were dried at 105 °C, to
a constant weight. The Soxhlet method was used for crude
fat determination. Dietary fiber was determined by dilating
the samples by followed by hydrolysis of proteins and starch
(Farhoosh & Esmaeilzadeh Kenari, 2009).

2.4 Oil extract conditions

After removing the surface oil, the slices of food fried were
cut and dried in a vacuum oven at 50 °C for 12 h. The dried
samples were ground, weighed and then transferred into
extraction thimbles that were placed in dry 250 mL round
bottom flasks containing 50 mL of petroleum ether according
to AOAC (Association of Official Analytical Chemists, 1995),
the extraction of oil was carried out for 2h by a soxhlet system
and the solvent was evaporated by a rotary evaporator. The flasks
containing the extracted oil were dried in an oven at 105 C
to constant mass. Oil contents were expressed as percentage
(Pedreschi et al., 2008).

2.5 Determination of total tocopherol

Tocopherols were determined according to ISO standard
number 9936 (ISO 9936: 2006) by the application of HPLC
equipped with UV detector (Anon. 2006). This HPLC system
consists of an auto injector, HPLC pump and a UV-Vis detector.
Analyzing of the tocopherols was performed by injecting 100 pL
of diluted oil on the column (4.6 mmx25 cm, 5 pm). The column
was eluted with the mobile phase that were methanol:deionized
water: butanol (90:6:4) and the flow rate was set at 1mL.min.
The effluent was monitored with the UV detector at 294 nm
(Choe & Min, 2007; Chung et al., 2004; Wegener et al., 2015).

2.6 Fatty acids profile

Fatty acids profile was obtained by methyl esterification of
fatty acids and detected by gas chromatography (GC) according
to Iranian National Standardization Organization with Nom:
13126-2; 13126-4. For this, about 0.1 g of the oil sample was
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inserted in 2 mL of heptane and then was shaken. Then 0.2 ml
of 2 N methanolic potassium hydroxide was added and placed
on the cap. In following, tightened the lid and shaken vigorously
for 30 seconds. Then allow some time for the top layer to become
transparent after the layers separated. The top layer, which contains
methyl ester, was slowly overflowed and finally the heptane
solution was suitable for injection into gas chromatography. A
FID detector was used for detection of fatty acids (Anon, 2016).

2.7 Antioxidant capacity

The antioxidant activity was measured according to
Molyneux way. The antioxidant activity was measured according
to Molyneux (Molyneux, 2004; Sedaghat Boroujeni et al., 2013).
Before each test, Methanolic solution of DPPH as stable free
radical was prepared. To ImL of the DPPH solution, 5 uL of the
sample were added, then stirred and waited for 10 min at room
temperature. Pure methanol was used as the control. After this
time the absorbance at A=515 nm was recorded again. The decrease
in absorbance recorded as the antioxidant activity. The radical
scavenging activity was calculated using the following formula
(Formula 1) (Molyneux, 2004; Sedaghat Boroujeni et al., 2013):

%DPPH remaining = (A /Am,,,m,) x 100 1)

sample

2.8 Statistical analyses

In this study, a statistical analysis was conducted by a two
factors factorial experiment in a Completely Random Design
(CRD) with three repetitions. ANOVA is used to analyze the
data and the statistical software used was SPSS 22 and SAS 9.6.

3 Results and discussion

3.1 Pre-frying step

Table 1 presents the free fatty acid composition (FFA) of oils
used where the predominant fatty acids are oleic acid, linoleic
acid. Frying oil had high concentration of palmitic acid and
indicating that the oil might be a mixture of vegetable oils where
palm oil or one of the fractions might be present.

The result in Table 1 show that in all oils, in the pre-frying
step, the highest amount of FAs belonged to oleic acid, linoleic
acid, palmitic acid and stearic acid, but in sesame oil the highest
amount of free fatty acids are linoleic acid, oleic acid, palmitic
acid and stearic acid, respectively. In frying oil and canola oil
the highest amount of FFAs are oleic acid, linoleic acid, palmitic
acid and stearic acid, respectively.

The range of Palmitic acid was 5-25%. These fresh oils were
significantly different with regard to their C16:0 content (p< 0.01).
The oils were ranked in decreasing order of C16:0 content as
fallows; frying oil > sesame oil > canola oil.

