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ABSTRACT

Due to its high price and consumer demand, virgin olive oil is an essential product vulnerable to deception
for unfair economic gain. In our research, sunflower, palm olein and cottonseed oil were used as adulterants
in different amounts for the preparation of adulterated samples. Sterol composition, the difference in
theoretical and actual equivalent carbon number 42 triglycerides (AECN42) value and FTIR spectra were
used to classify the adulterated and virgin olive oil samples. Decision trees on A7-stigmastenol and
campesterol allowed the detection of 10% and higher adulteration. AECN42 ad FTIR provided good
detection of the adulterated samples, even for the mixed oils at 1% concentration. However, the detecting
performance of the FTIR decreased as the virgin olive oil sample set expanded with different seasons and
varieties. Correct multivariate approach and FTIR data selection significantly influence the performance of
FTIR spectroscopy for detecting VOO adulteration.
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NATUREL ZEYTINYAGI TAGSISININ TESPITINDE STEROL
KOMPOZIiSYONU, ECN42 FARKI VE FTIR SPEKTROSKOPISININ
KULLANIMININ KARSILASTIRMALI OLARAK INCELENMESI

oz

Nattrel zeytinyagi, yiiksek titketici talebi ve fiyati nedeniyle haksiz ekonomik kazang saglamak icin
yapilan hileli uygulamalara agik bir tiriindiir. Arastirmamizda aygigek yagi, palm olein ve pamuk yag1
natiirel zeytinyagina farkll oranlarda kamstrilmistr. Hazirlanan  karisim  yaglarin - nattrel
zeytinyagindan ayriminin incelenmesi i¢in 6rneklerin sterol kompozisyonu, AECN42 degeri ve FTIR
spektrumlar1 kullanidmis ve sonuglar karsilastirilmistir. Mevzuatta belirtilen A7-stigmastenol ve
kampesterol tizerindeki karar agaglari, %10 ve daha ytlksek tagsisin saptanmasini miimkin kilmistir.
AECN42 ve FTIR spektroskopisi ile %1 konsantrasyonda hazirlanan karisim yaglar bile, nattrel
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zeytinyagl numunelerinden ayrilmistir. Ancak, natiirel zeytinyagt numune sayisi, farklt mevsimler ve
cesitlerle genisletildiginde, FTIR spektroskopisi ile gerceklestirilen ayrimin hassasiyeti azalmis ve
ozellikle dusik konsantrasyonlu karisim yaglarin ayrimi zorlasmistir. Dogru ¢ok degiskenli yaklagim
ve FTIR veri se¢imi, natiirel zeytinyagi tagsisini saptamak icin FTIR spektroskopisinin performansini

o6nemli 6lctide etkilemektedit.

Anahtar kelimeler: Natiirel zeytinyagi, tagsis, yag asidi kompozisyonu, sterol kompozisyonu,

AECN42, FTIR, LDA

INTRODUCTION
Olive oil is a product having high economic
importance  for  Mediterranean  countties,

obtained from the fruit of the olive tree (Olea
enropaea 1..). Considering the costs of cultivation,
production and storage periods, extra virgin olive
oil, which is the highest quality class, is expected
to have a higher price than virgin and lampante
olive oils (Balkan and Meral, 2017; Anonymous,
2022; Filoda et al., 2019; Tsimidou et al., 2015;
Uncu et al., 2017). In addition, consumer demand
for extra virgin olive oil is increasing due to its
unique flavor and high amount of natural
antioxidants (Mariotti and Peri, 2014; Vitaglione
et al, 2015). Because of its high price and
increasing demand, extra virgin olive oil has
become most vulnerable to fraudulent activities
(Pan et al, 2018; Uncu et al, 2017). These
fraudulent activities, generally called adulteration,
are practiced to obtain unfair economic benefits
by misleading the consumer about the origin,
quality class or product content of virgin olive oil
(VOO) by presenting false information on the
label. The most common form of adulteration for
VOO is mixing different vegetable oil with lower
economic value into VOO (Tsimidou et al., 2015).

European Union legislation and Codex
Alimentarius criteria set the VOO quality and
purity limits to determine the quality classes and
present the right product to be audited to the
consumer (Anonymous, 2017; Anonymous,
2022). In particular, sterol composition and the
difference between contents of theoretical and
actual triglycerides having 42 equivalent carbon
numbers (ECN) are the most examined purity
criteria for adulterations made by mixing seed oils
with  VOO. On the other hand, sterol
composition and AECN42 techniques have many
disadvantages, such as requiring labor and
chemicals and generating a significant amount of
chemical waste in the analysis process. Applying

rapid measurement techniques coupled with
advanced statistical methods stands out in terms
of efficient labor and time use by overcoming
sample loss and the excessive use of chemicals
recently (Uncu et al,, 2019).

Chemometrics was defined as a multidisciplinary
assessment technique in which mathematics,
statistics and computer science are integrated to
determine the most influential variables from
extensive data obtained from chemical analysis to
apply statistical evaluation (Massart et al., 1998).
In this respect, chemometric techniques include
using multivariate analysis methods to evaluate
analytical or spectroscopic results and examine

the possible differences and classifications
between sample groups. Principal component
analysis (PCA), linear discriminant analysis

(LDA), hierarchical clustering analysis (HCA),
and partial least squares (PLS) are widely used for
chemometric assessment of VOO adulteration
(Esteki et al., 2018; Gémez-Caravaca et al., 2010).

Various fast-measurement techniques have been
used to detect VOO adulteration or predict
adulterant concentration. UV-Visible (UV-Vis)
spectroscopy, Near Infrared Spectroscopy (NIR),
Raman Fluorescence Spectroscopy, Fourier
Transform Infrared Spectroscopy (FTIR),
Nuclear Magnetic Resonance (NMR) method and
Differential Scanning Calorimetry (DSC) are the
most used techniques in VOO adulteration
studies (Aroca-Santos et al., 2016; Chiavaro, 2014;
Lia et al., 2018; Milanez et al., 2017; Nigri and
Oumeddour, 2013; Ordoudi et al., 2022; Oztiirk
et al, 2010; Zhang et al., 2011). Studies were
mainly carried out with model samples prepared
by mixing one or more selected VOO and
adulterant oil. In most studies, VOO /
adulteration oil ratios are generally designed
between 0% and 100% to efficiently determine
the mathematical relations between the
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concentration of the adulteration and the
spectroscopic responses. However, detection
becomes more difficult as the proportion of
adulteration oil in VOO decreases (<10%), which
makes  detecting  adulterations in  lower
concentrations the main challenge. In addition,
most of the purity criteria specified in the
legislation can quickly reveal VOO adulteration
containing 10% or more vegetable oil (Baeten et
al., 2005; Green et al., 2020). In that manner, the
detection performance of the spectroscopic and
chromatographic ~ methods  became
significant when VOO adulteration in low
concentrations was considered. Few studies
compare the commonly used spectroscopic
methods with traditional chromatographic
techniques in detecting VOO adulteration.

more

In this study, the detection performances of the
sterol composition, AECN42 values and FTIR
spectral data were compared for the prepared
adulterated VOO samples using sunflower oil,
palm olein and cottonseed oil at low ratios (1-4-7-
10-13%). Moreover, change in the detection
performance of FTIR was evaluated by expanding
the database size of VOO with different varieties
and regions.

