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ABSTRACT

Background. Rice bran oil (RBO) contains significant amounts of micronutrients (oryzanol, tocotrienol,
tocopherol, phytosterols etc.) that impart a high resistance to thermal oxidation of the oil. The high oxidative
stability of RBO can make it a preferred oil to improve the oxidative and flavor stabilities of other oils rich
in PUFAs. In this study, the changes in the oxidative status and fatty acid composition in soybean oil (SO)
blended with RBO under extreme thermal conditions were evaluated.

Material and methods. The blends were prepared in a volume ratio of 10:90, 20:80, 40:60, and 60:40
(RBO:SO). The changes in the oxidative parameters and fatty acid composition of the samples during heating
at frying temperature (170°C) were determined using analytical and instrumental methods. Oxidative altera-
tion was also monitored by recording FTIR spectra of oil samples.

Results. The increase in oxidative parameters (free fatty acid, color, specific extinctions, peroxide value,
p-anisidine value, and thiobarbituric acid value) was greater in pure SO as compared to RBO or blend oils
during heating. This indicates that the SO samples incorporated with RBO have the least degradation, while
pure SO has the highest. Blending resulted in a lower level of polyunsaturated fatty acids (PUFA) with
a higher level of saturated fatty acids (SFA) and monounsaturated fatty acids (MUFA). During heating, the
relative content of PUFA decreased and that of SFA increased. However, the presence of RBO in SO slowed
down the oxidative deterioration of PUFA. In FTIR, the peak intensities in SO were markedly changed in
comparison with blend oils during heating. The reduction in the formation of oxidative products in SO dur-
ing thermal treatment increased as the concentration of the RBO in SO increased; however, the levels of the
protective effect of RBO did not increase steadily with an increase in its concentration.

Conclusions. During thermal treatment, the generation of hydroperoxides, their degradation and formation
of secondary oxidative products as evaluated by oxidative indices, fatty acids and IR absorbances were lower
in blend oils compared to pure SO. In conclusion, RBO can significantly retard the process of lipid peroxida-
tion in SO during heating at frying temperature.
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INTRODUCTION

Rice bran oil (RBO) is obtained from rice husk, a by-
product of the rice milling industry. It contains ap-
preciable quantities of bioactive components and has
attained the status of a “heart oil” due to its cardiac-
friendly chemical profile (Sohail et al., 2017). Rice
bran oil — RBO contains a unique component — gam-
ma-oryzanol, and high levels of phytosterols and to-
cols (Das et al., 2018; Perez-Ternero et al., 2017). Tak-
ing advantage of the micronutrients present in RBO, it
was considered that the value of other edible oils could
be nutritionally improved by blending with RBO. In
addition, these naturally occurring components impart
a high resistance to the thermal oxidation and deterio-
ration of the oil. The high oxidative stability of RBO
makes it a preferred oil for frying and baking appli-
cations (Semwal and Arya, 2001). Choudhary et al.
(2015) stated that blending of non-conventional RBO
with traditional oils (sunflower oil, canola oil etc.) can
result in a stable cooking oil that reduces the demand
for traditional oils. On the other hand, soybean oil
is widely used in cooking and frying processes. It is
rich in unsaturated fatty acids, including about 23%
MUFA and 58% PUFA, which are highly prone to
oxidation (Ivanov et al., 2010). To improve the oxi-
dative stability during heating/frying process, the use
of fats/oils with low unsaturation is suitable, because
the oxidation rate of these oils is much lower than the
oils with a high PUFA. The fatty acid profile of the
oils is basically the factor responsible for oxidation,
and also the formation of undesirable compounds/fla-
vors (Arslan et al., 2015; Fernandez-Cedi et al., 2012).
Rudzifiska et al. (2018) stated that SO is extremely
liable to oxidate during the frying process. However,
a wide range of vegetable oils are available on the
market, but some vegetable oils are not up to stand-
ards to meet consumer satisfaction in terms of their
stability (Mostafa et al., 2013). During a prolonged
exposure to high temperatures, stability to oxidation is
one of the main characteristics of that frying oil should
possess, because its physico-chemical and nutritional
properties may undergo significant modifications dur-
ing heating (De Marco et al., 2007). However, there
is global demand for the production of a blend oil for
culinary uses, because of improved thermal stability,
nutritional benefits, cheaper alternatives or substitutes
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to pure vegetable oils (Ali et al., 2014; Srivastava
et al., 2017).

