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ABSTRACT

Edible fats are an important part of a human daily diet. They have a significant effect on
the proper functioning of the human body. During frying, the oil is chemically modified and the fats
consumed should have the highest oxidation stability. The subject of the study were samples of olive
oil bought at local markets in Gdansk. Samples were heated at 20 °C, 60 °C, 100 °C, 140 °C and 180
°C. The aim of the study was to determine the differences in the level of oxidation of selected edible
oils which were heated. Studies were performed using spectrophotometric techniques. The dependence
between the level of oxidation of the olive oil samples and the value of the overall color parameter was
determined. Based on the results obtained, the lower value of the color parameter overall, means that
the oil is more degraded. The used procedure is characterized by an uncomplicated and low cost
consuming stage of the preparation of the sample for analysis and also enables rapid analysis.

Keywords: analytical chemistry, food analysis, edible oils, olive oil, overall color parameter, thermal
degradation

1. INTRODUCTION

Growing consumer awareness about the role of fats in the daily diet of man has
increased the consumption of vegetable oils. Consumers are beginning to see edible oils
not only as a source of energy but also as a pro-health food [1]. They are supposed to deliver
polyunsaturated fatty acids and fat-soluble vitamins to the body [2]. It is important
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to consume oils of the highest quality. Vegetable oils are most commonly used in the frying
process. This is a type of food processing technique. It involves the heat treatment of food
submerged in animal fat or vegetable oil. The temperature of this process usually ranges from
150 °C to 190 °C [3]. During frying, the oil undergoes degradation due to chemical changes:
hydrolysis, oxidation, cyclization and polymerization reactions. During this process, a number
of thermal degradation products such as aldehydes, ketones, esters, alcohols, alkenes, alkanes,
aromatic hydrocarbons or short chain carboxylic acids are formed [4,5]. The resulting
chemical compounds are responsible for the desired flavor, taste and color of the fried food,
and for its crispy texture. Some of these substances, such as PAH compounds, however,
exhibit mutagenic properties and can cause cancer [6,7]. On the other hand, chemical
compounds such as aldehydes can contribute to diabetes or atherosclerosis [8]. It is essential
that edible oils used in the frying process of the food have a high oxidative stability and low
amount of oxidation catalysts such as metals such as iron, nickel, copper, water or free fatty
acids [9].

Olive oil is a very valuable vegetable oil. It is well-known and used worldwide [10].
Mediterranean region accounts for about 98% of all olive trees grown around the world.
The largest producers of olive oil and its consumption are responsible for the Mediterranean
countries, i.e. Greece, Spain, Portugal, Italy, as well as Algeria, Morocco, Syria, Tunisia
and Turkey [11]. European Union countries are the largest producers of olive oil, including
Spain, Italy and Greece. Other big producers of olive oils are countries in the Middle East
(Turkey, Syria, Lebanon, Israel) and North Africa (Tunisia, Algeria, Morocco, Libya) [12].

Olive oil is an oil obtained from the fruit of an olive tree using mechanical and chemical
methods, as well as mixing with other types of oils [13]. The nature and quality of the oil
determines its chemical composition. The oil production process determines its chemical
composition. Important factors are: olive-growing, olive variety, olive-ripening stage at the
time of harvest, oil processing.

Oxidation of triglycerides and their derivatives in olive oil results in changes
in chemical, nutritional and sensory properties of oil that affect oil quality [14,15].
In accordance with the applicable norms [16,17] peroxide value, extinction Kaz, Karo
and sensory evaluation serve to assess the oxidative degradation of olive oil. Other reference
methods used to evaluate oil quality are: oxidative stability determination using Rancimat
Test and determination of fatty acids by gas chromatography. However, these are time-
consuming methods, as well as requiring expensive and complicated apparatus facilities.

The aim of this work was to present a research methodology to determine the level
of oxidation of samples of olive oil. The procedure used is characterized by an uncomplicated
and low cost consuming stage of preparation of samples for analysis and also enables rapid
analysis.

2. EXPERIMENTAL
2. 1. Materials

The object of study were the edible oils samples which were bought at local markets
in Gdansk. Two types of olive oil have been selected: refined and extra virgin olive oil. For all
refined and unrefined oils, three different producers were selected. Oil samples were stored
in sealed containers at low temperature in a dark place. This was to prevent self-oxidation
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of oil samples. Samples of unrefined oils are more susceptible to self-oxidation, since their
packaging is usually made of brown or green glass. This action is intended to reduce
the possibility of fat degradation due to the effects of light radiation. Refined oils are less
susceptible to oxidation because during refining process they are purified from chemicals
which could reduce the durability of edible oil. This way these oils can be stored longer, even
in plastic, transparent packaging.

