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Ten kinds of virgin olive oil of two major cultivars (Ayvalik and Memecik) produced in several areas of Turkey
(Bayindir, Edremit, Ortaklar, Burhaniye, Ezine, Tire, Havran, Ayvalik, Altinoluk, and Kiigiikkuyu) were analysed.
The quality characteristics, fatty acid composition, total phenol, and o-diphenol content of the samples were
determined. Oxidative stability and free radical scavenging activity were determined using Rancimat test, Schaal
oven test, and DPPH method. It was found that while Memecik oil from Ortaklar demonstrated the strongest
oxidative stability, Ayvalik oil from Ezine had the lowest oxidative stability among the samples. Fatty acid
composition and especially oleic acid/linoleic acid ratio was previously defined as a parameter that can help
distinguish cultivars from one another; however, this study proved that total phenol, especially o-diphenol content
of the oil, has the strongest effect on oxidative stability compared to other factors including fatty acid composition.
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Turkey is an important olive and olive oil producer and exporter country. According to IOC
data in 2008/2009 harvest period, Turkey produced 300 000 tons of table olives and 130 000
tons of olive oil (ANON., 2009). Several olive cultivars exist in Turkey and these cultivars
are processed for table olive and olive oil production. Major olive cultivars for oil production
are Memecik and Ayvalik olive cultivars. They are widely grown in Aegean and Marmara
regions of Turkey.

Mugla province is the origin of Memecik cultivar. It is also called Asiyeli, Giiliimbe,
Milas, Sehir, Tasarasi, Tekir, Yaglik, Yaglik sar1 zeytin, and Yaglik ¢elebi. This cultivar is
produced for oil (15%), table (30%), and double-purpose (53%) (ANON., 2008).

Ayvalik cultivar’s origin is Edremit in Marmara region. It is also named as Ada zeytini,
Alaca, Midilli, Edremit yaglik, and Sakran. This cultivar is produced for oil (76%), table
(15%), and double-purpose (7%) (ANON., 2008).

The main components of virgin olive oil are triacylglycerols and unsaturated fatty acids,
which are susceptible to autoxidation. Most of the beneficial compounds in olive oil, such as
tocopherols, sterols, and phenols, etc., are preserved since virgin olive oil is not refined and
these are the compounds which contribute to the strong antioxidant activity, flavour, and
colour, unique to virgin olive oil (Kiritsakis, 1998; VEeLasco & DoBARGANES, 2002). The
antioxidant content of oil is not constant; it depends on the cultivar, locations, olive growing
techniques, processing, and storage, etc. (BELTRAN et al., 2005). Oxidative stability, one of the
most important quality marker of edible oils, is commonly evaluated by accelerated methods
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employing relatively high temperatures and air flow supply (e.g., Rancimat, active oxygen
method, and oxidative stability instrument) (BaLbioLi et al., 1996; Aparicio et al., 1997).

In this study, oxidation stability of ten oil samples from several important olive oil
production locations in Turkey is analysed. The quality characteristics, fatty acid compositions,
total phenol and o-diphenol contents of samples were determined. Oxidation stability and
free radical scavenging activity were determined by using Rancimat test, Schaal oven test
and DPPH method. Moreover, relations between total phenol, o-diphenol, Rancimat, Schaal
oven test and DPPH method were discussed.

1. Materials and methods

1.1. Materials

Oil samples of 10 different kinds of olives from Ayvalik and Memecik cultivars which were
produced at different locations (Table 1) in Turkey, were provided by Taris Unions of
Agricultural Co-Operatives. All were processed with the same method during the 2007-2008
harvest period.

1.2. Methods
Peroxide value (PV), free fatty acid (FFA), and UV absorption characteristics (K, .., K _ , AK)

were determined by the Cd 8-53, Ca 5a—40, and Ch 5-91 methods described in tﬁé Arﬁgrican
Oil Chemist’s Society, respectively (A.O.C.S, 1997a; 1997b; 2005).

Fatty acids were converted to their methyl esters (IUPAC, 1987) and injected into a
Shimadzu GC-2010 model (Kyoto, Japan) gas chromatograph, fitted with a FID detector.
Separations were performed using a TR-CN100 capillary column (60 m, 0.25 mm i.d., 0.20
pm film thickness) (Teknokroma, Spain). Helium was used as carrier gas at a flow rate of
0.80 ml min'. Injector and detector temperatures were 230 and 240 °C, respectively. Column
temperature was kept at 185 °C for 40 min. Samples of 1 ul were injected with the use of an
auto-injector in split mode (1:50). FAMEs were identified by comparison of their retention
times with those of the reference standards.

