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Abstract In this study, the effect of deep fat frying on oil
degradation, total phenols (TP) and total antioxidant
activity (TAA) of hazelnut, corn, soybean and olive oils
were investigated. Oil degradation and oxidation were
monitored by measuring the total polar compounds (TPC)
and the peroxide value (PV). The amount of TPC in corn,
soybean and olive oils increased significantly with the time
increment (p < 0.05). The PV of the oils did not exceed the
maximum acceptable limit of 10 mequiv O,/kg after
125 min frying except for hazelnut oil (10.64 mequiv O,/
kg). Deep-fat frying did not cause any significant change in
the TP of corn oil, soybean oil and olive oil (p < 0.05). A
significant decrease in the antioxidant activity was
observed after 50 min frying using hazelnut oil and corn oil
(p < 0.05). However, the antioxidant activity of soybean
oil and olive oil significantly decreased after 75 and 25 min
frying, respectively.
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Introduction

Frying of foods has become the most common food prep-
aration technology during the last six decades. Deep fat
frying is the most common frying method used in the food
service industry [1]. Deep fat frying can be defined as the
cooking process in which foods are immersed in an edible
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oil or fat maintained at a temperature of about 150-200 °C
[2]. In deep fat frying, the layer of the frying oil is about
20-200 mm or greater and frying oil is reused several
times [3, 4]. The quality of the products cooked by deep fat
frying depends not only on the frying conditions such as
temperature of the heated oil, frying time, food weight and
frying oil volume, but also on the types of oil and the kind
of food used [5].

Tocopherols and phenolic compounds are of great
importance as natural antioxidants of vegetable oils and are
also added to oils for improving their stability against
oxidation. Crude vegetable oils also contain different
components such as sterols, carotenoids, phospholipids,
which increase their stability during the frying process [6].
During the frying process via a series of complex physical
and chemical reactions, oils are subjected to thermal oxi-
dation, polymerization, and hydrolysis. These reactions
lead to a decrease in tocopherols and total phenols (TP), an
increase in the peroxide value (PV) and formation of
decomposition products with high molecular weights such
as polar compounds and polymeric triacylglycerides [3-7].
Formation of polar compounds is strongly related with the
primary and secondary oxidation that takes place during
frying and it comprise an established quality index for
frying oils with 20-25% limits for rejection or replenish-
ment of the cooking oil due to negative effects on the
quality of frying oil and the flavor and nutritional value of
the fried food [8, 9]. Some of these compounds may also be
harmful to human health [4].

Different types of oils such as corn oil, soybean oil,
sunflower oil, palm oil and canola oil can be used for
frying. The chemical composition of the frying oil and its
physical and physicochemical properties has an influence
both on the frying process and on the stability characteristic
of oil against oxidation and decomposition. Therefore, the
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importance of the correct selection of the oil for frying is
one of the most considerable issues [6]. Effects of domestic
deep-frying of potatoes on the oxidation process of dif-
ferent types of oils including soybean oil [10], virgin olive
oil [11], sunflower oil [12] and corn oil [13] have been
studied. In the study of Andrikopoulos et al. [11] potatoes
were deep-fried in virgin olive oil at 170 °C. The oil was
used ten times for a total frying time of 120 min. At the end
of the deep-frying process, it was found that total polar
compounds did not exceed the 25-27% limit. In general the
oil must be able to withstand high temperatures and have
high enough stability to be reusable. Furthermore, the oil
needs to maintain a high oxidative stability during the life
of the product and it should be originated a low emission of
potentially toxic volatile organic compounds [14].

The aim of this study was to determine the changes in
total polar compounds (TPC), peroxide values (PV), total
phenols (TP) and total antioxidant activities (TAA) of
hazelnut oil, corn oil, soybean oil and olive oil used under
domestic household frying conditions.

Materials and Methods

In the present study, four oils were used to fry potato chips
over two replicates of 125 min trials. The oils were
hazelnut oil, corn oil, soybean oil and Riviera type olive oil
(mixture of virgin plus refined olive oil). Potato chips were
prepared by slicing fresh potatoes into 8 mm x 8§ mm
dimensions using a potato slicer. Oils (3 1) were placed in
the fryer (SEB de Luxe 8225 T). The oil was heated to
190 £ 2 °C. Potato chips (75 g) were fried in each oil for
8 min. After each frying process, the oils were allowed to
cool for 7 min and then frying and cooling steps were
repeated 15 times. To minimize other effects on oil quality,
the oils were not filtered and only those floating objects on
the top of the oil were removed during the frying process.
Samples were taken every 25 min (25, 50, 75, 100 and 125
minutes) and analyzed or stored at —40 °C until being
analyzed.

