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Abstract: The aim of this stady was to assess the oxidative stability of refined sunflower oil both at
room temperature and during conventional frying in a pan. For this purpose,
the refined sunflower oil was heated for 10 minutes in a fryer pan. Under these conditions, the
Wheeler method was used to determine the peroxide number. Oven test was used to determine the oil
stability. Peroxide number of the oil fried from 0 to 10 minutes at a temperature from 27°C to 200°C
continuously increases from 0.357 mmol/kg to 6.4762 mmol/kg. Peroxide number of the oil analyzed
by the Oven test increased from 2.41 mmol/kg for 24 hours to the value of 16.67 mmol/kg for 96 hours.
The oil that has been fried for 10 minutes and reached a temperature of 200°C should not be used as
food. The oil which is kept in an open bottle at room temperature can be used up to 24 days.
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1. Introduction products depends on  temperature,
availability of oxygen, surface oil exposed
Sunflower oil is one of the most used oils. to oxygen, light, and the presence of
The first oil produced from sunflower was metals [9-10]. The most important factors
patented in England in 1716. Sunflower for the oxidative stability of oils are:
seeds contain 40-60% oil and it depends on contact with oxygen, temperature, metals
the type, location and method of as catalysts and light. When the
cultivation of the sunflower [1]. temperature increases by 10°C the
Sunflower oil contains essential fatty acids, oxidation of products increases doubly
polyphenols, phosphatides and vitamins A, [11-12].
D, E and K [2-4]. Among the fatty acids, Oxidation of fats and oils that are present
the most represented are linolenic acid 50- in food products today are a major problem
65% and oleic acid 30-40% [5]. in food technology. Oxidation products in
The oil that is obtained by pressing is oil are reduced if antioxidants are added.
called cold pressed oil, while the oil Today, aromatic herbs, fruits and
obtained by extraction is refined oil. Cold vegetables are used as natural antioxidants,
pressed oils have greater antioxidant being added to oil and food with high
activity due to higher content of content in fats and oils [13-16].
polyphenols, but they are less stable and Oxidation products in fats and oils are
the oxidized more easily [6]. Oils oxidize toxic and harmful to human health.
after longer standing, at a temperature Experiments on animals have shown a
higher than that of room temperature and decline in nerve cells, memory and
in case of frying [7-9]. The oxidation of attention [17]. They are carcinogenic,
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hepatotoxic and can contribute to the
development of Alzheimer and Parkinson
disease [18-19].

There are several physical and chemical
methods for the determination of the
oxidation products of fats and oils.
Peroxides and hydroperoxides which are
the main oxidation products in oil are
characterized by the peroxide number. The
type of oxidation products is determined
by various instrumental methods [20].

The stability of oils and fats except of
external factors depends on the type and
composition of oils and fats.The methods
used to determine the stability are based on
the accelerated oxidation of sample under
the influence of one or more factors that
accelerate this process. In practice, most
applications are methods in which the
oxidation is accelerated by increasing the
temperature. The mostly used methods for
determining the stability of fats and oils
are: Oven test, Swift test and the Rancimat
test [21-22].

The purpose of this study is to evaluate the
stability of sunflower oil "Kristal" at room
temperature and to determine the oxidation
products occurred during conventional
frying of oil in a pan.

2. Materials and methods

The refined sunflower oil "Kristal*was
analyzed. 10 bottles of 11 packages were
purchased  from  supermarkets in
Macedonia. For each experiment oil from
each bottle is analyzed individually. The
results from our experiments are mean of
10 measurements of oil from 10 different
bottles.

The stability of oil is determined by Oven
test at a temperature of 63°C for 4 days (96
hours). The oil temperature was
maintained constant using a drying oven
Instrumentaria ST-05. Every 24 hours, a
sample was taken for analysis and the
peroxide number was determined by the
method of Wheeler [23]. Oven test is

performed to determine how long the oil
can be stored in an open bottle at room
temperature. It has been proven that one
day of Oven test corresponds to a real
stability of the oil of 6 to 12 days at room
temperature [24].

To see how the oil gets oxidized during
conventional frying in a pan, the following
analysis was conducted. 100 ml oil was
placed in a pan with a diameter of 24 cm
and heat on hot plate at half of its
maximum power of 2 500 W. The sample
is heated for 10 minutes. After 2, 4, 6, 8
and 10 minutes the temperature of the oil is
measured and the peroxide number is
determined by the method of Wheeler. The
temperature is measured with Barbecue
high thermometer TBT - 08H which has a
range of -50°C to +300°C, with a tolerance
of +/- 1°C.

All chemicals for the determination of
peroxide value were of analytical grade
and purchased from Merck (Germany) and
Sigma (USA).

3. Results and discussion

The results of the determination of the
Oven test are given in Fig. 1.

