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Abstract The main goal of this study was to compare the
changes that happen during the frying process with the
refined oleic sunflower oil (ROSO), refined olive oil (ROO)
and refined linoleic sunflower oil (RLSO) in 5-day testing
period as well to evaluate the efficacy of fatty acid com-
position on frying stability. Each day, oil samples were
withdrawn after 7 h of frying and were further subjected to
analyzes for determination of different chemical properties.
As a result, in the current studies were observed significant
changes in all oil types in terms of chemical properties.
ROSO, which contained lower linoleic acid content, had
higher thermal stability than both RLSO and ROO. This
result indicated that the frying efficiency of ROSO
depended mainly on the linoleic acid content and the iodine
value.

Keywords Frying - Linoleic - Oil - Oleic - Olive - Potato -
Sunflower

Introduction

There has been global increase in the consumption of fried

foods despite that some negative results about degraded
frying fats and fried foods have been known for many
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years. Deep frying is defined as the process of frying and
cooking of food through contact with oil at a temperature
of 120-190 °C (Velasco et al. 2009; Aydinkaptan and Maz1
2017). The fried products are recognized for their crispy
texture, roasted, fried aroma and their pleasant golden to
brown color (Briihl 2014). However, during deep frying,
the oil is in contact with the air and food at a high tem-
perature and this gives rise to the emergence of oxidative,
hydrolytic and thermal alterations of the oil. These co-
occurring complex reactions cause the formation of many
components in the oil that greatly reduce its nutritional
value (Velasco et al. 2009; Aydinkaptan and Maz1 2017).

Fatty acid degradation reaction caused by thermo
oxidative factors occurs in the later stages of the frying
which creates off-aroma (Briihl 2014). Resulting from
these degradation reactions are formed dimers and poly-
mers borned of triacylglycerols containing unsaturated acyl
groups. Sometimes, the newly formed compounds have
more polar properties than the original triacylglycerol
molecule. Many of these structurally new compounds
affect negatively the oil quality (Velasco et al. 2009).
There are many factors affecting the oil degradation. The
most important ones that affect the frying oil quality are the
conditions of the process. Besides, there are also some
other factors such as oil composition, oil interaction with
food, frying period and etc. (Rossell 2001; Aladedunye
et al. 2014). The physical and chemical changes that hap-
pen in different types of oils during deep frying have been
generally studied by different researchers. Besides, in lots
of researches there were compared traditional methods of
frying with some new ones, such as microwave drying,
osmotic pretreatments etc. (Velasco et al. 2009; Zribi et al.
2014; Crosa et al. 2014; Zhang et al. 2016). In the before
mentioned researches there were studied different types of
oil except for oleic type sunflower oil. There are some
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studies focusing on frying with oleic type sunflower oil
(Kaya et al. 2008; Ali et al. 2013; Smith et al. 2017).
Sunflower oil, which contains a high (around 71%)
polyunsaturated fatty acid (PUFA) content, is a commonly
used vegetable oil in Turkey. Besides, high oleic sunflower
oil is becoming more popular in Turkey and all over the
world (Marquard 1987). However, there is no literature on
the difference of refined high oleic sunflower oil degrada-
tion quality after multiple uses of the frying oil than refined
olive oil and refined linoleic sunflower oil in Turkey. Even
the literature search shows that virgin olive oil is also used
for frying; refined oils have higher importance for their
industrial use. The dominant fatty acid in standard (linoleic
type) sunflower oil is a linoleic, polyunsaturated, omega-6
fatty acid, followed by an oleic fatty acid, while the lino-
lenic acid content is always less than 0.3%. The low con-
tent of linolenic acid is positive because this fatty acid
contributes most to the oxidative instability of the oil
(Paunovi¢ et al. 2020). Therefore, the main goal of this
research was to investigate the effect of repeated process of
frying upon two different oils—refined oleic/linoleic sun-
flower oil and to monitor the physicochemical and chro-
matic features of these oils after the process of frying
degradation has occurred. In addition, the obtained results
from refined oleic/linoleic sunflower oil were compared
with refined olive oil.

Materials and methods
Material

Refined linoleic sunflower oil (RLSO), refined oleic sun-
flower oil (ROSO) and refined olive oil (ROO) were pur-
chased from a local market in Kirklareli, Turkey. Frozen
French fries were also bought in the local market and
stored at — 18 £ 1 °C. The frying process was performed
in a thermostatically temperature-controlled fryer (Tefal,
Milan, Italy) at 180 °C. All chemical reagents were of
chromatographic and spectroscopic grade and were sup-
plied by Sigma Aldrich (U.S.A).

