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SUMMARY: The main goal of this study is to rapidly screen olive oil contents by acquiring one dimensional
(1D) 'H NMR spectra of 38 samples from Turkey, The Middle East, and Libya. The quantitative analysis of
the '"H NMR helped in distinguishing the geographical origin of the olive oil samples. The intensity of 'H NMR
variables was submitted to the statistical method, analysis of variance (ANOVA). As a result of combining the
NMR data and ANOVA, olive oils were discriminated based on regional origin rather than province. This less
time consuming discriminative screening by '"H NMR does not require any further analysis of the olive oil,
including oxidative stability measurements or gas chromatography. The possibility of determining authenticity,
even in an olive growing area of a small village was also shown. The two-dimensional (2D) non-invasive 'H
DOSY NMR experiment, known as “NMR chromatography”, was used to determine the olive oil sub-fraction.
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RESUMEN: Deteccion rapida de aceites de oliva de Turquia mediante espectroscopia de RMN para la
determinacion y discriminacion geogrdfica. El objetivo es conocer de manera rapida el contenido de aceite de
oliva mediante la adquisicion de espectros de 'H RMN de una dimensién (1D). El estudio se ha realizado
con 38 muestras procedentes de Turquia, Oriente Medio y Libia. El analisis cuantitativo de '"H RMN ayudé a
distinguir el origen geografico de las muestras de aceites de oliva. La intensidad de las sefiales de '"H RMN se
sometid a estudio estadistico mediante analisis de varianza (ANOVA). Como resultado de la combinacion de los
datos de RMN y ANOVA, los aceites de oliva fueron discriminados por origen regional antes que por provincia.
Esta técnica de discriminacion rapida por "H RMN no requiere ningtn anélisis adicional de los aceites de oliva
mediante estudios de estabilidad a la oxidacion o cromatografia de gases. También se demostrd la posibilidad
de determinar la autenticidad, incluso en el area de cultivo del olivo de una pequeia aldea. Los experimentos
de RMN bi-dimensionales (2D) no invasiva 'H DOSY, conocido como “cromatografia RMN”, se utiliz6 en la
determinacion de subfracciones de aceites de oliva.
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1. INTRODUCTION

Olive oil, a “natural fruit juice”, is extracted from
the fruit of Olea europea L. by mechanical techniques
or other physical procedures (Mannina and Sobolev,
2011; Sacchi et al.,1998; Alonso-Salces et al., 2010a)
which do not alter the glyceric structure of the oil and
preserve its properties (Alonso-Salces et al., 2010a).
For food safety reasons, there are international regu-
lations established to define the genuineness of olive
oil (altering from seed oils) and to determine its qual-
ity grade (extra virgin, virgin, pomace, etc.) (Zeiner
et al., 2005, and Zamora et al., 2001). In olive oil
safety analysis, one of the major concerns is the geo-
graphical origin (Alonso-Salces et al., 2010a; Zeiner
et al., 2005; Alonso-Salces et al., 2010b). Olive oil
has two organic components: a major fraction of
triglycerides with >98%, and different substitution
patterns due to the length, degree and kind of unsat-
uration of the acyl groups, and unsaponifiable minor
fraction with <2% such as squalene, o-tocopherol,
phytosterols, phenolic compounds, carotenoids, etc.
(Guillén and Ruiz, 2001; Alonso-Salces et al., 2010a;
Sacchi et al., 1997; Alonso-Salces et al., 2010b). In
order to determine a geographical origin, analyzing
both the major and minor discriminative constitu-
ents of olive oils is essential.

Among the different leading countries in olive pro-
duction, olive oils from Spain, Italy and Greece have
been analyzed in detail (Sacchi et al., 1998; Alonso-
Salces et al., 2010a; Alonso-Salces et al., 2010b;
D’Imperio et al., 2007; Sacchi et al., 1996; Hatzakis
et al., 2008). However, there are limited reports and
insufficient data on the geographical discrimination
of olive oils and olive processing from countries
such as Jordan and Turkey (Andjelkovic et al., 2009;
Degirmencioglu, 2011). In most studies on Turkish
olive oil for instance, the main focus was the olive
oil from North Aegean (Andjelkovic et al., 2009;
Ilyasoglu et al., 2010), the western and south eastern
regions of Turkey (Ocakoglu et al., 2009), despite
the fact that there are five more distinct olive grow-
ing regions in Turkey: The Aegean region (western
Turkey), the Marmara region (north-western Turkey),
the Mediterranean region (southern Turkey), the
Southeast Anatolian region, and the Black Sea region
(northern Turkey), listed from the highest percentage
production to the lowest one (Arslan and Schreiner,
2012). In contributing to the Turkish olive oil analysis,
Andjelkovic et al. (2009) analyzed only ten commer-
cial olive oils from North Aegean of Turkey by gas
chromatography (GC) while Ilyasoglu et al. (2010)
applied liquid chromatography-mass spectrometry
(LC-MS) to analyzing only thirteen samples from
the same region. In the present work, the number of
samples is higher, and there are samples from three
additional countries.