Oleic acid is one of the most important FFAs in oils and
the content range is 35-57% in these fresh oils. The oils were
significantly different with regard to their C18:1c content (p<0.01).
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The highest amount of this compound was observed in canola
oil, followed by sesame oil and frying oil.

The range of linoleic acid was 22-40%. These fresh oils
were significantly different with regard to their C18:2c content
(p< 0.01). The highest amount of this FFA was measured in
sesame oil and then frying oil and canola oil.

The range of saturated fatty acid (SFA) was 7.5-25%.
These fresh oils were significantly different with regard to their
saturated fatty acids content (p< 0.01). The highest amount of
this component was found in frying oil, sesame oil and canola
oil, respectively.

The range of unsaturated fatty acid (UFA) content was
64-81%. The fresh oils were significantly different in UFA
content (p<0.01). The higher amount of unsaturated fatty acids
was found in canola oil, sesame oil and frying oil, respectively.

Beig Mohammadi et al. (2012), evaluated the Physicochemical
Properties and Stability of Oil Extracted from Three Canola
Cultivars Grown in Golestan Province of Iran. They released
that oleic acid is the major fatty acid in canola oil and linoleic
acid is the highest level of essential fatty acid. Also, Gruzdiene
and Anelauskaite studied Chemical composition and stability
of rapeseed oil produced from various cultivars grown in
Lithuania. Similar results were obtained from their research.
Farhoosh & Esmaeilzadeh Kenari (2009) worked on Anti-Rancidity
Effects of Sesame and Rice Bran Oils on Canola Oil during Deep
Frying Their results for fatty acids in canola oil were similar to
our results.

Gharby et al. (2015) determine the characteristic features of
the oil content and composition of nutrients of sesame seeds grown
in Morocco. The results showed that the major unsaturated fatty
acids were linoleic acid (46.9%) followed by oleic acid (37.4%),
while the main saturated fatty acid was palmitic acid (9.1%).

Table 2 shows the content of total tochopherol in crude oils.

The range of total tochopherol was 237-320 mg.kg. The fresh
oils were significantly different in the total tochopherol content
(p<0.01). The highest amount of total tochopherol was observed
in sesame oil followed by frying oil and canola oil.

One of the most important factors that effect on quality
of edible oils is oxidation. It makes undesirable changes in
their properties such as sensory and nutritional characteristic.
The antioxidant capacity of the oils was determined with the
DPPH. The range of DPPH in these fresh oils was between
47-62%. The differences between canola oil, sesame oil and
frying oil were significantly. The highest amount of DPPH was
found in fresh sesame oil.

Table 3 shows the fat, moisture, fiber content and DPPH of
crude potato and onion.

According Table 3, Amount of fat, moisture and fiber in
fresh potato were 0.05%, 72.15% and 13.83% respectively.

Also, in crude onion the compounds were 0.03%, 89.04% and
4.18% respectively. So the highest amount of fat, moisture and
fiber are corresponded to potato, onion and potato, respectively.
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The range of DPPH was 41-58(%). As the Table 3 shows, the
percentage of DPPH in fresh onion is more than fresh potato.

3.2 Analysis of fried potatoes

3.2.1 Fat, moisture and fiber content of fried potato

Table 4 indicates the amount of fat, moisture and fiber of
fried potato in canola oil, sesame oil and frying oil at first and
third steps.

The results given in Table 4 show that the range of fat
content for fried potato was 12-15.5% at first and third step of
frying. The highest fat gain in the fried potato at two steps is
corresponded to canola oil, frying oil and sesame oil, respectively.
At third step, fried potato has absorbed more fat than first step
of frying. As the Table 5 shows, there was significant difference
between fried potatoes in terms of gained fat (p<0.01).

In contrast, the percentages of moisture fell in both steps of
frying. The range of water amount was 51 — 60% at two steps. The
highest moisture was found in fried potato with frying oil, sesame
oil and canola oil, respectively at two steps. As the Table 4 shows,
there was significant difference in terms of water amount (p<0.01).

Table 2. The amount of total tochopherol and DPPH in pre-frying
steps of Canola oil, Sesame oil and Frying oil.

