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This work has been undertaken to investigate the effect of heat treatment on the edible oils (soybean, sunflower, and corn) used in
frying and cooking, in particular on the fatty acid composition. The heating process was maintained at 150, 180, 210, and 240°C. At
each temperature, the variation of the fatty acid composition was determined after 12, 24, 36, 48, and 60 h of treatment by using an
improved analytical gas chromatography method. This study showed that the oils, which had undergone a temperature of 150 to
180°C, kept some thermal stability and preserved their fatty acid composition at different treatment periods. At the temperature
(180°C), two new fatty acids (C8:0 and C12:0) appeared, which could be explained by the transformation of the other fatty acids
during the heating process by different chemical reactions. However, the composition of the three oils was significantly affected at
210°C and 240°C. Two trans-fatty acids (C18:1 9t and C18:2tt) were generated proportionally to heat treatment during the heating
process for the three oils, providing information on their oxidative state. The results showed that sunflower oil was most affected
by the heating temperature than soybean and corn oil. Therefore, more attention should be paid to the heat treatment used and the

heating period to preserve the quality of edible oils.

1. Introduction

Soybean (Glycine max L.), sunflower (Helianthus annuus),
and corn (Zea mays L.) oils are edible oils commonly used in
frying and baking. The seeds of these plants are rich in fat,
mainly in glycerides of unsaturated fatty acids and, in
particular, in glycerides of oleic and linoleic acids. The fatty
acid composition is often characteristic of each species [1].
The majority of soybean cultivars have around 15-20% of
total lipids [2], corn seeds contain approximately 26.44% oil
[3], and sunflower seeds vary from 31.1 to 52% oil [4, 5].
These values are influenced by the weather, geographical
edaphic location, agronomic procedures, and oil extraction
methods [6]. The other study reported by [7] also revealed
that seed metabolite content is sensitive to environmental
fluctuations, and the metabolite composition is strongly
affected by genotype-environment interactions.

The virtues and benefits of polyunsaturated fatty acids
(PUFAs) are multiple. These compounds play an important
role in the protection of cardiovascular diseases and have
been shown to reduce plasma levels of low-density lipo-
protein cholesterol (LDL-C) [8-10]. However, repeated
heating of edible oils during frying can damage these benefits
and lead to lipid oxidation [11]. Since the lipid components
of foods are particularly sensitive to heat treatment, the
specific heat fat is low, and they are heated quickly [12, 13].

Heat makes many changes to lipids; in fact, heated oil
undergoes chemical reactions including oxidation, hydro-
lysis, polymerization, isomerization, and cyclization. These
reactions are detrimental to the stability of fatty acids and
other biochemical parameters of oil [14-16]. This may also
lead to the production of free fatty acids as well as tri-
glyceride dimers, monounsaturated and diunsaturated fatty
acids [17], a transformation of linear fatty acids, and the
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formation of cyclic polymers. In addition, vitamin E, which
is a natural antioxidant of oil, also deteriorates after repeated
heating. It is well established that heating edible oils causes
lipid oxidation [18] and is one of the most undesirable
reactions that occur when heating foods. Lipid oxidation
causes the destruction of fatty acid chains and affects the
nutritional and sensory qualities of foods. A detailed de-
scription of the various reactions involved in the oxidation
process is broadly described by [19].

Among oxidative damage, free radical formation, which
reacts rapidly with oxygen to produce primary and sec-
ondary oxidation products, has been frequently observed in
vegetable oils. The formation of dimers and polymers de-
creased the tocopherols [20], and the moderate increase in
available fatty acids by the hydrolysis of fats has also been
discovered [21-23].

Thus, polyunsaturated fatty acids subjected to prolonged
and repeated heat treatments can be transformed into
polymers, in trans-fatty acids and cyclic fatty acid monomers
(CFAMs) [24-26]. The CFAM content of frying oils, rich in
PUFA, can reach 0.02 to 0.7% of the total fatty acids [27-29].
All these compounds are undesirable in a healthy diet be-
cause their harmfulness to health is either known or
questioned [30]. The analysis of heating profiles and the
associated thermal properties seems to be a valuable tool for
assessing the different degrees of thermal oxidation of
treated lipids by increasing the temperature of the edible oils
and varying the duration of treatment. The study of the
oxidative damage of these oils could be faster under heat
processing in a conventional oven or fryer treatment
[21, 23]. Lipid oxidation does not only spoil the taste, smell,
and color of the oil but may also impose an absolute health
threat [31].

Some secondary oxidation products may have a potential
risk to the human body, such as volatile compounds (al-
cohols, aldehydes, ketones, acids, etc.) and nonvolatile
compounds (carbonyl or fatty acid dimers, trimers, and
cyclic polymers). Volatile compounds may be lost during the
frying process; however, nonvolatile polar compounds in the
cooking oil are potentially hazardous [32] as they remain in
the oil and are then absorbed by food and ingested. In this
context, nonvolatile products of lipid oxidation may play an
important role in cardiovascular disease. The content of
polar compounds in heated oil has been associated with
endothelial dysfunction [33] and hypertension [34]. Thus,
these products can also cause damage to cell membranes and
DNA [35] that may be involved in the aging process and the
development of cancer [36].

The main objective of this work is to study the effect of
heat treatment on the fatty acid composition of three types of
edible oils used in frying and baking. The impact of tem-
perature change and the duration of the heating process on
cis/trans, the polyunsaturated fatty acids, and the acquisition
of data on lipid oxidation of vegetable oils in specific
conditions were also studied. The sample composition of
three edible oils was followed during a heat treatment at
constant temperatures in an electric furnace and under
oxygenation conditions. The temperatures were chosen
because they are frequently reached in food during frying
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and cooking. Samples were analyzed every 12 h for their total
fatty acid composition for 60 h.

The change in the fatty acid composition of the oils
studied was determined by gas chromatography. The ex-
perimental results were analyzed to show significant dif-
ferences between the oxidation levels of the oils studied.

2. Materials and Methods

2.1. Oil Samples. Three samples of edible oils of soybean,
corn, and sunflower purchased from local markets of Tunisia
were used in this experiment. Samples were stored in dark
vials at 4°C before analysis. Each sample was heated at
different temperatures in an electric furnace. A total of 63
samples including 1 unheated (control sample) and 20
heated samples for each oil. Pure fatty acid methyl esters
(FAME:s) standards used in this study were purchased from
Sigma-Aldrich.

2.2. Heating Procedure. Heat treatment was carried out on
the three edible oils mentioned above. 150 ml of each oil
sample was placed in open beakers and then heated to 150°C,
180°C, 210°C, and 240°C. At each temperature, an oil sample
was taken after 12, 24, 36, 48, and 60 hours. The choice of
these temperatures was made taking into account the
minimum and maximum temperatures, which cover the
modes of cooking and frying.

2.3. Fatty Acid Methylation. The fatty acid methylation
procedure was carried out in a standardized way to ensure
good precision and repeatability of fatty acid analysis. The
derivation of fatty acid methyl esters was the most widely
used technique for lipid analysis by GC-FID. In fact, 1 ml of
hexane and 500 ul of sodium methoxide were added to the
10 mg of oil sample. After the vortex, the whole thing was
heated between 40 and 50°C for 15 min. Then, 4 ml of hexane
were added, and 5 ml of NaCl-saturated water were used to
wash the sample. Then it was shaken and allowed to stand
until the two phases separated. The organic phase was as-
pirated into a Pasteur pipette containing loose cotton and
about 1 mg of dry magnesium sulfate. The filtrate was col-
lected in a test tube.