Chemicals

Folin—Ciocalteu’s phenol reagent (F 9252) and DPPH (2,2
diphenyl-1-picryl-hydrazyl, D 9132) were purchased from
Sigma-Aldrich (Germany), Gallic acid (48630) was
obtained from Fluka. All other chemicals used were of
analytical grade.

Spectrophotometric Measurements

Oil samples were placed in a standard disposable cuvette
and were scanned from 470 to 500 nm wavelength using a
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UV-visible spectrophotometer (Cary 50 Scan UV-visible
Spectrophotometer, Victoria, Australia). The spectropho-
tometer absorbance was zeroed against air. At first the oils
were scanned from 350 to 650 nm wavelengths and then
individual absorbance values of each frying oils were
obtained at 470, 480, 490, and 500 nm where systematic
changes were most evident.

Total Polar Compounds

Total Polar Compounds (TPC) of the oils were evaluated
using spectrophotometric method proposed by Xu [3]. This
method is simply based on the correlation between total
polar compound contents (mainly resulting from the free
fatty acids, dimers, polymers and other decomposition
products) in oils and spectrophotometric absorbances of the
oils. The equation used for conversion of the spectropho-
tometric absorbance to TPC content was y = —2.7865x> +
23.782x + 1.039, where y is the TPC of oil samples and
x is the absorbance of oil samples at 490 nm after each
frying period [3].

Peroxide Value

The Peroxide Value (PV) of the oils was determined by
AOCS Official Method Cd 8b-90 [15] except that 0.01 N
Na,S,0;3, instead of 0.1 N Na,S,05, was used as the titrant.

Total Phenol

Total Phenol (TP) of the oils were determined according
to Folin—Ciocalteu’s method [16]. Gallic acid was used as
the standard and the results were given as gallic acid
equivalents (GAE). Although Folin—Ciocalteau reagent
can react with reducing substances in the extract, it
detects all phenolic groups found in the extracts, includ-
ing phenolics in extractable proteins; however, this assay
has been commonly used to determine total phenolics
[17]. Briefly for the extraction of phenolic compounds,
10 g of oil was mixed with hexane (50 ml). This mixture
was placed into a separation funnel and 20 ml of meth-
anol:water (60:40, w:w) was added. The mixture was
shaken for 2 min and the separated water phase was
removed. This procedure was applied three times and all
the water phases were combined and used for TP analysis.
For TP analysis, the mixture of the sample solution
(50 pl), distilled water (3 ml), 250 pl Folin—Ciocalteu’s
reagent solution, and 7% Na,COs5 (750 pl) was vortexed
and incubated for 8 min at room temperature. Then
950 Wl of distilled water was added. The mixture was
allowed to stand for 2 h at room temperature. The
absorbance was measured at 765 nm against distilled
water as blank [18].
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DPPH Radical Scavenging Activity

The total antioxidant activity (TAA) of the oils were
determined by the free radical scavenging activity using
2,2-diphenyl-1-picrylhydrazyl radical (DPPH) according to
the method proposed by Brand-Williams et al. [19].
Briefly, 50 pl of oil was added to 950 pl of 0.030 mg/ml
methanol solution of DPPH. Then, the mixture was shaken
vigorously and left in darkness for 5 min. Finally, the
absorbance of the mixture was measured against methanol
(blank) at 515 nm by a spectrophotometer (Cary 50 Scan
UV-visible Spectrophotometer). The DPPH scavenging
activity was expressed as the inhibition of free radical

DPPH.
A,
- —Sdmple> x 100

Inhibition (% ) = <1
Blank

Where, Agmpic:absorbance of the sample, Apjank:absor-
bance of the DPPH.

Statistical Analysis

The data were statistically analyzed using one-way
ANOVA and correlation test using the statistical software
SPSS 13.0.

Results and Discussion

The absorbance values of each oil measured at 470, 480,
490 and 500 nm, respectively, all increased significantly
during frying (Fig. 1) and were all significantly correlated
with frying time (p < 0.05). Xu [3] reported that system-
atic changes in spectrophotometric absorbance for each
frying oil (high oleic-canola oils, palm olein and two
blends of palm olein and canola oil) were obtained most
evidently between the wavelengths of 470-500 nm. The
correlation values (+%) between frying time and absorbance
changes at 470, 480, 490 and 500 nm for the oils analyzed
were given in Table 1.