Nuclear magnetic resonance (NMR) spectros-
copy, employed in olive oil analysis (Zamora et al.,
2001; Sacchi et al., 1997; D’Imperio et al., 2007;
Sacchi et al., 1996; Guillén and Ruiz, 2001), has
advantages of higher sensitivity, intrinsic linear-
ity, higher precision, and shorter experimental time
(Sacchi et al., 1996). Among other techniques used
for analyzing olive oil, the addition of iodine to
react quantitatively with the double bonds of lin-
oleic or linolenic acids is time consuming, and rapid
screening by NMR may be of interest to the indus-
try (Guillén et al., 2001). There is also a possibil-
ity of applying recent advanced NMR experiments
such as diffusion ordered spectroscopy (DOSY) to
oils (Socha et al., 2010).

The aim of this work is to contribute to the
geographical origin determination and discrimi-
nation of olive oils from the non-European side
of the Mediterranean region by combining NMR
and statistical methodology ANOVA. For this
purpose, single pulse 500-MHz '"H NMR spectra
of 38 olive oil samples from five well-defined dis-
tinct regions of Turkey, in addition to analyzing
olive oils from Jordan, Palestine and Libya were
recorded. Quantitative data of selected resonances
was evaluated with the Analysis of Variance
(ANOVA) method. '"H DOSY NMR was also
applied for determining sub-fractions such as ste-
rols in olive oil samples instead of chromatogra-
phy. The determination of minor components is
made in order to figure out some trends related
to the geographical origin of the olive oils and to
compare the discriminative ability of the current
data to similar works on subfraction determina-
tion of olive oils from several countries (Alonso-
Salces et al., 2010Db).

2. MATERIALS AND METHODS
2.1. Chemicals

Deuterated chloroform (CHCl;-d), 99.8% atom %
D stabilized with 0.5% wt silver foil, were purchased
from Aldrich.

2.2. Olive Oils

All olives were harvested by hand during the
period from November 2010 to January 2011 and
processed via mechanical techniques without any
chemical treatment to olive oil by local producers.
The olive oils were “virgin” oils since they were not
refined or further processed upon production. Olive
oils were obtained from several cities in Turkey,
Jordan, Palestine and Libya. The olive oils were
kept at 18 °C in a dark room where air condition-
ing worked continuously. Thus, prior to and during
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analysis, all the samples were protected from light.
The NMR experiments were conducted as soon as
the olive oils were received.

2.3. NMR Spectroscopy

Olive oils (150 pL) were placed in 5 mm NMR
tubes, dissolved in chloroform d (0.6 mL), the NMR
tubes were sealed. 'H NMR data were acquired
on a JEOL 500 MHz Lambda instrument with a
mul‘u nuclei Smm solution probe (50THS5/FG?2).
The 'H NMR spectra were acquired with a recycle
delay time of 10 s, and with 16 repetitions. The pro-
ton spectra were internally referenced to the signal
of the solvent at 7.25 ppm. The chosen delay time
was sufficient, 5*T,, to enable quantitative analysis
(Segre and Mannina, 1997; Alonso-Salces et al.,
2010a). '"H DOSY NMR data were acquired on a
Bruker 400WB Plus spectrometer operatmg at a
Larmor frequency of 400.1 MHz for 'H equipped
with a 5 mm BBO probe including a z-axis gradi-
ent coil with a maximum strength of 50 G-cm™ .
'"H DOSY NMR experiments were performed in
16 steps using the standard Bruker ledbpgp2s pulse
program with stimulated echo and longitudinal eddy
delay with bipolar gradients and two spoil gradients.
The recycle delay was 10 s, while gradient recovery
delays were 80 ms, and diffusion times were 100 ms.
The individual rows of the 2D diffusion databases
were phased and baseline corrected.