MATERIAL AND METHOD

Material

Thirty geographically indicated (GI) VOO
samples were obtained from related Chamber of
Commerce bureaus representing the 2019-2020
and 2020-2021 harvest seasons (at least five
samples from each season) as VOO samples. Gl
VOO samples were, namely, Ayvalik Zeytinyagt,
Edremit Zeytinyagt and Milas Zeytinyagi,
registered by Turkish Patent and Trademark
Office with dossier numbers C2004/003,
C2017/048 and C2014/043, respectively. Among
these, only VOO samples that fit "extra virgin
olive oil" criteria according to FFA, PV and
specific absorption values were used to reduce the
variation due to the quality criteria and obtain
comparable results. Olive oil samples were
abbreviated as VOO as an indication of the main
category name of the olive oils.

To prepare mixtures (will be mentioned as
"adulterated samples" in the text), three different
vegetable oil samples (will be mentioned as
"adulterants" in the text) were used. For this
purpose, as adulterant samples, refined sunflower
oil, cottonseed oil, and palm olein were obtained
from various companies in Izmir, Tirkiye.

Adulterated samples were prepared by mixing a
selected VOO sample (Ayvalik Zeytinyagt from
the 2019-2020 season) and adulterants with the
binary combination. The adulterant ratios were
maintained as 1-4-7-10-13% in adulterated
samples for each adulterant. In this way, 15
adulterated samples were prepared separately for
each adulterant.

Samples were coded representing the adulterant
used and its percentage in the mixture. The
adulterated samples containing sunflower oil,
palm olein, and cottonseed oil were coded as
SOVO, POVO, and CSVO, respectively. The
adulterant concentration in the mixture was
indicated as a percentage right after the sample
code.

VOO, adulterant and adulterated samples were
placed in 150 ml brown bottles without leaving
any headspace and stored at -40°C untl the
analyzes were carried out.

The chemicals and standards used in the analyzes
were obtained directly from the local distributors
of Merck and Sigma-Aldrich brands at the purity
level specified in the analysis methods.

Methods

Determination of sterol composition

The sterol composition of the samples was
determined according to the Turkish Food Codex
Communiqué on Olive Oil and Olive Pomace Oil
Analysis Methods (Communiqué No: 2014/53),
and the peak areas were expressed as a percentage.
This method refers to the thin layer
chromatography method for determining the
sterol fraction of animal and vegetable oils and
fats composition. Analysis was carried out by
saponification of the sample, extraction of the
unsaponifiable matter and separation of the
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sterols using thin layer chromatography, and
determining  sterol  composition by  gas
chromatography. For this purpose, 0.5 ml of 0.1%
concentration 5a-cholestan-33-ol internal
standard was added to 2-2.5 grams of oil sample.
This sample was subjected to saponification using
20 ml of 2 N ethanolic potassium hydroxide
(KOH) solution in a water bath at 98°C for 20
minutes. The saponification reaction was
terminated with 20 ml of distilled water, the
unsaponifiable fraction extracted from the soap
fraction with 20 ml of diethyl ether, and the
residual soap was removed with approximately 80
ml of distilled water. This unsaponifiable fraction
was fractionated on Silica gel 20X20 cm (Sigma
Aldrich, Germany) Thin Layer Chromatography
(TLC) plates and with 110 ml of hexane and 65
ml of diethyl ether for 70 minutes. The sterol
band marked with 0.2% 2',7' dichlorofluotrescein
dye, and sterol fraction were scraped from the
plate. The sterols were derived for gas
chromatography (GC) with a mixture of N,O-
Bis(trimethylsilyl) ~ trifluoroacetamide reagents
containing Pyridine and trimethylchlorosilane at
1:1 ratio. A SE-54 column (5%-phenyl-1%-
vinylmethylpolysiloxane, 30 m X 0.32 mm X 0.25
um) was used for chromatographic analysis. GC
conditions were selected as follows; carrier gas:
helium, the flow rate of carrier gas: 0.9 ml/min.,
flame ionization detector (FID) temperature:
290°C, injector temperature: 280°C, furnace
temperature: 260°C 1:40 split ratio.

Determination of fatty acid composition

The fatty acid composition of samples was
determined according to the International Olive
Council I0OC) standard method (Anonymous,
2017b). For this analysis, 0.1 grams of sample was
mixed with 2 ml of heptane, and the mixture was
transesterified with 0.2 ml of 2N methanolic
KOH solution. The upper phase containing
methyl esters was injected into GC (Agilent 7820).
The GC oven temperature was maintained at an
initial temperature of 165 °C and then gradually
increased to 200 °C. The injection block
temperature was set at 250°C and the FID
detector temperature at 280°C. The flow rate of
the carrier gas will be 1.2 ml/min. The injection
volume was 2 ul. The peak areas were determined,

and fatty acid composition was expressed as
percentages.

Determination of the difference between the actual and
theoretical  content of  triacylglycerols with ECN42
(AECN42)

Triglyceride profile analysis and determination of
the actual content of triglycerides with ECN42
(AECN42) od adulterated samples was carried out
with HPLC Agilent 1200 (California, USA)
utilized with Refractive Index Detector (RID)
using the method specified by the 10C
(Anonymous, 2017c). For this analysis, 0.05
grams of oil sample was dissolved in 1 ml of
acetone. The mobile phase was prepared to
contain 63.6% acetone and 36.4% acetonitrile,
filtered and degassed in an ultrasonic bath.
Analysis was conducted with a mobile phase flow
rate of 1.5 ml/min and an RI detector
temperature of 40°C. TG rates are given in
percent (%). The AECN42 values were calculated
via the excel file provided under the so-called
method appendices of IOC.