Stage Oil Type Total tochopherol DPPH
(mg.kg)* (%)*
Pre- Canola 237.60 47.30
frying £17.97 £0.42
c c
Pre- Sesame 319.70 61.7
frying +14.11 +0.39
a a
Pre- Frying 274 53.8
frying Oil 6+ +0.47
b b

*Values are Means tstandard deviations of triplicate determinations. Values in the same
column having the same superscript letters are not significantly different (p < 0.01).

Table 3. Amount of fat, moisture, fiber DPPH of crude potato and onion.

Fat Moisture Fiber DPPH
Stage Vegetable
(%)* (%)* (%)* (%)*
Raw Potato 0.05 72.15 13.83 41.6
+0.01 +0.2 +0.29 +0.34
a b a b
Raw Onion 0.03 89.04 4.18 57.4
+0.003 +0.2 +0.31 +0.43
a a b a

In comparison to the raw vegetables, the percentage of water
in fresh crops was more than fried food. According the results
of Ramirez-Anaya et al. (2015) and Chiou et al. (2009), frying
is a dehydration technique that the water of foods evaporated.

The results in Table 4 indicate that the percentage of fiber
was 1-1.4. At first and third steps of frying, the most fiber is
belonged to fried potato with frying oil, sesame oil and canola
oil, respectively. As the Table 5 shows, there was no significant
difference between fried potatoes in terms of fiber amount
(p<0.01). The amount of fiber in fresh potato was more than
fried potato.

3.2.2 Fatty acids analysis of fried potato

Table 5 indicates the fatty acid composition (FFA) of oils at
the first and the third stages of frying potatoes.

Oleic and linoleic acid were predominant, palmitic and stearic
acids, and some of them were present at lower concentrations.

The ranges of palmitic acid at both steps of frying for fried
potato in the three oils were 5-27.5%. The order of the oils with
regard to C16:0 content was as fallows; frying oil, sesame oil
and canola oil. These fried potatoes were significantly different
with regard to their C16:0 content (p< 0.05), but there were not
between first and second steps of frying. It should be noted that
the amount of this compound at fried sesame oil was reduced and
in fried canola and frying oil increased rather than un-fried oils.

Table 4. The fat, moisture and fiber content of fried potato at first and
third steps.

Moisture Fat Fiber
Stage Oil Type

(%) (%) (%)

Fryingl Canola 51.6 14.89 1.2
+0.37 +0.38 +0.16

d a a

Fryingl sesame 55.6 12.20 1.3
+0.34 +0.33 +0.19

c d a
Fryingl  frying oil 59.9 12.95 1.35
+0.24 +0.24 +0.12

a c a

Frying 3 canola 51.7 15.4 1.1
+0.2 +0.26 +0.08

d a a

Frying 3 sesame 55.7 12.5 1.2

+0.92 +0.55 +0.108

c c,d a
Frying3  frying oil 58.5 13.8 1.27
+0.53 +0.31 +0.16

b b a

*Values are Means +standard deviations of triplicate determinations. Values in the same
column having the same superscript letters are not significantly different (p < 0.01).
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*Values are Means + standard deviations of triplicate determinations. Values in the same
column having the same superscript letters are not significantly different (p < 0.01).

549



One of the best oils used in frying potatoes and onions by deep frying technology

(10°0 > d) yuazaprp Apueoyrudrs Jou ore s19)39] dros1adns swres 9} SUTARY UTIN]OD WIS ) UT SINJR/ "SUOTJRUTULIANIP 2)ed1[dLI) JO SUOTIRIASD PIEPUR)S F SUBSIA 9T SAN[eA