Phenols were extracted following the method proposed by KaLanTzakis and co-workers
(2006). Five grams of olive oil were dissolved in 10 ml n-hexane to remove oil and extracted
with 10 ml of a methanol water mixture (60:40, v/v), then shaked vigorously by means of a
vortex, and centrifuged at 3500 r.p.m. for 10 min.

The total phenol content (TPC) of the extracts from the used method (KaLanTzakis et
al.,, 2006) was determined using Folin—Ciocalteu reaction. Two hundred microliters of
phenol extract was diluted with water to a total volume of 5 ml, followed by the addition of
0.5 ml Folin—Ciocalteu reagent. After 3 min, 1.0 ml of sodium carbonate solution (35%, w/v)
was added, mixed, and diluted with water to 10 ml. The mixture was allowed to stand for 1
h. The absorbance of the solution was measured after 1 h against a blank sample using UV—
VIS spectrophotometer at 725 nm. The results were expressed in mg caffeic acid/kg oil.

o-Diphenol concentrations were determined in a 4 ml sample of each phenolic extract
taken from the previously mentioned procedure (KaLanTzAKIS et al., 2006). These samples
were added to 1 ml of a 5% solution of sodium molybdate dihydrate in ethanol/water (1:1,
v/v) and were shaken vigorously. After 15 min, the absorbance at 370 nm was measured
using caffeic acid for the calibration curve. The results were expressed as mg caffeic acid/kg
oil (CErrETANI et al., 2005).
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Oxidation stability index (OSI) values were examined using the Rancimat equipment
(Metrohm Ltd., Herisau, Swiss) at 120 °C with a continuous air flow of 20 1 h™! passing
through the oil samples. The inflection point of the curve was assigned as the induction time
and given in hours (WAGNER & ELMADFA, 2000; Kopriviiak et al., 2008).

The free radical scavenging activity was measured by DPPH (2,2-diphenyl-1-
picrylhydrazyl) method in total olive oil samples and in methanol:water extracts from oil
samples. The following method was used to determine free radical scavenging activity of
methanol/water extract. The extract solution (0.5 ml) was added to 3 ml of a 10~ M methanolic
solution of DPPH and vortex-mixed. After 20 min of incubation, the absorbance was
measured at 515 nm (KaLantzakis et al., 2006) and free radical scavenging action toward
DPPH radical was estimated from the difference in absorbance with or without sample
(control) and the percent of inhibition was calculated with the following equation:

el 0/ Acontrol_Asample
Inhibition% = ————— %100

control

The free radical scavenging activities in total olive oil samples were determined
according to a reported procedure (Karantzaxkis et al., 2006). One ml of oil solution (10%
w/v) was added to 4 ml of a freshly prepared DPPH solution (0.1 mM) in a 20 ml test tube,
which was immediately tapped and vigorously mixed for 10 s using a vortex apparatus. Ethyl
acetate was used as a solvent. Absorbance of the mixture was measured for 30 min at 515 nm
and the percent of inhibition was calculated according to the above-mentioned formula.

Schaal oven test was carried out in dark for 30 days at 60 °C in an oven with active air
circulation. During storage, samples were withdrawn for analysis and the progress of
oxidation was followed by PV, K ., and K, as mentioned above. A Hitachi U-2800A UV/

232 270
VIS spectrophotometer (Tokyo, Japan) was used for spectrophotometric measurements.

1.3. Statistical analysis

Statistical analysis was carried out using SPSS 11.5 (2002) software. One-way ANOVA
followed by “Duncan’s test”” was applied to calculate the difference (at 95% level) between
mean values of some basic quality parameters of olive oil samples. Same statistical analysis
was applied to mean values of three of these parameters (PV, K, , and K, ) during Schaal
Oven test. The Pearson correlation test was used to determine correlations between total
phenol, o-diphenol, RSA, OSI, PV, and oleic acid/linoleic acid ratio (C18:1/C18:2). Ten olive

oil samples from two cultivars were analysed with two replications.

2. Results and discussion

Ten olive oil samples from two cultivars (Ayvalik and Memecik) and different locations in
Aegean and Marmara Regions are shown in Table 1.