Oxidation in oils and fats takes place at the double
bond sites in the triacyleglycerol molecules (Ribeiro et
al., 2007). The oxidative stability of an oil depends on
its fatty acid and triacylglycerol compositions, and the
composition of minor components with antioxidant
capacity (Nederal et al., 2012). Monitoring the chang-
es in the fatty acid composition of oils during heating
is an effective method to examine thermal oxidation
changes in the oils. The effects of thermal treatments
on the oxidative degradation and physico-chemical
properties of some vegetable oils as affected by add-
ed RBO have been reported elsewhere (Mishra and
Sharma, 2014; Rudzinska et al., 2016; Sharma et al.,
20006). Very few studies have reported on the oxidative
changes and fatty acid composition of SO incorporat-
ed with RBO under adverse thermal conditions, and
this is the main objective of the present study.

MATERIAL AND METHODS

Sample and reagent

Freshly milled rice bran was obtained from a direct
milling system (Osman Agro Industries, Naogaon) in
airtight polyethylene bags. Refined, bleached and deo-
dorized SO with no added antioxidants was collected
from a local oil mill (Jamuna Edible Oil Mill, Ra-
jshahi). Thioburbituric acid was produced by HiMedia
Laboratories (Mumbai, India), while acetic acid and
standards were from Sigma-Aldrich Co. (St. Louis,
MO, USA). Analytical-grade solvents and other chem-
icals were produced by Merck (Darmstadt, Germany
or Mumbai, India).

Oil sample preparation

Rice bran was adjusted moisture level to 21% (Lak-
kakula et al., 2004) and endogenous lipase of the
bran was inactivated by means of a microwave (2450
MHz, output power 850 W) for 3 min. The oil was
extracted from the stabilized rice bran using n-hexane
at a solid-to-solvent ratio of 1:10 (w/v) using a mag-
netic stirrer for 3 h. The extract was filtered and the
residue was re-extracted twice with the same solvent.
The filtrates were combined and dried at 45°C under
a vacuum using a rotary evaporator (Rotavapor R-210,
Buchi Labortechnik AG, Switzerland). The chemical
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refining process of crude RBO was conducted us-
ing the conventional method (Mezouari and Eichner,
2007; Pestana et al., 2008). The crude oil (500 mL)
was heated to 72°C and degummed by adding water
with slow agitation for 30 min. Next, the oil was set-
tled for 30 min and the water with dissolved gum was
drained out. The degummed oil was heated to 80°C
and the required amount of NaOH (1%, w/w) was
added. It was then stirred and left to react for 30 min
at room temperature. The soap stock was separated
from the neutralized oil by decantation and centrifuga-
tion. The oil was washed three times with water. The
neutralized oil was brought to 90°C under a vacuum
and 1% (w/w) of bleaching earth was added. Once this
temperature was reached, the oil was stirred for 30
min, cooled to room temperature and filtered through
filter paper. The oil was then cooled gradually at 12°C
for 4 h for crystallization of wax and filtered to re-
move the wax. Deodorization was carried out under
a vacuum at 245°C for 2 h using nitrogen as a strip-
ping gas. The SO was blended with a refined RBO in
varying proportions. The RBO:SO (v/v) blends were
prepared as following: 10:90, 20:80, 40:60, and 60:40.
The mixtures were stirred in a magnetic stirrer for 20
min for homogenization.

Heating and oil sampling

The pure and blend oil samples (70 g) were put into
100 mL beakers and placed in an electric oven (model
28, Binder GmbH, Germany) at 170 £2°C in order to
accelerate the lipid oxidation and thermal degradation.
The oil samples were collected at intervals of 0, 4, §,
and 12 h for analysis.

Fatty acid composition (FAC)

Triacylglycerols were transesterified to convert them
into fatty acid methyl esters, according to the PORIM
(1995) method p3.4 and were analyzed by a gas chro-
matograph (7890A, Agilent Technologies, USA)
equipped with a polar SP™ (Supelco, Bellefonte, PA)
capillary column (0.25 mm i.d x 60 m x 0.2 um) and
a flame ionization detector. Nitrogen at a flow rate of
20 mL/min was used as carrier gas. The column oven
was heated to 100°C and raised to 250°C at the rate
of 10°C per min. Methyl esters were quantified by
comparing the retention times and peak area of the un-
knowns with known FAME standards.