Sample preparation

4 L of each type of oil were placed into separate deep fryer
(Tefal, Milan, Italy) with 5 L capacity and heated to
180 °C for 7 h per day for 5 days. Each sample of the
potato slices (200 g) was fried for 7-min. After each frying
there was made a pause for 35 min. This cycle of frying
and pauses were repeated for 10 times during the day for
five sequential days. At the end of each day, it was with-
drawn sample of the frying oil (15 g). The oil sample was

filtered into a closed, dark colored vial and stored at 4 °C
until being analyzed.

Fatty acid composition (FAC)

The fatty acid composition of the oil extracts was analyzed
by gas chromatography (GC). FAC was measured
according to the method of Marquard (1987). The chro-
matographic separation was done in a Perkin Elmer Auto
System XL gas chromatograph fitted with a flame ioniza-
tion detector (FID), and a fused silica capillary column
(MN FFAP (50m x 0.32 mm id.; film thickness
0.25 pm). It was got with the fixed conditions for oven
temperature program as 120 °C for 1 min. raised to 240 °C
at a rate of 6 °C/min and then kept at 240 °C for 15 min.
Injector and detector temperatures were fixed to 250 and
260 °C, respectively. Carrier gas was used at flow rate of
15 cm/s and split ratio was 1/20 mL/min. Methyl esters
prepared from fatty acids, including C16:0, C18:0, C18:1,
C18:2 and C20:0, as well as a fatty acids methyl ester
(FAME) standard mixture, were all purchased from Sigma-
Aldrich and used as the standard for interfying fatty acids
in the samples. These fatty acids were quantified according
to their peak area and expressed as a percentage of total
fatty acid content.

Acid value (AV)

The calculation of acid values for all the samples were
performed according to the AOCS Official Method Ca-5a-
40 (AOCS 1997). The sample (1 g) was thoroughly mixed
with ethyl alcohol (15 mL) and it was titrated with potas-
sium hydroxide (0.25 N) solution using phenolphthalein as
a color indicator, causes pink coloring. Acid value is
defined as the weight of KOH in mg needed to neutralize
the organic acids present in 1 g of fat and it is a measure of
the free fatty acids (FFA) present in the fat or oil. The AV
was calculated by the following formula:

AV(mg KOH/g oil) = (V x C x 56.1)/W (1.1)

where V is the volume of KOH used for titration of the
oil samples, C is KOH concentration, and W is the weight
of the oil sample in grams.

Peroxide value (PV)

The peroxide value of the samples was determined by
AOCS Official Method cd8-53 (AOCS 2003). The oil
sample (nearly 5 g) was weighed into a flask, further was
added glacial acetic acid/chloroform (3:2, v:v, 30 mL) and
a saturated potassium iodide solution. Then the mix solu-
tion was stirred slowly for 1 min and was added distilled
water and saturated starch solution. It was titrated with
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sodium thiosulfate solution (0.01 N) until getting colorless

medium. The PV was calculated by the following equation,

PV = [(mL of titrant) x (0.01) x 1000]/(Sample mass)
(1.2)

Iodine value (IV)

The iodine value of the oil samples was determined fol-
lowing the Standard Methods for the Analysis of Fats, Oils
in AOCS Official Method AOCS Cd 1d-92 (AOCS 2005).

Saponification value (SV)

The saponification value was calculated according to the
Standard Methods for the Analysis of Fats, Oils in AOCS
Official Method AOCS Cd 3d-25 (AOCS 2005).

Anisidine value (AnV)

Anisidine value was determined applying the AOCS Offi-
cial Method Cd 18-90 (AOCS 1998). The oil samples
(0.5 g) were mixed with isooctane (25 mL), which contain
p-anisidine reagent (1 mL). The absorbance of this solution
at 350 nm was measured by spectrophotometer (Shimadzu
2600, Shimadzu, Kyoto, Japan) and p-anisidine reagent
used as blank in the reference cuvette.

Total oxidation value (TOTOX)

The TOTOX value is calculated by the formula AnV + 2
PV for determination of total oxidation state of the oils.

TOTOX Value = AnV + 2PV (1.3)

where AnV is the anisidine value and PV is the peroxide
value (Shahidi and Wanasundara, 2002).