Peroxide number with Oven test
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Fig. 1. Peroxide number in the analyzed oil with
Oven test

After 24 hours the peroxide number is 2.41
mmol/kg and it is within the allowed limits
according to the rules of the Republic of
Macedonia [25].
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Peroxide number after 48 hours is 5.567
mmol/kg, which is above the maximum
value (5.00 mmol/kg) according to the
Official Journal of R. Macedonia
No0.127/12.

If 48 hours in drying oven at temperature
of 63°C corresponds to maximum 24 days
at room temperature, that means that after
24 days an open bottle of oil stored at
room temperature (about 25°C) has a large
amount of oxidation products and it is not
recommended for use.

After 72 hours in a drying oven at a
temperature of 63°C or 36 days at room
temperature, peroxide number of the oil is
10.635 mmol/kg and it is two times higher
than the maximum which is allowed.

As expected, the oxidation increases
constantly, and the peroxide number
increases considerably. After 96 hours at
63°C or 48 days at room temperature, the
peroxide number is 16.67mmol/kg. This
value is more than three times higher than
the maximum allowedand cooking oil in
this case is too harmful to use.

The second experiment was made to
determine the oxidation products in the oil
during frying. For this purpose, the
temperature is measured and the peroxide
number of oil after 2, 4, 6, 8 and 10
minutes is determined. The dependence of
the peroxide number on the heating time is
shown in Fig. 2, and its dependence on the
temperature is shown in Fig. 3.

Influence of time on the peroxide
number
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Fig. 2. Influence of time on the peroxide number

The initial value of the peroxide number is
0.357mmol/kg and it increases as the
heating time is increased. After just two
minutes of heating it increases to the
0.5376 mmol/kg, after 4 minutes it is of
0.6558 mmol/kg, and after 6 minutes it is
of 0.9375 mmol/kg. In the next 2 minutes
there is a rapid increase of peroxide
number to 4.1202mmol/kg. However, all
these values of peroxide number are
smaller than the maximum allowed values
of 5.00mmol/kg according to the Official
Journal of R. Macedonia No0.127/12 [25].
When the oil is heated for 10 minutes the
peroxide number exceeds the maximum
value and is 6.4762 mmol/kg. This means
that the prepared food, in which the oil is
heated more than 10 minutes at this
temperature, contains a high concentration
of oxidation products and it is not
recommended for use.

When the oil is heated its temperature
increases. The initial oil temperature is
27°C and then it increases continually.
After 2 minutes the oil temperature is
66°C, after 4 minutes 91°C, after 6 minutes
127°C, after 8 minutes 147°C, and after 10
minutes, it reaches even 200°C. At this
temperature the oil starts smoking and this
oil, as shown by peroxide number is not
suitable for use (Fig. 3).

Influence of temperature on the
peroxide number
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Fig. 3. Influence of temperature on the peroxide
number
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4. Conclusions

The results of our study show that the
stability of refined sunflower oil “Kristal”
evaluated on the base of Oven test is
significantly affected during storage in a
drying oven at a temperature of 63°C.
After 48 hours, the peroxide number of the
oil corresponds to that of the oil stored at
room temperature not exceeding 24 days.
For oil samples kept in a drying oven at a
temperature of 63°C, for 72 and 96 hours
the peroxide number was two, respectively
three times higher than the allowed upper
limit.Our data highlight that the cooking
oil “Kiristal” can be safely used up to 24
days, if it is kept open at room
temperature.As regards the peroxide
number of the fried oil samples, the
obtained results reveal that in the frying
time there were recorded increased values
of peroxide number with the increasing of
temperatures from 27°C to 200°C.

When the oil is fried for 8 minutes the
peroxide numbers were in acceptable range
while the oil fried for 10 minutes contains
peroxide amounts over the allowed value.

5. References

[1]. DIMIC E., Cold pressed oils, Faculty of
Technology, Novi Sad, (2005).

[2]. DIMIC E., Quality control of cold pressed
oil, Acta Periodica Technologica, 31: 165-174,
(2000).

[3]. TALAL E. JANG J., YUANFA L.,
Chemical refining of sunflower oil: effect on oil
stability, total tocopherol, free fatty acids and
colour, International Journal of Engineering
Science and Technology, 5: 449-454, (2013).

[4]. TASAN M., DEMIRCI M., Total and
individual tocopherol contents of sunflower oil at
different stepsofrefining, Europian Food Research
and Technology, 220: 251-254, (2005).

[5]. JAMIESON J, BAUGHMAN W., The
chemical composition of sunflower oil, Journal of
the American Chemical Society, 44: 2952-2957,
(1922).

[6]. KOSTADINOVIC-VELICKOVSKA S.,
MITREV S., Caracterization of fatty acid profile,
polyphenolic content and antioxidationt activity of

cold pressed and refined edible oils from
Macedonia, Journal of Food Chemistry and
Nutrition, 01: 16-21, (2013).