www.food.actapol.net/

Oxidative indices

Standard methods of AOCS (1987) were used to deter-
mine the following: free fatty acid content (method Ca
5a-40), peroxide value (method Cd 8-53), and thiobar-
bituric acid value (method Cd 19-90). Determination
of p-anisidine value (method p2.4) and specific extinc-
tions (method p2.15) at 233 and 269 nm (E™,,; and
E"™ . respectively) of the samples was carried out by
means of a Spectrophotometer (T 60, PG Instruments,
Leicestershire, UK) according to the PORIM (1995)
test methods. Total oxidation value was derived using
the Holm’s equation: TOTOX = 2PV + p-AV (Wali et
al., 2009). For determining colour development, the
absorbance at 420 nm of 5.0% (w/v) solutions of oils
in chloroform was measured using a spectrophotom-
eter (T 60U, PG Instruments, Leicestershire, UK)
(Yoshida et al., 1999).

FT-IR spectroscopy

The infrared spectra of oil samples were measured us-
ing a Fourier Transform Infrared (FTIR) Spectroscopy
(IRAffinity-1S, Shimadzu Corporation, Kyoto, Japan)
furnished with a high-sensitivity pyroelectric detec-
tor (deuterated L-alanine doped triglycine sulphate).
The spectra were collected with a spectral resolution
of 2 cm™ and a frequency range from 4000 to 850 cm.

Statistical analysis

All analyses were performed in triplicate unless other-
wise stated. The results were made as mean +standard
deviation (SD) and were subjected to one-way analysis
of variance (ANOVA). Mean values were compared at
a p <0.05 significant level by Duncan’s multiple range
test using IBM SPSS 22 statistics.

RESULTS AND DISCUSSION

Changes in the fatty acid composition

of pure and blend oils

Some food-processing techniques can affect the fatty
acid composition of oils when hardly subjected to suc-
cessive heating (Lee et al., 2007). The fatty acid com-
position (FAC) of oil can be an indicator of its stabil-
ity, physical properties and nutritional value. Table 1
shows the FAC of RBO, SO and their binary blends.
SO had the highest level of linoleic acid (52.51%), fol-
lowed by oleic (25.29%) and palmitic (10.55%) acids.
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However, in RBO, the major fatty acid was oleic acid
(41.19%), followed by linoleic (34.16%) and palmitic
(18.30%) acids. These results are consistent with the
values for the same sample reported by Chotimarkorn
and Silalai (2008). The sample SO incorporated with
different amounts of RBO led to a change in the FAC
that occurred progressively as a function of the per-
centage of RBO in the blend. When increasing the
percentage of RBO from 10 to 60, the amounts of
palmitic and oleic acids also increased, followed by
a decrease in linoleic acid. As shown in Table 1, the
blend of SO with RBO caused a significant (p < 0.05)
increase in the content of MUFA and SFA, in parallel
with a significant decrease in the levels of PUFA. The
FAC of frying oil greatly influences its oxidative sta-
bility. SO contains higher PUFA (57.41%) compared
to that of RBO (36.47%). Shahidi (2005) reported that
the higher content of PUFA results in lower oxidative
stability. In SO without added RBO, the relative con-
tent of PUFA was rapidly decreased to 83.40%, while
that of SFA was increased to 116.58% after 12 h of
heating (Table 2). There was a slow decrease in the

relative content of PUFA in SO containing 10, 20 and
40% of RBO to 84.88, 85.83 and 88.54%, respective-
ly, at the end of heating. On the other hand, the rela-
tive content of SFA in SO containing 10, 20 and 40%
of RBO increased to 118.45, 111.61 and 108.90%, re-
spectively, at the same time of heating. In addition,
MUFA also increased accordingly in most cases. The
present results reveal that the amount of RBO incor-
porated with SO affected the changes of FAC during
thermal oxidation; this probably provided protection
to SO against lipid oxidation during heating. Blend-
ing SO with RBO caused a decrease in the ratio of
linoleic acid to palmitic acid (C ,,/C,, ). The initial
value of the C /C, ratio was lower in the blends
than in SO due to the addition of more saturated RBO.
The ratio C  /C,,  has been suggested as a valid indi-
cator of the level of PUFA deterioration (Normand et
al., 2001). In this work, this ratio decreased in all oil
samples during heating. The highest decreased amount
from the initial was found in SO (1.68 unit), followed
by blends (0.69—1.57 unit) with the least in RBO (0.30
unit). The present results revealed that adding RBO

