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Abstract: The aim of the present study was to determine the changes in the chlorophyll content and the K3, and
K70 specific extinction coefficient values in virgin olive oil (VOO) subjected to high temperatures for 24 h. VOO,
was obtained from Kahramanmaras city, Turkey, and subjected to 150, 160, 170, 180. 190 and 200°C for 2, 4, 6, 8,
10, 12 and 24 h, and the chlorophyll content and the K,3, and Ky specific extinction coefficient values were
determined. The chlorophyll content of VOO decreased significantly as the treatment temperature and the extent of
heat treatment increased (P<0.05) Especially, the temperature above 180°C, the chlorophyll content decreased below
3% after 24 h. The Ky, and Ky specific extinction coefficient values of VOO increased significantly with
increasing the treatment temperature and time (P<0.05). The values of K,3, and Ko specific extinction coefficients
reached to 9.12 and 5.28 (1%, 1 cm), respectively, at 200°C after 24 h. However, the rates of the increase in these
values did not change with respect to different temperature and time. A significant inverse relationship was found
between the chlorophyll content and the K,3, and K,y specific extinction coefficient values (P<0.05). This study
showed that chlorophyll, as one of the major quality criteria for olive oils, is heat-liable, and decomposes at high
temperatures and long treatment times. In addition, increases in the conjugated diene and triene contents of VOO
indicate the accelerated oxidation reactions at high temperatures; therefore VOO is no longer classified as “virgin
olive oil” according to the official standards.
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Natiirel Zeytin Yagindaki Klorofil Renk Maddelerinin Isisal Kararhhg:

Ozet: Bu caligmanin amact, yiiksek sicakliklara maruz birakilan natiirel zeytinyaginda klorofil ve konjuge baglarin
miktarlarindaki degisimi 24 saat siiresince belirlemektir. Kahramanmarag, Tirkiye’den temin edilen natiirel
zeytinyagi, 150, 160, 170, 180. 190 ve 200°C sicakliklarda 2, 4, 6, 8, 10, 12 ve 24 saat bekletilmis ve natiirel
zeytinyaginin klorofil miktar1 ve 232 ve 270 nm’deki absorbans degerleri Sl¢lilmiigtiir. Natiirel zeytinyaginin
klorofil miktar1 sicaklik ve siire arttikca istatistiksel olarak dnemli oranda diisiis gdstermistir (P<0,05). Ozelikle,
180°C iizeri sicakliklarda 24 saat islem goren sizma zeytinyaginda klorofil miktar1 %3’iin altina diismiistiir. Natiirel
zeytinyaginin Ko, ve Kyzgabsorbans degerleri, sicaklik ve siirenin artigina paralel istatistiksel olarak 6nemli oranda
artmigtir (P<0,05). 200°C sicaklikta ve 24 saat sonunda natiirel zeytinyaginin K3, absorbans degeri 9,12 (1%, 1cm)
ve Ky absorbans degeri 5,28 (1%, 1 cm)’ye ulasmustir. Ancak, farkli sicaklik ve siireler sonunda Kz, ve Kyzg
absorbans degerlerindeki artig hizt hemen hemen sabit kalmistir. Lineer regresyon analizinde, klorofil miktarindaki
disiis ile Ky ve Kyyo absorbans degerlerindeki artig arasinda istatistiksel olarak onemli negatif bir iliski
bulunmustur (P<0,05).Sonug olarak, natiirel zeytinyaginin kalite gostergelerinden olan klorofilin 1siya karsi duyarh
oldugu ve uzun siire sicaklik uygulamalarindan olumsuz etkilendigi gériilmiistiir. Ayrica, yiiksek sicaklikla meydana
gelen oksidasyon reaksiyonlari zeytinyaginda konjuge baglarin artisina neden olmustur. Bulunan Kj3, ve Kygg
absorbans degerleri, resmi standartlarda verilen degerleri astig1 i¢in natiirel zeytinyag: vasfini yitirmistir.

Anahtar kelimeler: Natiirel zeytinyag, klorofil, konjuge bag, 1s1 kararhig

INTRODUCTION

Virgin olive oil (VOO) is obtained from the olive
fruits using solely mechanical or other physical means,
which do not alter the oil quality in any way. It has not
undergone any sort of chemical treatments (use of
solvents or re-esterification methods etc.), other than
washing, decanting, centrifuging, and filtering. This
creates authenticity for the VOO, and distinguishes it
from other edible vegetable oils in terms of aroma, taste,
color, nutritional properties and oxidative stability
(Morello et al., 2004; Angerosa et al., 2006; Tsimidou,
2006).