2.4. Chromatographic Analysis. The chromatographic sep-
aration was performed in an autosystem gas chromatograph
with a split/splitless injector and a FID detector, equipped
with a BPX 70 capillary column of 60 m length, 0.25mm i.d.,
and 0.25 ym film thickness (GC Agilent Technologies, 7890A
GC system, Wilmington, USA). The oven temperature was
held at 60°C for 1 min, and then ramped to 190°C at a rate of
10°C/min and maintained for 15 min before a second ramp
at the rate of 5°C/min to 200°C. It was then held isothermally
for 14 min. Hydrogen was used as the carrier gas with a flow
rate of 40 ml/min. The temperature of the injector and
detector was set at 250°C. The total flow was 68.7 ml/min and
the pressure was 125.5/97.6 kPa. The volume injected was
1uL, and the analysis time was 45min. The results are
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expressed as peak area percent. All measurements were
performed with three independent replicates.

2.5. Data Analysis. All experiments in this study were
performed in triplicate, and the results were expressed as the
mean of three replicates + the standard deviation (SD).

Let AC;/C be the change rate variation of a fatty acid C
after a heating time HT, at a given temperature and species.
It is defined as follows: (AC;/C) = (|C; — Cy|/min(C;,C,))
where C, denotes the value of the fatty acid when no heating
is applied.

The data analysis was conducted using ROOT-based
scripts [37] (an object-oriented program and library de-
veloped by the European Organization for Nuclear Research,
or “CERN,” for data analysis and plotting, through a ded-
icated code written in C'") in order to calculate the
abovedefined change rate variations of fatty acids. The code
runs over the different heating times for each acid, records
the maximum change rate variation, and picks up the
corresponding parameters. Optimum fatty acid changes
could be obtained by comparing the change rate variations
over all the species, temperatures, and heating times, as
shown in Figures 1-3.

3. Results and Discussion

3.1. Untreated Oil. 'The results obtained by GC-FID suggest
the presence of at least 15 fatty acids in fresh soybean and
sunflower oils and 16 fatty acids in fresh corn oil
(Tables 1-3).

The number of saturated fatty acids (SFAs) was identical
for all three oil; for those unsaturated, it was 9 fatty acids in
soybean and sunflower oil and 10 for corn oil. However, this
number remains variable and depends on the temperature
and duration of the treatment (Tables 1 and 4-6).

The study showed that the untreated oils (heating
time=0 hours) were very rich in unsaturated fatty acids
(UFAs), especially oleic acid (C18:1 A9C) and linoleic (C18:
2n—6). The rate of these two fatty acids together was 76.19,
81.07, and 84.36%, respectively, in soybean, sunflower, and
corn oil. However, linolenic acid content was only 0.72, 5.12,
and 6.25% in corn, sunflower, and soybean oil, respectively
(Tables 1 and 4-6). These results show that these oils are
important natural sources of unsaturated fatty acids of
omega 6, but that these samples are poor in essential fatty
acids of omega-3. Sunflower oil was the richest in omega-6
unsaturated fatty acids, followed by soybean oil. It was
necessary to note the presence of minor fatty acids was
indicated in the previous tables (less than 2% in fresh oils)
but were not identified.

3.2. Effect of Treatment at 150°C. Palmitic acid levels grad-
ually increased with the duration of treatment and ranged
from 10.33 to 11.08% after 60 hours of heat treatment for
soybean and from 6.29 to 6.70% for sunflower and from
10.28 to 12.56% for corn oil. C18:1 11C increased slightly;
however, the results show a slight decrease in the levels of
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FiGure 1: Effect of the temperature on the maximum change rate of
fatty acids over all the three species (soybean, sunflower, and corn).
The heating times (HT) are represented as supplementary ex-
planatory variables.

essential fatty acids (C18: 2n — 6 and C18: 3n — 3) for soybean
and a significant decrease in C18: 3n-3 of sunflower
depending on the duration of treatment. The sharp reduc-
tion of C18: 3n — 3 after the first heating (150°C) showed that
sunflower oil was more sensitive compared to the other oils.
In fact, the transformation of C18: 3n — 3 from 5.12 to 0.48%
after 12 h of treatment suggests that sunflower oil contains
the least antioxidant compounds, including tocopherols,
than other oils, and it is, therefore, the most exposed to
oxidation. In contrast, most other fatty acids were stable in
all three oils (Table 2). In untreated oils, trans-fatty acid
(TFA) (C18: 1 9t) was found only in corn oil and remained
almost stable during the treatment process at 150°C. In
sunflower and soybean oils, C18: 1 9t appeared after 24 and
60 hours of heating.

3.3. Effect of Treatment at 180°C. At this temperature, there is
the emergence of new compounds. In effect, C12: 0 appeared
during all stages (12, 24, 36, 48, and 60 hours) and C8: 0 at
the last two stages (48 and 60 hours) of heat treatment of
soybean oil. However, in sunflower, C8: 0 appeared in the
last three stages (36, 48, and 60 hours) and in corn only in the
last stage (60 hours) (Tables 4, 7, and 8). Some lower mo-
lecular weight compounds have been reported to form under
severe heating conditions [38]. Data from the literature also
show that oil rich in unsaturated fatty acids with many
carbon-carbon double bonds can be converted into other
reactive groups [39]. C18: 1 9t began to appear in the early
stages of heat treatment (12h) for soybean and sunflower
oils. Despite the appearance of new compounds indicating
the onset of chemical transformation reactions, there was
thermal stability of the fatty acid composition at all stages
and in all three oils.
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FIGURE 2: Heating time variations (in hours) leading to maximum change rate of fatty acids at different temperatures per species: (a) soybean,
(b) sunflower, and (c) corn. The vector length and direction designate the change rate of the fatty acid and the heating time variation,
respectively. The fatty acid compositions are written as supplementary explanatory variables.

3.4. Effect of Treatment at 210°C. The two new fatty acids (C8: the final stage of processing (60 h) of corn oil. Levels of major
0 and C12: 0) mentioned above were present in all stages of ~ saturated fatty acids (SFAs), including C16: 0 and C18: 0,
the heat treatment of soybean oil. C8: 0 was present in all ~ continued to increase at 210°C and varied in the start of
stages of sunflower oil heat treatment (Table 5) and only in treatment (12h), from 10.33 to 12.28% and from 3.53 to
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FIGURE 3: Heating time variations (in hours) leading to maximum change rate of fatty acids over all the three species at different
temperatures: (a) at 150°C, (b) at 180°C, (c) at 210°C, and (d) at 240°C. The vector length and direction designate the change rate of the fatty
acid and the heating time variation, respectively. The fatty acid compositions are written as supplementary explanatory variables.
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TaBLE 1: Variation of fatty acids of soybean oil under 150°C heating temperature at different heating times.
Heating time (hours)/fatty acids (%)

0~ 12 24 36 48 60
C8:0 — — — — — —
C12:0 — — — — — —
C14:0 0.05+0.01 0.06 +0.01 0.06+0 0.06+0 0.06+0 0.06+0
C16:0 10.33+0.12 10.45+0.04 10.52 +0.04 10.76 £0.09 10.81+£0.03 11.08 +£0.01
Cl6:1 0.06£0 0.06 +£0.01 0.06+0 0.06+0 0.06+0 0.06+0
C17:0 0.07+0 0.08 £ 0.01 0.08+0 0.09+0.01 0.09+0 0.09+0
C17:1 0.02 +£0.01 0.03+0.01 0.02 +£0.02 0.03+0 0.03+0 0.03+0
C18:0 3.53+0.03 3.29+0.02 3.32+0.02 3.39+0.05 3.42+0.02 3.51%0
C18:1 9t — — — — — 0.04+0
C18:1 9¢ 21.23+0.14 20.33+£0.08 20.43+£0.08 20.77 £0.08 20.81£0.03 21.16 £ 0.02
Cl18:1 11c 1.1+£0.02 1.03+0.01 1.04+0 1.06 £0.02 1.07 £0.01 1.08 £0.01
C18:2tt — — — — — —
Cl82n-6 54.96 +0.36 56.01 £0.31 55.94+0.35 55.61+0.2 55.49+0.11 54.86 £ 0.07
Cl83 n-6 0.44+0.01 0.5+0.01 0.49 +0.01 0.48+0 0.48+0 0.46+0
C18:3n-3 6.25+0.06 6.22 +£0.05 6.12+0.04 5.94+0.07 5.94+0.07 5.73+£0.01
C20:0 0.26 £0.01 0.23£0.01 0.24+0 0.24+0.01 0.24+0.01 0.25%0
C20:1 0.15+0 0.14£0.01 0.14+0 0.14£0 0.14+0 0.14+0.01
C22:0 0.3+£0.02 0.26 £0.01 0.26+0 0.26 £ 0.01 0.27 £0.01 0.26+0
Other FAs 2.39 1.32 1.28 1.11 1.09 1.18
2SFA 14.54 14.37 14.47 14.81 14.89 15.25
2UFA 83.07 84.32 84.24 84.09 84.02 83.56
2TFA — — — — — 0.04