Conjugated diene (K232) and triene (K270) value

The conjugated diene (K232) and triene (K270) analyzes
were performed based on the modified version of the
AOCS Official Method Ch5-91 (AOCS 2006). In the
modified AOCS method, a sample size of 0.03 g was
diluted to 50 mL in hexane. The absorbance was measured
at 232 nm, 266 nm, 270 nm and 274 nm, using the hexane
as a reference, with Shimadzu Spectrophotometer. AK and
K values at 232 nm and 270 nm were calculated using the
following formulas.

K\ =EML/cs (1.4)
AK = K270 — [1/2(K274 + K266)] (1.5)

@ Springer

where K is the specific absorption value for each
wavelength and E is the absorbance value for each wave-
length. Also, c is the concentration of solution (g/100 mL)
and s is the thickness of the cuvette (cm) (Choe and Min
2005; Smith et al. 2017).

Total polar compounds (TPC)

A Testo 270 instrument (Lenzkirch, Germany) was used to
measure the TPC values of the tested oils. The sensor was
calibrated using the reference oil having a TPC value of
3.5 £ 0.5% according to the prospectus. Before TPC
measurement, the sensor was immersed in the reference oil
heated to approximately 50 °C for reference value adjust-
ment (Aydinkaptan and Mazi, 2017).

Statistical analyzes of data

The oil samples were performed in duplicate treatments for
all analyzes. Besides, the experiments were evaluated by
performing three independent measurements for all treat-
ment and expressed as the mean =+ standard deviation
(SD). These results were analyzed by variance (ANOVA)
and Duncan’s test with 5% significance level (Version
17.0).

Results and discussion
Fatty acid composition

The FAC of ROSO, RLSO and ROO samples were listed in
Table 1. Before deep frying process, ROSO contained
75.40% oleic acid, about 41% more than RLSO, and
15.40% linoleic acid, which was about 39% less than
RLSO. Besides, ROO contained 68.80% oleic acid, about
7% less than ROSO and 34% more than RLSO. The fatty
acids present in a non-radical single form do not react
directly with atmospheric oxygen, which exists as diradical
in its ground state as triplet oxygen (Min and Boff 2001).
Resulting from oxidation reactions, the non-radical fatty
acid form is transformed to a free radical by removing
labile hydrogen from a carbon atom adjacent to a double
bond. The free radical formation of oleic acid (hydrogen
atom abstraction from C11) and linoleic acid (C8) requires
75 kcal/mol and 50 kcal/mol energy respectively (Abbas
Ali et al. 2014; Smith et al. 2017). Therefore, based on this
fact, it should be observed that ROSO has higher oxidative
stability compared to RLSO and ROO. Also, as presented
in Table 1, the FAC of the oil samples had a significant
difference before and after deep frying process, with more
profound differences for RLSO than for ROO. The heating
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(TOZ ;)l:floif 2;?1512 S ngrg feozlrtlgm Frying Day/Sample Fatty Acids

after deep frying process C16:0 C:18:0 Cl18:1 C18:2 C20:0 C18:2/C16:0
RLSO
Day 0 650 £ 0.1 340+ 13 3410+ 0.8 5430+12 0.75+0.1 8.35
Day 1 740+ 04 350+£0.1 3450408 53.35+09 0.80=+01 7.20
Day 2 825+ 07 350+£02 3475406 5155407 1.00+0.1 624
Day 3 915+ 04 3.60+0.1 3540+ 04 50.00+ 14 090+ 02 546
Day 4 1030 £ 02 375 +£0.1 36.05+0.6 4835+03 0.75+0.1 4.69
Day 5 1130 £ 0.6 3.80 £ 02 36.50 £ 0.2 46.50 £ 0.8 0.75 + 0.1 4.12
ROSO
Day 0 460 £03 260401 7540+ 1.1 15404+ 0.7 1.15+0.1 3.35
Day 1 550+02 265+0.1 7510+ 1.2 1465+05 1.08+02 2.66
Day 2 650 £ 03 275+03 7510+ 14 1385+03 080+ 0.1 2.13
Day 3 750 £0.1 290402 7475407 13.004+08 090 +0.1 1.73
Day 4 865+ 04 295+04 7430+08 11.90+0.1 1.10+02 1.38
Day 5 975+ 03 320+04 7390+09 11.05+03 095+01 1.13
ROO
Day 0 13.00 £ 03 2.80 £ 0.4 68.80 + 0.6 10.80 +0.8 1.00+ 0.2 0.83
Day 1 13.60 = 04 290 £ 0.4 6820+ 0.9 1050+ 04 090+ 0.1 0.77
Day 2 1450 £ 02 3.05+02 67.80+0.8 10.15+09 0.85+02 0.70
Day 3 1565+ 06 3.10+0.1 6820+11 9.80+02 040401 0.62
Day 4 1670 £ 04 325 +£0.1 6770 £07 890 +09 0.80+0.1 053
Day 5 17.80 £ 04 335+ 0.6 6680+ 04 830+03 0.80+0.1 047