In the last few years, interest in VOO, traditionally
consumed in the Mediterranean area, has been extended

"This study is a part of M.Sc. thesis of the first author
Corresponding author: Inanc, A.L., linanc@ksu.edu.tr

to other countries (Northern Europe, USA, Japan, etc.)
due its highly appreciated organoleptic and nutritional
characteristics by the consumers. The healthy benefits
of VOO arise from its chemical composition and have
traditionally been attributed to the high content of
monounsaturated acids (oleic acid) and minor
components such as phenolics, tocopherols and
carotenoids (Angerosa, 2002; Boskou et al., 2006;
Perez-Jimenez et al., 2007). The positive influence of
VOO on health include an improvement in blood lipid
profile by lowering the total and LDL (Low Density
Lipoproteins)-cholesterol levels while significantly
raising the level of HDL (High density Lipoproteins)-
cholesterol in the blood stream, reducing degenerative
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and coronary heart diseases, diabetes, certain cancer
risks such as breast, prostate and colon cancers, and
certain malignant tumors (endometrium, digestive tract,
skin tumors) (Anon, 2004; Ozyilkan et al., 2005; Visioli
et al., 2006; Perez-Jimenez et al., 2007).

The color of VOO is an important characteristic of
quality, and plays a key role as a factor of acceptability
among consumers. In fact, many consumers particularly
appreciate a deep green color in oil, like in VVO. The
green-yellowish color of VOO is due to various
pigments, i.e. chlorophylls, pheophytins and
carotenoids, distinguishing it from other vegetable oils
(Cichelli and Pertesana, 2004; Del Giovine and Fabietti,
2005; Boskou et al., 2006). However, the oxidative
stability of VOO is greatly affected by the presence of
these compounds and their derivatives.

VOO provides a rich source of natural antioxidants.
These include carotenoids, tocopherols and phenolic
compounds which have been reported to play a key role
in preventing lipid oxidation by different mechanisms
(Aparicio et al., 1999; Cichelli and Pertesana, 2004;
Morello et al., 2004). On the other hand, chlorophylls
and the pheophytins in presence of the light act as
catalysts in the formation of singlet state oxygen, which
reacts with unsaturated fatty acids and produces fatty
acid  hydroperoxides. Decomposition of these
hydroperoxides initiates a free-radical type of
autoxidation. This photooxidation results in a change in
color and, because of the formation of hydroperoxide
decomposition products, develops undesirable odor and
flavor constituents (Chen and Liu, 1998; Endo et al.,
1984; Rahmani and Csallany, 1998). Thus, prevention
of oxidation reactions in VOO is of great importance to
ensure palatability, economy, and nutritional value.

The objective of the present study was to evaluate
the changes in the chlorophyll and conjugated diene and
triene contents in the VOO with temperature and the
extent of heat treatment. The results of the study will
help us understand the fate of chlorophyll during the
oxidation reactions.

MATERIAL and METHODS

Material

VOO from the olives in 2012-2013 harvest seasons
was obtained from a local olive oil plant (Demirkol
Ltd., Kahramanmaras). The characteristic of the olive
oil are as follows: free acidity, 0.49% (as oleic acid);
peroxide value, 5.22 merzkg‘l; Ky, and Ky
extinction coefficients, 1.89 and 0.15, respectively; total
phenolic content, 65.2 mg tannic acid kg”, and
chlorophyll content, 200 mgL™.

Sample Preparation

The oil samples (25 ml each) were transferred into
50 ml serum bottles. The serum bottles were sealed
airtight with Teflon-coated rubber seals and aluminum
caps and heated to 150, 160, 170, 180, 190 and 200°C
under dark condition in a forced air oven. All samples
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were prepared in duplicate. Chlorophyll and conjugated
diene and triene contents were measured periodically
every 2-h intervals until the time at which chlorophyll
content decreased to 1 mgL™.