TaBLE 2: Variation of fatty acids of sunflower oil under 150°C heating temperature at different heating times.
Heating time (hours)/fatty acids (%)

0* 12 24 36 48 60
C8:0 — — — — — 0.06 +£0.01
C12:0 — — — — — —
C14:0 0.05+0.01 0.05+0.01 0.05+0.01 0.05+0.01 0.05+0.01 0.06 +£0.01
Cl16:0 6.29+0.18 6.42+0.03 6.36+0.01 6.41£0.02 6.52+0.02 6.7+0.05
Cleé:1 0.06 £0.01 0.07+£0.01 0.07 £0.01 0.07 £0.01 0.07 £0.01 0.07+£0.01
C17:0 0.07 +£0.01 0.03+0.01 0.03+0.01 0.03+0.01 0.04+0.01 0.04+0.01
C17:1 — — — — — —
C18:0 3.44+0.19 3.22+0.02 3.22+0.02 3.25+0.01 3.3£0.02 3.36+0.02
C18:1 9t — — 0.05 £ 0.01 0.06+0.01 0.05+0.01 0.06 + 0.02
C18:1 9¢ 25.54+0.13 24.37£0.02 24.39£0.02 24.54£0.07 24.81+0.01 25.16+0.19
C18:1 11c 1.29+£0.33 0.53+0.01 0.54+0.01 0.54+0.01 0.55+0.01 0.56 +0.01
C18:2tt — — — — — —
Cl8:2n-6 55.53+0.95 63.06 £0.07 62.89£0.12 62.4+0.32 61.9+0.14 60.98 £0.54
Cl183 n-6 0.43+0.03 — — — — —
C183n-3 5.12+0.03 0.48 £0.02 0.48 +0.03 0.47 £ 0.04 0.46 + 0.04 0.45+0.03
C20:0 0.25+0.03 0.2+£0.01 0.19+£0.01 0.2+0.01 0.2+0.01 0.21+£0.01
C20:1 0.14+0.02 0.11£0.01 0.1+£0.01 0.1+£0.01 0.1+0.01 0.1+0.01
C22:0 0.27 £0.02 0.52+0.01 0.51+£0.01 0.52+0.01 0.54+0.01 0.53+0.01
Other FAs 1.52 0.95 1.11 1.36 1.41 1.73
2SFA 10.37 10.44 10.38 10.46 10.65 10.89
2UFA 88.11 88.61 88.51 88.18 87.94 87.38
2TFA — — 0.05 0.06 0.05 0.06

4.08%, respectively, after 60 h of processing of soybean oil.
Minor saturated fatty acids also show a gradual increase as
the duration of treatment increases. However, the content of
essential fatty acids decreased over the processing time from
54.96% to 51.25% for C18: 2n—6 and from 6.25% to 3.74%
for C18: 3n—3 in soybean oil (Table 5).

At the same time and in the same type of oil, there was an
increase in the C18: 1 9¢ content (from 21.23% to 23.64%)
and C18: 3n — 6 (from 0.44% to 0.49%). For trans-fatty acids,
there was a significant increase in the C18: 1 9t level at the
end of the processing process that was more than 4 times for
sunflower and corn oils and 11 times for soybean oil
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TaBLE 3: Variation of fatty acids of corn oil under 150°C heating temperature at different heating times.

Heating time (hours)/fatty acids (%)

0* 12 24 36 48 60
C8:0 — — — — — —
C12:0 — — — — — —
C14:0 0.02 £0.01 0.02 +0.01 0.02 +£0.01 0.02 £ 0.01 0.02 £ 0.01 0.02 +£0.01
C16:0 10.28 £0.11 12.26 +£0.03 12.27 £0.06 12.32£0.07 12.34+0.14 12.56 £ 0.08
Clé6:1t 0.03x0 0.03 +0.01 0.03 +£0.01 0.03 +£0.01 0.03 +£0.01 0.03 +£0.01
Clé:l ¢ 0.08+0 0.1+0.01 0.1+0.01 0.1+0.01 0.1+0.01 0.1+0.01
C17:0 0.05+0.01 0.06 + 0.01 0.06 + 0.01 0.06 + 0.01 0.06 +0.01 0.06 = 0.01
C17:1 0.02 £0.01 0.03 +0.01 0.02 +0.01 0.02 +0.01 0.02 £ 0.01 0.03 +£0.01
C18:0 1.49+0.02 1.8+0.01 1.8+0.02 1.81 £0.01 1.81£0.02 1.83 +£0.01
C18:1 9t 0.05+0.01 0.04 +0.02 0.05+0.02 0.06 +0.02 0.07+£0.03 0.05+0.02
C18:1 9¢c 30.7 £0.27 34.63+0.19 34.65+0.11 34.77 £0.26 34.78+0.4 35.21+0.27
C18:1 11c 0.47 £0.01 0.47 +0.01 0.47 +0.01 0.47 +£0.01 0.47 +£0.01 0.47 +£0.01
Cl18:2tt — — — — — —
Cl182n-6 53.66+0.13 48.24+0.29 48.14+0.14 47.87+0.36 47.37 £0.55 47.09£0.39
C18:3 n-6 0.05+0.01 — — — — —
C18:3 n-3 0.72+0.01 0.65 +0.04 0.63+0.03 0.66 +0.04 0.66 +0.05 0.59£0.03
C20:0 0.38 £0.01 0.4+0.01 0.4+0.01 0.4+0.01 0.4+0.01 0.41 +£0.01
C20:1 0.2+0.01 0.18+0.01 0.18+0.01 0.18+0.01 0.18 £ 0.01 0.19+0.01
C22:0 0.09 £0.01 0.08 + 0.01 0.08+0 0.08 +£0.03 0.1+0.03 0.1+0.02
Other FAs 1.71 1.02 1.12 1.15 1.58 1.33
>SFA 12.31 14.63 14.62 13.85 14.74 14.40
>UFA 85.98 84.35 84.26 84.85 83.69 84.26
2TFA 0.08 0.07 0.08 0.09 0.11 0.08
FA: fatty acid; SFA: saturated fatty acid; UFA: unsaturated fatty acid; TFA: trans-fatty acid. —: not detected; *: fresh oil.