The quality characteristics (FFA, K ,,, K, and AK values) of oil samples are presented
in Table 2. FFA and PV contents vary between 0.68-0.80% and 7.24-15.83 meq O,/kg oil,
respectively. K ., K, , and AK values were between 1.22-2.36, 0.06-0.21, and (-0.0022)—

(0.0036), respectively. The obtained results were below the limit values (FFA 0.80%, PV 20
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meq O, kg' oil, K, 2.50, K 0.22, and AK 0.01) for virgin olive oil established by the
International Olive Oil Council’s (IOOC) trade standard for olive oil and olive-pomace oil
(ANON., 2006). FFA value reached the limit value 0.8% in only one sample.

Table 1. Areas and cultivars of olive oil samples obtained

Sample  Location Cultivars
Tl Bayindir Memecik
T2 Edremit Ayvalik
T3 Ortaklar Memecik
T4 Burhaniye Ayvalik
T5 Ezine Ayvalik
T6 Tire Memecik
T7 Havran Ayvalik
T8 Ayvalik Ayvalik
T9 Altinoluk Ayvalik
T10 Kiiciikkuyu Ayvalik

Table 2. Some quality parameters of olive oil samples

Samples FFA PV K,,, K, AK
(%, oleic acid) (meq O, kg™ oil)

Tl 0.80+0.04" 13.86+0.80° 2.18+0.08° 0.12+0.00° 0.0018+0.00°
T2 0.76+0.01* 15.05+0.57% 2.14+0.02° 0.06+0.00¢ 0.0033+0.00°
T3 0.71£0.01< 15.83+0.65° 2.1140.01° 0.21+0.01* 0.0036=0.00°
T4 0.72+0.01¢ 10.80+0.54¢ 2.36+0.01° 0.11£0.01¢ —0.0016+0.00¢
T5 0.77+0.02%* 12.05+0.70¢ 2.18+0.01° 0.10+0.00%" —0.0013+0.00"
T6 0.71+0.02¢¢ 12.09+0.80° 1.96+0.03¢ 0.10+0.01¢ 0.0002+0.00¢
T7 0.79+0.01° 8.65+0.07¢ 2.1740.01° 0.11£0.00°¢ 0.0003+0.00¢
T8 0.73+0.00% 7.24+0.66° 1.22+0.01¢ 0.11£0.00°¢ —0.0021+0.00"
T9 0.69+0.00° 7.77£0.09% 1.43+0.03¢ 0.12+0.01% —0.0022+0.00"
T10 0.68+0.02< 11.57+0.13¢ 1.91+0.01¢ 0.09+0.00" —0.0005+0.00°

*Values are means+SD of two measurements. Means within a column with different letters are significantly different
(P<0.05) by one-way ANOVA analysis.

The percentages of all fatty acids were also within the limits of the above-mentioned
standard (Table 3). The analysis of fatty acid content demonstrated that oleic acid value was
higher in Memecik cultivar compared to Ayvalik cultivar while the linoleic acid value was
lower. As a result C18:1/C18:2 ratio is significantly higher in Memecik cultivar. It is known
that this oleic to linoleic ratio is useful in the characterization of olive cultivars (APARICIO et
al., 1999).
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Table 3. Fatty acid (%) composition of olive oil samples®

T1 T2 T3 T4 TS T6 T7 T8 T9 T10
C14:0 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Cl16:0 12.27 12.50 12.55 12.93 12.41 11.61 12.02 13.09 11.64 11.77
Clé6:1 0.85 0.81 0.88 0.78 0.81 0.84 0.99 0.95 0.99 1.08
C17:0 0.06 0.09 0.05 0.16 0.17 0.08 0.21 0.24 0.21 0.24
Cl17:1 0.07 0.12 0.06 0.21 0.19 0.05 0.16 0.16 0.15 0.15
C18:0 2.33 2.53 2.37 2.57 2.62 1.98 2.50 222 2.39 2.36
Cl18:1 75.01 7343 7445 7200 7290 76.74  73.00 7221 73.96  73.48
Cl18:2 7.81 9.03 8.07 10.45 9.48 7.43 9.98 10.00 9.50 9.87
C20:0 0.39 0.40 0.38 0.38 0.37 0.28 0.26 0.25 0.25 0.21
C18:3 0.66 0.62 0.65 0.50 0.56 0.57 0.47 0.47 0.48 0.41
C20:1 0.36 0.35 0.32 0.33 0.34 0.33 0.32 0.33 0.33 0.34
C22:0 0.13 0.12 0.12 0.13 0.13 0.08 0.10 0.08 0.10 0.09
C24:0 0.07 0.07 0.05 0.02 0.02 0.01 0.02 0.02 0.03 0.02

Ratio
C18:1/C18:2 9.60 8.14 9.23 6.89 7.70 10.33 7.33 7.23 7.80 7.45

“Values are means of two measurements.