process resulted in a reduction in the relative percentage of
unsaturated fatty acids (Table 1). It has been verified that
heating of oil leads to a fast reduction in USFA (unsatu-
rated fatty acids) than of SFA (saturated fatty acids)
(Warner and Mounts 1993; Abbas Ali et al. 2013). In this
research, the percentage of linoleic acids was head for
decrease, while the percentage of palmitic and stearic acids
has raised possibly due to PUFA oxidation products during
the heat proceeding. This observation was verified for all
samples with compare the area of the peaks at different
days. Before deep frying process, linoleic acid was 54.30%,
15.40% and 10.80% for RLSO, ROSO and ROO, respec-
tively. These ratios decreased to 46.50%, 11.05% and
8.30% for them after 5 frying days, when palmitic and
stearic acids increased. As presented in Table 1, the value
of the C18:2/C16:0 ratio in fresh RLSO was higher than in
ROSO due to the large percentage of linoleic acid in
RLSO. Also, the lowest value of the C18:2/C16:0 ratio, in
fresh oil, was observed in ROO. Besides, the reduction
(from the beginning) in C18:2/C16:0 ratio was 4.24 units
for RLSO; being higher than that found in ROSO (2.21)
and in ROO (0.37). This indicated higher rate of oxidative
degradation of RLSO. Some researchers have suggested
the C18: 2/C16: O ratio as an indicator of PUFA’s level of
deterioration (Sebedio et al. 1990). The oxidative and
thermal stabilities of edible oils appear to be related to

oleic and linoleic contents, decreased linoleic and
increased oleic content result in increased oil stability. The
ratio of C18:2/C16:0 decreased in all oil samples during the
heating process. According to our results, it was deter-
mined decrease for all samples during heating process.
These findings are consistent with many studies, for
example, Sebedio et al. (1990) for soybean oil and Abbas
Ali et al. 2013 for high oleic sunflower oil found similar
results during frying of frozen potatoes. Besides, the oxi-
dation of USFA could cause decrease in C18:2, trans-
formed into primary and secondary oxidation products
during the heating process.

Acid value (AV)

Acid value is related to the content of fatty acids in oils.
Free fatty acids (FFA) result from hydrolysis of triacyl-
glycerols and are deterioration products from oxidized
triacylglycerols (Xin-Qing et al. 1999). Although the FFA
content is considered to be a controversial indicator for the
degradation of fried fat, it is related to the quality of fried
food. In practice, FFA levels may not affect frying per-
formance or have significant adverse effects on health or
sensory evaluation (Xin-Qing et al. 1999).

FFA levels may not affect frying efficiency in practice
but they may have significant unfavorable effects on health
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or sensory evaluation. In our research, there was seen
significant increase in AVs of the oils (P < 0.05) during
frying process (Table 2). At the end of the procedure, the
AV was found to be higher in ROSO (0.67%) than in
RLSO (0.59%) but there were subtle differences
(P > 0.05). However, AV of ROO (1.40%) had the
highest value and there was significant difference com-
pared to ROSO and RLSO (P < 0.05).

Normand et al. (2006) observed the greater rate of for-
mation of FFA in high oleic sunflower oil samples com-
pared with regular sunflower oil samples during 72 h of
frying. Warner et al. (1994) found that the higher the oleic
acid content of the oil was, the higher the FFA content in
the heated oil. Likewise, in this study high oleic sunflower
oil samples showed the faster rate of FFA accumulation
after 4 h of heating. Also, it is smilar with our research that
the highest FFA value detected in samples at the end of
heating is still far below the accepted limit of 2% (Abbas
Ali et al. 2013).