TaBLE 4: Variation of fatty acids of soybean oil under 180°C heating temperature at different heating times.
Heating time (hours)/fatty acids (%)

0* 12 24 36 48 60
C8:0 — — - — 0.06 + 0.01 0.1+0.01
C12:0 — 0.02+0 0.01+0.01 0.02+0 0.02+0 0.02 £0.01
C14:0 0.05+0.01 0.06 + 0.01 0.06+0 0.07 £0.01 0.07+0 0.07x0
Cl16:0 10.33+£0.12 10.39+0 10.45+0.07 10.7 £ 0.01 11.01£0.03 11.51+£0.01
Cl16:1 0.06+0 0.06+0 0.06+0 0.06+0 0.06+0 0.07+0
C17:0 0.07x0 0.08+0 0.08+0 0.08+0 0.09 +0.01 01x0
C17:1 0.02 £0.01 0.03 +£0.01 0.03+0 0.03+0 0.03+0 0.03+0
C18:0 3.53+0.03 3.4+0.01 3.43+0.03 3.49+0.02 3.6+£0.02 3.76 £0.02
C18:1 9t - 0.05+0.02 0.05+0.01 0.04 +0.01 0.05+0.02 0.08 £ 0.02
C18:1 9¢ 21.23+£0.14 20.97+£0.01 21.04+£0.15 21.44+0.01 21.83+£0.01 22.48 +0.02
C18:1 11c 1.1+£0.02 1.02 £ 0.01 1.03£0.01 1.04 + 0.01 1.06 £ 0.01 1.1+0.01
C18:2tt — — — — — —
Cl182n-6 54.96 + 0.36 56.13+£0.01 55.62 +0.42 55.59+0.13 54.91+0.1 53.7+£0.13
C183 n-6 0.44 £0.01 0.29 £0.09 0.3+0.01 03+0 03+0 03+0
C18:3n-3 6.25+0.06 6.16+0.01 6.01 £0.05 5.76 £0.06 5.49+0.05 5.07 £0.07
C20:0 0.26+0.01 0.24+0 0.24+0 0.24£0.01 0.25+0.01 0270
C20:1 0.15+0 0.14+0.01 0.14+0 0.14+0 0.14+0.01 0.15+£0.01
C22:0 0.3+£0.02 0.28+0.1 0.28 £0.01 0290 0.3+£0.01 0.31+£0.01
Other FAs 2.39 0.68 1.16 0.72 0.72 0.91
>SFA 14.54 14.47 14.55 14.88 15.41 16.15
>UFA 83.07 84.85 84.29 84.4 83.88 82.94
>TFA — 0.05 0.05 0.04 0.05 0.08

compared to the beginning (Tables 5, 9, and 10). After 60 h of
processing heating at 210°C, it has appeared as C18: 2t, t only
in soybean and sunflower oils. SFA increased from 14.5% to
17.39%, from 10.77% to 13.32%, and from 14.49% to 16.82%

in soybean, sunflower, and corn oils, respectively. However,
UFA decreased by 84% to 80.72%, from 88.38% to 84.37%,
and from 83.85% to 81.22% in soybean, sunflower, and corn
oils, respectively.
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TaBLE 5: Variation of fatty acids of soybean oil under 210°C heating temperature at different heating times.
Heating time (hours)/fatty acids (%)

0* 12 24 36 48 60
C8:0 — 0.01 £0.01 0.02 +£0.01 0.03 £0.01 0.11+£0.01 0.19+0
C12:0 — 0.03+0.01 0.03+0 0.03+0 0.03+0 0.03+0
C14:0 0.05+0.01 0.06 +0.03 0.07+0 0.07+0 0.08 +0.01 0.08+0
C16:0 10.33 +£0.12 10.44+0.12 10.52 +£0.01 10.87 +£0.02 11.43+0.02 12.28 0
Clé:1 0.06+0 0.06 +£0.01 0.06+0 0.06+0 0.07 £0.01 0.07+0
C17:0 0.07+0 0.06+0.03 0.08+0 0.08+0 0.09+0 0.11+0
C17:1 0.02+0.01 0.03+0 0.02+0.01 0.03+0.01 0.03+0 —
C18:0 3.53+0.03 3.46+£0.05 3.51+£0.01 3.61+0.01 3.8+0.01 4.08 £0.01
C18:1 9t — 0.02+0.01 0.07+£0.01 0.07 £0.01 0.05+0.04 0.17£0.01
C18:1 9¢ 21.23+£0.14 21.35+0.1 21.59£0.02 22.01+0.03 22.73£0.02 23.64 £0.01
C18:1 1l1c 1.1+£0.02 0.58 £0.39 1.03£0.01 1.05+0 1.1+0.01 1.15+0
C18:2tt — — — — — 0.07 £0.02
Cl82n-6 54.96 +0.36 55.86+0.4 55.6+0.1 54.92+0.02 53.55+0.07 51.25+0.05
Cl18:3 n-6 0.44+0.01 0.22+0.11 0.37+£0.01 0.43+0.01 0.48 £0.01 0490
C18:3 n-3 6.25+0.06 594+0.18 5.35+0.05 4.9+0.04 4.33+0.05 3.74+0.01
C20:0 0.26£0.01 0.2+0.09 0.25+0.01 0.25+0 0.26£0.01 0.28+0
C20:1 0.15+0 0.28 £0.25 0.14+0 0.14£0 0.15+0.01 0.15£0
C22:0 0.3+£0.02 0.25+0.09 0.3+£0.01 03+0 0.32+0 0.34£0
Other FAs 2.39 1.15 0.98 1.16 1.41 1.89
2SFA 14.54 14.5 14.78 15.23 16.11 17.39
2UFA 83.07 84 84.24 83.6 82.47 80.72
2TFA — 0.02 0.07 0.07 0.05 0.24

TABLE 6: Variation of fatty acids of soybean oil under 240°C heating temperature at different heating times.
Heating time (hours)/fatty acids (%)

0* 12 24 36 48 60
C8:0 — 0.05+0 01740 0.36+0.01 0.69 +0.01 1.24+0.02
C12:0 — 0.03%0 0.0420 0.04 0,01 0.06 % 0.01 0.08+0
Cl14:0 0.05 +0.01 0.07+0 0.08+0 0.1+0.01 0.13+0.01 0.17+0
Cl16:0 10.33+0.12 10.89 +0.05 12.31+0.01 14.35+0.02 17.46+0.18 21.41+0.22
Cléi1 0.06+0 0.06+0 0.07+0 0.08 +0 0.09+0 0.09 +0.01
C17:0 0.07+0 0.08+0 0110 0170 0.28+0.01 0.58 +0.01
C17:1 0.02 £ 0.01 — - — — —
C18:0 3.53+0.03 3.62+0.01 4.08 £0.01 4.77 £0.01 5.79+£0.06 7.06 +0.08
C18:1 9t — 0.07 £0.02 0.29+0.02 0.55+0.03 0.9+£0.05 1.38+0.2
C18:1 9¢ 21.23+0.14 22.01+0.11 23.88 £0.02 26.08 £0.06 29+0.29 30.75+0.31
C18:1 11c 1.1£0.02 1.06 £0.01 1.18£0.01 1.32+0 1.5+0.02 1.63 £0.02
C18:2tt — 0.09 £0.01 0220 0.37+0.01 0.48 +0.01 0.5+0.02
Cl8:2n-6 54.96 £ 0.36 52.89+£0.34 48.68 £0.03 42.5£0.1 35.21+0.34 25.15+0.25
Cl183 n-6 0.44+£0.01 0.93+0.01 1.02£0 0.74£0.01 0.44£0.01 0.19+0.01
C183n-3 6.25+0.06 3.12+0.02 1.41£0.02 0.69 +£0.03 0.34+0.04 —
C20:0 0.26+0.01 0.25+0.01 0.29+0.01 0.33£0.01 0.42+0.01 0.5+£0.01
C20:1 0.15%0 0.16 £0.01 0.17£0.02 0.17+0.01 0.17+£0.01 0.16 £0.01
C22:0 0.3+0.02 0.31£0.01 0.34+0 0.45+0.08 0.48 +0.01 0.56 +0.01
Other FAs 2.39 4.33 5.66 6.92 6.56 8.55
2SFA 14.54 15.31 17.42 20.58 25.32 31.59
2UFA 83.07 80.36 76.92 72.5 68.12 59.86
2TFA — 0.16 0.51 0.92 1.38 1.88

FA: fatty acid; SFA: saturated fatty acid; UFA: unsaturated fatty acid; TFA: trans-fatty acid. —: not detected; *: fresh oil.