Determination of Fourier Transform Infrared Spectroscopy
(FTIR) spectra

FTIR spectra of the samples were measured on
the Shimadzu (Kyoto, Japan) IRAffinity-1S
spectrometer system. The detector consists of a
DLATGS detector with a temperature control
mechanism and a beam splitter germanium-
coated KBr. Two drops of oil samples were
placed directly on the ATR cell, and spectra were
taken in the mid-infrared region (4000 — 600 cm-
) at 2 cm! resolution with 32 interferograms.
Before each measurement, the atmospheric
measurement was taken and subtracted from each
spectrum. After each reading, the ATR crystal was
cleaned with hexane and acetone to ensure no
residue from the previous sample remained on the
crystal surface.

All spectra were imported to the IR Solution v1.5
software, and some pre-processing procedures
followed to minimize uninformative
distribution among samples. First, spectra were
manipulated with ATR Correction at 650 cm™ !
reference value. Then, 11-point smoothing was
applied according to the Savintzky-Golay

were
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algorithm, and 2rd-degree derivatization was
carried out. The spectral regions over 650 cm™!
and below 3100 cm~ ! were eliminated with the
cut function, and a new data set was obtained.

Statistical analysis and chemometric method
Pre-processed FTIR data were imported into
SPSS 26 (IBM, USA) and then classified
according to the purity level as VOO, SOVO,
POVO, and CSVO with percentages. For the
second LDA, in addition to the VOO sample
used in the preparation of the adulterated
samples, five 2020-2021 Ayvalik, five 2019-2020
Edremit and five 2019-2020 Milas samples were
defined as VOO, and the LDA data set was
expanded. The expanded VOO sample set was
labeled as VOO-EXT for the repeated LDA.

RESULTS AND DISCUSSION

Chemical characteristics of VOO, sunflower
oil, cottonseed oil and palm olein samples
The fatty acid, triglyceride, and sterol
compositions of the VOO, refined sunflower oil,
cottonseed oil, and palm olein samples used to
prepare adulterated samples are given in Table 1,
Table 2 and Table 3. The quality criteria and
compositional properties of all oil samples (VOO,
refined sunflower oil, cottonseed oil and palm
olein oil) included in this study met the purity
ctitetia  defined in the related Codex

Alimentarious standards

2017).

According to the fatty acid compositions in Table
1, the C14:0 value of palm olein had a higher level
(1.10%) than the other vegetable oils in our study.
Also, it was observed that palm olein and
cottonseed oil had a higher percentage of C16:0
than the other two oils, 41.47% and 22.93%,
respectively. In contrast, sunflower oil had the
lowest content, with 6.19% of C16:0. Calislar et
al. (2018) similarly stated that palm olein is a high
source of palmitic acid (C16:0) (Calslar et al.,
2018). It can be noted that the margaric acid
(C17:0) values are similar in all pure vegetable oils
in this study. Still, VOO's heptadecenoic acid
(C17:1) level stands out at 0.24%. The level of
stearic acid (C18:0), a saturated fatty acid, in
sunflower oil and palm olein was higher than in
cottonseed oil. In parallel, Anushree et al. (2017)
stated that sunflower and palm oil are high
sources of steatic acid. It was claimed that some
types of sunflower oil obtained from improved
and/or biotechnologically treated sunflower
seeds would be an alternative to palm oil
(Anushree et al., 2017). VOO was characterized
by high oleic acid (C18:1) content, as seen in
Table 1. VOO had the highest oleic acid value at
69.38%, followed by palm olein oil at 41.68%.
Sunflower oil has the highest linoleic acid (C18:2)
content of 68.44%.

(Anonymous, 1999,

Table 1. Fatty acid compositions of VOO, sunflower oil, cottonseed oil and palm olein samples

VOO Sunflower oil Cottonseed oil Palm olein
C14:0 0.02%0.00 0.06%0.00 0.69%0.01 1.10£0.02
C16:0 13.78+0.27 6.1910.21 22.93+0.57 41.47+1.12
C16:1 0.88%0.02 0.09£0.00 0.55%+0.01 0.21£0.00
C17:0 0.160.00 0.03%0.00 0.08£0.00 0.08%0.00
C17:1 0.24%0.00 0.03%0.00 0.03%+0.00 0.04%0.00
C18:0 2.8410.05 4.01£0.08 2.4210.05 3.8910.10
C18:1 69.3812.48 21.94%0.76 16.2710.34 41.68%1.08
C18:2 11.2910.26 68.4411.54 57.67%£1.07 10.78%+0.22
C20:0 0.4910.01 0.2310.01 0.18£0.00 0.27£0.01
C18:3 0.68%+0.02 0.09%0.00 0.13£0.00 0.21£0.00
C20:1 0.3110.01 0.1210.00 0.04£0.00 0.13£0.00
C22:0 0.14%0.00 0.05%0.00 0.08£0.00 0.06%0.00
C24:0 0.070.00 0.02%0.00 0.10£0.00 0.05%0.00
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Table 2. Triglyceride compositions of VOO, sunflower oil, cottonseed oil and palm olein samples

VOO Sunflower oil Cottonseed oil Palm olein
LLL 0.16%0.00 0.13%0.00 0.54%0.01 0.49%0.02
OLLn+PoLL 0.23%0.01 0.03%0.00 0.40%0.01 2.41%0.04
PLLn 0.05%0.00 0.22%0.01 0.10%£0.00 0.39%0.01
OLL+OLPo 2.91+0.09 35.79£0.73 20.67%0.33 0.34%0.01
OOLn 1.11+0.02 0.14%0.00 0.80%0.01 0.17%0.00
PLL 0.98%0.01 0.23%0.00 0.16%0.00 0.06%0.00
OOL+PoOO 0.56%0.02 0.17%0.00 0.19%0.00 0.03x0.00
OOLA+LnPP 14.85+0.38 26.97£0.86 14.08+0.34 2.21+0.05
OOQOPo 0.82%0.03 0.36%0.01 0.00£0.00 12.43%0.32
PLO+SLL 8.13%0.28 10.92%0.19 26.9710.81 0.54%0.02
PoOP 0.44%0.01 0.26%0.00 0.00£0.00 10.70£0.22
PPL 1.17£0.02 0.08%0.00 0.56%0.02 0.17%£0.00
000 35.22%0.99 7.39%0.19 4.1020.04 4.79%0.09
OOP 25.05%0.61 11.50£0.20 15.13£0.30 28.39%0.50
POP 4.31£0.07 1.03%0.02 8.96%+0.15 33.28+0.71
SOO 4.81%0.13 3.85+0.11 3.2910.13 0.4910.01
POS 0.00£0.00 0.98+0.03 4.26x0.14 2.1410.06
AECN42 0.06x0.02 30.57£1.05 16.31£0.18 3.12%0.02