Determination of Chlorophyll content in VOO

Chlorophyll content in oil samples was determined
by reading the absorbance at 630, 670 and 710 nm in a
10 mm spectrophotometer cell against air as described
by Pokornyet al. (1995) and expressed as milligrams of
pheophytin “a” per kilogram of oil. The method is
suitable for the determination of quantities of
chlorophylls higher than 1 mgkg™. The following
equation was used for the determination of total
chlorophyll content in VOO:

C = 3453 X (Agyo — 0.5 X Agzg — 0.5 X

Az10)L7
where; C is the content of chlorophylls (mg pheophytin
“a”’kg™ oil), A is the absorbance at the respective
wavelength (nm), and L is the thickness of the
spectrophotometer cell (mm).

Determination of Conjugated Diene and Triene

Contents

Content of conjugated dienes as absorbance at 232
nm (Asx) and content of conjugated trienes as
absorbance at 270 nm (Ayz), were determined by
dissolving weighed-out samples in isooctane (0.1%) and
reading the sample absorbance at 232 nm (A,s,) and 270
nm (A7), using a UV/VIS double-beam scanning
spectrophotometer (Shimadzu, Japan) (Anon, 2001).

Statistical Analyses

For the statistical design, a completely randomized
experimental design was applied. The data in each
analysis were subjected to a two-way ANOVA (SPSS
13.0 for Windows (SPSS Inc., 2004) with “temperature”
and “the extent of heat treatment” as independent
variables. The significant differences among the means
are determined using Duncan’s Multiple Range test.
Differences were considered statistically significant
when the probability was greater than 95% (P<0.05).

RESULT and DISCUSSION

Changes in Chlorophyll Content

Chlorophyll is responsible for the greenish
coloration of certain olive oils. Those pigments are also
important in olive oil stability. The thermal stability of
chlorophyll in the VOO samples was determined for 0,
2, 4,6, 8,10, 12, and 24 hours at 150, 160, 170, 180,
190 and 200°C. The changes in the chlorophyll content
at different temperature over time are shown in Figure
1. Two-way ANOVA results indicated that the
interaction of temperature and the extent of heat
treatment was significant (P<0.05).
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Figure 1. Effect of temperature on thermal stability of chlorophyll in VOO

The initial chlorophyll content of VOO was
200+0.57 mgkg™. It was found that the higher the
treatment temperature, the lower the chlorophyll content
in the VOO sample (P<0.05). A 10°C increase in the

temperature caused 2 to 15% decrease up to 12 h, and
27 10 67% decrease up to 24 h in the chlorophyll content
(Table 1). No chlorophyll was detected at 200°C after
24 h heat treatment.

Table 1. Changes in the chlorophyll content (mgkg™) of VOO

Extent of Heat Treatment (h)

Temperature (°C) 0 2 4 6 8 10 12 24
150 200.0%" 178.6°¢ 158.0°F 141.2%F 133.9°° 112.6°C 9947 34197
160 200.0*" 1750°9¢ 155.1°F 13739 120.09° 112.4°C 94.1°® 250°A
170 200.0%" 163.4"¢ 1458™F 130.0°F 120.7°° 9589 85298 162°~
180 200.0°" 160.0°¢ 139.4°F 119.0°F 96.2°° 856°C 74.0°® 30°°
190 200.0°" 155.2°¢ 1348°F 1165%*F 92.1*P g06°¢ 68.0°% 1.0°°
200 200.0%¢ 149.0°F 126.7°F 112.1°° 89.2%¢ 754°® 569%* nd.

Means followed by different letters within each column (series “a-f’) and each row (series “A-H”) are significantly

different (P<0.05), n.d.: not detected

The extent of heat treatment accelerated
decomposition of chlorophyll in the VOO sample
significantly  (P<0.05). The chlorophyll content

decreased up to 71.6 and 99.5% of the initial value at
the end of 12- and 24-h treatments, respectively.
Especially high treatment temperatures (180, 190 and
200°C) were found to have more detrimental effect on
the stability of chlorophyll in VOO.

The findings indicate that chlorophyll is heat-labile
and severely affected by the extent of heat treatment.
These results are in good agreement with Ayadi and
Grati-Kamun (2009), Malheiro et al. (2009) and Jaber et
al. (2012) who reported more than 90% chlorophyll loss
in olive oil samples.