Peroxide value (PV)

As shown in Table 2, it was observed that peroxide values
(PV) increased to the highest value during frying and then
decreased to the end of tested frying process. Peak values
were as follows: RLSO (41.99 for the second frying day),
ROSO (24.51 for the second frying day), and ROO (18.29
for the third frying day). RLSO had highest peak value
compared to ROSO and ROO that might due to the
decreasing amount of linoleic acids, which is more prone to
oxidation, present in the oils (Warner and Mounts 1993).
For peroxides, the data confirms the results showed in
early studies (Abdulkarim et al. 2007; Tsaknis and Lalas
2002), with an increase in the peroxides until a maximum
is reached, followed by a decrease of those compounds due
to their reactions and degradations to other compounds.
However, during the heating operation, PVs of the oils

analyzed exceeded the acceptable limit and only PV is not
enough reliable data for evaluation of heating process. It is
more meaningful that explaining together with PV, p-ani-
sidine value (p-AV), total polar compounds and dienes/
trienes (Al-Kahtani 1991), they explained under “3.10.
Total Polar Compounds (TPC)”.

Iodine value (IV)

IV is used to determine the degree of unsaturation of the
fatty acids that are part of triacylglycerol. When fixed
amount of iodine solution is added to the oils, iodine
molecule reacts with the double bonds in the acyl chain in
triacylglycerol. Later on it is titrated with standard sodium
thiosulfate until a starch endpoint. The saturation degree of
oils can be characterized effectively with IV. Olive oil has
rich profile with monounsaturated fatty acids (18:1) and
therefore it has an IV in the range of 75 to 90 (g of iodine/
100 g of oil). The observed Iodine values vary in the fol-
lowing ranges: palm oil 50-55, corn oil 103-135, soybean
oil 120-143, sunflower oil 110-143 and peanut oil 84—-105
(Alireza et al. 2010). These values are in accordance with
the IV values of our sunflower oil (Table 3). Besides, what
is observed is that the IV for ROSO is lower than 110 and
also it is more similar to ROO. RLSO samples had the
highest reduction of IV (6.83 units) compared to the initial
point. This indicates the highest decrease in double bonds
due to oxidative loss. The lowest decrease in the IV was
determined in the ROO samples, indicating that less
oxidative rancidity was occurred in this sample. This was
in agreement with the finding of Chebet et al. (2016). There
is a tendency for decrease of IV of the oils in the course of
deep frying. The decrease in IV in frying may be indication
of changes in fatty acids during frying process (Tynek et al.
2001). Although the reduction in IV is due to complex
physicochemical changes, it can be an important quality

Table 2 Change in acid value (AV, Oleic Acid %) and peroxide value (PV, meq g O,/kg oil during frying process in oil samples

Frying day AV PV
RLSO ROSO ROO RLSO ROSO ROO

Day 0 0.41°Y £ 0.01 0.27%% + 0.04 0.63% £ 0.04 03.28% + 0.01 03.28% + 0.01 03.285 + 0.01
Day 1 (7 h) 0.34% £+ 0.02 0.33%Y + 0.05 0.95°* + 0.03 36.71%% £ 0.47 36.71%Y + 0.47 36.71%% + 0.47
Day 2 (14 h) 0.40°Y £ 0.03 0.37%% + 0.09 1.13% £ 0.03 41.99% + 0.73 41.99% £+ 0.73 41.99% £ 0.73
Day 3 (21 h) 0.40Y + 0.08 0.48%* + 0.07 1.35%* £ 0.07 43.64°* £ 0.69 43.64%% £ 0.69 43.64™ £ 0.69
Day 4 (28 h) 0.49%Y + 0.08 0.58%% + 0.02 1.38%* + 0.02 4551 £+ 0.75 45.51%% £+ 0.75 45.51% + 0.75
Day 5 (35 h) 0.59%* + 0.07 0.67* + 0.07 1.40™ £ 0.11 37.14% + 0.61 37.14%* + 0.61 37.14% + 0.61

“a—f, Values are means & SD; means with in a column with different superscript letters differ significantly (P < 0.05)

“x—z, Values are means + SD; means with in a line with different superscript letters differ significantly (P < 0.05)
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Table 3 Iodine values (IV, g iodine/100 g oil) and saponification values (SV, mg KOH/g oil) of oil samples before and after deep frying process