Table 3. Sterol compositions of VOO, sunflower oil, cottonseed oil and palm olein samples

Sunflower oil Cottonseed oil Palm olein
Cholesterol 0.05%0.00 0.13%+0.00 0.35%0.01 3.38%0.11
brassicasterol 0.02%0.00 0.02x0.00 0.06£0.00 0.07x0.00
ergosterol 0.03£0.00 0.00x0.00 0.00£0.00 0.00x0.00
24-methylene-cholesterol 0.06£0.00 0.00x0.00 0.00£0.00 0.00x0.00
campesterol 3.29%0.05 10.25%+0.29 7.71£0.19 21.70£0.27
campestanol 0.01%0.00 0.00£0.00 0.00%0.00 0.00%0.00
stigmasterol 0.35%0.00 7.15%£0.03 1.01£0.02 12.61x0.16
A5.23-stigmastadienol 0.06x0.00 0.00£0.00 0.00%0.00 0.00%0.00
clerosterol 0.77£0.02 0.55x0.01 0.90£0.01 0.00x0.00
B-sitosterol 81.231£0.97 59.41%£1.46 87.02x0.81 57.90%1.52
sitostanol 1.19£0.02 0.00x0.00 0.00£0.00 0.00£0.00
Ab5-avenasterol 10.10£0.36 1.39£0.02 1.08%0.02 0.91+0.02
A5.24-stigmastadienol 0.43%0.00 1.6520.05 0.18%0.00 1.09%0.01
Appatent B-sitosterol 93.77+1.11 63.00+1.45 89.18+0.82 59.90+1.54
A7-stigmastenol 0.24%0.00 11.71£0.25 0.06x0.00 0.79%0.02
A7-avenasterol 0.33%0.01 6.68%+0.13 0.25%+0.01 0.96%0.02
eritrodiol 1.24%0.05 0.00£0.00 0.00%0.00 0.00£0.00
Uvaol 0.05%0.00 0.00£0.00 0.00%0.00 0.00£0.00

The characteristic triglyceride trilinolein (LLL) is
as low as 0.16% and 0.13% in VOO and
sunflower oil, respectively. The highest total value
of OLL+OLPo triglycerides was measured in
sunflower oil at 35.79%, followed by cotton oil at
20.67%. OOL+LnPP total has differed between

2.21% (palm olein) and 26.97% (sunflower oil).
Palm olein has the highest OOPo triglyceride
content at 12.43%. On the contrary, palm olein oil
has the lowest content of PLO+SLLL
triglycerides compared to other vegetable oils.
The PoOP was not detected in cottonseed oil,
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while palm olein had 10.70%. It is known that the
major characteristic triglyceride of VOO is
triolein (OOO) (Ben Hmida et al, 2022).
Similarly, in our study, VOO had 35.22% of
OO0O0. Again, OOP levels, one of the triglycerides
rich in oleic acid, were high in VOO and palm
olein oil.

Phytosterols constitute a significant part of the
unsaponifiable fraction of oils and the sterol
composition shapes during the maturation of the
olive (Bozdogan Konuskan and Mungan, 2016).
The hydrolytic and oxidative progress may affect
the fatty acid composition. Therefore, the sterol
composition of vegetable oil act as a fingerprint
and is more reliable in the assessment of
adulteration than fatty acid composition (Aloisi et
al,, 2020; Saygin Gumiiskesen and Yemiscioglu,
2010). The sterol composition of VOO,
sunflower oil, cottonseed oil and palm olein
samples were given in Table 3. VOO has low
content of campesterol and stigmasterol. The
highest amount of sterol in VOO was §-sitosterol
with 81.23%, while it was determined at 87.02%
in cottonseed oil. The B-sitosterol level was
relatively low in sunflower oil and palm olein
(59.41% and 57.90%, respectively). A5-
avenasterol was highest in VOO at 10.10%.
According to the Codex Alimentarius, apparent [3-

sitosterol  which is the sum of A523-
stigmastadienol, clerosterol, B-sitosterol,
sitostanol, A5-avenasterol and A524-

stigmastadienol should be higher than 93% for
VOO. The apparent B-sitosterol content of VOO
was 93.77% in our study.

The differences in chemical properties of
adulterated samples and detection using
AECN42 and sterol composition

Table 4 depicts the fatty acid composition of the
adulterated samples prepared by mixing refined
sunflower oil, cottonseed oil and palm olein with
1%, 4%, 7%, 10% and 13%. Palm olein was richer
in C16:0 fatty acid at 41.47%, compared to VOO
at 13.78%. Therefore, the adulterated samples
with palm olein had higher C16:0 content even at
1% concentration. It was determined that as the

palm olein concentration of the adulterated
sample increased, C16:0 fatty acid content
gradually increased to 15.21%, 16.13%, 17.29%
and 18.17%. Since the C16:0 content of sunflower
oil was lower than the VOO, the C16:0 content
of adulterated samples with sunflower oil
decreased gradually to 14.17, 13.55, 13.50, 12.97
and 12.81%. Similarly, Dourtoglou et al. (2003)
stated that the C16:0 content was reduced when
VOO was adulterated with sunflower oil. This
study also reported an increase in C16:0 content
when VOO was adulterated with cottonseed oil.
Another distinctive change was in C18:1, the
major fatty acid of VOO (Dourtoglou et al,
2003). The percentages of C18:1 decreased as the
amount of sunflower oil in adulterated samples
increased. As the percentage of adulteration with
sunflower oil increased, C18:2 content gradually
increased to 12.34%, 13.64%, 15.69%, 17.54%
and 19.69%. Similarly, C18:2 content increased as
the percentage of adulteration with cottonseed oil
increased. The sterol compositions of adulterated
samples using cottonseed, palm olein, and
sunflower oil are shown in Table 5. Stigmasterol
levels of adulterated samples have increased as the
percentage of adulteration has risen. Along with
the increase in the adulteration proportion, the
campesterol  content also  elevated. The
campesterol contents of; SOVO10, SOVO13,
CSVO10, CSVO13, and POVO13  were,
respectively, 4.09%, 4.37%, 4.11%, 4.16%, and
4.22% were lied outside of the codex limits. The
campesterol decision tree approach should be

applied when the sample's campesterol
percentage is between 4% and 4.5%, per
European Union's olive oil requirements