Changes in Conjugated Diene (Kys) and Triene

(K570) Contents

The ultraviolet spectrophotometric analysis at 232
and 270 nm is simple and useful parameters for
assessing the state of olive oil oxidation, being its values
expressed as specific extinction coefficients. K,z, is a
measure of the primary oxidation products, conjugated
dienes, which are formed by a shift in one of the double
bonds. K is the indicative of conjugated trienes (the
primary oxidation products) and secondary oxidation
products such as aldehydes and ketons (Kiritsakis et al.,
2002). The maximum values permitted for K,3, and Ko
are respectively 2.50 and 0.20 for extra VOO, and 2.60
and 0.25 for VOO, respectively (Annexes Il and 1X in
European Community Regulation EEC/2568/91).
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The conjugated diene content (K,3, value) of the
VOO sample was determined for 0, 2, 4, 6, 8, 10, 12,
and 24 hours at 150, 160, 170, 180, 190 and 200°C.
Figure 2 shows the changes in K3, specific extinction
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coefficient at different temperature over time. It was
found that the interaction of temperature and the extent
of heat treatment significantly affected the K., specific
extinction coefficient (P<0.05).

10

Kz, (1%, 1 cm)

12 24

Time (Hour)
Figure 2. Effect of temperature on the K3, specific extinction coefficient of VOO

The initial Ky, specific extinction coefficient of
VOO was 1.25+0.13 (1%, 1 cm). The increase in the
temperature increased the Koa,specific extinction
coefficient significantly (P<0.05), and reached up to
9.12 (1%, 1 cm) at 200°C after 24 h of heat treatment

(Table 2). Every 10°C increase from 150 to 200°C
resulted in 4 to 7 times increase in the K3, specific
extinction  coefficient, indicating that  higher
temperatures had more effective on the formation of
conjugated dienes in VOO.

Table 2. Changes in the K3, specific extinction coefficient of VOO

Extent of heat treatment (h)

Temperature (°C) 0 2 4 6 8 10 12 24
150 1.25%*  160°®  1.89°¢ 2122P 239°F 341°F 387°¢ 525°H
160 1.25%*%  1.65%®B  192°C 261°P 279°F 366°7 398°¢ 6.13°"
170 1.25%%  169°8  211°¢ 299°P 339°F 389°F 421°¢  7.44°H
180 1.25%%  181°* 229°¢  326°" 3719 401° 4899 780"
190 1.25%%  191°® 2879 377°® 401°F 489°F 510°¢ 859°"
200 1.25%* 236°® 323°C 387" 411" 487°F 5557¢ 912

Means followed by different letters within each column (series “a-f”) and each row (series “A-H”) are significantly

different (P<0.05).

It was found that the higher the extent of heat
treatment, the higher the Ky, specific extinction
coefficient in the VOO sample (P<0.05). When the
extent of heat treatment increased from 0 to 24 h the
Ko, specific extinction coefficient increased around
1.6+0.2 times. However, the rate of the increase in Kas,
specific extinction coefficient did not change with the 2-
h increment in the heat treatment (P<0.05), indicating
that the formation of conjugated dienes in VOO
occurred almost same rate.

The conjugated triene content (K,z,) of the VOO
sample was determined for 0O, 2, 4, 6, 8, 10, 12, and 24
hours at 150, 160, 170, 180, 190 and 200°C. The
changes in Ky, specific extinction coefficient at
different temperature over time are illustrated in Figure
3. The result of two-way analysis of variance (ANOVA)
indicated that the interaction of temperature and the
extent of heat treatment significantly affected the Ky
specific extinction coefficient (P<0.05).
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Figure 3. Effect of temperature on the K, specific extinction coefficient of VOO

The initial K,z specific extinction coefficient of
VOO was 0.11+0.03 (1%, 1 cm). It was found that the
greater the temperature, the greater was the increase in
the Ky7g specific extinction coefficient. The K7, specific
extinction coefficient significantly increased when the
temperature increased (P<0.05), and reached up to 5.28
(1%, 1 cm) at 200°C after 24 h of heat treatment (Table
3). Every 10°C increase from 150 to 200°C accelerated
the Ky specific extinction coefficient about 27 to 48
times, indicating that higher temperatures had more
effective on the formation of conjugated trienes in
VOO.

It was observed that when the extent of heat

extinction coefficient increased around 2.2+0.5 times.
However, the rate of the increase in Kz specific
extinction coefficient did not change with the 2-h
increment in the heat treatment (P<0.05), indicating that
the formation of conjugated trienes in VOO occurred
almost same rate.