However in this study, the oleic to linoleic acid ratio of oil samples, which is reported as
an indication of the oxidation stability of olive oil, did not show correlation to total phenol,
o-diphenol, OSI, and free radical scavenging activity. Only a weak correlation between PV
and C18:1/C18:2 ratio (1=0.571, P<0.01) was found. Similar results were presented by
KiraLan and co-workers (2009).

Total phenol and o-diphenol contents, OSI, and free radical scavenging activities (of
both non-polar and polar fractions) of oil samples are presented in Table 4. While the sample
T3 had the highest total phenol and o-diphenol content (151.71-12.63 mg caffeic acid/kg oil,
respectively), the lowest total phenol and o-diphenol content (51.22-5.45 mg caffeic acid/kg
oil) was detected in sample T10. o-Diphenol content level varied between 5.45 (sample T10)
and 12.63 (sample T3) mg caffeic acid/kg oil.

A robust correlation was determined between the values of total phenols and o-diphenols
(r’=0.945, P<0.01). The correlation table is not shown in the article due to table number
limitations. This is not an unexpected situation since the active phenols in the virgin olive oils
are mainly o-diphenols, such as hydroxytyrosol and its oleosidic forms, protocatechuic and
caffeic acids (ParanporouLos & Boskou, 1991; MoNTEDORO et al., 1993; BaLpioL et al., 1996).
These results are in agreement with those reported by BonoLi and co-workers (2004), who
found a high correlation between total phenol and o-diphenol (r>=0.879, P<0.0001).

RSA was measured both in methanol:water extracts and in total oil (Table 4). Sample
T3, which had the highest total phenol and o-diphenol value, had the highest RSA value;
88.40 % in methanol:water extract and 77.45% in oil. This study demonstrated that the
correlation of RSA! with RSA? was also robust (r*=0.885, P<0.01). In fact the analysis of
correlation between total phenol and o-diphenol value with RSA proved a strong correla-
tion (TP and RSA! r’=0.901, TP and RSA? r=0.914, o-diphenol and RSA' r’=0.895,
o-diphenol and RSA? r>=0.907, P<0.01). Pokrio and co-workers (2008) previously observed
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Table 4. Total phenol and o-diphenol contents, free radical scavenging activity,
and oxidation stability index of oil samples

Samples Total phenol o-Diphenol RSA* (%) RSA** (%) OSI (h)
(mg caffeic acid/kg oil)  (mg caffeic acid/kg oil)

Tl 121.1340.72e%%* 9.63+0.02¢ 55.01+£0.06¢  65.55+0.07°  6.48+0.01°¢
T2 119.92+0.72¢ 10.51+0.02¢ 72.00£0.06¢  69.85+0.21°  5.63+0.02¢
T3 151.71£0.72° 12.63+0.02° 88.40+0.06*  77.45+0.07*  7.98+0.10°
T4 90.59+0.72¢ 8.1840.02¢ 59.58+0.06"  59.25+0.07"  5.38+0.09"
T5 61.88+0.72" 6.89+0.06" 41.92+0.12"  56.30+0.00"  4.46+0.16'
T6 65.49+0.00¢ 8.27+0.021 38.54+0.06'  53.90+0.14"  5.97+0.01°
T7 100.74+0.72¢ 8.52+0.08° 59.84+0.06°  56.75+0.07¢  7.43£0.04¢
T8 124.55+0.00° 11.5840.02° 78.73+0.12°  64.95+£0.07¢  9.08+0.08"
T9 79.65+0.00° 8.3140.06" 61.74£0.06¢  62.70+0.28°  8.3440.12°
T10 51.22+0.00 5.45+0.11° 40.88+0.06'  49.70+0.00'  4.34+0.23

RSA expressed as % reduction in concentration of DPPH after a 30 min reaction. *The free radical scavenging of
methanol:water extracts; **the free radical scavenging of oils; ***values are means+SD of two measurements.
Means within a column with different letters are significantly different (P<0.05) by one-way ANOVA analysis

a correlation between DPPH and o-diphenol (0.87, P<0.05) similar to our results. A study on
the effects of compounds on the stability of virgin olive oil found out that phenolic and
orthodiphenolic compounds had a share around 51%, the composition of fatty acids 24%, and
a-tocopherol, carotenoids, and chlorophylls in smaller percentages (Aparicio et al., 1999).