(Anonymous, 2022). According to this decision
tree, A7-stigmastenol should be < 0.3% and
stigmasterol should be =< 1.4% to decide the
sample is not adultered. The stigmasterol
percentages of the samples were lower than 1.4%,
but the A7-stigmastenol values of some samples
were greater than 0.3% (Table 5). Therefore, only
those with a 10% and 13% mixtute ratio among
the adulterated samples could be determined
using the campesterol decision tree.
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Table 4. Fatty acid compositions of adulterated samples

SOVO CSVO POVO
1% 4% % 0%  13% 1% 4% % 0%  13% 1% 4% % 0% 13%
Cl40 004 002 002 003 003 004 005 007 009 012 0.03 007 010 014 017
©0.00)  (0.00) (0.00) (0.00)  (0.00) ©0.00) (000 (0.00) (0.00)  (0.00) ©0.00)  (0.00) (0.00) (0.00)  (0.01)
Cle0 1417 1355 1350 1297 1281 1397 1391 1492 1461 1472 1400 1521 1613 1729 1817
©030) (055 (029 (046  (0.33) 022 (023 (0.30) (0.24)  (0.30) ©027) (0200 (041) (038  (0.56)
clel 081 087 086 081 078 091 090 088 088 085 084 08 08 08 082
002 (0.02) (003 (001)  (0.03) 002 (002 (002 (003  (0.03) 0.03)  (0.02) (003 (002  (0.02)
C170 016 015 016 016 0.4 017 015 015 016  0.15 0.16 016 016 016 014
©01)  (0.00)  (0.00)  (0.00)  (0.00) ©.00) (001  (0.00)  (0.00)  (0.01) ©.01)  (0.00)  (0.00)  (0.00)  (0.00)
C17:1 025 023 023 023 021 026 024 023 023 022 025 024 023 021 021
©01)  (001)  (0.00)  (0.00)  (0.01) ©01) (000 (0.01)  (0.00)  (0.01) ©01)  (©001) (000 (000  (0.01)
C180 287 286 287 299 297 282 279 281 276 276 2.75 296 292 292 295
©007) (006  (0.11) (005  (0.11) ©0.03) (006 (005 (0.11)  (0.10) 004 (007 (009 (0.07)  (0.08)
C181 6839 6679 G465 6259 6173 67.86 6736 6491  63.86  61.96 69.09 6681  69.05 6660 6451
084 (166 (138  (1.81) (211 (1.88) (044 (1.01) (195  (1.32) (205 (190  (130) (203  (0.94)
C18:2 1234 1364 1569 1754  19.69 1191 1296 1479 1608  17.63 1088 11.04 1128 1110 1097
037) (043 (042  (041)  (0.38) 027) (035 (047) (042  (0.59) 021)  (027) (023 (039)  (0.27)
C20:0 041 042 042 039 039 040 042 041 039 036 0.36 043 043 041 043
©001)  (0.02) (001) (0.01)  (0.01) ©01) (001  (001)  (0.01)  (0.01) 001)  (0.00) (0.01) (0.01)  (0.02)
C183 069 063 064 060 061 070 066 063 062 062 0.61 066 066 062 061
©01)  (©01) (001) (002  (0.01) 002 (002  (001)  (001)  (0.02) 002 (©001) (002 (001  (0.01)
€201 027 026 026 026 026 029 026 025 024 023 024 027 027 026 025
©0.00)  (0.00) (0.00) (0.01)  (0.00) ©001) (000 (001)  (0.00)  (0.01) ©001) (001  (0.01) (0.00)  (0.01)
Cc220 012 012 014 016 017 010 011 010 009 0.0 0.09 010 010 010  0.09
©.00)  (0.00)  (0.00)  (0.00)  (0.01) ©.00)  (0.00  (0.00)  (0.00)  (0.00) ©.00)  (0.00)  (0.00)  (0.00)  (0.00)
C240 005 006 006 006 005 006 005 005 005 005 004 005 005 006 004
©0.00)  (0.00)  (0.00)  (0.00)  (0.00) ©0.00)  (0.00  (0.00)  (0.00)  (0.00) 0.00)  (0.00)  (0.00)  (0.00)  (0.00)

Table 5. Sterol compositions of adulterated samples

SOVO CSVO POVO

1% 4% % 10%  13% 1% 4% % 10%  13% 1% 4% 1%  10%  13%

k.terol 023 010 008 008 007 012 012 008 006 012 011 014 008 004 025
001 (0.00) (0.00) (0.00) (0.00) ©0.00)  (0.00)  (0.00) (0.00)  (0.00) 0.00)  (0.00) (0.00) (0.00) (0.01)

b.sterol 001 001 001 001 002 002 005 009 002 003 000 001 001 000 001
©0.00)  (0.00) (0.00) (0.00)  (0.00) ©.00)  (0.00)  (0.00) (0.00) (0.00) 0.00)  (0.00) (0.00) (0.00)  (0.00)

e.sterol 004 004 004 005 006 005 005 003 004 006 089 005 006 108 006
©0.00)  (0.00) (0.00) (0.00)  (0.00) ©.00)  (0.00)  (0.00) (0.00)  (0.00) 003 (0.00) (0.00) (0.04) (0.00)

24mkstl 009 008 009 009 012 010 008 005 006 006 012 008 007 018 012
0.00)  (0.00) (0.00) (0.00)  (0.00) ©.00)  (0.00)  (0.00) (0.00)  (0.00) 0.00)  (0.00) (0.00) (0.00)  (0.00)

kmpsterol  3.62 400 398 409 437 355 379 381 411 416 253 374 395 314 422
005  (0.03) (0.02) (0.09) (0.09 008 (0.05  (0.04 (0.09 (0.10) 006 (0.16)  (0.06) (0.04) (0.11)

kmpstanol ~ 0.01 001 007 003 003 002 001 002 005 003 000 002 000 000 012
0.00)  (0.00) (0.00) (0.00)  (0.00) ©.00)  (0.00)  (0.00) (0.00)  (0.00) 0.00)  (0.00) (0.00) (0.00) (0.00)

stg.sterol 056 070 08 102 131 037 041 040 043 044 044 053 057 092 097
©01) (002 (003 (0.01) (0.02) ©01)  (0.01)  (0.01) (001 (0.01) ©01)  (0.00) (0.02) (0.01) (0.02)