The /> values obtained for absorbance changes at
470 nm were greater than those obtained from other
wavelengths (Table 1). Xu [3], indicating that absorbance
values obtained at 490 nm had the highest * value
(=0.992) for most of the oils tested. In the present study,
#* values decreased in the order of 470 > 480 >
490 > 500 nm for the oils tested except for hazelnut oil.
The lowest * value was obtained at 490 nm for hazelnut
oil. However, the absorbance readings at 490 nm were
chosen for the TPCs determinations because, Xu [3]
determined a strong correlation between absorbance read-
ings at 490 nm and TPCs. In our study we used the
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Fig. 1 Changes in absorbances during frying. Hazelnut oil (a), corn
oil (b), soybean oil (c¢), olive oil (d)

Table 1 /* values obtained for frying time versus absorbance chan-
ges measured at 470, 480, 490 and 500 nm

Frying oils * values (nm)

470 430 490 500
Hazelnut oil 0.987 0.965 0.926 0.961
Corn oil 0.980 0.926 0.852 0.852
Soybean oil 0.991 0.987 0.971 0.934
Olive oil 0.926 0.824 0.844 0.840
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equation that Xu [3] found for absorbance readings at
490 nm and TPCs.

Formation of polar compounds, which indicates oil
deterioration, is strongly related with the primary and
secondary oxidation that takes place during frying. When
the amounts of TPCs reach 24% levels, oil is considered to
be thermally degraded and should be replaced with fresh
oil [3, 10]. TPCs formed during deep fat frying process are
given in Table 2. The amount of TPCs in corn oil, soybean
oil and olive oil increased with the time increment
(p < 0.05). Although the amount of TPCs in hazelnut oil
increased during frying, this increase was not found to be
statistically significant. At the end of 125 min frying time,
TPCs in all oils analyzed were found to be lower than 5%
level. This result indicated that all of the oils analyzed
could be used for frying of potato chips up to 125 min
frying period. Gil et al. [20] reported that the amount of
polar compounds in fresh oils namely palm oil, soybean
oil, shortening and beef tallow were 8% or less and reached
30% after 80 h frying except soybean oil. At the end of
80 h frying, TPCs in soybean oil reached about the 15%
level. Benedito et al. [21] applied frying with extra virgin
olive oil for 16 h at 200 °C. At the end of the incubation
period, they observed that the TPC content of virgin olive
oil had reached about 45.7%, whereas in fresh oil it was
6.2%. Sanchez-Gimeno et al. [5] also studied the deterio-
ration of extra virgin olive oil and high oleic sunflower oil
during different frying cycles. The amount of polar com-
pounds increased linearly with the frying cycle, however,
the increase was faster in high oleic sunflower oil. After 60
frying cycles, the amount of polar compounds for both oils
reached approximately 20-23%.

The PV is useful in monitoring the initial stage of oxi-
dation, where the primary oxidation products are measured.
According to Turkish Codex Standards, the the PVs of
Riviera type olive oil and vegetable oils should not exceed
15 and 10 mequiv O,/kg, respectively [22]. The PVs of
frying oils obtained at 25, 50, 75, 100 and 125 min frying
are shown in Table 2. PVs of frying oils analyzed
decreased after 125 min frying except corn oil. This
decrease can be explained by the formation of secondary
oxidation products such as hydrocarbons, alcohols, ketones
and aldehydes from very unstable primary oxidation
products, i.e., hydroperoxides. As reported elsewhere, the
PV decreases as oxidation proceeds due to rapid decom-
position of hydroperoxides [23]. The PV of corn oil
increased following 125 min frying (p < 0.05). This result
can be explained as that primary oxidation continues dur-
ing 125 min frying. However, in general, according to the
results of the study, PVs of the oils analyzed did not exceed
the maximum acceptable level of 10 mequiv O,/kg at the
end of the 125-min frying period except hazelnut oil. The
PV of hazelnut oil after 125 min frying was 10.64 mequiv
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Table 2 Total polar compounds and peroxide values of frying oils

Frying oils Frying Total polar Peroxide value
time (min) compounds (%)* (mequiv/kg)*