3.5. Effect of Treatment at 240°C. The major saturated fatty
acids (C16: 0 and C18: 0) were approximately 2 times higher
after 60h of treatment of all three oils. There was also a
significant increase in minor SFA, especially of C8: 0 and
C14: 0 in all oil samples. C12: 0 increased significantly in
soybean, was present only in the last two stages in sunflower,

and was absent in corn oil. The rate of C18: 1 9¢ increased
significantly from 21.23% to 30.75%, from 25.54% to 38.17%,
and from 30.70% to 44.01% at the end of the heat treatment
process for soybean, sunflower, and corn oils, respectively
(Tables 6, 11, and 12). Essential fatty acids such as C18:
2n — 6 showed a decrease of more than 50% from the start of
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TaBLE 7: Variation of fatty acids of sunflower oil under 180°C heating temperature at different heating times.

Heating time (hours)/fatty acids (%)

0" 12 24 36 48 60
C8:0 — — — 0.04+0.01 0.08 +0.01 0.14+0.01
C12:0 — — — — — —
C14:0 0.05+0.01 0.05+0.01 0.05+0.01 0.06 +0.01 0.06 +0.01 0.06 +0.01
C16:0 6.29+0.18 6.02 +0.01 5.99+0.03 6.2+0.02 6.4+0.12 6.85+0.02
Cl6:1 0.06 £0.01 0.07 £0.01 0.07 £0.01 0.07 £0.01 0.07 £0.01 0.08 £0.01
C17:0 0.07+0.01 0.03+0.01 0.03+0.01 0.03+0.01 0.03+0.01 0.04+0.01
C17:1 — — — — — —
C18:0 3.44+0.19 3.43+0.01 3.41+£0.02 3.52+0.01 3.49+0.17 3.9+0.02
C18:1 9t — 0.04+£0.03 0.06 +£0.01 0.04+0.01 0.04 +£0.02 0.1+0.01
C18:1 9¢ 25.54+0.13 26.74+£0.02 26.54£0.1 27.24£0.01 26.69 £1.63 29.17 £0.02
C18:1 11c 1.29+0.33 0.49£0.01 0.47 £0.01 0.48 £0.01 0.51+0.04 0.51£0.01
C18:2tt — — — — — —
C182 n-6 55.53+0.95 61.44+0.08 59.15+0.23 59.36 £0.04 59.39+2.14 56.26 £0.07
Cl183 n-6 0.43+0.03 — — — — —
Cl83 n-3 5.12+0.03 0.15+0.02 0.15+0.01 0.14+0.01 0.23+0.21 0.1+0.02
C20:0 0.25+0.03 0.2+0.01 0.19+0.01 0.21+0.01 0.21+0.02 0.23£0.01
C20:1 0.14£0.02 0.09+0.01 0.09+0.01 0.1+£0.01 0.09 +£0.01 0.1+0.01
C22:0 0.27 £0.02 0.54+0.01 0.55+0.01 0.58 +0.01 0.57 £0.04 0.62+0.01
Other FAs 1.52 0.72 3.25 1.93 2.13 1.84
2SFA 10.37 10.27 10.24 10.64 10.84 11.84
2UFA 88.11 89.01 86.51 87.43 87.03 86.32
2TFA — 0.04 0.06 0.04 0.04 0.1

TABLE 8: Variation of fatty acids of corn oil under 180°C heating temperature at different heating times.
Heating time (hours)/fatty acids (%)

0* 12 24 36 48 60
C8:0 — — — — — 0.11£0.01
C12:0 — — — — — —
Cl14:0 0.02£0.01 0.02+0.01 0.02+£0.01 0.02+0.01 0.02+0.01 0.03+0.01
C16:0 10.28 £0.11 12.29£0.01 12.23£0.07 12.46 £ 0.06 12.67 £0.07 13.75+£0.14
Cl6:1t 0.03+0 0.03+0.01 0.03+0.01 0.03+0.01 0.03+0.01 0.03+0.01
Cl6:1 ¢ 0.08+0 0.1+0.01 0.1+0.01 0.1+0.01 0.1+0.01 0.11+0.01
C17:0 0.05+0.01 0.06£0.01 0.06£0.01 0.06+0.01 0.07 £0.01 0.08 +0.01
C17:1 0.02+0.01 0.03+0.01 — 0.03+0.01 — 0.05+0.04
C18:0 1.49+0.02 1.79 £ 0.02 1.79 £ 0.01 1.82+£0.01 1.86 £ 0.01 2.01+0.02
C18:1 9t 0.05+0.01 0.06 +£0.03 0.05+0.01 0.06 +£0.02 0.08 £0.01 0.1+£0.05
C18:1 9¢ 30.7+£0.27 34.64+0.08 34.53+£0.32 3498 £0.24 35.37+0.25 37+0.36
C18:1 1lc 0.47 £0.01 0.47 £0.01 0.47 £0.01 0.47 £0.01 0.48 £0.01 0.5£0.01
C18:2tt — — — — — —
Cl182 n-6 53.66+£0.13 48.31+0.14 47.71 £0.46 47.53+0.35 46.66 +0.33 43.51 £0.45
Cl18:3 n-6 0.05+0.01 — — — — —
C183 n-3 0.72+0.01 0.63 £0.06 0.6 +0.05 0.58 +0.04 0.57 +0.05 0.47 +0.05
C20:0 0.38+0.01 0.39+0.01 0.4+0.01 0.4+0.01 0.41 +£0.01 0.44 £0.02
C20:1 0.2+0.01 0.18+0.01 0.18£0.01 0.18+£0.01 0.19+0.01 0.2+0.01
C22:0 0.09£0.01 — — — — —
Other FAs 1.71 1 1.83 1.28 1.49 1.62
2SFA 12.31 14.55 14.50 13.76 14.76 16.42
2UFA 85.98 84.45 83.68 84.69 83.96 81.97
2TFA 0.08 0.09 0.08 0.09 0.11 0.13

FA: fatty acid; SFA: saturated fatty acid; UFA: unsaturated fatty acid; TFA: trans-fatty acid. —: not detected; *: fresh oil.

the treatment at 240°C for all three oils. C18: 3n—3 was

missing in time ¢ = 24 h for sunflower, from ¢ =36 h for corn,
and at t=60 h for soybean. C18: 3n — 6 decreased during the
different stages of the heating process in soybean and corn,
while it was absent in sunflower.

The rate of trans-fatty acids (18: 1 9t; C18: 2tt) increased
in proportion to the heating time for all three oil categories
(Figure 4) due to the oxidative deterioration of these oils. The
increase in TFA was associated with a decrease in UFA,

suggesting that PUFA could be the TFA precursors by



10 Journal of Food Quality
TaBLE 9: Variation of fatty acids of sunflower oil under 210°C heating temperature at different heating times.
Heating time (hours)/fatty acids (%)