Table 1. Fatty acid composition of rice bran oil, soybean oil, and their blends before heating, %

Oil sample
Fatty acids Blend (RBO:SO)
RBO SO
10:90 20:80 40:60

Myristic acid (C14:0) 0.31 +£0.01° 0.08 +£0.00* 0.10 £0.01* 0.14 £0.01° 0.15 £0.00°
Palmitic acid (C16:0) 18.30 £0.07¢ 10.55 +£0.50° 11.15 +0.40? 12.71 £0.14° 14.34 +£0.15¢
Palmitoleic acid (C16:1) 0.20 £0.01° 0.09 £0.00° 0.10 +£0.00? 0.13 £0.01* 0.12 +£0.00°
Stearic acid (C18:0) 2.41 +£0.02¢ 4.05 £0.05° 4.04 £0.04° 3.82 +0.03° 4.47 £0.02°
Oleic acid (C18:1) 41.19 £0.12¢ 25.29 £0.25° 25.22 £0.09° 27.81 £0.15° 30.89 +0.2¢
Linoleic acid (C18:2) 34.16 £0.04° 52.51 £0.19¢ 52.04 £0.47¢ 48.86 £0.11¢ 44.67 £0.05°
Linolenic acid (C18:3) 2.31 +£0.02¢ 4.89 £0.05¢ 4.90 £0.09¢ 4.36 £0.04° 3.34 +£0.02°
Arachidic acid (C20:0) 1.00 +£0.03¢ 0.53 +£0.05° 0.44 £0.01° 0.48 +£0.02° 0.69 +£0.01°
> Saturated fatty acids 22.02 15.20 15.72 17.14 19.65

> Monounsaturated fatty acids 41.38 25.38 25.32 27.94 31.01

> Polyunsaturated fatty acids 36.47 57.41 56.94 53.22 48.01

Each value is the mean +standard deviation of triplicate determinations. Values with different letters within a row for each fatty
acids were significantly different (p < 0.05).
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Table 2. Changes in saturated, monounsaturated, and polyunsaturated fatty acids of rice bran oil, soybean oil, and their

blends during heating at 170°C

Heating time

Sample N SFA MUFA PUFA C,.,/Coey
RBO 0 22.02 (100) 41.38 (100) 36.47 (100) 1.87
4 22.22 (100.91) 42.54 (102.80) 35.14 (96.35) 1.76
8 23.52 (106.81) 42.33 (102.29) 33.94 (93.06) 1.63
12 23.51 (106.76) 43.76 (105.75) 32.51 (89.14) 1.57
SO 0 15.20 (100) 25.38 (100) 57.41 (100) 4.98
4 17.19 (113.09) 29.00 (114.26) 52.24 (90.99) 3.82
8 17.66 (116.18) 30.43 (119.90) 50.49 (87.95) 3.52
12 17.72 (116.58) 33.24 (130.97) 47.88 (83.40) 3.30
10:90 0 15. 72 (100) 25.32 (100) 56.94 (100) 4.67
4 17.14 (109.03) 28.35 (111.96) 52.87 (92.85) 3.80
8 18.42 (117.17) 28.66 (113.19) 51.57 (90.57) 3.65
_ 12 18.62 (118.45) 31.84 (125.75) 48.33 (84.88) 3.10
% 20:80 0 17.14 (100) 27.94 (100) 53.22 (100) 3.84
2 4 18.37 (107.18) 30.63 (109.63) 49.63 (93.25) 3.42
E 12 19.13 (111.61) 34.12 (122.12) 45.68 (85.83) 291
2 4060 0 19.65 (100) 31.01 (100) 48.01 (100) 3.11
4 20.87 (106.21) 32.19 (103.80) 45.35 (94.45) 2.76
8 19.70 (100.25) 3524 (113.64) 4425 (92.17) 2.59
12 21.40 (108.90) 34.52 (111.32) 42.51 (88.54) 242

The numbers in parenthesis are the relative % of saturated (SFA), monounsaturated (MUFA) and polyunsaturated (PUFA) fatty
acids based on the initial saturated, monounsaturated and polyunsaturated fatty acids content before thermal oxidation. C, ,/C . —
ratio of linoleic acid to palmitic acid. Each value is the mean of triplicate determinations.

to SO prevented the breakdown of the PUFA of SO.
These results were in agreement with the findings of
Ali et al. (2014), who revealed that adding palm olein
(PO) to sunflower oil (SFO) slowed down the rate of
degradation of PUFA of SFO during deep fat frying of
potato pieces at 185 +5°C.