2. 2. Sample preparation
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Figure 1. Diagram of the analytical procedure

The analytical procedure presented in the study consisted of five basic stages. The first
two steps consisted in weighing the appropriate sample amount of selected edible oils (5 g)
into 20 ml glass vials. The vials were capped with a Teflon seal. The samples prepared were
heated for 24 h at 5 different temperatures (20 °C, 60 °C, 100 °C, 140 °C and 180 °C).
Heating caused thermal degradation of the samples. After incubation of the oil samples, was
the weighing the corresponding amount and then dissolve them in n-hexane (99%, POCH
S.A.). Such mixtures were subjected to spectrophotometric analyzes. The last step was the
interpretation of data. The diagram of the analytical procedure used is shown in Figure

2.3. Determination of the overall color parameter in olive oil samples

The requirements for the determination of the overall color parameter for refined oils
are laid down in Polish Standard PN-A-86908:2000 [18]. In this work, the values of this
parameter were studied for both refined and unrefined oil samples to compare differences in
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the color content of these oils. Using the procedure described in the abovementioned standard,
the oxidation stability of the sample can be estimated. Calculation of this parameter is not
time-consuming. The principle of the method of determining the value of the overall color
parameter is shown in Figure 2. When studying this parameter, absorbance is measured for
diluted oil samples at specified wavelengths in the visible light range.

CAROTENOID DYES
I1ml 10ml

of 0oil of n-hexane :

g MIXING m [ABSORBANCE > A

CHLOROPHYLL DYES
3ml 3ml

of oil of n-hexane
; O
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B = 1000 (Agqp+ Ageg) [-]

Figure 2. Diagram of the analytical procedure

Pharo 300 Spectrophotometer (Merck) was used to measure the absorbance
of the prepared solutions. Absorption measurements were performed at 442 nm for carotenoid
colorants and at 668 nm for chlorophyll colorants, respectively. Determining the value
of the overall color parameter does not require special measuring conditions.

3. RESULTS
Monitoring of carotenoid and chlorophyll colorants in oil samples is very important

because these substances contribute to lowering the oxidative stability of oils. Chlorophyll
dyes are considered oxidation catalysts [19-21] but carotenoid dyes can act as antioxidants
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[22-24] but also as pro-oxidants [25,26], depending on the conditions in which the oil is
stored or the oil being treated.

The Figure 3 shows the change in oil color depending on the sample heating temperature. As
the temperature of the sample incubation increased, the color of the oil became brighter.

- N‘j : Aol M A1 44/
|

Figure 3. Photo showing the color change of samples of refined olive oil depending on the
temperature of their incubation (from the left: 20 °C, 60 °C, 100 °C, 140 °C and 180 °C)

After performing the spectrophotometric analyzes, the results are presented
as the dependence of the overall color parameter on the incubation temperature of the oil
samples (Figure 4) or as the dependence of carotenoid and chlorophyll dyes content in the oil
samples on the incubation temperature of these samples (Figure 5).

700 A
609

600

500 i extra virgin
olive oils

412

400

refined

304 " olive oils

w
=]
=]

212

258
212
138
84
l 36
20 60 100 140 180

Incubation temperature [°C]

Overall color parameter [-]
(]
[=
L)

[y
[=
=

o

Figure 4. Dependence of overall color parameter on incubation temperature of refined and
unrefined olive oil samples
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Figure 5. Dependence of the content of carotenoid and chlorophyll dyes on the incubation
temperature of refined and unrefined olive oil samples

The use of the reference method described in PN-A-86934:1995 [27] allowed
for a defined value of the overall color parameter for selected olive oil samples subjected
to thermal degradation. Carotenoid and chlorophyll colorants were also investigated during
the study. As the incubation temperature of oil samples was changed, the values of the overall
color parameter of the oils were also changed. The higher the incubation temperature
of the samples, the less the content of dye contained therein. This indicates the low stability
of chlorophyll and carotenoid dyes. Based on the data presented in Figure 4, it can be seen
that samples of extra virgin olive oil had a much higher overall color value than refined olive
oil samples. This is due to the fact that the refined oils are subjected to adsorption bleaching,
so that the dyes contained therein are removed [28]. Based on Figure 5, it can be seen that,
in all olive oil samples, both refined and unrefined, the proportion of chlorophyll dyes was
significantly higher than that of the carotenoid pigments. These results are consistent with
the literature [29], the high content of chlorophyll dyes in olive oil is responsible for its
greenish color.