Q ﬂ @ o} ﬂ UAU @ 1 o} e 2
LI0°0F 1707 pu 6£°0F pu STOF vE0F T00°0F S00°0F LLOF 970F LV0F v0°0F
910 86°0 17°LT LE6E 8L€ 8100 €500 1LLT 18'99 95°¢ 860 ¢8ukry  po Suikig
> q > e > q e P q q q q e
100°0F 100°0F 100°0F PO 100°0F 0T 150F 100°0F 100°0F SHOF LV0F 78°0F 9T'0F
190°0 820 S0°0 8L9¢ €10°0 9LTH €8' 700 7900 186 SL6L %91 we ¢Buif1y  ouresag
14 e e 2 e 14 J n— e J 14 J n—
200°0F 8T0F 19°0F LEOF YT07F Y507 €0F T00°0F LI00F 69°0F €T0F 01T 9%°0F
1€°0 W vTe Ve €5 SLY9 ¥ST 7900 ST'0 €6's 8716 686 19°¢ ¢8ukry  epourd
q q q > q £} q e > e 5
T0°0F €0°0F pu 6£°0F pu 6T°0F 6T°0F 200°0F 100°0F PH0F 607 85°0F 72007
ST0 650 6°LT 17'8¢ 8L¢ 200 7600 €Lz 7799 £97TE 600'T 18uidiy o Suikrg
q q > e > q e > q q q q e
200°0F T00°0F 200°0F €07 100°0F YE0F WOF  C000°0F 100°0F 79°0F LEOF 98'0F 6T0F
ST'0 ¥9°0 80°0 vLLS 100 PITY 1§ 7€0°0 6900 €56 6L 88°GT 96°¢ 18uidry  ouresag
14 e 14 o] 14 e o] 14 e o] 1 o] q
20007 LTOT 7507 vE0F ST0F 70T ST0F 200°0F 100F S0F 10T 8%°0F YE07F
€€°0 971 L0°S 9907 AR 5€'€9 €T 590 LT0 88°S LET6 96 €s°¢ 18uidiy  ejoue)
1:020 020 2¢:81D o810 K te) o1:81D 810 321D 1:910 91D vin VS 910810 33eis ad41 1o

-o3e3s pary) pue )sIy 2y} Je s[ro Surkiy pue swesas ‘ejoued ur saoyejod paryy Jo (%) uonisodwod poe £A)3e] ° dqeL,

Food Sci. Technol, Campinas, 41(3): 545-555, July-Sep 2021

550



Nikzad et al.

The Oleic acid content was 38-65% for fried potatoes at
two steps. The highest amount of this FA was found in canola
oil, sesame oil and frying oil, respectively. The fried oils were
significantly different with regard to their C18:1c content
(p<0.05), but there were not between first and second steps of
frying. The amount of this fatty acid in fried oils has increased
in comparison to all three un-fried oils.

Despite of a significant difference among oils in terms of
C18: 1, there is no significant difference between steps frying for
each oil. The amount of this fatty acid in fried oils has increased
compared to all three non-fried oils. The reason for the increase
of this fatty acid with a double bond can be attributed to the
thermal degradation of linoleic acid (two unsaturated bonds) and
linolenic acid (three unsaturated bonds) and also the increase
in the ratio of oleic acid in the oil composition (Saghaei and
Piravi Vanak, 2018).

The range of linoleic acid was 20-38% in fried potatoes in
the three oils at first and third steps. The highest amount of this
compound was observed in sesame oil, followed by frying oil
and canola oil. The fried oils were significantly different with
regard to their C18:2¢ content (p<0.05), but there were not
between first and second steps of frying. Also, the amount of
this compound in fried oils compared with non-fried oil, has
shown a decreasing trend.

There is a significant difference between the three oils in
terms of C18: 2, but no significant difference was observed
between the first and the third stage of frying between each oil,
except for frying oil. It should be noted that the amount of this
compound in fried oils compared to non-fried oils has shown a
decreasing trend. This decrease is probably due to the degradation
of dual unsaturated bonds due to the deep frying process and
its conversion into oxidation products, resulting in a decrease
in the amount of unsaturated fatty acids and an increase in the
ratio of saturated fatty acids (Saghaei and Piravi Vanak, 2018).
The results obtained from the effect of deep frying process on the
fatty acid composition of grape seed oil by Saghaei and Piravi in
1398 were also consistent with the results of the present study.

Linoleic and linolenic unsaturated fatty acids are important
compounds that are affected by chemical reactions during frying.
These changes in the amount and structure of fatty acids are
directly related to time and temperature (Warner, 2004).

The range of saturated fatty acid (SFA) at two steps was
9-34%. The highest amount of SFA at first and second step
was found in frying oil, sesame oil and canola oil, respectively.
It observed that the amount of saturation in fried oils has been
shown to increase in oils comparison with un-fried oils. But it
should be mentioned that the lowest changing in saturated free
fatty acids is belonged to sesames oil.