A523 014 028 033 036 051 011 009 009 151 024 002 001 001 001 000
©.00)  (0.01)  (0.00) (0.01)  (0.00) ©.00)  (0.00)  (0.00) (0.03) (0.00) 0.00)  (0.00) (0.00) (0.00) (0.00)

Kleres 091 091 067 064 079 094 086 071 045 063 055 086 072 040 084
002 (002 (001 (0.01) (0.03) 003 (002 (002 (001 (0.02) ©01) (002 (0.02) (0.01) (0.03)
Bs.sterol 80.80 8171 7682 7771 7483 8049  81.66 8116 80.09 81.06 8312 8125 8114 8182 79.84
(1.86) (191) (257 (227) (1.86) @57)  (124)  (247) (0.66) (2.42) @21)  (230) @11 (139 (119

s.stanol 134 102 142 142 161 139 129 128 140  1.99 053 095 072 084 139
002 (0.01) (007 (0.05 (0.05) 005  (0.04) (0.03) (0.03) (0.06) ©01) (002 (0.00) (0.03) (0.03)

ASavena 908 939 1128 1096 11.22 942 907 972 892 897 687 868 872 699 883
023 (018 (030) (0.33) (0.31) 016y (021)  (0.06) (0.12) (0.08) 016) (025 (022 (0.07) (0.19)

A5.24 08 079 08 072 08 089 076 068 065 064 059 082 096 062 091
002 (0.03) (002 (0.02) (0.01) 003 (0019 (0.01) (001 (0.02) ©01)  (0.00) (0.01) (0.01)  (0.02)

SBssterol 9313 9400 9141 9181  89.81 93.24 9372 9364 9302 9352 91.67 9258 9226 90.67 9181
(165 (195 (235 (208 (213) (@65  (1.35) (254 (058) (2.33) @33 (@54 (219 (141)  (1.06)

Astig 038 044 048 043 056 047 049 054 045 057 029 047 042 034 055
©01)  (001) (0.02) (0.02) (0.01) ©01)  (0.01) (002 (0.02) (0.02) 0.00) (0,02 (0.02) (0.01) (0.01)

ATavena 068 086 134 158 235 038 035 032 032 031 032 041 040 035 037
002 (0.01) (0.05 (0.04) (0.05) ©01)  (0.01)  (0.01) (001 (0.01) ©01)  (0.00) (0.01) (0.00) (0.01)

etit 145 134 120 122 128 139 142 168 163 167 163 165 166 144 154
003  (0.03) (003 (0.02) (0.03) 002 (005  (0.05 (0.04) (0.02) 006  (0.01) (004 (0.02)  (0.04)

uva 002 001 012 002 001 001 002 001 002 001 001 002 001 003 002
©0.00)  (0.00)  (0.00)  (0.00)  (0.00) ©0.00)  (0.00)  (0.00) (0.00)  (0.00) 0.00)  (0.00)  (0.00) (0.00) (0.00)

k.terol: kolesterol, b.sterol: brassikasterol, e.sterol: ergosterol, 24m.k.strl: 24-metilen-kolesterol, kmpsterol: kampesterol, kmpstanol:
kampestanol, stg.sterol: stigmasterol, A5,23: delta-5.23-stigmastadienol, kleres: kleresterol, Bs.sterol: beta-sitosterol, s.stanol: sitostanol,
Abavena: delta-5-avenasterol, A5,24: delta-5.24-stigmastadienolXp.Bs.sterol: apparent b-sitosterol, A7stig: delta-7-stigmastenol, A7avena: delta-
7-avenasterol, erit: eritrodiol, uva: uvaol.
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Table 5 depicts that stigmasterol percentages
increase as the percentage of adulteration
increases for all adulterated samples. However,
since the campesterol percentage of all
adulterated samples is higher than the
stigmasterol percentage, all adulterated samples
comply with the purity criteria specified in the
relevant codex. Similatly, it was observed that all
adulterated samples' cholesterol and
brassicasterol values were within the limits of
VOO specified in the relevant regulation. When
AT7-stigmastenol amounts are considered, it is
seen that only 13% of adulteration ratios were
detected among all adulterated samples. Similarly,
Jabeur et al. (2014) determined that a 10%
sunflower oil mixture is required for the samples
to be out of standard with the increase in A7-
stigmastenol in VOO adulteration (Jabeur et al.,
2014). Apparent B-sitosterol contents of the
samples adulterated with sunflower oil were
determined as 91.41, 91.81 and 89.81% at 7-10-
13% adulteration rates, respectively. Thus, the
adulterated samples containing 7% or more
sunflower oil remained outside the limits.
Apparent [-sitosterol contents of all samples
adulterated with palm olein were found out of the
limit according to the relevant communiqué. Still,
it was observed that the apparent [-sitosterol
contents of none of the adulterated samples
containing cottonseed oil were out of this limit.

The AECN42 is an important parameter used to
detect VOO adulteration. Actual ECN42
triglyceride content (LLL + OLnL + PLnl) was
higher in all refined adulterants than in VOO
samples. The limit in AECN42 1s 0.20 for VOO
and 0.30 for lampante and refined olive oil
(Anonymous, 2017). The AECN42 value,
characterized by the detection of the adulteration
of seed oils in olive oil, was measured in olive oil
with 0.06 in this study. The AECN42 value was
determined as 30.57 in sunflower oil and 16.31 in
cottonseed oil, and 3.12 in palm olein oil in this
study. Table 6 shows the triglyceride composition
of adulterated samples with sunflower oil,
cottonseed oil, and palm olein. LLL values
increased with the increase in adulteration rate for
all samples. OLL+OLPo percentages increased as
the adulteration rate of cotton oil and sunflower

oil increased. OOO tended to decrease as the
percentage of adulteration increased. The
AECN42 value enabled the detection of
adulteration in all samples except the one having
1% cottonseed oil. Jabeur et al. (2014) stated that
adulterated VOO samples containing 1%
sunflower oil, 3% soybean oil and 3% corn oil
using AECN42 values could be detected (Jabeur
etal., 2014).

Discrimination of adulterated samples
according to LDA performed using FTIR
data

Infrared spectroscopy exploits the fact that
molecules absorb frequencies characteristic of
their molecular structure. These absorptions
are resonant frequencies, ie., the absorbed
radiation's frequency matches a molecule's
vibrational frequency. The atoms in organic
compounds can vibrate in nine ways; symmetric
and  antisymmetric  stretching,  scissoring,
rocking, wagging and twisting. The range of
1500cm!  to 650cm™ is specified as the
"fingerprint" region of the FTIR spectra of
vegetable oils, where vibrational modes of the
organic compounds of vegetable oil significantly
affect the spectral shape in this region (Movasaghi
et al., 2008; Squeo et al., 2019).