0* 12 24 36 48 60
C8:0 — 0.03+0 0.04£0.01 0.07 £0.01 0.14£0.01 0.29+£0.01
C12:0 — — — — — —
C14:0 0.05+0.01 0.06+0 0.05+0.01 0.06 +£0.01 0.06 +0.01 0.07 £ 0.01
Cl16:0 6.29+0.18 6.33+0 6.25+0.01 6.47 £ 0.03 6.84 +0.02 7.63+0.02
Clel 0.06£0.01 0.07x0 0.07£0.01 0.07£0.01 0.07£0.01 0.08£0.01
C17:0 0.07 £ 0.01 0.03+0 0.03+£0.01 0.04+0.01 0.05+0.01 0.07 £0.01
C17:1 — — — — — —
C18:0 3.44+0.19 35410 3.55+0.01 3.67 £0.02 3.88+0.02 4.3+0.01
C18:1 9t — 0.06+0 0.07 £ 0.02 0.06 £0.01 0.09+0.03 0.25+0.02
C18:1 9¢ 25.54+0.13 27.23+0 27.49+0.03 28.11+0.02 29.09+£0.03 30.84+0.14
C18:1 11c 1.29+0.33 0.46+0 0.48 +0.01 0.5+0.01 0.53 +£0.01 0.57 £ 0.01
Cl18:2tt — — — — — 0.1+0.01
C182 n-6 55.53+0.95 60.35+0 59.84 + 0.05 58.65+0.1 56.61 £0.15 52.36£0.29
Cl18:3 n-6 0.43+0.03 — — — — —
C18:3n-3 5.12+0.03 0.11+0 0.12+0.01 0.1+£0.02 0.09 £0.02 0.07 £ 0.02
C20:0 0.25+0.03 0.21+0 0.2+0.01 0.21+0.01 0.23 +£0.01 0.25+0.01
C20:1 0.14+0.02 01+0 0.1+0.01 0.1+0.01 0.1+£0.01 0.11+0.01
C22:0 0.27 £0.02 0.57x0 0.58 £0.01 0.6+0.01 0.62 +0.03 0.7 +£0.01
Other FAs 1.52 0.85 1.12 1.29 1.54 2.31
2SFA 10.37 10.77 10.71 11.12 11.83 13.32
>UFA 88.11 88.38 88.17 87.59 86.63 84.37
2TFA — 0.06 0.07 0.06 0.09 0.35

TaBLE 10: Variation of fatty acids of corn oil under 210°C heating temperature at different heating times.
Heating time (hours)/fatty acids (%)

0* 12 24 36 48 60
C8:0 — — — — — 0.14+0.01
C12:0 — — — — — —
C14:0 0.02+0.01 0.02+0.01 0.02+0.01 0.02+0.01 0.1+0.01 0.03£0.01
Cl16:0 10.28 £0.11 12.22+0.08 12.45+0.03 12.62+£0.12 13.45+0.58 14.05+0.07
Clé6:1t 0.03+0 0.03 £0.01 0.03 +£0.01 0.03 +£0.01 0.03 +£0.01 0.06 +0.05
Clé6:1 ¢ 0.08+0 0.1+0.01 0.1£0.01 0.1+0.01 0.1+0.01 0.11£0.01
C17:0 0.05+0.01 0.06 +£0.01 0.06 £0.01 0.06 + 0.01 0.08 + 0.01 0.08 £ 0.01
C17:1 0.02 +£0.01 — — — — —
C18:0 1.49+0.02 1.79 +£0.01 1.82+0.01 1.85+0.03 1.97 £0.09 2.06 +0.01
C18:1 9t 0.05£0.01 0.06 £0.01 0.05+0.01 0.09+£0.01 0.19+0.03 0.26 £0.05
C18:1 9¢ 30.7+£0.27 34.57+0.24 34.98+0.16 35.22+£0.09 36491 37.34+0.26
C18:1 11c 0.47 +0.01 0.47 +0.01 0.47 +0.01 0.47 £ 0.01 0.51+0.04 0.53+0.02
Cl18:2tt — — — — — —
Cl182n-6 53.66+0.13 47.85+£0.35 47.39+£0.24 46.74+£0.9 44.05+1.31 42.27+0.31
Cl18:3 n-6 0.05£0.01 — — 0.06 £0.01 0.06£0.01 0.05£0.01
C18:3n-3 0.72 +£0.01 0.59+0.04 0.2+£0.27 0.53+0.02 0.44+0.1 0.4+£0.06
C20:0 0.38 +£0.01 0.4+0.02 0.51£0.09 0.41+£0.01 0.43+0.03 0.45+0.02
C20:1 0.2+0.01 0.18+0.01 0.33+0.13 0.19£0.01 0.19£0.01 0.2+0.01
C22:0 0.09 £ 0.01 — — — — —
Other FAs 1.71 1.65 1.57 1.61 1.92 1.95
2SFA 12.31 14.49 14.87 14.96 16.05 16.82
2UFA 85.98 83.85 83.56 83.43 82.03 81.22
>TFA 0.08 0.09 0.08 0.12 0.22 0.32

FA: fatty acid; SFA: saturated fatty acid; UFA: unsaturated fatty acid; TFA: trans-fatty acid. —: not detected; *: fresh oil.

chemical transformation [40]. These results are in agreement
with those found by [41, 42], who suggest that the isomers
and trans-fatty acids produced during the heating treatment
depend mainly on the temperature reached, but also on the
application processing time.

The increase in SFA leads to a decrease in UFA as the
duration of treatment increases. These results are in line
with those described by [43], who mentioned that the
unsaturated fatty acids are more easily transformed. The
intensity of the change in lipids depends on their
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TaBLE 11: Variation of fatty acids of sunflower oil under 240°C heating temperature at different heating times.
Heating time (hours)/fatty acids (%)
0* 12 24 36 48 60
C8:0 — 0.04£0.01 0.12+0.01 0.28 £0.02 0.56 +0.03 1.21+£0.06
C12:0 — — — — 0.03+0.01 0.05+0.01
C14:0 0.05+0.01 0.06 + 0.01 0.06 = 0.01 0.07 £ 0.01 0.09 +0.01 0.13+0.01
C16:0 6.29+0.18 6.32+0.02 6.76 £0.02 7.68+£0.03 9.09 +0.01 11.69 +0.04
Clé:1 0.06 +0.01 0.07 £0.01 0.07 £0.01 0.08 £0.01 0.09+£0.01 0.11+0.01
C17:0 0.07 £0.01 0.03 +£0.01 0.05+0.01 0.07 £ 0.01 0.13+0.01 0.29+0.01
C17:1 — — — — — —
C18:0 3.44+0.19 3.58£0.02 3.82+0.02 4.36 +0.01 5.13+0.01 6.6 £0.02
C18:1 9t — 0.08 £ 0.02 0.23+0.03 0.46 +0.03 0.77 £ 0.04 1.25+0.03
C18:1 9¢ 25.54+0.13 27.67 £0.08 28.7+£0.02 31.2+0.02 33.9+0.11 38.17+0.01
C18:1 11c 1.29+0.33 0.5+0.01 0.53+£0.01 0.61£0.02 0.68+0.01 0.79+0.03
C18:2tt — 0.08 +£0.01 0.2+0.01 0.35+0.01 0.45+0.01 0.49 +£0.01
Cl182n-6 55.53+0.95 58.04+0.3 52.05+0.06 46.19+0.11 38.35+£0.16 27.46 £0.01
Cl18:3 n-6 0.43+0.03 — — — — —
C18:3 n-3 5.12+0.03 0.06 +£0.02 — — — —
C20:0 0.25+0.03 0.21+0.01 0.23£0.01 0.26 +0.01 0.31+0.01 0.41 £0.01
C20:1 0.14+£0.02 0.1+0.01 0.11+0.01 0.1+0.01 0.11+0.01 —
C22:0 0.27 £0.02 0.59 £0.01 0.62+0.01 0.71 £ 0.02 0.83+£0.02 1.06 + 0.03
Other FAs 1.52 2.58 6.45 7.58 9.47 10.29
>SFA 10.37 10.83 11.66 13.43 16.17 21.44
>UFA 88.11 86.59 81.89 78.99 74.36 68.27
>TFA — 0.16 0.43 0.81 1.22 1.74
FA: fatty acid; SFA: saturated fatty acid; UFA: unsaturated fatty acid; TFA: trans-fatty acid. —: not detected; *: fresh oil.
TaBLE 12: Variation of fatty acids of corn oil under 240°C heating temperature at different heating times.
Heating time (hours)/fatty acids (%)
0* 12 24 36 48 60