The range of unsaturated fatty acid (UFA) content was
66-92% at first and third steps of frying. Considering the UFA
content, the oils were ranked in increasing order as follows;
canola oil, sesame oil and frying oil. The oils were significantly
different with regard to their UFA content (p>0.05) at first and
second steps of frying. The amount of un-saturation in fried
oils has shown an increasing trend compared to primary oils.

Food Sci. Technol, Campinas, 41(3): 545-555, July-Sep 2021

Serjouie et al. (2010) studied the effect of frying process on
fatty acid composition and iodine value of selected vegetable oils
and their composition. Six frying samples were considered as
the main treatments: Palm oleine . Sesame Qil (AB, 1: 1 w/w),
RBD Palm oleine (RBD), Palm oleine (A), Canola Oil (C),
Palm Olein oil . Sesame Oil, Palm Oil, Sesame Oil . Canola Oil
(BC, 1: 1, w/w) and RBD Palm Oil . Sesame Oil . Canola oil.
The analysis of fatty acids showed that the amount of linolenic
acid (C18: 3) and linoleic acid (C18: 2) decreased while palmitic
acid (Cl16: 0) increased with frying time, which it is similar with
the results of this study. Serjouie et al attributed the decrease in
linolenic acid and the increase in palmitic acid to oil oxidation
and oxygen uptake during frying. They also reported that the
rate of oxygen uptake and the reaction between O2 and fatty
acid C18, C18: 1 and C18: 2 were 1.2 x 10%, 5.3 x 10%, 7.3 x 10*
and 10 x 10* (M §), respectively. As it is known, the reaction
rate of C18: 3 with oxygen is much faster than that of C18: 2 and
C18: 1, so the highest decrease was observed at C18: 3 and the
lowest decrease at C18: 1. The increase in C18 and C16 has also
been attributed to the double and triple band breaks in the UFAS,
which can be transferred to the same FAS or a shorter branch.

The formation of trans fatty acids in edible oils during
the frying and heating process was evaluated by Tsuzuki et al.
In this study, chopped potatoes (10% frying oil (w/w) in canola
oil used were fried at 160, 180 and 200 °C and 10 frying cycles.
They found that the fat content of crude potatoes was about
0.1% (w /w) and the TFAs in crude potatoes were negligible.
Therefore, fried potatoes contained lipids at the level of 8.8-2.9%
and their fatty acid composition was more consistent with frying
oil. Their results showed that a typical frying process using
non-hydrogenated edible oils had little effect on the absorption
of TFA from edible oils.

The linoleic to palmitic acid ratio for these oils was 1-4%.
The highest amount of C18:2/C16 were corresponded to sesame
oil, canola oil and frying oil, respectively. The oils were significantly
different with regard to this ratio (p<0.05), but there were not
between first and second steps of frying. The amount of C18:2/
C16in fried oils has been shown to be a decreasing trend in fired
sesame oil, and a decreasing trend in the canola oil and frying oil.

In a study by Serjouie et al. (2010), the C18: 2 /C16 ratio was
also investigated. In the C18: 2.C16 ratio, C18: 2 and C16 fatty
acids are commonly used as an indicator to identify the degree
of fat degradation because linoleic acid is much more sensitive to
oxidation while C16 is more stable. This ratio is used to identify
the degree of oxidative deterioration in fried oil samples.

3.2.3 Total Tochopherol and DPPH Analysis of Fried Potato

The antioxidant activity of fried potato was determined with
the DPPH. The range of DPPH was 41-54(%) at first step and
32-41% at third step of frying. As the Table 6 show, the percentage
of DPPH in fried potato at first step of frying is more than third
step. The highest percentage of DPPH was corresponded to fried
potato with sesame oil, frying oil and canola oil, respectively at
two steps. It can be seen that the antioxidant capacity of the fried
foods increased when sesame oil is used. The fried potato was
not significantly different in this respect (p<0.01). All of used
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Table 6. Total Tochopherolcontent and DPPH account of fried potato
at first and third step.