For instance, 1464-983cm™! region is assigned to
bending vibrations of -CH» and -CHj3 aliphatic
groups and rocking vibrations. Symmetric H-C-H
bending at 1377 cm~! could be attributed to
glycerol group O-CHz (mono-, di- and
triglycerides). CHa scissoring are observed at 1462
cm~! whereas band between 1125 and 1095 cm™!
depend on the stretching vibration of C=O ester
groups and -CH» wagging. The last major peak
located near 723 cm~! could be associated with
ovetlapping of the (CHz). rocking vibration and
out-of-plane vibration (-CH wagging) of cis-di-
substituted olefins (Uncu et al., 2019). In addition,
as used in the AOCS Official Method 14-61, the
trans-isomer content can be reached through the
peak structure of 966cm-1.

Figure 1 presents the FTIR spectra of adulteration
samples prepared with sunflower, palm olein and
cotton oils, pure oils and VOO, respectively, in
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untreated form. In particular, the morphological
similarity of the fingerprint regions in the FTIR
spectra of palm olein and VOO given in Figure
1b is remarkable. Some deviations and differences
can be seen in the fingerprint region in the FTIR
spectra of sunflower oil and VOO given in Figure
1a and cotton oil and natural olive oil given in
Figure 1c. LDA was applied after this spectrum
data were pre-processed as explained under the
title of material and method.

Figure 2 depicts the LDA results of adulterated
olive oil samples obtained with sunflower, palm
olein and cotton oils and their blends (1-4-7-10-
13%) of the selected VOO sample. When the
LDA graph of VOO and sunflower oil mixtures
was examined (Figure 1a), it was seen that the first
two functions obtained at the end of LDA explain
the difference between the samples at a total rate
of 92.1%. It has been determined that the VOO
and sunflower oil are separated on the first
function. The adulteration samples prepared with
these two oils show a distribution between VOO
and sunflower oil on the graph, depending on the

sunflower oil content. The LDA graph shows that
even the adulteration sample containing 1% of
sunflower oil can be easily separated from the
VOO sample.

The LDA graph showing the separation of
adulterated samples prepared with palm olein
from VOO is given in Figure 2b. According to the
LDA results, the first two functions explained the
difference between the sample groups at the rate
of 94.9%. Although adulterated samples
containing sunflower oil were effectively
separated on the LDA graph, it was observed that
VOO and palm olein samples overlapped on the
LDA graph, especially adulteration samples
containing 10% and 13% palm olein could not be
separated from VOO. For this reason, it is
thought that the differences seen in samples with
lower palm olein content are not justifiable. This
result means that the fingerprint region in the
FTIR spectra does not provide sufficient
information for the detection of olive oil
adulteration with palm olein.

Table 6. Triglyceride compositions and AECN42 values of adulterated samples

SOVO CSVO POVO

1% 4% 7% 10% 13% 1% 4% 7% 10% 13% 1% 4% 7% 10% 13%

LLL 0.76 1.88 3.13 4.43 5.42 0.44 1.27 1.83 2.33 3.08 0.25 0.30 0.26 0.24 0.16
(0.01) (0.05) (0.09) (0.08) (0.14) (0.01) (0.02) (0.06) (0.04) (0.05) (0.01) 0.01) 0.01) (0.00) 0.01)

OLLn 0.37 0.28 0.25 0.31 0.33 0.21 0.51 0.28 0.19 0.25 0.44 0.57 0.56 0.57 0.65
+PoLL  (0.00) (0.01) (0.01) (0.00) (0.01) 0.01) (0.02) (0.00) (0.00) 0.01) 0.02) (0.01) (0.01) 0.01) (0.00)
PLin 0.11 0.09 0.07 0.09 0.09 0.09 0.29 0.04 0.13 0.36 0.12 0.23 0.07 0.10 0.23
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.01) (0.00) (0.00) (0.01) (0.00) 0.01) (0.00) (0.00) (0.00)

OLL+ 3.22 412 5.07 5.94 6.71 3.07 3.01 4.13 4.41 4.84 295 297 3.03 279 2.56
OLPo (0.05) (0.09) (0.15) 0.16) (0.16) 0.07) (0.10) (0.08) (0.07) 0.13) (0.04) (0.05) (0.05) 0.07) (0.04)
0OIn 1.16 1.27 1.06 0.95 1.04 1.36 1.32 1.22 1.25 1.15 1.23 1.31 1.04 1.24 0.98
) (0.03) (0.03) 0.02) 0.02) (0.03) (0.05) (0.04) 0.02) (0.03) (0.03) (0.04) (0.03) 0.02) (0.04) 0.02)
PLL 1.12 1.56 1.75 2.08 2.49 1.51 227 298 3.92 4.96 0.95 1.11 1.07 1.21 0.92
(0.02) (0.04) (0.03) (0.04) (0.06) (0.05) (0.04) 0.13) (0.13) (0.10) (0.03) (0.03) (0.02) (0.03) (0.00)

OOL+ 0.54 0.63 0.54 0.42 0.40 0.90 0.60 0.59 1.18 0.62 0.69 0.56 0.69 0.76 0.35
PoOO  (0.01) 0.02) 0.02) 0.01) (0.01) 0.01) (0.01) 0.01) (0.03) 0.02) 0.01) (0.01) 0.02) 0.02) (0.00)
OOL+  14.82 14.77 14.55 14.14 13.67 15.11 14.42 14.64 13.92 13.92 14.86 14.90 14.19 14.08 13.60
LaPP (0.23) 0.29) (0.24) 0.37) (0.28) (0.53) 0.19) 0.47) (0.36) (0.45) (0.39) (0.37) (0.26) (0.35) 0.29)
OOPo 1.16 0.77 0.85 0.64 0.82 0.85 0.73 0.75 0.74 0.82 0.91 0.83 0.76 0.61 0.84
(0.03) (0.02) (0.01) (0.01) (0.01) (0.01) (0.02) 0.02) (0.02) 0.02) 0.02) (0.02) (0.02) 0.02) (0.02)