Changes in oxidative indices

The free fatty acid (FFA) content of all edible oils in-
creased significantly (»p <0.05) and steadily during heat-
ing at 170°C (Table 3). The amount of FFA increases
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as a result of the hydrolysis of triacylglycerols, which
contributes to the development of off-flavours and off-
odours in the oil (Rohman et al., 2011). During heat-
ing, the lowest and highest changes in FFA amounts
were detected in the RBO (from 0.16 to 0.65%) and SO
(from 0.11 to 0.86%), respectively. However, partial
replacement of SO with RBO could result in decreased
FFA during heating, which indicates that the rate of
generation of FFA was faster in pure SO compared to
that in blend oils. The absorbance values of pure and
blend oils as an index for colour development in the
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Table 3. Changes in free fatty acid content, colour (absorbance at 420 nm) and specific extinction value of rice bran oil,

soybean oil, and their blends during heating

Heating Control Blend (RBO:SO)

Parameter  time

h RBO SO 10:90 20:80 40:60 60:40

FFA, % 0 0.16 £0.01°* 0.11 £0.012* 0.11 £0.0124 0.12 £0.0224 0.12 +£0.01* 0.13 £0.03*
4 0.34 +£0.02:8 0.38 £0.06*8 0.37 £0.02°® 0.37 £0.06*® 0.36 £0.038 0.34 +0.03*®
8 0.47 £0.09:¢ 0.59 £0.08¢ 0.55 +0.07:¢ 0.52 £0.05¢ 0.49 £0.03¢ 0.48 £0.05¢
12 0.65 £0.02:° 0.86 +0.04® 0.81 £0.09<® 0.77 £0.07°®  0.72 £0.05*P  0.68 +£0.06°°P

Absorb- 0 0.20 £0.022* 0.18 £0.03* 0.18 +£0.02%4 0.19 £0.01** 0.19 +£0.02% 0.19 £0.04»

ance at 420

nm 0.38 £0.048 0.45 +0.02® 0.43 +0.05%® 0.42 £0.045 0.41 +£0.02 0.40 +0.04®
8 0.59 £0.08¢ 0.74 +£0.03%¢ 0.71 £0.04%¢ 0.69 £0.04C 0.68 +£0.03%¢ 0.66 +0.05%¢
12 0.77 £0.03*° 0.98 +0.05°° 0.95 £0.07°P 0.93 +£0.04°° 0.90 +£0.05°° 0.87 +£0.10°°

E™. ., 0 2.60 £0.0224 2.65 £0.024 2.65 +0.05* 2.64 £0.03* 2.64 £0.06™ 2.62 +0.05*
4 2.89 £0.03® 4.68 £0.05™ 3.93 £0.038 3.60 +£0.06%® 3.12 £0.04® 3.28 +£0.04<8
8 3.82 £0.05¢ 6.82 +£0.09 6.26 +0.04¢ 6.00 £0.024¢ 5.30 £0.02¢¢ 5.01 £0.04%¢
12 4.96 £0.04° 8.99 +0.12P 8.00 £0.08<P 7.23 £0.06% 6.37 £0.03¢P 6.12 +£0.09°°

E™ 0 0.50 £0.06* 0.58 +£0.04* 0.56 £0.02:4 0.56 £0.03* 0.55 +£0.05* 0.55 £0.01**
4 0.63 £0.028 0.95 £0.04% 0.88 +£0.028 0.83 £0.028 0.77 £0.06°® 0.76 +£0.02°®
8 0.80 £0.02¢ 1.71 £0.03¢¢ 1.67 £0.039¢ 1.56 £0.03% 1.30 £0.07<¢ 1.18 +£0.04%¢
12 1.00 £0.04°° 2.37 £0.02¢P 2.20 +£0.099° 1.99 +0.04P 1.76 £0.07P 1.61 +£0.02°°

Results are expressed as means +standard deviations of triplicate determinations. Values with different letters (lowercase) within
a row for each parameter were significantly different (p < 0.05). Values with different letters (uppercase) within a column for each

parameter were significantly different (p < 0.05).