2.4. Data Analysis

The quantitative analy51s of the region between
0 ppm and 4 ppm in 'H NMR spectra of the olive
oil samples is made with reference to the litera-
ture (Sacchi et al., 1997; Sacchi et al., 1996). The
resonances at 0.98 ppm (E), 0.88 ppm (F), 2.01
ppm (C), and 2.77 (A) arise from the following
functional groups having a different number of
protons, respectively:-CH; (terminal group) ((Ln
(18:3)); (3H),-CH; (terminal group) ((L (18:2))
(3H)+(O (18:1)) (3H)+saturated fatty acyl (S) (3H);
9H),-CH,-CH=CH (allylic group) ((L (18:2)) (4H)
+(Ln (18:3)) (4H)+(O (18:1)) (4H); 12H), CH=CH-
CH,-CH=CH (diallylic group) ((L (18:2)) (2H) +(Ln
(18:3)) (4H); 6H). The—CH; (E) chemical shift of Ln
(18:3) is ~0.10 ppm de-shielded with respect to the
analogous terminal groups of the other major fatty
acyls. This is attributed to the de-shielding of-CHj;
(E) by the nearby double bond electrons. The same
de-shielding effect also explains the ~ 0.76 ppm dif-
ference between the signals of allylic (C) and dial-
lylic (A)-CH, groups (Alonso-Salces et al., 2010a;
Alonso-Salces et al., 2010b Sacchi et al. 1996) The
assignments of the "H NMR signals of the triglyc-
erides are already well known (Segre and Mannina,

1997; Sacchi et al., 1996; Guillén and Ruiz, 2001).
The integral value of each signal is proportional to
the number of nuclei contributing to that signal.
Taking the multiplicity of proton atoms per func-
tional group into account, the relative content of
each group is directly derived. The integral of the
lowest intensity peak arising from the terminal-CH;
of (Ln (18:3)) (E) is taken as 1. The integrals of the
remaining peaks are determined with respect to the
integral value of E. The integral values of the peaks
(E, A, C, F) are compared to the number of corre-
sponding protons.

CH, (Ln)=E
CH (Ln)=E /3 (eq. 1)

The content of Ln (18:3) is determined by divid-
ing the integral value of E at 0.98 ppm with 3 due

to the three hydrogen of the terminal group of Ln
(18:3).

CH, (L)+2*CH, (Ln)=A
2*CH (L)+4*CH (Ln)=A
CH (L)=[A—4*CH (Ln)] / 2 (eq. 2)

Then taking the multiplicity of the diallylic
protons into account, the integral value of A at
2.77 ppm yields the content of L (18:2).

2*CH, (L)+2*CH, (Ln)+2*CH, (0)=C
4*CH (L)+4*CH (Ln)+4*CH (0)=C
CH (0)=[C—4*CH (L)-4*CH (Ln)]/ 4 (eq. 3)

The relative amount of O (18:1) is calculated
referring to the allylic protons, so the integral value
of C at 2.01 ppm.

CH; (L)+CH, (0)+CH; (S)=F
3*CH (L)+3*CH (0)+3*CH (S)=F
CH (S)=[F-3*CH (L)-3*CH (0)] / 3 (eq. 4)

Similarly, the content of S is measured from the
integral value of F arising from the terminal CHj;
protons of free acids at 0.88 ppm. Each fatty acyl
value obtained from the equations is summed, fol-
lowed by dividing the value of each fatty acyl with
the sum and multiplying the result by 100. The
integration of each peak in the 'H NMR spectra
1s repeated 6 times using the iINMR software to get
average and standard deviations (see Table 1 show-
ing the geographical origins of olive oil samples, and
the relative contents of each fatty acyl in olive oil
samples).
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TABLE 1.

Percentage fraction of Ln (18:3), Ln (18:2), O (18:1), and S in olive oils from different regions, towns and villages of Turkey.

MR: The Marmara Region (northwestern Turkey), AR: The Aegean Region (western Turkey), MeR: The Mediterranean Region
(southern Turkey), SeR: The Southeastern Region, BSR: Black Sea Region (northern Turkey). The clustering of the ANOVA analysis
based on the origin of a city. For ANOVA Harmonic Mean Sample Size=6.000 was used and subset for alpha=.05

L (18:2) acyl
ANOVA results
Fraction of fatty acyl components in olive oils (%) using Tukey’s test

