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Abstract
The main goal of this study was to investigate the thermo-oxidative stability of soybean oil subjected to
convective heating at simulated frying temperature of 185±5°C up to 4h. The lipid oxidation induced in
soybean oil was assessed on the base of peroxide value (PV), para-anisidine value (pAV), conjugated
dienes and trienes, the inhibition of oxidation (IO) and TOTOX value. Also, total phenolic content (TP)
was evaluated in response to heating to estimate their losses related to the level of lipid oxidation. Our
results have proved that soybean oil exposure at high temperature resulted in important increases in PV,
pAV and TOTOX values. Moreover, the content of conjugated dienes and conjugated trienes monitored
by absorbance values at 232 nm and at 270 nm recorded also, significant increases in response to heating.
The addition of BHT in soybean oil samples exposed to high temperature limited the lipid oxidation
processes, evidenced by decreases in the values of monitored parameters (PV, pAV, TOTOX, K232 and
K270). The results obtained by performing of this study suggested that the evaluation of multiple quality
parameters is a necessary approach for assessing the lipid stability in the course of heat treatment.
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1. Introduction
Soybean oil is one of the most popular and largely
edible oils used in the word for cooking, baking
and salads preparation. This vegetable oil is rich in
polyunsaturated and monounsaturated (PUFA,
MUFA) fatty acids and low in saturated fatty acids
and trans fatty acid - free [1,2]. Soybean oil is
considered healthier than other edible oils because
of its variety of essential fatty acids needed to the
health diet. Moreover, soybean oil contains a
number of plant sterols with a wide variety of
health benefits. Also, phenolic compounds existing
in soybean oil are very important for the oxidative
stability of the polyunsaturated fatty acids of this
oil [3]. Although soybean oil retains its natural
antioxidant compounds and has a good nutritional
profile due to the high level of unsaturated fatty
______________________________________________
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acids, it is very susceptible to lipid oxidation,
especially during processing at high temperature,
specific to some food thermal applications [4, 5].
Lipid oxidation represents main way of oil quality
deterioration because of rancid and undesirable
flavors as well as due to the generated reactive
oxygen species which are an important role in
induction of carcinogenesis, cardiovascular diseases
and aging processes [1, 6]. The lipid oxidation of
edible oils influences their chemical, nutritional and
sensory properties, having a significant role in
determining the shelf-life of edible oils and,
eventually, influences their uses [7].
The chemistry of lipid oxidation processes occurring
at high temperatures is very complex because of both
thermal and oxidative reactions. During oil heating at
frying temperature various chemical reactions such as
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oxidation, hydrolysis, thermal decomposition and
polymerization takes place [3, 5]. As a result of
deep-oil frying, occurs decreases in unsaturated
fatty acids and increases of the polar compounds.
Phenolic compounds found in plant oils have the
ability to improve the stability and nutritional
characteristics of the vegetable oils and they may
prevent the oil deterioration by scavenging of free
radicals responsible for lipid oxidation [8, 9]
Considering all above mentioned information, the
aim of this study was to examine the hightemperature stability of soybean oil (with and
without addition of BHT) as a function of heating
time in simulated frying conditions (185±5°C).
The oxidative degradation of soybean oil samples
was monitored by many methosa that included the
determination of peroxide value (PV), paraanisidine
value
(pAV),
UV
absorption
characteristics (K232 and K270), as a measure of
conjugated dienes and trienes, the inhibition of oil
oxidation (IO, %) and total oxidation (TOTOX)
value.
2. Materials and Method
Heat treatment of soybean oil samples
20.0±0.5 g refined soybean oil samples with 200
ppm BHT, respectively without antioxidant
(control) were weighed into Pyrex Petri dishes (10
cm inner diameter) and then heated without lids for
30, 60, 120, 180 and 240 min in a forced-air
oven (electric convection) (Esmach/Italy, 1200W)
at simulated frying temperature of 185±5°C. The
oil samples temperatures has been monitored using
a calibrated chromel-alumel thermocouple (HI
935009, Hanna Instruments). After heating, the oil
samples were rapidly cooled at room temperature,
stored in glass bottles and then they were placed in
a refrigerator (4-6ºC) until analysis.
Analytical determinations
The lipid oxidation induced by heat exposure was
monitored by measuring of analytical indices as
follows: peroxide value (PV), para-anisidine value
(pAV) as well as conjugated dienes and trienes
[10]. Also, the inhibition of oil oxidation (IO, %)
and total oxidation (TOTOX) were evaluated.