products are shown in Table 3. The absorbance at 420
nm of the samples increased significantly (p < 0.05)
during thermal treatment. As heating continued for
a longer duration to 12 h, the oil darkened because
of the degradation processes, such as the formation
of hydroperoxides, ketones, hydroxides of unsatu-
rated fatty acid (Shao et al., 2015). A sharp increase
in the absorbance value was noted in substrate oil SO
(0.18-0.98) and lowest detected in RBO (0.20-0.77)
during heating. The addition of RBO to SO deceler-
ated the increment of absorbance value in blend oils
and the lowest was detected in the RBO/SO (60:40)
blend during heating compared to other blends. Ali et
al. (2013) stated that adding palm olein (PO) to can-
ola oil (CO) resulted in unexpected higher color units
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in the blends as compared to pure CO at the end of the
frying process, which could not be explained easily by
the marked differences in FA composition between PO
and CO. Higher initial values of PO could contribute
to the darkness of CO during frying. The process of
forming peroxides is concurrent with the conjugation
of double bonds in PUFA, which can be measured us-
ing the specific absorptivity of conjugated dienes and
trienes at 233 and 269 nm (E',, and E'”, ) in the UV
spectrum (Rohman et al., 2011). In the present inves-
tigations, the initially specific absorbtivity E', .. and
E"™ , of the SO sample was 2.65 and 0.58, which in-
creased up to 8.99 and 2.37, respectively, after 12 h of
continuous heating (Table 3). The lower levels of both
conjugated dienes and trienes shown in the blends are

www.food.actapol.net/


http://dx.doi.org/10.17306/J.AFS.2019.0964
http://dx.doi.org/10.17306/J.AFS.2019.0964

Ali, M. A,, Islam, M. A,, Othman, N. H., Noor, A. M., Ibrahim, M. (2019). Effect of rice bran oil addition on the oxidative degradation and
fatty acid composition of soybean oil during heating. Acta Sci. Pol. Technol. Aliment., 18(4), 427-438. http://dx.doi.org/10.17306/

J.AFS.2019.0964

indications of the oil’s good oxidative stability, and
it is because of the lower percentage of PUFA con-
tent. The higher the percentage of PUFA in the oil,
the higher the levels of conjugated dienes and trienes
formed during heating (Abdulkarim et al., 2007). This
was the reason why SO that contained high percent-
ages of PUFA, accumulated more conjugated dienes
and trienes. It was found from the present study that
the levels of conjugated dienes are higher than trienes;
this is indicated by the higher values specific absorbi-
tivity at 232 nm. A similar observation was noted by
Srivastava and Semwal (2015) in the case of virgin co-
conut oil (VCO) during a continuous/prolonged deep
fat frying process. However, adding RBO to the SO

decelerated conjugated diene and triene formation in
SO.

Peroxide value (PV) is used as a measure of the
primary oxidation of oil, fat and fatty food. The PVs
of the SOs as influenced by the RBO over 12 h heat-
ing are shown in Table 4. There was an initial sharp
increase in the PV from 0 to 8 h, after which the rate
slowed down. SO incorporated with RBO displayed
a slower rate of increment of PV compared to blends.
This could be attributed to the high amounts of linoleic
acids present in the SO compared to RBO. Ali et al.
(2013) also followed a similar trend for palm olein/
canola oil blends while frying potato pieces at 185°C.
Peak values were attained as follows: RBO (12.14),

Table 4. Changes in peroxide value, p-anisidine value, TOTOX value and TBA value of rice bran oil, soybean oil, and their

Blend (RBO:SO)

20:80

40:60

60:40

blends during heating
Heating Control
Parameter  time
RBO SO 10:90
Peroxide 0 1.65 £0.094 2.02 £0.06°* 1.98 £0.144
value B B B
meq Oz/kg 4 9.23+0.12 16.78 £0.10 15.13 £0.08
of oil 8  12.14+0.19®  2539+1.02°  23.51 £0.43«
12 10.04 £0.76*¢ 17.98 £0.511 15.56 £0.28<B
p-Anisidine 0 4.10 £0.049 2.98 £0.09** 3.10 +£0.06%
value
4 19.19+0.17%® 29.87 £0.11<8 28.93 £0.2248
8 38.1340.15*¢  55.55+0.20C  53.24 +£0.28
12 4224 +0.18® 66.70 £0.22 62.20 +£0.32¢P
TOTOX 0 7.41 £0.17%* 7.03 £0.19A 7.05 £0.28A
4  37.66+0.21*® 63.42 +£0.25™® 59.19 £0.32¢8
8  62.414034* 106.33 £2.17 100.26 £0.63C
12 62.33£1.522® 102.66 +0.85P  93.32 +£0.88<"
TBA 0 2.24 +0.01* 2.10 £0.03* 2.11 £0.02204
4 9.04 +0.0428 17.00 £0.13™® 16.00 £0.07<B
8 14.12 £0.15% 28.48 +0.14 26.22 +£0.21¢¢
12 16.10+0.19®®  33.39+0.15P  31.56 £0.03°°