Stage Oil Type TOtat;?gcig? erel D(:;H
Fryingl Canola 183 41.8
+5.56 +0.44
c c
Fryingl sesame 265 54.2
6+ +0.57
a a
Fryingl  frying oil 238 45.4
+6.08 +0.37
b b
Frying 3 canola 79 321
+5.56 +0.29
e e
Frying 3 sesame 179 41.7
+6.55 +0.39
c c
Frying3  Fring oil 133 36.7
+4.58 +0.21
d d

*Values are Means +standard deviations of triplicate determinations. Values in the same

column having the same superscript letters are not significantly different (p < 0.01).

oils in this study increased the antioxidant capacity at first step
of frying rather than raw step. As Ramirez-Anaya et al reported,
there is a positive correlations total poly phenol content with
DPPH (antioxidant capacity) in potato.

Also, the range of total tochopherol was 79-265 mg.kg. The fried
potatoes were significantly different in the total tochopherol
content (p<0.01). The highest amount of total tochopherol was
observed in sesame oil followed by frying oil and canola oil.

3.3 Analysis of fried onion

3.3.1 Fat, moisture and fiber content of fried onion

Table 7 indicates the percentage of fat, moisture and fiber
of fried onion at first and third steps of frying.

The results given in Table 7 indicate that the range of fat content
of fried onion was 32-48% in first and third step. Considering
the gained fat, the fried onions were ranked in decreasing as
follows; canola oil > frying oil > sesame oil at both steps of frying.
As the Table 6 shows, there was significant difference between
fried onion in terms of the fat content (p<0.01).

Also, Table 7 shows that the range of moisture was 7-31% and
6-30.3% at first and third step, respectively. The highest percentage
of moisture was corresponded to fried onion with frying oil, sesame
oil and canola oil, respectively at both steps. So, the percentage
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Table 7. The fat, moisture and fiber content of fried onion at first and
third steps.

Stage Oil Type Moisture Fat Fiber
(%)* (%)* (%)*

Frying 1 Canola 7.3 47.8 3.1
+0.39 +0.41 +0.07

a a c
Frying 1 Sesame 14.3 32.2 5.16
+0.37 +0.39 +0.23

b d a

Frying 1 Frying 31.2 43.9 1.8
oil +0.64 0.4 +0.13

c c d

Frying 3 Canola 6.7 47 3.9
+0.32 +0.27 +0.17

a b b

Frying 3 Sesame 13.9 32.7 4.9
+0.28 +0.26 +0.27

b d a

Frying 3 Frying 30.25 40.9 2

oil 039 +0.38 +0.15

d c d

* Values are Means + standard deviations of triplicate determinations. Values in the same
column having the same superscript letters are not significantly different (p < 0.01).

of moisture went down in both steps of frying rather than raw
onion. As the Table 6 shows there was significant difference in
terms of the water percentage (p<0.01). The results were same
with fried potato at this research and Ramirez- Anaya et al. (2015).

The results in Table 7 indicate that the amount of fiber was
1-5% at first and 2-5% at third steps of frying. The highest fiber
was found in fried onion with sesame oil, canola oil and frying
oil, respectively. As the Table 6 shows, there was significant
difference fried onion in terms of the fiber account (p<0.01).

The percentage of fiber in raw onion was more than fried
onion as same as potato.

3.3.2 Fatty acids analysis of fried onion

Table 8 observed the FA composition (FFA) of fried onion
in the three oils at the first and third frying steps.

The result given in Table 8 show that in all fried onion, at
the first and third step of frying, the highest amount of FAs
belonged to oleic acid, linoleic acid, palmitic acid and stearic
acid, but in sesame oil the highest amount of free fatty acids
are linoleic acid, oleic acid, palmitic acid and stearic acid,
respectively. In frying oil and canola oil the highest amount

Food Sci. Technol, Campinas, 41(3): 545-555, July-Sep 2021



Nikzad et al.