Frying day 1A% SV
RLSO ROSO ROO RLSO ROSO ROO

Day 0 130.02%* £ 322 96.57% + 1.36 91.17%* + 2.38 193.42°% +4.04  193.42°* £237  193.42°% + 4.16
Day 1 (7 h) 129.57°% £ 1.87  95.86™ + 1.64 90.93% £ 247  193.45°% £+ 2.39 193.45% + 1.88 193.45%* £+ 2.29
Day 2 (14 h) 127.50% + 143 95.43%Y + 223 90.60°% + 1.73 193.62°* +2.86  193.62°* + 3.18 193.62°% + 1.22
Day 3 21 h)  12623°* £1.02  94.61"Y + 1.94 91.41** + 3.01 193.78"* £ 3.18  193.78°* £2.94  193.78"* + 3.44
Day 4 (28 h) 125.055% £ 2.69 9338 +£1.65  90.42°%% £+ 2.96 194.47°* + 3.27 194.47°% £2.04  194.47°* + 1.83
Day 5 (35h)  123.19%* 4+ 257  9261% + 222 89.65>% + 1.25 196.46™* + 1.91 196.46™* + 3.68  196.46™* & 2.77

“a—d, Values are means + SD; means with in a column with different superscript letters differ significantly (P < 0.05)

“x—z, Values are means + SD; means with in a line with different superscript letters differ significantly (P < 0.05)

parameter during frying as an indicator of the oxidation
degree.

Saponification value (SV)

There was observed increase of saponification values for
RLSO (Table 3). The change in saponification values
occurred in the range from 193.42 to 196.46 mg KOH/g oil
during 5 consecutive days of frying. However, ROO
saponification value remained stable, while there was a
slight increase in SV of ROSO, while ROO values
remained stable.

Anisidine value (AnV)

As emphasized above, only the increase in peroxide value
is not enough significant for evaluation of the frying pro-
cess. The value of AnV should be taken into consideration
together with the peroxide value because it is also quite
dependable and significant test. After the oxidation of
unsaturated fatty acids, hydroperoxides and secondary
oxidation products are generated. Determination of
hydroperoxide formation is performed by measuring per-
oxide value (POV) and for the secondary oxidation prod-
ucts by measuring anisidine value (AnV). Hydroperoxides
are not stable during deep frying process or heat treatment
process and readily dissociate into their mixtures of volatile
aldehyde compounds (Yaghmur et al. 2001; Ali et al.
2013). Accordingly, the obtained AnV is considered to be
the measure of non-volatile aldehydes (2-alkenal and 2,4-
dienal), which are degradation products in oils. Therefore,
the anisidine value has a high correlation with secondary
oxidation products that are more stable than hydroperox-
ides (Ali et al. 2013). The AnV differences are presented in
Table 4. Before the frying process, there was no great
difference in AnV values between the oils. However; after
the frying process, it was observed significant differences

between AnV values of oils (P < 0.05). At the end of the
35 h frying process, the AnV value reached to 190.48 for
RLSO and 82.97 for ROO. For ROO and ROSO, which
contain lower amount of PUFA, there was observed
increase in AnV (76.58 and 112.73 units respectively,
compared with the first obtained values). However, much
higher increase in AnV was detected for RLSO (185.37
units from the initial). This indicates that FAC affects the
formation of secondary oxidation products from primary
oxidation products in oil during heating (Warner and
Mounts 1993).

Total oxidation value (TOTOX)

AnV is often used in the industry as a factor associated
with PV to calculate total oxidation or TOTOX, using the
following equation: TOTOX = 2PV + AnV (Shahidi and
Wanasundara 2002). There was significant increase of
TOTOX values (P < 0.05). During heating process, the
TOTOX values were found to be 268.76 for RLSO, 137.59
for ROSO and 108.86 for ROO (Table 4). The lower
TOTOX value of the ROO and ROSO pointed out that they
are more stable to oxidative rancidity than the RLSO.
RLSO is characterized by highest TOTOX value as well as
high percentage of PUFAs.

Conjugated diene/triene (K232/K270) and AK
values

For checking the oils quality, it was measured their
absorbance at 200 and 300 nm. These are frequency values
related to conjugated diene (K232) and triene (K270).
Higher absorption was detected in this wavelength span for
refined oils compared to virgin olive oil.