Region (S#) City Town Village Ln L (0] S Sig.
MR (1) Balikesir Ayvalik - 1.320.1 9.0£0.2 70.3+1.1 19.5+1.1 8.95 0.2
MR (2) Balikesir Ayvalik Mutlu 1.410.1 7.410.7 71.3%1.3 19.8%1.2 7.4 0.2
MR (3) Balikesir Gomeg (1) - 1.320.1 8.9+0.2 71.4+1.3 18.5%1.3 8.87 0.2
MR (4) Balikesir Gomeg (2) - 1.7£0.1 8.410.2 69.710.1 20.4+0.1 8.38 0.2
MR (5) Balikesir Gonen - 1.6£0.1 6.410.2 72.3£0.6 19.8%0.6 6.25 0.1
MR (6) Bursa Gemlik - 2.1+0.1 8.9+0.1 70.1+0.8 18.910.8 8.9 0.2
MR (7) Canakkale Eceabat B.anafartalar 1.7£0.1 10.8£0.5  67.5£0.7  20.1%1.1 10.77 1.0
MR (8) Yalova Armutlu - 1.9£0.1 9.410.3 69.8+0.4 18.9£0.5 9.38 0.4
MR (9) Yalova Altiova - 1.3%0.1 7.310.4 72.4+0.9 19.0£0.9 7.33 0.1
MR (10) Yalova Altinova - 1.4%0.1 6.8+0.1 70.4+1.2  21.4%£1.1 6.82 0.2
MR (11) Yalova Altiova - 1.410.1 7.410.2 71.0+0.7  20.3%0.7 7.37 0.1
AR (12) Aydin Cine Akcaova 2.0+0.1 7.7+0.2 68.5+0.7  21.9%0.6 7.65 1.0
AR (13) Izmir Bagyurdu - 1.7£0.1 5.910.2 75.210.6 17.210.6 6.07 0.1
AR (14) Izmir Bagyurdu  Erbiller 1.8%0.1 6.0+0.4 74.0+1.2 18.1x1.1 5.87 0.1
AR (15) Izmir Bayindir - 1.410.1 3.410.2 79.410.4 15.7£0.5 3.42 1.0
AR (16) Izmir Kemalpasa - 1.5%0.1 6.510.2 72.8%0.8 19.3£0.7 6.47 0.1
AR (17) Izmir Kemalpasa Ulucak 1.3%0.1 10.9+£0.1  70.9%+1.1 17.0%1.1 10.87 1.0
AR (18) Izmir Torbali (1) - 1.7£0.1 7.4+0.2 72.5+0.8 18.5£1.0 7.38 0.2
AR (19) Izmir Torbali (2) - 1.5%0.1 5.610.3 72.6£0.9  20.3%£1.0 5.62 0.1
AR (20) Manisa Kirkagag - 1.5£0.1 6.7£0.3 72.6£0.6 19.1£0.8 6.02 0.1
AR (21) Manisa Soma - 1.620.1 6.0+0.2 72.7+0.8 19.7£1.0 6.72 0.1
MeR (22) Antalya Alanya Camlica 1.9£0.1 14.2+0.5 64.1+1.1 19.9£1.0 14.22 1.0
MeR (23) Hatay Altindzi - 1.620.1 9.1£0.2 67.7£0.3  21.6%£0.3 8.95 0.4
MeR (24) Hatay Samandag1 - 3.0%0.1 31.910.6  38.6+x0.6  26.5%£0.6 31.87 1.0
SeR (25) Gaziantep - - 1.8%0.1 8.4+0.4 69.0+0.4  20.9%0.2 8.38 0.2
SeR (26) Gaziantep  Nizip - 1.6£0.1 3.410.3 74.610.6  20.4%0.8 3.43 1.0
BSR (27) Artvin Yusufeli - 1.5%0.1 9.7£0.2 74.7+0.3 14.2+0.3 9.72 0.1

2.5. Statistical Analysis

'HNMR data were analyzed by analysis of variance
(ANOVA) using Tukey’s test at a p level <0.05 (5% sig-
nificance level) with SPSS software. The p level <0.05
(5% significance level) was the treatment as a border-
line acceptable error level. The ANOVA analysis was
performed on the percentage fraction of the fatty
acyl contents, Linolenoyl (Ln, 18:3), Linoleoyl (L,
18:2), Oleoyl (O, 18:1), and Saturated (S) fatty acyls,
obtained from the intensities of "H NMR resonances.

3. RESULTS

Figure 1 shows a typical 'H NMR spectrum
with the letter and number labels, while the peaks
of major concerns are the ones labeled with both

letter and number. There is no evidence of free fatty
acids, which would appear in rancid oil. Major
constituents of olive oil are esters of glycerol and
fatty acids (Sacchi ez al., 1997). Olive oil contains
70-80% oleoyl (monounsaturated fatty acyl) (18:1),
a low level of polyunsaturated acids (linoleoyl
fatty acyl (18:2) and less than 1% linolenoyl fatty
acyl (18:3)) and saturated fatty acyls (palmitic and
stearic acyls) (Sacchi et al., 1997; Alonso-Salces
et al., 2010a; Sacchi et al., 1996; Guillén and Ruiz,
2001). In the current report, the first interest is in
fatty acyl content determination for geographical
discrimination.