Hazelnut 0 2.77 £ 0.00* 10.17 + 0.83%

25 3.10 + 0.47* 11.96 £ 0.06™

50 3.32 £ 0.47% 14.32 + 1.09°

75 3.54 + 0.47% 11.34 4+ 1.07*°

100 3.76 + 0.77° 12.38 + 0.33°

125 3.98 + 0.77* 10.64 &+ 0.96™

Corn 0 2.99 + 0.00° 3.02 + 0.08*

25 3.43 + 0.00° 3.05 + 0.20°

50 3.65 %+ 0.00° 3.92 4+ 1.04*

75 3.76 + 0.16™ 4.23 + 0.64°

100 4.10 + 0.00° 429 + 0.42%®

125 420 + 0.15% 5.58 + 0.63"

Soybean 0 2.72 + 0.00° 8.15 + 1.69*

25 277 + 0.00° 7.91 + 2.03%

50 2.95 + 0.00° 6.12 + 2.22%

75 3.11 £ 0.00¢ 441 £+ 1.37%®

100 3.23 + 0.00° 430 + 1.26%

125 3.48 + 0.00 4.07 + 1.55°

Olive 0 3.98 4+ 0.15% 8.85 4+ 0.50°

25 3.54 + 0.15° 5.65 + 0.01°

50 3.76 + 0.16™ 6.53 + 0.33°

75 4.09 + 0.00% 574 £ 091°

100 4.10 + 0.00% 4.80 + 0.14°

125 431 %+ 0.00° 5.85 + 0.00°

Different letters in the same column indicate significant differences
among frying times in the same oil (p < 0.05)

? Means =+ standard deviation

Oy/kg. Naz et al. [24] reported that deep frying of
French fries at 180 °C caused an increase in PVs of
the oils. The PVs with respect to the oils, increased as
soybean > corn > olive.

The TP contents of 1,280, 1,240, 1,030, and 1,190 mg
GAE/kg oil in hazelnut, corn, soybean, and olive oils,
respectively, were not significantly (p > 0.05) different
(Table 3). Frying did not cause significant change in the TP
content of corn oil, soybean oil and olive oil. The TP
content was expected to decrease with frying time due to
the thermal degradation of phenolic compounds; however,
none of the oils had significant reductions in TP content.
The frying times may not have been long enough to pro-
mote degradation of phenols and thus producing the non-
significant reduction in TP content. It is well known that
potatoes and other plant foods accumulate different kinds
of secondary metabolites including phenolic compounds.
The major phenol in potato has been reported as chloro-
genic acid [25]. Quiles et al. [26], reported that frying time,
type of oils and interaction between time and oil had
effects on the TP content of the oils. In the study of
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Table 3 Changes in total phenol content of the oils during frying
Frying time (min) Total phenols (GAE)® (ppm)

Hazelnut oil Corn oil Soybean oil Olive oil
0 1,280 £ 220" 1,240 £+ 115° 1,030 £ 2* 1,190 + 80"
25 1,130 & 210° 1,180 + 220° 1,040 + 25% 1,040 + 85"
50 990 + 5° 1,415 + 205" 1,050 + 40" 1,140 + 85"
75 1,000 £ 30*° 1,235 + 115° 1,055 £ 1* 1,095 + 40"
100 980 + 35° 1,120 £ 50* 1,110 £ 60" 1,095 + 2°
125 1,145 &+ 70™° 1,155 £+ 65* 1,115 £+ 60* 1,095 + 1*

Different letters in the same column indicate statistically significance (p < 0.05)

¢ Gallic acid equivalent (means + standard deviation)

Gomez-Alanzo et al. [27], the concentration of the di-
hydroxyphenol components of virgin olive oil was found to
be reduced to 50-60% of the original value at the end of
the first frying and after six frying process only about 10%
of the initial components remained. However, tyrosol and
its derivatives were reported to be much more stable during
12 frying operations. Kalogeropoulos et al. [25], reported
that shallow frying of potatoes, zucchinis, green peppers
and eggplant resulted in partial loss of all the antioxidants
namely o-tocopherol, polyphenols and hydroxyl pentacy-
clic triterpene acids and enrichment of fried vegetables
with olive oil antioxidants.