4. CONCLUSIONS

Based on the results obtained, the lower value of the overall color parameter, means that
the oil is more degraded. The method used to evaluate the quality of edible oil using
spectrophotometric assays enables rapid analysis without the need for costly analytical
equipment. The overall color parameter is not a sufficient indicator of the quality of oils
subjected to thermal degradation. Despite the fact that dyes are non-volatile compounds
and do not form part of the volatile fraction of edible oil samples subjected to thermal
degradation, they have a significant effect on the oxidation of oils. Reducing the content
of dye in oil samples due to the effects of high temperature may mean that these dyes have
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been converted into derivatives. This was due to the oxidation of other substances present
inthe sample. Therefore, it was decided that in the future, the results obtained from
the spectrophotometric analysis will be compiled with the results obtained using gas
chromatography technique, which is one of the reference methods.

References

[1]
[2]
[3]

[4]
[5]
[6]
[7]
[8]

[9]

[10]
[11]

[12]
[13]

[14]
[15]
[16]
[17]

[18]
[19]
[20]
[21]

Obiedzifiska, B. Waszkiewicz-Robak, Zywn. Nauka Technol. Jakosé 80, 27 (2012).
K. Lozna, A. Kita, M. Styczynska, Probl. Hig. Epidemiol. 93, 871 (2012).

J. Vintila, Typical Traditional Processes: Cooking and Frying. In: Regulating Safety
of Traditional and Ethnic Foods. Academic Press, 2015.

J. Schauer, M. Kleeman, G. Cass, Environ. Sci. Technol. 36, 567 (2002).
T. Chiang, P. Wu, L. Ying, Food Chem. Toxicol. 37, 125 (1999).

T. Chiang, P. Wu, Y. Ko, Environ. Res. 81, 18 (1999).

T. Chiang, P. Wu, L. Wang, Mutat. Res. 381, 157 (1997).

Martinez-Yusta, E. Goicoechea, Aldehydes after Prolonged Heating at Frying
Temperature. In: Processing and Impact on Active Components in Food. Academic
Press, 2014.

K. Minkowski, A. Kalinowski, A. Krupska, Zywn. Nauka Technol. Jakosc¢ 95, 75
(2014).

M. Wroniak, M. Maszewska, Zywn. Nauka Technol. Jakosé 5, 26 (2011).

D. Firestone, Olive oil. In: Bailey’s industrial oil and fat products. Wiley-Interscience
Public., 2005, pp. 303-329.

F. Luchetti F, Eur. J. Lipid Sci. Technol. 104, 559 (2002).

International Olive Council: COI/T. 15/NC. No 3/ Rev.8. Trade standard applying to
olive oils and olive-pomace oils. February 2015. http://www.internationaloliveoil.org/
[21.07.2017]

M. Rahmani, A. S. Csallany, J. Am. Oil Chem. Soc. 75, 837 (1998).
J. Velasco, C. Dobarganes, Eur. J. Lipid Sci. Technol. 104, 661 (2002).
BN-91 8052-01. Oleje roslinne jadalne. Oliwy z oliwek.

Codex Alimentarius FAO/WHO: Codex standard for olive oils and olive-pomace oils.
Codex Stan 33-1981 (Rev.3-2015), p. 1-9.

PN-A-86908:2000. Oleje i thuszcze roslinne oraz zwierzgce - Rafinowane oleje roslinne.
K.H. Lee, M.Y. Jung, S.Y. Kim, J. Am. Oil Chem. Soc. 74, 1053 (1997).

H.R. Rawls, P.J. van Santen, J. Am. Oil Chem. Soc. 47, 121 (1970).

S. Ramamurthi, J. Agric. Food Chem. 43, 1479 (1995).

-87-


http://mostwiedzy.pl

A\ MOST

[22]
[23]
[24]
[25]
[26]

[27]

[28]
[29]

World Scientific News 75 (2017) 81-88

G. Britton, FASEB J. 9, 1551 (1995).

S. Beutner, B. Bloedorn, S. Frixel, J. Sci. Food Agric. 81, 559 (2001).

L.K. Henry, G.L. Catignani, S.J. Schwartz, J. Am. Oil Chem. Soc. 75, 823 (1998).
G.W. Burton, K.U. Ingold, Science 244, 569 (1984).

K. Haila, Effects of carotenoids and carotenoid-tocopherol interaction on lipid oxidation
in vitro, 1999.

PN-A-86934:1995. Oleje i thuszcze roslinne oraz zwierzgce. Spektrofotometryczne
oznaczanie barwy ogoélne;j.

H. Niewiadomski, Technologia tluszczow jadalnych, WNT Warszawa, 1993.
M. Wroniak, M. Wirkowska, Zesz. Probl. Post. Nauk Rol. 558, 311 (2011)

( Received 15 July 2017; accepted 09 August 2017 )

-88-


http://mostwiedzy.pl