PV (expressed in meq/kg oil) was iodometrically
determined according to standard methods for oils
analysis [11].
pAV value was evaluated by AOAC official method
using the UV-VIS spectrophotometer (Analytic Jena
Specord 205) [11]. This index represents a measure
of the carbonyl content in the oil samples.
The content of conjugated dienes and conjugated
trienes was monitored on the base of absorbances at
232 nm and at 270 nm. The changes in UV
absorption characteristics (K232 and K270) were
determined according to the International Standard
Organization method [12]. K232 and K270 extinction
coefficients were calculated from the absorption
values at 232 and 270 nm, respectively, read by an
UV spectrophotometer (Specord 205, Analytic Jena,
Germany), using a 1% solution of the soybean oil in
cyclohexane and 1 cm cellpath length.
IO value was calculated with the formula (1) [13]:
IO (%) = (1 

increase in PV of oil sample
)  100 (1)
increase in PV of control

TOTOX value was calculated according to formula
(2) [14]:
TOTOX value = 2  PV + pAV

(2)

Total phenolic content (TP) of soybean oil samples
was analyzed following the Folin-Ciocalteu method
[15]. The extraction of phenolic compounds from oil
was performed as follows: 2 mL soybean oil sample
was mixed with 20 mL of 70% aqueous ethanol
solution (v/v) by sonication at 20°C for 30 min. After
centrifuged for 10 min at 5000 rpm the supernatant
was separately and used for TP analysis on the base
of calibration curve by measuring the absorbance at
750 nm. TP content was expressed as μM gallic acid
equivalents (GAE) per mL oil. The calibration curve
was prepared using standard solution of gallic acid in
the range 0.5-5 μM GAE/mL.
3. Results and discussion
Data submitted in Figure 1 (a) express the evolution
of PV recorded during the heating of soybean oil at
simulated frying temperature. The peroxides
measurement can be used as an index for highlighting
the early stages of the lipids oxidation.
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It can be seen a continuous increase in this
indicator throughout heating, which highlights that
the rate of hydroperoxides formation was vastly
superior to that of their degradation.
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Hydroperoxides, the products of the primary
oxidation process are decomposed during high
temperature exposure to secondary oxidation products
such as aldehydes, aliphatic ketones, alcohols, acids
and hydrocarbons. The latter are more stable during
heating and they are the main products responsible of
rancid smell of vegetable oils [2, 3].
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of their decomposition [16].
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To ensure a better monitoring of lipid oxidation
during heating is required the simultaneous detection
of primary and secondary products of lipid oxidation.
pAV is a reliable indicator of the levels of undesirable
secondary products formed in the lipids oxidation
processes [17].
The values recorded for pAV presented in Figure 1(b)
reveal that by extending the soybean oil samples
exposure to elevated temperature is becoming more
evident the formation of secondary oxidation
products. During the heat treatment there is an
increase from 2.53 to 50.03 in the control sample,
respectively at 35.16 in oil with addition of BHT.
The Figure 2 shows the potential of synthetic
antioxidant BHT to inhibit the formation of
hydroperoxides in soybean oil, as a result of primary
lipid oxidation.
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Figure 1. Changes induced in PV (a) and pAV (b)
during soybean oil heating

It may be noted a decrease in the content of
hydroperoxides in oil samples supplemented by
synthetic antioxidant BHT to a level of 200 ppm,
compared to the control sample. Along with PV,
IO is used to highlight the primary oxidation
process developed in oil samples subjected to
thermal stress [16].
The measurement of hydroperoxides is limited
because of their transient nature, representing a
potential risk for subsequent formation of
unpleasant sensory compounds. PV increases only
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Figure 2. The efficiency of BHT to inhibit lipid oxidation
during soybean oil heating