1.90 +£0.06>*
13.45 +0.12%
21.91 +0.68%
14.51 £0.20%

3.13 £0.114
25.71 £0.19<8
51.02 +0.384¢
58.06 £0.27¢°

6.93 £0.18
52.61 +0.15%
94.84 £1.57%
87.08 £0.31¢¢

2.15 +£0.06%*
15.89 +£0.27%
24.78 +£0.234¢
28.52 +£0.199

1.87 +£0.07%A
12.06 £0.10°8
17.22 +0.80°?
13.03 £0.11¢¢

3.25 +0.16"
23.00 +£0.21%8
48.01 +£0.22<C
54.96 £0.23P

7.00 £0.01°*
47.12 £0.04<8
82.45 £1.75P
81.02 £0.44<¢

2.19 +£0.05%4
13.65 +£0.18°®
20.95 +0.08<C
24.01 +£0.11<P

1.80 £0.09*
11.11 +£0.12%®8
15.77 £0.72°°
12.00 £0.13°¢

3.69 £0.09*
22.21+0.31%8
44.00 +£0.53%
50.20 £0.50°°

7.29 £0.27%
44.43 +£0.30%8
75.54 £1.90°°
74.20 £0.75°C

2.18 £0.042b<A
12.00 £0.12°8
18.91 +£0.27°¢
20.00 +0.54°°

Results are expressed as means +standard deviations of triplicate determinations. Values with different letters (lowercase) within
a row for each parameter were significantly different (p < 0.05). Values with different letters (uppercase) within a column for each
parameter were significantly different (p < 0.05).
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SO (25.39), and blend oils (RBO:SO): 10:90 (23.51),
20:80 (21.91), 40:60 (17.22) and 60:40 (15.77). For
peroxides, the data confirmed the results obtained in
early studies (Abdulkarim et al., 2007), with an in-
crease in the peroxides until a maximum was reached,
followed by a decrease in those compounds due to
their reactions and degradations to other compounds.
The addition of RBO to SO significantly (p < 0.05)
slowed the increment of the concentration of hydrop-
eroxides in SO. The p-anisidine value (p-AV) is a more
reliable and meaningful test compared to PV, because
it measures secondary oxidation products, which are
more stable during the heating process (Al-Kahtani,
1991). At the end of 12 h heating, the maximum p-AV
was detected in SO (66.70), whereas the lowest was in
RBO (42.24) (Table 4). The significantly lower con-
centration of secondary reaction products as indicated
by p-AV in blend oils compared to substrate SO might
be due to the increasing of SFA or MUFA with de-
creasing of PUFA in SO, which are the primary targets
of thermal oxidative reactions (Mohamed et al., 2014).
Of the four blends, the blend RBO/SO (60:40) showed
the lowest p-AV, indicating that a further increase in
the concentration of RBO in SO could be able to re-
tard oxidative reactions. The TOTOX values in pure
and blend oil samples increased with prolonged oxida-
tion time (Table 4). Significant differences (p < 0.05)
in TOTOX values in the samples were found after 12
h of the oxidation test. At the end of treatment, the
highest value (p < 0.05) for TOTOX was found in SO
(102.66) with the lowest obtained in SO incorporated
with 60% RBO (74.20). In the present study, the lev-
els of TOTOX values were not increased steadily with
increasing heating time. The formation of secondary
lipid peroxidation products as examined by means of
the thiobarbituric acid (TBA) values showed signifi-
cant increasing trends during thermal treatment for all
samples (Table 4). At the end of thermal treatment, the
sample containing RBO revealed a lower TBA (20.00—
31.56) compared to pure SO (33.39). A sharp rate of
increment in p-AV or TBA values was noticed up to 8 h
heating, followed by a decrease. This might have been
possible due to the volatilization of secondary oxida-
tion products or their further breakdown (Abuzaytoun
and Shahidi, 2006). The lower concentration of deg-
radative products detected in blend oils during heat-
ing is an indication of their good oxidative stability
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compared to pure SO. The nutritional contribution of
minor components such as tocopherol, tocotrienols
and oryzanol in RBO blends may have conferred this
greater oxidative stability (Gulla and Waghray, 2011).
Thus, the SO containing a higher amount of the RBO
had the more inhibitory effect against oxidation due to
the presence of minor components in RBO.