The advantage of 'H NMR is that a different
chemical environment of the hydrogen isotope is
reflected in the NMR spectra with sharp signals.
The distinct spectral lines are related to the chemical
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FIGURE 1. "H NMR spectrum of olive oil from Yalova/Armutlu. The peak labeled x is at 2.16 ppm, and attributed
to the tocopherol fraction.

nature of the hydrogen atoms, and the intensities
of the lines directly correspond to the number of
hydrogens producing the sharp signals (Guillén and
Ruiz, 2001; Mannina and Segre, 2002).

The oleoyl acyl content of Ayvalik olive oil
determined by the current method is closer to the
data of 2005 and 2006 (Andjelkovic et al., 2009).
However, the fraction of saturated acyls in total
is higher while the percentage of linoleoyl acyl is
lower than the values reported for Ayvalik olive
oil (Andjelkovic et al., 2009). The samples of
the Marmara region have a linolenoyl acyl per-
centage ranging between 1.3 to 0.1% and 2.1 to
0.1%. The results of Aegean region depict overall
higher values of oleoyl acyl content with respect
to the Marmara region. Olive oil from Bayindir
has almost 80% oleoyl acyl while the oil from the
Aegean region contains the lowest linoleoyl acyl
content of 3.4%£0.2%. Similar to the Marmara
region, the linoleoyl acyl fraction is the best dis-
criminating factor of the olive oils in the Aegean
region. Both the linolenoyl acyl and linoleoyl
acyl fractions may be used for distinguishing
the geographical origin of the samples from the
Mediterranean region (southern Turkey). Among
all the samples analyzed in this study, Samandag1
olive oil has the highest linolenoyl acyl, saturated
acyl, and linoleoyl acyl fractions at 3.0 to 0.1%,
26.5 to 0.6%, and 31.9 to 0.6%, respectively. The
olive oil from Alanya has approximately 50-70%
higher linoleoyl acyl content than the rest of the
olive oils (excluding Samandagi olive oil). Olive oil
from Nizip, in the southeastern region of Turkey,
has the same saturated acyl content as the refer-
ence Gurdeniz et al. (2008). However, the olive
oil from Nizip has lower linoleoyl acyl fraction
with respect to the same study about a different

season (Gurdeniz et al., 2008). There are two geo-
graphical regions, the Black Sea region, and the
southeastern region, that do not have direct access
to the Mediterranean Sea. For this reason, the num-
ber of olive growing towns and cities in the Black
Sea and southEeastern regions of Turkey is scarce.
This limits the number of olive oil samples to be
analyzed from these regions. Despite this fact, it is
possible to grow olives in, for instance, Yusufeli, in
the Black Sea region (northern Turkey). The olive
oil from Yusufeli has approximately 15-25% lower
saturated acyl content with respect to the rest of
the samples. This is attributed to the geographical
location. Furthermore, the fatty acyl content of
Hatay-Samandagi does not reflect the properties
of typical virgin olive oil. This very unusual result
is attributed to the very high relative humidity
of that region. The relative humidity map of the
Turkish Meteorology Institute indicates very high
humidity, which distinguishes Samandagi from the
rest of the olive oil growing regions (Website of
Turkish Metrology Institute).

In addition to analyzing olive oil samples from
different regions of Turkey, samples from Libya
and the Middle East are also analyzed. Table 2
depicts the contents of these oils. The olive oil sam-
ples from the Middle East and Libya can be dis-
tinguished based on the fractions of linoleoyl acyl
and oleoyl acyl. One of the samples from Jordan/
Ibrid and the olive oil from Libya/Benghazi have
closer percentages for all the acyls. On the other
hand, one of the aims of this study is to analyze
several samples from different regions of the same
village to show the possibility of distinguishing
olive oil samples even in a small area. For this pur-
pose, Kursunlu village of Bursa/Gemlik, with five
samples, was selected (see Table 3).
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The one-dimensional "H NMR spectra are also
analyzed for the determination of minor constitu-
ents. The common peaks with low intensity arising
from minor components are at 0.67 ppm, 0.99 ppm,
1.66 ppm, 1.87 ppm (excluding the olive oil from
Palestine), 2.15 ppm, 2.42 ppm, 2.79 ppm, 3.62 ppm,
3.71 ppm. There is a peak at 1.77 ppm observed only
in the spectra of Balikesir (Gomeg) (1), Balikesir
(Altinova) (2), Izmir (Bagyurdu Erbiller, Bayindir,
Kemalpasa, and Torbali), Manisa (Kirkagag),
Gaziantep, Artvin (Yusufeli), and L1bya (Benghazi).
This signal was also observed in the 'H NMR spec-
tra of olive oils from Lazio and Campania in Italy,
but not clarified (Alonso-Salces et al., 2010a). This
resonance at 1.77 ppm is attributed to erythrodiol
(Altun and Ok, 2012). There are also four inter-
esting signals observed in the spectra of Bursa
(Gemlik), Izmir (Torbali), Manisa (Kirkagag),
Hatay (Samandag) olive oils at 3.50 ppm, 3.13 ppm,
3.31 ppm, and 3.02 ppm, respectively. The signal at
3.50 ppm is attributed to stigmasterol, campesterol,
B-sitosterol (the sterol fraction), while the other
3 peaks were de-shielded with respect to the fatty
acid peaks arising from alcoholic fractions such as
cycloartenol and erythrodiol (Alonso-Salces et al.,
2010b).