C8:0 — — 0.08 + 0.01 0.19+0.01 0.37£0.01 0.78 £0.05
C12:0 — — — — — —
C14:0 0.02+0.03 0.02+0.01 0.03+0.01 0.03+0.01 0.03+0.01 0.05+0.01
C16:0 10.28 +0.11 12.72+0.07 13.61 £0.05 15.07 £0.01 17.15+0.3 20.82+£0.39
Clé6:1t 0.03+0 0.03+0.01 0.03+0.01 0.03+0.01 0.04+0.01 0.04+0.01
Clé:l ¢ 0.08+0 0.1+0.01 0.11+0.01 0.11+£0.01 0.12+0.01 0.13+0.01
C17:0 0.05+0.01 0.06 £0.01 0.07 £0.01 0.1+0.01 0.17 £0.01 0.32+0.02
C17:1 0.02£0.01 — — — — —
C18:0 1.49 +0.02 1.83+£0.01 1.96 £ 0.01 2.17+0.01 2.5+0.05 3.01+£0.06
C18:1 9t 0.05+0.01 0.11+0.05 0.28 £ 0.01 0.55+0.03 0.87 £0.02 1.41 £0.06
C18:1 9¢ 30.7£0.27 35.75+0.31 37.35+0.16 39.53+0.11 41.62+0.76 44.01 £0.86
C18:1 11c 0.47 +0.01 0.47 £0.01 0.52+0.01 0.58 £ 0.01 0.63 +£0.02 0.7+0.03
C18:2tt — 0.06 £0.01 0.15+0.01 0.25+0.01 0.33 +£0.01 0.35+0.01
Cl82n-6 53.66+0.13 45.18 +0.38 41.29+0.17 36.06 £0.08 29.44+0.53 20.36 £0.34
C183n-6 0.05+0.01 0.1+0.01 0.11+£0.01 0.08 £0.01 — —
C18:3 n-3 0.72£0.01 0.34+0.03 0.16+0.02 — — —
C20:0 0.38+£0.01 0.42+0.01 0.44+0.01 0.49+0.01 0.55+0.02 0.68 +0.03
C20:1 0.2+0.01 0.19+0.01 0.21+£0.01 0.22 +£0.02 0.22£0.01 0.23 £0.01
C22:0 0.09+0.01 — — — — —
Other FAs 1.71 2.61 3.60 4.53 5.98 7.11
>SFA 12.31 15.05 16.18 14.54 20.76 25.67
>UFA 85.98 82.34 80.21 82.43 73.26 67.23
2TFA 0.08 0.2 0.45 0.83 1.24 1.8

FA: fatty acid; SFA: saturated fatty acid; UFA: unsaturated fatty acid; TFA: trans-fatty acid. —: not detected; *: fresh oil. Each value represents the

*

mean * standard deviation (SD) of three determinations.

physicochemical properties, in particular the degree of
unsaturation of fatty acids.

The n—3 PUFA are sensitive to oxidative and thermal
degradation. For example, in contact with oxygen, n—3

PUFA degraded into polar compounds, undesirable in a
healthy diet [30]. However, during prolonged heat treat-
ment, n—3 PUFA deteriorate into trans-fatty acids, poly-
mers, and cyclic fatty acid monomers (MCFA), products
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FIGURE 4: Occurrence of trans-fatty acids during the heating
process from 0 hours (fresh oil) to 60 hours at 240°C of soybean,
sunflower, and corn oils.

whose harmfulness is either known or questioned
[24, 44-47]. Compared to polyunsaturated fatty acids, oleic
acid was more stable to oxidation at high temperatures,
which prevailed during frying and cooking.

Oils rich in linoleic and linolenic acids are less heat-
tolerant. As the oil was heated, the amount of new chemical
compounds was high for all three oils, which was consistent
with the results reported by [48]. These authors suggested
the presence of new chemical species, which are found in
small amounts in peanut and palm oils and higher for
rapeseed, soybean, and sunflower.

The number of new chemical species was proportional to
the temperature increase. If the temperature exceeded 200°C
or if the heating was very long at 180°C-190°C, cyclic
monomers appeared [49].

3.6. The Temperature Effect on Oleic Acid (C18: 1) Rate.
As shown in Tables 1-4, 7, and 8, C18: 1 remained relatively
stable during heat treatment temperatures at 150 and 180°C.
For corn oil, C18: 1 ranged from 34.63% after 12 hours to
34.25% after 60 hours of treatment at 150°C and from
34.64% after 12 hours to 37% after 60 hours of treatment at
180°C.

However, there was a significant variation in the C18: 1
rate of corn oil at 210°C and more particularly at 240°C
(Tables 10 and 12). In fact, this content gradually increased
from 35.75% after 12 hours to 44.01% after 60 hours. This
suggested that C18: 1 content began to vary significantly
from 210°C and depending on the duration of treatment.
This behavior was the same for the three oils.

3.7. The Temperature Effect on Polyunsaturated Fatty Acids
(PUFA) Rate. First, it should be noted that in fresh oils, C18:
2 is the highest fatty acid among total fatty acids and
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accounted for 55.53%, 54.96%, and 53.66%, respectively, in
sunflower, soybean, and corn oils. The PUFA content w6
(C18: 2n—6) and w3 (C18: 3n—3) are slightly affected by
heating temperatures at 150 and 180°C and at different
treatment times (12, 24, 36, 48, and 60 hours).

However, the results showed a significant decrease in
these fatty acid levels from 210°C, and they generally
dropped below 50% at the end of treatment (60 h) at 240°C.
At this temperature, the C18: 2n — 6 and C18: 3n — 3 content
were more sensitive to the thermal effect than other fatty
acids, which is in agreement with the results found by [50].

Furthermore, the literature mainly describes results
regarding the effect of heat treatment on linoleic acid (C18:
2n—6) and a-linolenic acid (C18: 3n—3) [42, 51]. Indeed,
these authors showed that a-linolenic acid was more sen-
sitive to isomerization than linoleic acid.

The intensity of changes in lipids depends on their
physicochemical properties; in particular, the degree of
unsaturation makes it easier for unsaturated fatty acids to
transform under the thermal effect [41, 43]. Our results show
a slight decrease in the PUFAs W6 (C18: 2n-6) and w3 (C18:
2n—3) at 150°C. This decrease becomes more important at
180°C. However, subjected to the higher temperatures, 210°C
and 240°C, there was a more advanced alteration of PUFA
associated with an increase in saturated fatty acids (SFA) in
all oil samples (Figure 5).

Thermal treatment resulted in a decrease in the ratio of
polyunsaturated fatty acids to monounsaturated fatty acids
(PUFAs/MUFAs) (Figure 6), the latter decreases with the
increase in temperature. The determination of this ratio
could be likely an indicator of overheating or excessive oil
use.

Therefore, the transformation of PUFA becomes im-
portant when samples have been subjected to high tem-
peratures and for a long time. The two parameters
(processing time and high temperature) were an amplifying
factor in the degradation of the treated oils.

The stability of edible oils is not only determined by the
fatty acid composition but is also affected by the presence of
tocopherols and phytosterols. If tocopherols are degraded in
the presence of molecular oxygen and produce oxidized
products, this causes a loss of their antioxidant activity [52].

Despite the presence of almost the same PUFA com-
position of soybean and sunflower, sunflower oil is more
oxidized than soybean oil. This could be explained by the
richness of soybean oil in antioxidants compared to sun-
flower. In fact, soybean oil was considered a rich source of
tocopherols (vitamin E) as reported by [53]. The tocopherol
content of various soybean seed oil varieties ranged from
90.74 to 1011.87 mg/kg; however, the tocopherol content in
sunflower seed ranged from 116.2 to 122.7 mg/kg [14].

The decrease in the essential fatty acid content could be
accounted for by the sensitivity of the double bonds to the
increase in temperature. However, the presence of a sig-
nificant amount of antioxidant compounds could protect the
oil against oxidation when the oil is heated for an extended
period.