Evaluation by FT-IR spectra

Important spectral changes under the oxidative condi-
tions at 170°C generated in substrate oils (RBO and
SO) and their blends on different heating hours are pre-
sented in Figure 1. In this study, a change in the inten-
sity of some of the wavenumber regions was observed;
only the regions that are related to certain oil oxida-
tion products were evaluated. The spectra had absorp-
tion bands at wave numbers (Srivastava and Semwal,
2015; Guillen and Cabo, 1997): 3009 cm™' [stretch-
ing = C-H (cis)], 2928 cm™' [asymmetric stretching
—C-H(-CH,))], 2854 cm™ [symmetric stretching
—C-H(-CH,)],1745 cm™ [stretching—C=0], 1466 cm™'
[bending -C-H(CH,)], 1161, and 1099 cm™ [stretch-
ing —C-0O].

The intensity (absorbances) at 3009 cm™ (shoul-
der) increased with increased heating time for the for-
mation of free radicals, which caused an initiation of
primary oxidation reactions of unsaturated fatty acids.
This reaction resulted in primary oxidation products
having cis and conjugated double bonds, whichalso
happened in the case of the autoxidation of oleic and
linoleic acids (Belitz and Grosch, 1999; Moharam and
Abbas, 2010). The intensities of the band at 2928 cm™!
and 2854 cm™! were increased as oxidation progressed;
this could be related to the surrounding chemical
changes as a result of the eventual oxidation process
(Liang et al., 2013). Vlachos et al. (2006) revealed
that the absorbance intensity at 2854 cm™! increased,
whereas the band at 2925 cm™ reduced its absorbance
and increased its width during the process of heating
corn oil. An increase in peak intensity at 1745 cm’!
was found during heating; the higher the intensities
at 1745 cm™!, the more carbonylic compounds pre-
sent, which are formed by hydroperoxide decomposi-
tion (Rohman, 2017). Valdés et al. (2015) identified
the increment in absorbance intensity at 2856 and
1745 cm™ during accelerated oxidation of blanched,
roasted or fried almonds. The intensity of the band at
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Fig. 1. FT-IR spectra of rice bran oil, soybean oil, and their blends during heating

1466 tends to increase with the oxidative treatment.
A similar result was reached by Valdés et al. (2015)
when investigating the oxidative stability of almonds
by ATR-FTIR. The intensity of a weak band near
1161 cm™ closely related to the proportion in the sam-
ple of saturated acyl groups (Guillen and Cabo, 1997);
it undergoes similar changes during the oxidation pro-
cess and increases its intensity. Liang et al. (2013) ob-
served a similar trend for the same band in the case of
heating walnut oils. The present study demonstrates
that the absorbance value was affected by the heating
conditions employed. Of course, in most cases, the
changes in absorbance were lower in the sample in-
corporated with RBO compared to the substrate SO

www.food.actapol.net/

throughout the oxidation process. This observation
clearly shows that RBO protected the SO sample ef-
fectively from oxidative decomposition during heating
at 170°C. The above data from FTIR lead to the same
conclusions as changes in the physicochemical prop-
erties as depicted earlier.

CONCLUSION

In conclusion, the changes observed in oxidative pa-
rameters, FAC, and FTIR spectral data at 12 h of oxi-
dative treatment were more evident for pure SO, indi-
cating a greater extent of oxidation compared to those
observed in blend ones. Therefore, the present results
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clearly indicate that partial replacement of soybean oil
with RBO can significantly improve the thermal sta-
bility of SO. After 12 h of heating, the difference in
the quality of SO in the presence of 60% RBO was
remarkable compared to the remeaning blends. Blend-
ing SO with RBO is encouraged in order to modify the
fatty acid composition of the oil, because SO is rich
in PUFA, while RBO is rich in SFA and MUFA, in
addition to bioactive phytochemicals. This study will
help the oil-producing industry to find the most eco-
nomically viable oil blends for cooking purposes, with
the maximum nutrition and desirable physicochemical
properties.
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