The inhibitory effect of BHT against primary lipid
oxidation developed in soybean oil subjected to heat
treatment, registered its maximum value after 30
minutes and decreased with increasing of the
exposure time to high temperature up to 4 hours.
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Figure 3 presents the overall picture of lipid
oxidation induced as a result of thermal stress
applied to soybean oil samples. Thus, the lipid
degradation developed in soybean oil by 4h of heat
exposure, can be characterized by an increase in
the TOTOX value up to about 75 in the case of
control and 55 in oil sample with BHT to a level of
200 ppm.

progress of the thermo-oxidative lipid degradation
since these compounds remain in the oil, they are not
thermolabiles as hydroperoxides, or volatile like
secondary oxidation compounds [15,18].
Data presented in Figure 4 show the increasing of
conjugated dienes and trienes monitored on the base
of K232 and K270 with advancing of lipid oxidative
processes.
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The values obtained for IO reveal the close
connection between this indicator and PV value. It
can be said that BHT had inhibitory potential over
50% against primary lipid oxidation in the first 60
min of heat exposure at high temperature.
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Figure 3. Changes in TOTOX value induced by hightemperature heating of soybean oil
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The oxidation of polyunsaturated fatty acid in
response to heating resulted in the formation of
hydroperoxides. After their formation, these
specific compounds of the primary lipid oxidation,
the conjugated double bonds from unsaturated
fatty acids of soybean oil suffer a structural
rearrangement generating conjugated dienes that
absorb in UV at 232 nm [18]. When the
polyunsaturated fatty acids with three or more
double bonds (e.g., linoleic acid) are subjected to
oxidation, the conjugation can be extended to
another double bond, resulted in formation of a
conjugated trienes, which absorb UV light with a
wavelength of 270 nm.
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Figure 4. Changes in UV absorption characteristics (a:
K232; b: K270) during soybean oil heating
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The changes occurring in the absorbance values
recorded at 232 and 270 nm, quantified by K232
and K270 were used as significant indicators for
monitoring the lipid oxidation. The quantification
of conjugated dienes and trienes reveals the
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Figure 5. Changes in TP content of oil samples in
response to high temperature heating
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Figure 5 depicts the changes recorded in total
phenolics content during during soybean oil
samples heating.
It can be noted an alteration of these compounds as
a result of thermal stress. Thus, at the end of
heating, TP content decreased from 0.34 to 0.07 in
control sample, respectively up to 0.17 in oil
sample with BHT to a level of 200 ppm. TP
compounds significantly contributed to oxidative
stability oil soybean oil in the heating time. Our
data are consistent with those reported by
Chantzos and Georgiou [9] regarding the finding
that the lipid oxidation is more advances in oil
sample with lower antioxidant compounds
4. Conclusions
Oil samples exposure to convective heating at
simulated frying temperature of 185±5°C up to 4 h
resulted in significant alterations of soybean oil
quality, quantified by formation of hydroperoxides
and secondary oxidation products. By increasing
the duration of soybean oil heating, it was noted
the increases in hydroperoxides and secondary
oxidation products, evidenced by increased in both
PV and pAV values. It was noted increasing in the
content of conjugated dienes and trienes with the
progress of lipids thermo-oxidative degradation.
As a result, the TOTOX value, used to describe the
overall process of lipid oxidative degradation in
soybean oil, recorded increases in response to
heating at The addition of BHT, as a synthetic
antioxidant, in soybean oil samples subjected to
thermal stress, inhibit the primary and secondary
oxidation of lipid. Phenolic compounds in soybean
oil were significantly decreased in response to high
temperature exposure. As a result, TP content of
soybean oil samples is closely related to the lipid
oxidative deterioration. Our results highlighted that
the lipid oxidative stability during soybean oil
heating at simulated frying temperature can be
successfully monitored on the base of multiple
quality parameters.
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