One of the major goals in the current report is to
screen the minor constituents of olive oil in detail
based on the diffusion coefficients of the minors by
'H DOSY NMR, a non-invasive analytical echnique

for mixture analysis that does not require prior sep-
aration of the components 1n the mixture (Tsuda
et al.,2006). In addition to 1D "H NMR quantitative
analys1s by statistical approaches, the existence of
minor fractions in olive oils is further sought by 'H
DOSY NMR. The major motivation in doing that
is to explore other traces for geographical discrimi-
nation studies non-invasively and time effectively
without prior sample preparation and treatment.
Since DOSY has been recently applied for analyz-
ing bio-diesel (methyl ester) production from tria-
cylglycerol (Socha et al., 2010), it is thought to use
DOSY as ‘NMR chromatography’ for screening
minor components in olive oils, instead of chro-
matography, which was already applied in olive oil
analysis (Ballesteros et al. 2006; Rocco and Fanali,
2009) (see Figure 2 and Table 4 for the details).
Chromatography has problems related to the oxida-
tion of the sample, with the formation of artifacts
during transesterification, and with the separation
identification of the methyl esters in the chromato-
graphic trials.

Figure 2 shows a typical 'H DOSY NMR
spectrum of an olive oil analyzed in this study.
"H DOSY NMR has been applied for analyzing
several of the samples in this contribution to ver-
ify the existence of the minors since their signals
overlap with the peaks of the major components.
Furthermore, the 'H DOSY NMR data, as shown
in table 4, depicts some trends directly related to the

TABLE 2. Percentage fraction of Ln (18:3), L (18:2), O (18:1), and S in olive
oils from The Middle East and Libya

Country City Ln L (0] S
Palestine - 1.4%0.1 9.2£0.2 69.610.3 19.810.3
Palestine Kufr 1.4£0.1 6.4+0.2 72.3+£0.9 19.9+1.0
Jordan Ibrid (1) 1.5%0.1 8.8+10.4 72.8%£0.9 17.0+1.2
Jordan Ibrid (2) 1.6+0.1 10.0+0.1 66.4+1.1 22.1%1.2
Jordan Jerash 1.4£0.1 4.5%0.2 77.5%1.2 16.6£1.3
Libya Benghazi 1.7+0.1 9.9+0.4 66.3+0.8 22.1£0.8
TABLE 3. Percentage of Ln (18:3), L (18:2), O (18:1), and S in olive oil samples from
the Kursunlu village of Bursa/Gemlik

Percentage fraction of fatty acyl components in olive oils
Village Region Date L (0] S
Kursunlu Sea Level (1) 12/20/2010 1.3£0.1 15.0+0.3 66.7+£0.8 17.0£0.9
Kursunlu Sea Level (2) 11/27/2010 1.4+0.1 16.620.2 66.8+1.1 15.1x1.1
Kursunlu Hillside (1) 12/23/2010 1.410.1 7.510.2 75.2+1.1 16.0£1.2
Kursunlu Hillside (2) 11/23/2010 1.7+0.1 6.0+0.3 73.2+1.0 19.2+1.1
Kursunlu Hillside (3) 11/15/2010 1.5£0.1 10.1£0.4 69.0+1.1 19.41£0.9
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FIGURE2. 'HDOSY NMR spectrum of olive oil from Bursa/Gemlik Kursunlu village Hillside (1). The additional peaks
arising from the minor constituents labeled 1, 2, 3 and 4 are attributed to hydrocarbon and sterol fractions, erhythrodiol,
and squalene, respectively.

geographical origin of samples. In analyzing the 'H
DOSY spectra, the interest of region is between
0.60 ppm and 3.00 ppm. As shown in Figure 2, the
diffusion coefficients of the major constituents are
all in the same region, attributed to closer molecu-
lar weight values (Table 4). Spiking with a reference
compound and acquisition of DOSY of the spiked
sample can give evidence of the current obtained
data. Therefore, the study by Altun and Ok, 2012 is
referred to, where each olive oil minor compound
was distinguished from each other based on the dis-
crlmlnatlve NMR signals. The peak at 1.66 ppm in
the "H NMR spectrum of squalene discriminates
squalene from the other minor constituents. Sterol
fraction has dlffu51on coefﬁ01ents in the range of