The hydroperoxides, which indicate primary stage of
oxidation, characterized with the absorbance maximum at
232 nm (Choe and Min 2005). Oxidation of
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Table 4 The anisidine value (An-V) alteration and TOTOX values (AnV + 2POV) of oil samples during frying process

Frying day An-V TOTOX
RLSO ROSO ROO RLSO ROSO ROO

Day 0 05.11° £+ 0.22 06.01°" £+ 0.20 06.39%9 + 0.07 13.1057 + 0.18 13.10° £ 0.15 13.10%7 + 0.21
Day 1 (7 h) 42.11%9 + 0.12 50.40%9 + 0.88  23.40°P + 0.13 118.62%9 + 3.56 118.62%9 + 3.99 118.62%9 + 1.43
Day 2 (14 h) 94.99%P 4+ 1.52 7739%P + 245  41.18%* + 0.18 183.72%P + 421 183.72%P + 3.84 183.72%P + 2.69
Day 3 (21 h) 138.70** + 3.67 91.26°% £ 2.66  61.58%Y £2.03  229.07** £ 5.34  229.07%* + 4.88  229.07%* + 3.44
Day 4 (28 h) 173.29% + 341 109.67°Y £ 3.54 7838+ 1.05  261.51*Y + 4.71 261.51%Y + 327 26151 + 3.43
Day 5 (35 h) 190.48™ + 3.88 118.74°* £2.07 8297 + 1.64  268.76™* £ 429  268.76"* £ 453  268.76™ + 4.44

“a—c, Values are means + SD; means within a line with different superscript letters differ significantly (P < 0.05)

“x-1, Values are means + SD; means within a column with different superscript letters differ significantly (P < 0.05)

polyunsaturated fatty acids occurs by the formation of
hydroperoxides. Immediately after the formation of per-
oxides, the non-conjugated double bonds commonly found
in natural unsaturated lipids affects the regeneration of
conjugated dienes (K232), which absorbs at 232 nm. Car-
bonated compounds (secondary oxidation stage) and con-
jugated trienes (technological treatments) give rise to
increase in the absorbance value at 270 nm. When
polyunsaturated fatty acids containing three or more double
bonds (eg, linolenic acid) undergo oxidation, the conjuga-
tion can be sustained to contain another double bond being
caused by the formation of conjugated trienes (K270),
which absorb at 270 nm. The changes in UV absorbance at
232 and 268 nm as measured by K 232 and K 268 were
used as a relative quantification of oxidation (De Abreu
et al. 2010). The presence of K232 and K270 is a better
oxidation measurement because they remain in the frying
oil (Gertz et al. 2000). According to these studies, the
instability of peroxide molecules may also indicate the
decrease in PV in the advanced stages of rancidity. In fact,
fragmentation into smaller molecule compounds would be
expected to be associated with the oxidation of lipids. The
increase in K 232 and K 268 is comparative to the oxygen
uptake and formation of peroxides in early stages of oxi-
dation, also with the degradation rate of linoleic acid. Also,
the purity and degree of degradation of oil can be presented
by AK value, which is another main analyzes performed for
estimation of oil quality. There is correlation between AK
and the state of oxidation by detecting specific oxidized
compounds, some of which are generated from secondary
oxidation. Besides, AK indicates possible adulteration of
refined oils which mixed with certain rates (Gertz et al.
2000). Each vegetable oil has a unique fatty acid compo-
sition, so the properties of the fatty acids it contains
determine the oxidation criteria. For this reason, oxidized
compounds will be formed variously when oils are mixed
in different proportions. The higher percentage of
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polyunsaturated acids in the oils, the higher are the levels
of conjugated dienes and trienes formed during heating
(Gharby et al. 2016). This was the reason why the ROSO,
ROO and RLSO, which contained relatively different
percentages of polyunsaturated acids (linoleic acid), have
accumulated more conjugated dienes and trienes. Changes
in the ultraviolet spectrum have been used as a relative
measure of oxidation. Besides, it is same for mixed oils,
which have different percentages of polyunsaturated acids.

In the Fig. 1 are shown the differences in time for
ultraviolet absorption at 232, 266, 270 and 274 nm related
to the changes for conjugated dienes/trienes and AK values.
At the end of the frying process, the lowest level of con-
jugated dienes and trienes were observed in ROO samples
and the highest level was detected in RLSO samples. The
lower level of conjugated dienes and trienes is an indicator
for good oxidative stability for oils.