These experimental results are in agreement with the
expectation because the formation of conjugated -C=C-
C=C-C=C- double bond system is improbable even in
the case of linolenic acid oxidation. The —C=C-C=C-
C=0 systems are more probable, and could interfere
with the measurement at 270 nm. The value of K3, and
Ky70 specific extinction coefficients in this study

treatment was increased, the K,, specific extinction exceeded the limits established by European

coefficient in the VOO sample was increased Community Regulation (Annexes Il and [IX in

significantly (P<0.05). When the extent of heat EEC/2568/91) for VOO.

treatment increased from 0 to 24 h the Ky specific

Table 3. Changes in the K, specific extinction coefficient of VOO

Extent of heat treatment (h)
Temperature (°C) 0 2 4 6 8 10 12 24

150 0.11%* 015** 021°* 054°®  074°¢ 089" 120%F 299°%F
160 0.11°4 017°* 036°® 052*¢ 076°° 099°F 139°F 325°C
170 0.11°4 0.22°* 041°®  078°¢ 1.01°° 147°F 1.94°F 387°C
180 0.11°4 0.22°* 047%% 081™¢ 125°° 149°F 209°F 431°
190 0.11%* 0.24°® 054°¢ 089°° 1409 174°F 2319¢ 498°"
200 0.11°* 031°® 068°c 1.09°° 148°F 186°F 242°9¢ 528™

Means followed by different letters within each column (series “a-f) and each row (series “A-H”) are significantly

different (P<0.05).

These results are in good agreement with the
previous studies in which different storage or treatment

temperature and time accelerated the value of Ky, and
K70 specific extinction coefficients in VOO (Caponio et
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al., 2005; Allouche et al., 2007; Bester et al., 2008;
Avyadi and Grati-Kamun, 2009; Mahmoud et al., 2009;
Malheiro et al., 2009; Farhoosh et al., 2012).

Correlation of Chlorophyll Content with Specific

Extinction Coefficients

The relationship between the changes in the
chlorophyll and conjugated diene (K,3,) and triene
(Kz70) contents with temperature and the extent of heat
treatment was studied by regression analysis. The
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relationship was found to be significant (P<0.05), and
chlorophyll content inversely related to Ky, and Kyzg
specific extinction coefficients.

The coefficient of determination (R?) was higher than
0.95 for Ky, specific extinction coefficient and 0.88 for
K70 specific extinction coefficient, indicating a good
correlation between the chlorophyll content and the Kjs,
and K,z specific extinction coefficients (Table 4). Our
findings are in agreement with those of Malheiro et al.
(2009).

Table 4. Linear regression analysis between chlorophyll content and K3, and K, specific extinction coefficients

K232 K270
Equation R? Equation R?
- 150 y=-37.46x+234.21 0.96 y=-51.72x+176.96 0.91
é 160 y=-33.75x+229.67 0.98 y=-50.19x+175.84 0.92
2 170 y=-27.95x+213.85 0.96 y=-43.23x+172.65 0.93
s; 180 y=-28.29x+212.29 0.96 y=-41.17x+164.97 0.89
2 190 y=-25.96x+211.15 0.95 y=-35.57x+160.32 0.88
© 200 y=-32.74x+233.66 0.98 y=-54,92x+177.99 0.90
CONCLUSION Angerosa, F. 2002. Influence of Volatile Compounds on

This study evaluated the changes in chlorophyll
content and oxidative stability of virgin olive oil at the
temperatures between 150 and 200°C during 24 hours.

During heat treatment, a decrease in the chlorophyll
content and an increase in the UV absorbance values
(Kas, and Kjg) took place in VOO, as the measure of
oxidative degradation of VOO. Significant differences
were found among the oil samples treated at different
temperature and time at 5% significance level.

The thermo-oxidative stability of VOO was higher at
high temperature and for long treatment time.
Chlorophyll content decreased around 99.5% at 200°C
after 24 h of heat treatment. Ky, and K,y specific
extinction coefficients of VOO exceeded the maximum
allowable limits of the European Community
Regulation at the experimental conditions used, being
not considered as VOO anymore. These results showed
that VOO is not suitable for high temperature processes.

Linear regression analysis was able to predict VOO
degradation in terms of chlorophyll content and K3, and
Ko7 specific extinction coefficients. The coefficient of
determination (R?) ranged between 0.88 and 0.98,
indicating that determination of chlorophyll content and
Koz and Koy specific extinction coefficients was assigned
as the useful markers of oxidative status of VOO.
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