The heat treatment involves a change in the fatty acid
composition of the oil. This change was due to the
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degradation of fatty acids under the temperature effect and
during a prolonged treatment time. This was confirmed by
the work of [27, 54], who suggested that heated oils cause
lipid oxidation involving oxidative destruction of the fatty
acid chains. The present work shows an increase in free fatty
acids represented by “Other FAs.” This fraction accounted
for 2.39, 1.52, and 1.71% of total fatty acids in fresh soybean,
sunflower, and corn oils, respectively. While, these per-
centages reached 8.55, 10.29, and 7.11% of total fatty acids of
soybean, sunflower, and corn oils, respectively, after 60 h of
heating at 240°C. Sunflower oil appeared to be most affected
by the high temperature (240°C) and extended processing
time (60 h). These results are in agreement with the work of
[55] which showed an increase in free fatty acid percentages
with the frying time at 180°C. In addition, some authors
[56-58] have shown a significant formation of free fatty
acids and a decrease in the peroxide value index in vegetable
oils by prolonged microwave heating.

The results showed that the high temperature (240°C)
has a depressive effect on the levels of essential fatty acids
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proportional to the treatment duration and a very significant
increase of the percentages of the following fatty acids: C16:
0, C18: 0, C18: 1W9, C14: 0, C18: 1 11c. C20: 0. C22: 0
present a moderate increase; however, C22: 0 was completely
absent from T=180°C in corn oil.

The influence of the nature of the fatty acid composition
on the stability and oxidation of the oil has already been
demonstrated by several scientific studies [59]. Thermal
treatment may affect the appearance of conjugated linoleic
acid (CLA) isomers. The works of [60] showed that the CLA
content of heated sunflower oil was higher when the oil was
more heated (1.3% at T=220°C against 0.2% at T=180°C).
These heat treatments can also affect the trans-fatty acids
content. Compared to fresh oil, the composition of trans-
fatty acids changes after many uses as in frying oil [61].

3.8. The Treatment Effect on the Rate of Saturated Fatty Acids
(SFAs). The major SFAs were represented by palmitic acid
(C16: 0) and stearic acid (C18: 0) in all oil samples. The rate
of these fatty acids without treatment was 14.54, 10.37, and
12.31% for soybean, sunflower, and corn oil, respectively.
The results showed stability in fatty acid composition during
the heat treatment of oils at 150 and 180°C, which is con-
sistent with the results found by [62], who suggested that
fatty acids such as C16: 0 or C18: 0 are more stable than
unsaturated ones like C18: 1, C18: 2, and C18: 3. However,
from the temperature of 210°C, the levels of these fatty acids
increase significantly and are about 50% of the initial levels
after 60h of treatment at 240°C. In soybean and corn oil,
palmitic acid was the major fatty acid among SFA; it ranged
from 10% to 15% at 150, 180, and 210°C.

Based on our results, it appears that the oils submitted to
low temperatures (150 and 180°C) and different treatment
times (12, 24, 36, 48, and 60 h) have some thermal stability
and lipid structure preservation. However, the composition
of these oils has been largely influenced by treatment at
210°C and 240°C and fatty acid levels vary with the duration
of treatment. At these temperatures, it can be assumed that
there was an inversely proportional relationship between
SFA and essential fatty acids (C18: 2 and C18: 3).

4. Statistical Analysis

The statistical analysis provided was presented in
Figures 1-3. It was found that the maximum variation in
fatty acid contents expressed by AC/C varies according to
species, temperature, and duration of treatment (Figure 1).
In fact, the maximum variation at 240°C is at 12 h, 48 h, and
60h respectively for sunflower, soybean, and corn oil, re-
spectively. However, the maximum variation at 180°C is
noted at 12h for soybean and 60h for sunflower and corn
oil. It is clear that the highest values are always found in
sunflower oil, whatever the temperature applied.

Figures 2 and 3 represent the variation in heating times,
allowing the maximum variation in fatty acid content by
species subjected to different temperatures. The results show
that C18: 3n — 3 levels are most affected at 240°C in sunflower
and C12: 0 at 180°C in soybean after 12 hours of treatment.
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After 24 hours and 36 hours of treatment, no changes were
reported with the exception of C17: 0 (at 150°C). After 48
hours, the maximum variation in soybean was found in the
level of C17: 0 (at 150°C) and C8: 0 (at 210°C and at 240°C).
After 60 hours of treatment, the major variations in soybean
affect mainly C17: 0 (at 150°C), for corn oil, C18: 3n—3 (at
180°C and 210°C); C18: 1-9t at 240°C and for sunflower C18:
3n—3 at 180°C and 210°C.

Under the action of the same temperature, the thermal
behavior of fatty acids varies according to species. The
maximum variation is found in C18: 3n—3 at (0-12h), in
C8:0 at (0-48 h), and in C18:9-1t at (0-60 h), respectively, in
sunflower, soybean, and corn (Figure 3(d)). These results
also confirm that sunflower is the most sensitive species,
while corn is the most resistant to temperature variations.

5. Conclusion

The GC analysis of fatty acids of three fresh edible oils
revealed the dominant presence of linoleic acid with a
content of about 53, 54, and 55% for corn, soybean, and
sunflower, respectively. Oleic acid is present at 21, 25, and
30% respectively, for soybean, sunflower and, corn oil. The
composition of these oils can be considered an important
natural source of unsaturated omega-6 fatty acids.

Stearic and palmitic acids are the main fatty acids among
saturated fatty acids, the contents of these fatty acids to-
gether are close to 14%, 10%, and 12% for respective soy-
bean, sunflower, and corn oils. These oils that are high in
polyunsaturated fatty acid content, are sensitive to heat. The
heat treatment at different temperatures shows a variation in
the composition of total fatty acids. This variation was due to
a series of chemical transformations that can be oxidation
reactions, isomerization, cyclization, polymerization, and
other reactions.

Results suggest that oils subjected to 150°C and 180°C at
different treatment periods have no significant effect on fatty
acid composition; however, the composition of oils sub-
jected to higher temperatures (210 and 240°C) was signifi-
cantly affected. The rate of major saturated fatty acids (C16: 0
and C18: 0) continues to increase while that of unsaturated
fatty acids continues to decrease according to the temper-
ature and duration of treatment rise.

Essential fatty acids, which are more sensitive to thermal
effects than the other fatty acids, decrease dramatically from
210°C. Trans-fatty acids (18: 1 9t; C18: 2t, t) were formed
during the heating process, and the rates of these fatty acids
depended mainly on the temperature reached, but also on the
applied processing time. The increase in trans-fatty acids has
been associated with a decrease of unsaturated fatty acids,
suggesting that PUFA might be precursors of some TFA.

At 210°C or at 180°C with a long heating time, the oil will
have deteriorated with chemical transformation and the
appearance of smoke. At 240°C, there was a browning of the
oil, the appearance of stable foam, smoke, and incongruous
odors. Consequently, the optimum temperature should not
exceed 180°C.

Depending on the fatty acid composition of these oils
and their behavior as a function of thermal heating, it was
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concluded that sunflower oil is the most affected by the
thermal effect, followed by soybean oil, while corn oil is the
most resistant to the thermal process. Therefore, according
to our study, it is advisable to use corn oil for frying and
cooking. It should be noted that the increase of temperature
and duration of the treatment seem to be the oxidation
acceleration factors. Results suggested that thermal heating
at high temperatures or/and at extended processing times
generates significant production of trans isomers. Oxidative
changes that occur during the heating process negatively
affect the nutritional value as well as the sensory qualities of
edible oils. Each oil has its characteristics of oxidation
stability depending on the content and nature of fatty acids.
Therefore, it is recommended to use a heating mode
designed to limit local overheating that promotes fat deg-
radation and to avoid heating too hard and too long, not to
exceed 60 hours.
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