Changes in TAA during the frying process are shown in
Table 4. A significant decrease in TAA was observed after
50 min of frying with hazelnut oil (from 67 to 47%) and
corn oil (from 87 to 75%) (p < 0.05). However, the TAA
of soybean oil (from 86 to 75%) and olive oil (from 22 to
18%) significantly decreased after 75 min frying and
25 min frying, respectively (p < 0.05). Olive oil had the
weakest TAA, which was likely due to the type of olive oil,
i.e., the Riviera type that contains refined oil. It is well
known that the refining process can cause a decrease or loss
in tocopherols, which were not analyzed in this study.
Quiles et al. [26], reported that virgin olive oil and sun-
flower oil had approximately two times more TAA than
olive oil before and after different frying times. They also
indicated that the determination of same antioxidant
response for virgin olive oil and sunflower oil with a dif-
ferent fatty acid compositions. Quiles et al. [26] postulated
that the tocopherols were being consumed in the sunflower
oil resulting in constant antioxidant activity as measure by
electron spin resonance. There was a significant correlation
between TPC and TAA for all of the oils analyzed
(Table 5). Similarly, Quiles et al. [26] reported that anti-
oxidant capacity of the edible oils was mainly correlated
with the amount of antioxidants present in the oils, with
polar compounds and ultraviolet indices. A correlation was
found between TP and TAA (r = 0.559) only for olive oil
which represents an increase in TAA positively related

Table 4 Changes in total antioxidant activity of the oils during
frying

Frying time (min) Total antioxidant activity® (inhibition %)

Hazelnut oil Corn oil Soybean oil Olive oil
0 67 + 1° 87 + 4% 86 + 2° 22 + 42
25 60 &+ 6* 87 + 1* 80 £ 2° 18 + 2°
50 47 + 4° 75 +£2° 82432 15+ 2°
75 41 £ 2° 73+ 6° 75+ 4° 16 + 1°
100 35 +2° 68 +£2° 72+£3° 15+ 2°
125 36 + 2° 68 +1° 64 +3° 12+1°

Different letters in the same column indicate statistically significance
(p < 0.05)

¢ Means = standard deviation

Table 5 Correlation coefficient for the TPC and AA, TP and AA,
TPC and TP

Oils Correlation coefficients (r)

TPC x AA TP x AA TPC x TP
Hazelnut —0.897° 0.267 —0.506°
Corn —0.903? 0.287 —0.282
Soybean —0.908? —0.443 0.674°
Olive —0.483° 0.559° —0.091

 Correlation is significant at the 0.01 level (p < 0.01)
® Correlation is significant at the 0.05 level (p < 0.05)

with the increase in TP content (p < 0.05). A correlation
between TPC and TP was obtained for hazelnut oil and
soybean oil. Although there was a negative relationship
between TPC and TP of hazelnut oil, a positive relationship
was determined between TPC and TP of soybean oil.

Conclusion

TPCs are accepted as being good markers to determine
changes in oil composition after short time frying. The
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TPCs in all oils analyzed were found to be lower than 5%,
indicating that the oils were suitable for frying up to 125
min of use. Only hazelnut oil had a PV (10.64 mequiv O,/
kg) above the acceptable limit after 125 min of frying. No
significant loss of phenolic compounds was detected.
However, significant reductions in TAA were observed
indicating that phenolics may not have be the active
compounds and that tocopherols may be responsible for
slowing oxidation of the oils. Based on the results, all oils
except hazelnut can be used to fry potato chips up to
125 min before being discarded.

References

10.

11.

12.

. Saguy IS, Dana D (2003) Integrated approach to deep fat frying:

engineering, nutrition, health and consumer aspects. J Food Eng
56:143-152

. Yamsaengsung R, Moreira RG (2002) Modelling the transport

phenomena and structural changes during deep fat frying. Part II:
model solution and validation. J Food Eng 53:11-25

. Xu X-Q (2000) A new spectrophotometric method for rapid

assessment of deep frying oil quality. JAOCS 77:1083-1086

. Pokorny J (2002) Frying. In: Henry CJK, Chapman C (eds) The

nutrition handbook for food processors. CRC Press, New York

. Sanchez-Gimeno AC, Negueruela Al, Benito M, Vercet A, Oria

R (2008) Some physical changes in Bajo Aragén extra virgin
olive oil during the frying process. Food Chem 110:654-658

. Rossi M, Alamprese C, Ratti S (2007) Tocopherols and tocot-

rienols as free radical-scavengers in refined vegetable oils and
their stability during deep-fat frying. Food Chem 102:812-817

. Farhoosh R, Moosavi SMR (2008) Carbonyl value in monitoring

of the quality of used frying oils. Anal Chim Acta 617:18-21

. Gertz C (2000) Chemical and physical parameters as quality indi-

cators of used frying fats. Eur J Food Sci Technol 102:566-572

. Doborganes MC, Velasco J, Dieffenbacher A (2000) Determi-

nation of polar compounds, polymerized and oxidized triacyl-
glycerols, and diacylglycerols in oils and fats. Pure Appl Chem
72:1563-1575