Under accelerated conditions, oxidation was very fast and hydroperoxides decomposed
rapidly to secondary oxidation products. OSI ranged between 4.34 h (sample T10) and 9.08
h (sample T8), as shown in Table 4. It was observed that the correlation of OSI with RSA'
was higher (1=0.705, P<0.01) than with RSA? (r*=0.541, P<0.05). This result can be
explained by term polar paradox, which is that polar antioxidants are most effective in oils,
whereas non-polar antioxidants are more effective in a polar substrate (PORTER, 1993 ; FRANKEL
et al., 1994, 1996).

A weak positive correlation was observed between OSI and total phenol value (*=0.619,
P<0.01). A comparable result (r=0.56, P<0.05) was found in a similar study (CERRETANI et al.,
2005). Moreover, it is known that under the Rancimat conditions o-diphenols rapidly became
depleted from the outset (ManceBo-Campos et al., 2007). Therefore, although these rapid
assays are very useful in measuring the relative oxidative stability index for virgin olive oils
and other edible oils, they cannot be used to predict the real shelf-life of these food products.
There is an unsatisfactory correlation between stability at 25 °C and stability under rancimat
conditions (r’=0.55,P<0.01). A probable reason for that are the different oxidation mechanisms
at 25 °C and temperatures higher than 60 °C (ManceBo-Cawmpos et al., 2007).

Schaal oven test was performed at 60 °C. Peroxide, conjugated diene and triene values
of the oils were monitored for 30 days and plotted against time, as indicated in Figs 1 and 2,
respectively.

Peroxides, especially hydroperoxides, are primary oxidation products during iniation
step of lipid oxidation. Differences among samples emerged after the fifteenth day of 30 days
storage at 60 °C. At the end of the 30 days storage TS, T10, and T6 samples reached the
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highest PV values (272.98, 251.53, and 216.61 meq O, /kg oil, respectively), peroxide
formation in T3 (PV=66.08 meq O,/kg oil) occurred to be less than in other samples (Fig. 1).

300 r
250

200

PV, meq O,/kg oil
[y
a1
o

Storage, day

Fig. 1. Changes in PV (meq O,/kg oil) of oil samples during storage at 60 °C.
== T1; =lii=: T2, e T3; cmdomm: T4; == T5; 1 T6; ==t==:T7, 1 T8; cmn: TO; et T10

During the oxidation process, free lipid radicals formed and two conjugated double
bonds derived from the original pentadienoic double bond systems. UV absorption is a
suitable method to monitor the changes in lipid oxidation (KamaL-ELDIN & Pokorny, 2005).
As shown in Fig. 2, after the fifteenth day of storage there is a significant increase in the
amount of free lipid radicals as PV values, especially in sample T5. Sample T5 reached 27.64
at the end of 30 day storage, followed by sample T10 with 20.44. On the other hand, diene
values of T3 and T8 samples were 11.54 and 11.75, respectively, at the end of the storage
period, which were lower than values of the other samples.

Triene value is correlated to the presence of secondary oxidation products. The results
obtained for the triene value are presented in Fig. 2. During the storage, a significant increase
of this value occurred in all experiments. The highest value (1.52) was observed in TS5, the
lowest value (0.52) was recorded in T8 at the end of the storage.

3. Conclusion

This study shows that there is a consistency between PV, K, , and K values of the samples
stored at 60 °C. According to Schaal oven test results sample T3, which had highest TP and
o-diphenol content and RSA value, is the most resistant to oxidation. TS and T10 samples,
which have lowest TP and o-diphenol levels and OSI and RSA values, proved to be most
vulnerable to oxidation. Results proved that TPC, especially the o-diphenol content of the oil,
is the most important characteristic of the extra virgin olive oil in order to determine oxidation.
The C18:1/C18:2 ratio and the initial PV appeared to have no important effect on the oxidation
stability during the storage period.
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Fig. 2. Changes in K232 and K270 values of oil samples during storage at 60 °C.
== T1; =llli=: T2, === T3; emdemm: T4; ==e==: T5; 1 T6; ==t==: T7, 1 T8; e TO; wtp=: T10
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