107% m’/s and 107" m’s. The diffusion coeffi-
cient of squalene is approximately 107" m?*/s. The
peak at 0.82 ppm, attributed to B51tosterol has
a diffusion coefficient closer to 10™*° m*s. This
is explained by the closer molecular weights of
B- 51tosterol (414.72 g'mol™") and squalene (410.73
g'mol” ". The diffusion coefficient of the signals
arising from the tocopherol fraction ranges between
107 m?/s and 10™*° m’s, attributed to the existence
of various tocopherol derivatives.

4. DISCUSSION

First the analysis of olive oils from the Marmara
(northwestern Turkey) and Aegean (western
Turkey) regions is performed. The olive-growing
regions of Turkey depict genetic varieties since
olive growing is geographically dispersed into five
distinct areas. For example, in the Manisa region

the olives grown are mainly known as Domat,
Uslu (only for oil production), while the Izmir
region has a variety of olive tree stereotypes such
as Erkence and Cekiste (suitable for both table
consumption and oil production), and Gemlik is
widespread in the Aegean and Marmara regions
of Turkey (Isik et al., 2011; Arslan and Schreine,
2012; Arslan, 2012). The fatty acid composition of
different Turkish olive varieties has been also stud-
ied (Tanilgan et al., 2007). In the study by Tanilgan
et al. (2007) it was shown that, excluding the olive
oil of the Uslu type variety, both the saturated and
unsaturated fatty acyl fractions of Gemlik, Kilis,
Tirilye and Ayvalik varieties were closer. For this
reason, in the current contribution, the contents of
olive oils are analyzed in order to figure out the
most important key parameters for geographical
discrimination rather than the other factors influ-
encing the composition of olive oils such as olive
variety.

The ANOVA analysis was performed on the
content of each fatty acyl (Ln (18:3), L (18:2),
O (18:1), and S) calculated from the integral values
using the equations mentioned above. As mentioned
in the literature, the ANOVA analysis was done for
two reasons: i) to figure out the most selective res-
onance in distinguishing between oils of different
regions and ii) to find a possible clustering of olive oil
samples from different provinces and geographical
regions (D’ Imperio et al., 2007). The ANOVA results
are shown in Tables 1 and 5. Among 4 resonances
considered, only the linoleoyl acyl content variable
resulted in significant discrimination between oils
of different origin. In analyzing different olive oils
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from Lazio/Italy, it was reported that the linolenoyl
acyl content, oleoyl acyl fraction and squalene were
the most discriminant parameters (D’Imperio et al.,
2007). In distinguishing the oils with respect to origin
of city, the oil from Artvin/Yusufeli (Black Sea region
of northern Turkey) is discriminated easily. Olive oils
from Antalya and Hatay (the Mediterranean region
of southern Turkey) are apparently different than the
rest. Among the olive oil samples from the Aegean
region (western Turkey), it is possible to differentiate
olive oil samples from Izmir/Kemalpasa/Ulucak,
Aydin/Cine, and Izmir/Torbali (1). The results of the
Marmara region (northwestern Turkey) olive oils
distinguish Canakkale and Yalova/Armutlu samples
from the remaining oils. The olive oils of Gaziantep
and Gaziantep/Nizip (southeastern Turkey) may
be differentiated based on the ANOVA analysis.
However, most of the olive oils from especially the
Aegean (western Turkey) and Marmara regions
(northwestern Turkey) cannot be distinguished from
each other due to closer data from different cit-
ies of these two regions. For this reason, a further
ANOVA analysis with respect to only region origin
is performed. In this way, a reliable classification is
observed corresponding to the geographical regions
examined. The first column in Table 5 indicates a very
good clustering from southeastern Aegean (western
Turkey), Marmara (northwestern Turkey), Black Sea
(northern Turkey), and Mediterranean (southern
Turkey) regions, respectively (excluding Canakkale
olive oil). The approach of combining NMR spec-
troscopy with statistical ANOVA method showed
discrimination between olive oil samples from five
well-defined geographical regions of Turkey. In
a study dedicated to the '"H NMR analysis of the
phenolic fraction of twenty-eight olive oil samples

TABLE 5. The clustering of the ANOVA analysis based on
the origin of a geographical region. Means for groups in
homogeneous subsets are displayed. Harmonic Mean
Sample Size=9.305 was used and subset for alpha=.05.
The group sizes are unequal. The harmonic mean
of the group sizes is used. Type I error
levels are not guaranteed