(10°0 > d) yuazagtp Apueoyrusts Jou are s10139] 1drros1adns sures Yy SuraLy UWN[OD STWES Y UT SIN[EA "SUOTJRUTULIANSP )edT[dL1) JO SUOTJRIAID PIBPUE)S F SUBIJA oT€ SINJBA ,

Q D J o} D U U.D e o} e o}
100 F SO0 F PN LEOF PN LVOF €C0F  9T00°0%F 20007 860°0F €TOF 89°0F 1007
810 76°0 VAV €€°6¢ sTE 6100 7500 8€'T 8779 LS6T 60'T noSukry ¢ Buikag
> q > ®e q q e P q > q > qe
100 7F 1007 S00°0F vE0T 1007 60'TF €0F S00°0F 1007 8T0F ST'TF 19°0F ST0¥F
900 120 6L0°0 ¥1'9¢ 100 10TH 8L'S 120°0 900 €001 0£'8L 7591 9¢ owesss ¢ Suhag
14 e 19 ﬂu 1 e J L e ﬁ e ﬂv L.N
S00F 007 PE0F 17°0F LO'0F €F0F €F0F 100'0F  Z000'0F PT0F 78°0F 95°0F PT0F
w0 88T £y 0902 L0T £T09 €97 ¥50°0 €00 €L9 LL98 YTl 90°¢ ejoue) ¢ Surkag
q q > > q q >q e p e >
LO0F 1007 PN 6£°0F PN 6£°0F LTOF  9£00°0F 900°0F YO0 50T §0F 1007
810 L6°0 6'LT 8¢ 7€ 1€0°0 7900 17°sT €099 66T 'l no Surdry 1 8ukag
q q
q q b) e €00°0 S0 e b) *q b) q 5 e
LO0F 900 F 900°0F 0T ¥ ¥ €0F L000F  9£00°0F 7€0F LOOF 0T TroT
€10 80 600 v8LE 100 €8°0% 09 €200 5900 18'8 86'8L 97'sT 6T owesss T Suwihxg
1 14 e P 14 1 o] e 14 P 1 P q
1000 ¥ SC0TF LTOT §0F €90°0F €5°0F 890°0F €00°0F €0°0F 7€0F 10T 80 8T0F
700 681 10°S 6912 S0'T ST'09 £0T 70°0 ¥1°0 S¥'s €88 76 L6€ eoue) 1 Suikzg
1:02D 020 268D oT8ID 8T OT:8TD 81D 121D 191D 91D vin VIS 910 781D 2d4L IO

“Surf1g jo sdays paryy pue 3s1y Je [10 Jurkij pue suwresss ‘e[oued Ul UOTUO paLyj Jo , (%) uonisodwod poe £13e] ‘g dqeL,

553

Food Sci. Technol, Campinas, 41(3): 545-555, July-Sep 2021



One of the best oils used in frying potatoes and onions by deep frying technology

Table 9. Total Tochopherol and DPPH content of fried Onion at first
and third step.

Total Tochopherol DPPH
Stage Oil Type

(mg kg)* (%)
Frying 1 Canola 174 51.32

+4.48 +0.3

c c

Frying 1 Sesame 292 58.8

+4.48 +0.4

a a

Frying 1 Frying 258 54.7
ot +4.48 +0.36

b b

Frying 3 Canola 54 284
+4.48 +0.42

f f

Frying 3 Sesame 147 39.1
+4.48 +0.46

d d

Frying 3 Frying 104 39.1
oil +4.48 +0.46

e e

*Values are Means + standard deviations of triplicate determinations. Values in the same
column having the same superscript letters are not significantly different (p < 0.01).

of FFAs are oleic acid, linoleic acid, palmitic acid and stearic
acid, respectively.

The range of Palmitic acid in fried onion at both steps of
frying was 5-26%. The highest amount of this FA was found
in frying oil, sesame oil and canola oil, respectively. These fried
onions were significantly different with regard to their C16:0
content (p< 0.05), but there were not between first and second
steps of frying except frying oil. It should be noted that the
amount of this compound in fried oils increased in comparison
with non-fried except sesame oil.

The Oleic acid content was 39-60% in fried oils of fried
onion at two steps. The order of the oils with regard to this FA
content was as fallows; in canola oil, sesame oil and frying oil.
The fried oils were significantly different in fried oils at first step
with regard to their C18:1c content (p<0.05), but there were
not significantly differences between first and second steps of
frying. The amount of this fatty acid in fried oils has increased
in comparison to all three unrefined oils.

The range of linoleic acid was 22-38% in fried potatoes at first
and third steps. The highest amount of linoleic acid was found in
sesame oil, frying oil and canola oil, respectively. The oils were
significantly different with regard to their C18:2c content (p<0.05),
but there were not significantly differences between each oil except
frying oil during two steps. Also, the amount of this compound
in fired oils, as compared to non-fried oil has been decreased.