Hara K, Hasegana K, Endo Y, Fugimoto K (1994) Polymer and
polar material content determination as basis for assessing ther-
mally oxidative deterioration of soybean oil for potato heat
cooking. J Jpn Oil Chem Soc 43:57-60

Andrikopoulos NK, Kalogeropoulos N, Falirea A, Barbagianni
MN (2002) Performance of virgin olive oil and shortening during
domestic deep-frying and pan frying of potatoes. Int J Food Sci
Tech 37:177-180

Lopez-Varela S, Sanchez-Huniz FY, Garrido-Polonio C, Arroyo
R, Cuesta C (1995) Relationship between chemical and physical

&\ Springer ANOCS &

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

indexes and column and HPSE chromatography methods for
evaluating frying oil. Z Erndhrungswiss 34:308-313

Carlson BL, Tabacchi MH (1986) Frying oil deterioration and
vitamin loss during food service operation. J Food Sci
51:218-221

Katragadda HR, Fullana A, Sidhu S, Carbonell-Barrachina AA
(2010) Emissions of volatile aldehydes from heated cooking oils.
Food Chem 120:59-65

AOCS Official Method Cd 8b-90 (1989) Peroxide value acetic
acid-isooctane method. In: Official methods and recommended
practices of the American Oil Chemists’ Society (4th edn). AOCS
press, Campaign

Singleton VL, Lamuela-Raventos RM (1999) Analysis of total
phenols and other oxidation substrates and antioxidants by means
of Folin—Ciocalteu reagent. Method Enzymol 299:152-178
Shadidi F, Naczk M (1995) Food phenolics: sources, chemistry,
effects and applications. Technomic Publishing Company, USA,
pp 292-293

Xu BJ, Chang SKC (2007) A comparative study on phenolic and
antioxidant activities of legumes as affected by extraction sol-
vents. J Food Sci 72:159-166

Brand-Williams W, Cuvelier ME, Berset C (1995) Use of a free
radical method to evaluate antioxidant activity. Lebensmittel-
Wissenschaft und -Technologie/Food Sci Technol 28:25-30

Gil B, Cho YJ, Yoon SH (2004) Rapid determination of polar
compounds in frying fats and oils using image analysis. Lebensm
Wiss Technol 37:657-661

Benedito J, Mulet A, Velasco J, Dobarganes MC (2002) Ultra-
sonic assessment of oil quality during frying. J Agric Food Chem
50:4531-4536

TCS, Turkish Codex Standards (accessed Jan. 2010) Bitki Adz ile
Anilan Yemeklik Yaglar Tebligi. http://www.kkgm.gov.tr/TGK/
Teblig/2001-29.html

Bester E, Butinar B, Bucar-Miklavcic M, Golob T (2008)
Chemical changes in extra virgin olive oils from Slovenian Istra
after thermal treatment. Food Chem 108:446-454

Naz S, Siddiqi R, Sheikh H, Sayeed SA (2005) Deterioration of
olive, corn and soybean oils due to air, light, heat and deep-
frying. Food Res Int 38:127-134

Kalogeropoulos N, Mylona A, Chiou A, Ioannou MS, Andriko-
poulos NK (2007) Retention and distribution of natural antioxi-
dants (a-tocopherol, polyphenols and terpenic acids) after
shallow frying of vegetables in virgin olive oil. LWT-Food Sci
Technol 40:1008-1017

Quiles JL, Ramirez-Tortosa MC, Gomez YA, Huertas JR, Mataix
J (2002) Role of vitamin E and phenolic compounds in the
antioxidant capacity, measured by ESR of virgin olive, olive and
sunflower oils after frying. Food Chem 76:461-468
Gomez-Alanzo S, Fregapane G, Salvador MD, Gordon MH
(2003) Changes in phenolic composition and antioxidant activity
of virgin olive oil during frying. J Agric Food Chem 51:667-672


http://www.kkgm.gov.tr/TGK/Tebli&gbreve;/2001-29.html
http://www.kkgm.gov.tr/TGK/Tebli&gbreve;/2001-29.html

	Changes in Total Polar Compounds, Peroxide Value, Total Phenols and Antioxidant Activity of Various Oils Used in Deep Fat Frying
	Abstract
	Introduction
	Materials and Methods
	Chemicals
	Spectrophotometric Measurements
	Total Polar Compounds
	Peroxide Value
	Total Phenol
	DPPH Radical Scavenging Activity

	Statistical Analysis
	Results and Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