City Region 1 2 3 Sig.
Gaziantep SeR 5.91 - - 0.1
Manisa AR 6.37 - - 0.1
Izmir AR 6.53 - - 0.1
Aydin AR 7.65 - - 0.1
Yalova MR 7.73 - - 0.1
Balikesir MR 7.97 - - 0.1
Bursa MR 8.9 - - 0.1
Artvin BSR 9.72 9.72 - 0.2
Canakkale MR 10.8 10.8 - 0.2
Antalya MeR - 14.2 - 0.2
Hatay MeR - - 20.5 1

from three different areas of the Apulia region of
Italy, Sacco et al (2000) reported discrimination
between Coast, Hinterland, and North samples. This
suggests that the present approach for discriminating
among olive oil samples is in accordance with similar
studies.

The content of (L, 18:2) distinguishes between
the olive oils from the Middle East and Libya.
The sample from Jerash in Jordan has the lowest
(L, 18:2) acyl content while the same sample has
the highest (O, 18:1) acyl fraction. Compared to
Turkish olive oils, the olive oil from Jerash in Jordan
has a higher (O, 18:1) acyl content than the rest of
the Turkish olive oils (excluding Izmir/Bayindir).
Although Hatay/Samandag is in the Mediterranean
region closer to Jordan and Palestine, the data on
olive oil from Hatay/Samandag has completely dif-
ferent fatty acyl values with respect to Jordan and
Palestine olive oils. Such a fast screening by 'H
NMR helps distinguish the olive oils of the Middle
East from the Turkish samples.

As the harvest season is extended in the hillside
region of the village, there is a significant increase in
the oleoyl acyl content. In addition, the extension in
the harvest season at sea level causes a slight increase
in the saturated fatty acyl percentage. The data on
the hillside and sea level reveal that olive oils from
the sea level have higher linoleoyl acyl percentages
and lower oleoyl acyl contents. Such composition
differences in the case of the Kursunlu village may
be attributed to the altitude difference as discussed
in the literature (D’Imperio et al., 2007). A minor
component analysis of Kursunlu olive oil revealed
two interesting peaks at 1.93 ppm and 3.35 ppm in
the spectra of the samples from the hillside. The one
at 1.93 ppm is attributed to the erythrodiol fraction
while the one at 3.35 ppm to the cycloartenol (Altun
and Ok, 2012).

Besides the quantitative NMR analysis with the
combination of statistical approach, 'H DOSY
NMR results also correlate the existence of minor
organic compounds with the geographical origins
of the olive oil samples. Squalene was detected in
the olive oils from the Marmara and southeast-
ern regions (excluding Canakkale/Eceabat) while
among the olive oils of the Aegean region, squalene
was observed only in the sample from Aydin/Cine.
In a recent study by Alonso-Salces et al. (2010b) it
was mentioned that the squalene signal at 1.67 ppm
influenced the statistical discriminative analysis of
Turkish olive oil from Spanish, Italian, and Greek
olive oils. Moreover, the squalene signal seems to be
found in some of the Turkish olive oils but not in
all. It seems that the Turkish olive oil samples stud-
ied by Alonso-Salces et al. (2010b) were from the
Marmara region (northwestern Turkey). Further, a
tocopherol fraction was detected only in three dif-
ferent samples (Kursunlu/Sea Level (1), Nizip, and
Aydin/Cine).
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5. CONCLUSIONS

In the current study, several olive oil samples
from different regions of Turkey, Middle East and
Libya have been analyzed. Despite the limited num-
ber of samples from some regions, interesting trends
were revealed. NMR data seemed to permit the dis-
crimination of extra-virgin olive oils in terms of geo-
graphical region rather than providence. The fatty
acyl composition data is also helpful in discrimi-
nating Turkish olive oil from Jordan, Palestine and
Libya samples. It seems that a small area of an olive
growing village depicts important sampling for the
analyzing parameters of harvest dates, hillside and
sea level. Furthermore the quantitative analysis of

"H NMR spectra by the ANOVA method enables the
differentiation among geographical origins of olive
oils. In particular, the percentage of linoleoyl acyl
aided in discriminating olive oils from each other
based on well-defined geographical reg on rather
than province. Moreover, the use of H DOSY
instead of chromatography has shown trends in
discriminating the origin of olive oil samples by
minor constituent determination and clarification.
Simple and less time consuming quantitative NMR
in combination with a statistical approach are use-
ful in mapping the origin of olive oils from different
regions of Turkey and the Middle East. '"H DOSY
NMR will be helpful in determining the geographi-
cal origin of natural products by detecting the minor
organic molecules that may exist in olive oil samples.
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