The range of saturated fatty acid (SFA) at two steps of frying
was 9-30%. Considering the SFA content, the oils were ranked
as follows; frying oil, sesame oil and canola oil at two steps of
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frying. These fried onions were significantly different with regard
to their SFA content (p<0.05) at first and second steps of frying.
The amount of saturation in fried oils has shown an increasing
trend compared to un-fried oils.

The range of unsaturated fatty acid (UFA) content was 62-90%
at first and third steps of frying. The highest amount of UFA in
fried onion was found in canola oil, followed by sesame oil and
frying oil at first and third steps of frying. These fried onions were
significantly different with regard to their SFA content (p<0.05)
at two steps of frying. Also, the amount of non-saturation in fried
oils has shown a decreasing trend compared to un-fried oils.

The ratio of C18:2./C16 for these oils was 1 -4%. The highest
amount was corresponded to sesame oil, canola oil and frying oil,
respectively. The oils were significantly different with regard to this
ratio (p<0.05) at first step of frying, also there were no difference
between first and second steps of frying. It should be noted that the
amount of this ratio have not change significantly during frying.

3.3.3 Total tochopherol and DPPH analysis of fried onion

The range of DPPH was 51-59(%) and 28-39% at first and third
step of frying, respectively. As the Table 9 shows, the percentage
of DPPH in fried onion at first step of frying is more than third
step. The ranking of the fried onion with regard to percentage
of DPPH was as follows; sesame oil > frying oil > canola oil
at both steps of frying. The fried potato was not significantly
different in this respect (p<0.01). In spite on increasing total poly
phenol, the percentage of DPPH of fried onions was lower than
raw onions. In this study, there was not the correlation between
DPPH and total poly phenol among fried onion, whereas on
other studies it has been high.

The DPPH content of the raw onion extract is higher than
canola oil and frying oil, therefore, after frying, it has not been able
to increase DPPH levels, such as potatoes. But DPPH of sesame oil
was higher than raw onion extract, which increased after frying.

The range of total tochopherol was 174-292 mg.kg for the
first step and 54-147 mg.kg for the second step. The fried onions
were significantly different in the total tochopherol content
(p<0.01). The highest amount of total tochopherol was observed
in sesame oil followed by frying oil and canola oil.

4 Conclusion

In deep frying, oil is heated for a long time and due to
factors such as moisture, heat and oxygen, it causes various
physical and chemical changes such as hydrolysis, oxidation
and polymerization in the oil and reduces its quality and final
product. Research shows that the chemical composition of oils,
and especially the amount of natural antioxidants, is an important
indicator in predicting the behavior of oils in the frying process.

Researches show that the chemical composition of the
oils, and especially the amount of natural antioxidants, is an
important indicator in predicting oil behavior in the frying
process. In this study, the oxidative stability of sesame, canola
and frying oils during frying was compared with respect to the
presence of natural bioactive compounds (antioxidants) and
fatty acid composition. The most important compounds that
cause oxidative resistance of oil are alpha-tocopherol, phenols
and mainly monounsaturated fatty acids. Canola oil, although
is cheap and have vitamin E, but because of lacking important
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bioactive compounds and the nature of its unsaturated fatty
acids, is very sensitive to oxidation.

Due to the changes in fatty acid profile in fried samples, the
amount of linolenic acid in fried samples in sesame and canola
decreased but was not changed in frying oil.

Trans fatty acids are found in canola oil and sesame oil,
although the amount of them in sesame oil is very low. Also, frying
oil does not contain trans, which can be attributed to the presence
of antioxidants that are added manually to the oil. The trend of
changes of other fatty acid compounds in each sample was different
depending on the resistance of the oil sample. In fried onions, the
amount of trans fatty acids formed is lower than in fried potatoes,
which can be attributed to the difference in frying time.

In terms of tocopherol and DPPH, the highest amounts
were observed in fried vegetables with sesame oil and fried oil
and canola oil, respectively. Finally, considering to the absence
of synthetic antioxidant in sesame oil, this oil has shown a better
result in terms of resistance to deep frying and has the least
changes in fatty acids profile.
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