Total polar compounds (TPC)

TPC measures directly the degraded components in oil.
Table 5 shows changes in polar compounds during deep
frying process. The maximum and minimum value of TPC,
for commercial frying oils, is accepted as 24 and 27%
respectively in several European countries (Freja et al.
1999) There was seen significant rising for the amount of
TPC with time in oil samples (P < 0.05) and also there
were significant differences for each one during all frying
time (P < 0.05) (Table 5). At the 4th day of frying, TPC
contents exceed to the limit value, which is 24% based on
the standards. These results indicated that the oils used in
this study could be used up to 3 days for frying potato
slices. If the maximum TPC value for frying oil is accepted
to be 24%, then the TPC-based stability sequence of these
oils will be as follows: ROSO > RLSO > ROO.
Comparison of frying oil samples showed a gradual
increase in acid value over the frying time. There was a
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Fig. 1 The changes of Kj3,, Ky79 and AK values during deep frying

Table 5 Changes in total polar

compounds (TPC) during deep TPC/Frying day

RLSO

ROSO

ROO

frying process in oil samples Day 0
Day 1 (7 h)

Day 2 (14 h)
Day 3 (21 h)
Day 4 (28 h)
Day 5 (35 h)

07.50°" + 0.0010
11.25%4 + 0.7500
15.25*" + 0.2500
21.00%* £ 0.0010
2475 + 0.2500
30.25"* + 0.7500

04.00"" + 0.0010
08.00>9 + 0.0022
13.25P + 0.2500
20.50% + 0.0010
27.75% + 1.1500
31.50 + 0.0010

06.50*" + 0.0011
11.00*4 £ 0.5000
14.50°P + 0.5000
21.25% £ 1.7500
25.75%Y + 17500
31.50™* + 0.0010

“a—c, Values are means + SD; means within a line with different superscript letters differ significantly

(P < 0.05)

“x-1, Values are means = SD; means within a column with different superscript letters differ significantly

(P < 0.05)

significant decrease in iodine value with frying time. It was
seen an increase in peroxide value up to the 3th day of
frying, but then decreased. During frying, the free fatty
acid content progressively increased. Refined oleic sun-
flower oil and refined olive oil had better quality than the
refined linoleic sunflower oil owing to the fatty acid
composition and chemical structure. A detailed research
was needed for physicochemical properties of these oils

with a view to prove the movement in thermal process
(Tables 1, 2, 3, 4 and 5). According to the obtained data
from different measured parameters, frying conditions
applied in our study gave rise to a high amount of deteri-
oration of RLSO. ROSO and ROO have higher stability for
frying and its chemical properties were better than RLSO.
FFA, which is an important indicator for rancidity of foods,
is formed by triglycerides hydrolysis and can also be

@ Springer
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induced by reaction of interaction of oil and moisture. The
frying process causes vigorous humidification leading to
advanced deterioration of the fried oil. During the frying
process, a very remarkable decrease (P < 0.05) in IV was
observed for all samples. This reduction for RLSO was
more pronounced than ROSO and ROO because of the
unsaturation rate of fatty acids of the triacylglycerol. PV is
an indicator for primary lipid oxidation, which is a mea-
surement of peroxides, occurring in fats and oils during
oxidation (Abdulkarim et al. 2007). According to our
results, a notable rising (P < 0) in PV was seen during
frying process until reaching a maximum point, after which
was observed a decrease. This decrease in PV might be
explained by the occurring reactions of degradation to
other compounds. Furthermore, these results have high
similarity with previous researches (Warner and Mounts
1993). However, during the heating process, PVs of the
analyzed oils were higher (10 mEq O, /kg) than the
accepted by the Guidelines of the Turkish Food Codex for
fats and oils. On the other hand, the AnV is more reliable
and meaningful test than the PV because AnV evaluates the
secondary oxidation products, which are more stable dur-
ing the frying process (Abbas Ali et al. 2013). K232 and
K270 values are expressions of the UV spectrophotometric
absorption at 232 and 270 nm. These absorptions indicate
about the CD and CT values, respectively. The K232 value,
which is indication for CD formation, increases strongly in
fried oil.

Finally, thermal procedure leads to remarkable changes
in FA composition of sunflower oil. The linoleic acid
content was reduced in frying process and, as shown in the
previous studies; this decrease explained the rise of pal-
mitic and stearic acids (Sebedio et al. 1990; Warner and
Mounts 1993). The sensitivity of the double bounds of
linoleic acid, to the simultaneous action of heat and oxy-
gen, would be in charge of for this detecting.

Conclusion

The results of this research indicated that the frying per-
formance of refined sunflower oil, compared to the refined
olive oil, was influenced mainly by the content of linoleic
acid. In addition, our studies have shown that sunflower oil
with high oleic content demonstrate higher frying stability
than common oil during deep frying process.
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