[7. MANIAKI B.,, SZMIGIELSKI M.,
PIEKARSKI W., MARKOWSKA A,
Physicochemical changes of post-frying sunflower
oil, International Agrophysics, 23: 243-248, (2009).
[8]. WASOwWICZ E. GRAMZA A,
MARZANNA H., JELEC H., KORCZAK 1.,
MAIECKA M., MILDNER-SZKUDLARZ S.,
RUDZICSKA R., SAMOTYJA U., ZAWIRSKA-
WOJTASIAK R., Oxidation of lipids in food,
Polish Journal of Food Nutrition Sciences, 13: 87—
100, (2004).

[9]. SADOUDI R., AMMOUCHE A., ALI
AHMED D., Thermal oxidative alteration of
sunflower oil, African Journal of Food Sciences, 8:
116-121, (2014).

[10]. CRAPISTE G., BREVEDAN M., CARELLI
A., Oxidation of sunflower oil during storage,
Journal of the American Qil Chemists Society,
76: 1437-1443, (1999).

[11]. BERGER K. G., Practical measures to
minimize rancidity in processing and storage, 3rd
edition. J.C. in Rancidity in Foods, Allen and R.J.
Hamilton, Chapman and Hall, London, 68-83,
(1994).

[12]. FARHOOSH R., HOSEINI-YAZDI S. Z.,
Shelf-Life Prediction of Olive Oils Using Empirical
Models Developed at Low and High Temperatures,
Food Chemistry, 141: 557-565, (2013).

[13]. AI-DALAIN S. AL-FRAIHAT A., AL
KASSASBEH E., Effect of aromatic plant essential
oils on oxidative stability of sunflower oil during
heating and storage, Pakistan Journal of Nutrition,
10: 864-870, (2011).

[14]. USATIUK S, PELEKHOVA L.,
Chlorophyll content and antioxidant activity of
sunflower oil with aromatic raw materials, Food
and Environment Safety, 13: 317-320, (2014).

[15]. CODINA G.G., POROCH-SERITAN M.,
MIRONEASA S., Blending of sunflower oil with
grape seed oil: impact on physicochemical
parameters and radical scavenging activity, Food
and Environment Safety, 14: 101-107, (2015).

[16]. CAPCANARI T., Incorporation of sweet
pepper extracts to improve thermal stability of
vegetable oil mixtures, Food and Environment
Safety, 10: 13-19, (2011).

[17]. ZARATE J., GOICOECHEA E.,
PASCUAL J., ECHEVARRIA E., GUILLEN
M.D., A study of the toxic effect of oxidized
sunflower oil containing 4-hydroperoxy-2-nonenal
and 4-hydroxy-2-nonenal on cortical TrkA receptor
expression in rats, Nutritional Neuroscience, 12:
249-259, (2009).

Gorica PAVLOVSKA, Natasha SHURKOVA, Vezirka JANKULOSKA, Oxidative stability of refined sunfloweroil at
room temperature and during conventional frying, Food and Environment Safety, Volume XVI, Issue 1 — 2017, pag. 29 — 33



Food and Environment Safety - Journal of Faculty of Food Engineering, Stefancel Mare University - Suceava
Volume XVI, Issue 1 — 2017

[18]. BARRERA G., Oxidative stress and lipid
peroxidation products in cancer progression and
therapy, International Scholarly Research Notices:
Oncology, 2012: 1-21, (2012).

[19]. FAROOQUI T., FAROOQUI A., Lipid-
Mediated Oxidative Stress and Inflammation in the
Pathogenesis of Parkinson's Disease, Parkinson's
Disease, 2011: 1-9, (2011).

[20]. DIEFFENBACHER A., POCKLINGTON
W.D., Standard methods for the analysis of oils,
fats and derivatives, 1st Supplement to the 7th
Edition, Blackwell Scientific Publications, Oxford,
(1992).

[21]. GRETTIE D.P, NEWTON R.C,
Susceptibility of fats to oxidative rancidity, Oil and
fat Industry, 8: 291-294, (1931).

[22]. JOYNER N.T., MCNTYRE J.E., The oven
test as an index of keeping quality, Qil and soap,
15: 184-186, (1938).

[23]. AOCS Cd 8-53, Official methods and
recommended practices of the American oil
chemists’ society Method Cd 8-53, (1996).

[24]. DIMIC E., Turkulov J.,Quality control in the
technology of edible oils, Faculty of Technology,
Novi Sad, 135-137, (2000).

[25]. Official Journal of R. Macedonia. Rulebook
on requirements regarding the quality of vegetable
oils and vegetable fats, margarine, mayonnaise and
related products of R. Macedonia, 127, (2012).

Gorica PAVLOVSKA, Natasha SHURKOVA, Vezirka JANKULOSKA, Oxidative stability of refined sunfloweroil at
room temperature and during conventional frying, Food and Environment Safety, Volume XVI, Issue 1 — 2017, pag. 29 — 33

33