PLO+ 8.15 8.02 8.57 8.55 8.59 8.14 8.41 8.56 9.01 9.19 7.99 8.55 8.42 8.46 9.36
SLL (0.18) 0.27) (0.14) (0.03) 0.11) 0.19) (0.24) 0.16) (0.18) 0.16) 0.19) 0.21) (0.10) 0.16) 0.17)
PoOP 0.72 0.42 0.48 0.33 0.40 0.44 0.48 0.30 0.41 0.42 0.50 0.57 0.41 0.57 0.44
(0.01) (0.01) (0.02) (0.00) (0.01) (0.01) (0.02) (0.01) (0.01) (0.01) (0.01) (0.02) 0.01) (0.03) (0.01)

PPL 1.08 0.93 0.95 0.96 0.99 0.98 1.36 1.45 1.78 2.02 1.09 1.10 1.36 2.02 2.03
(0.04) (0.02) (0.02) (0.03) (0.01) (0.02) (0.02) (0.06) (0.04) (0.04) (0.03) (0.03) (0.03) (0.08) (0.03)
000 33.96 33.04 31.87 31.78 29.59 34.17 33.27 32.85 31.01 30.64 34.36 34.12 34.53 32.31 31.60
(0.74) 0.67) (0.61) (0.93) (0.70) (0.806) (0.81) (0.81) (0.75) (0.88) (0.96) (0.51) (1.03) (1.06) (0.81)
00OP 23.35 22.94 22.98 22.06 21.09 23.99 23.24 23.37 22.14 21.59 24.55 25.41 25.14 24.70 25.63
(0.33) (0.52) (0.65) (0.58) (0.44) 0.71) (0.46) (0.87) (0.48) (0.58) (0.52) (0.40) (0.74) (0.90) (0.74)

POP 3.7 3.17 3.27 3.30 3.17 3.78 3.14 3.40 3.57 3.98 3.75 4.43 5.39 6.67 6.87
(0.10) 0.13) 0.09) (0.08) (0.03) (0.06) (0.06) 0.07) (0.04) (0.10) (0.10) (0.08) (0.11) 0.07) (0.25)

SO0 4.77 4.74 4.23 4.07 4.05 4.14 4.48 4.01 3.70 297 4.13 3.23 3.48 3.37 3.70
(0.18) (0.14) (0.08) 0.07) 0.11) 0.11) (0.05) (0.06) 0.07) (0.10) 0.11) (0.13) (0.09) 0.02) (0.06)

AECN 0.56 1.48 2.48 3.66 4.40 0.06 1.34 1.29 1.66 252 0.27 0.52 0.34 0.37 0.51
42 (0.03) (0.05) (0.10) (0.09) (0.06) (0.00) (0.00) (0.06) (0.03) (0.10) (0.01) 0.01) (0.01) (0.03) (0.01)

P: Palmitic acid, Po:Palmitoleic acid, S: Stearic acid, O: Oleic acid, 1: Linoleic acid, Ln: Linolenic acid,
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Figure 1. The untreated FTIR spectra between 4000cm ! and 600cm! of pure and adulterated samples.
VOO: Selected VOO for adulterated sample preparations.
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Figure 2. LDA results of adulterated oils and pure oils; a) VOO-sunflower oil, b) VOO-cottonseed olil,
¢) VOO-palm olein. Values in parentheses next to the functions are the percentage of explanation of
the difference between the sample groups.

The LDA graph showing the separation of
adulterated samples consisting of cottonseed oil,
VOO and their mixtures is given in Figure 1c. It
is seen that cottonseed oil and VOO samples are
clearly separated, and the adulterated samples are

1%.

also clustered in different locations on the LDA
(Figure 3.)
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graph. Although no sequence was observed
depending on the mixing ratio, it was determined
that cottonseed oil and VOO mixture were
separated from natural olive oil even at a rate of
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Figure 3. Extended olive oil sample set (VOO-EXT) and LDA results of adulteration samples; a)
VOO-sunflower oil, b) VOO-cottonseed oil, ¢) VOO-palm olein. Values in parentheses next to the
functions are the percentage of explanation of the difference between the sample groups.

As it is known, the chemical composition of
VOOs can vary depending on many factors such
as variety, climatic conditions, soil structure,
agricultural practices and harvest season. This
variability is likely to complicate the detection of
adulterated samples and is assumed to be the
major obstacle to standardizing spectroscopic
techniques such as FTIR in detecting VOO
adulteration. Therefore, in our study, the VOO
sample set was expanded, and the LDA was
repeated in order to evaluate the possible effects
of the harvest season (year), variety and
geographical region differences in VOOs on the
detection of VOO adulteration over the FTIR
spectrum - LDA. In addition to the VOO sample

used in preparing the adulterated samples, five
2020-2021 Ayvalik, five 2019-2020 Edremit and
five 2019-2020 Milas samples were defined as
VOO, and the LDA data set was expanded. For
the repeated LDA, the expanded VOO sample set
was labeled VOO-EXT (Figure 3).

The LDA graph in Figure 3a, depicts the
differentiation of adulteration samples prepared
with sunflower oil from the expanded VOO set.
The adulterated samples containing 1% sunflower
oil overlapped with VOOs, while adulterated
samples with higher sunflower oil concentrations
were located away from the VOOs. According to
the LDA results, it was observed that the samples




Detecting virgin olive oil adulteration: Sterols, ECN42, and FTIR compared

containing 1% sunflower oil could be separated
only from the geographically indicated Ayvalik
VOO samples of the 2019-2020 season. (Figure
1a). However, the chemical diversity due to the
expansion of the VOO sample set made this
discrimination impossible in the latter case.
Similatly, the enlargement of the VOO sample set
weakened the discrimination of cottonseed oil
adulterated samples and especially the samples
containing 7, 10 and 13% cottonseed oil located
closer to the VOO samples. Nevertheless,
adulterated samples prepared with cottonseed oil
were close but did not overlap with VOOs.

CONCLUSION

Identifying frauds classified as adulteration is
essential to preserve VOO's authenticity and
actual economic value. The legislation establishes
the standards for judging the purity of VOO, but
chromatographic  methods, which require
substantial amounts of chemicals, time, and labor,
are used to determine the chemical qualities.
Numerous research has examined the possibility
of detecting VOO adulteration using quick and
non-destructive approaches like FTIR. However,
the most significant barrier to the widespread use
and standardization of spectroscopic methods has
been the practicality issues related to varying
validity performance at varied data sizes. The
findings of our study showed that when
sunflower oil, palm olein, and cottonseed oil were
used as partial substitutes for VOO, the AECN42
value was a valid approach to detect adulteration.
Using the AECN42 value, 1% palm oil, 1%
sunflower oil and 4% cottonseed oil adulterated
samples were discriminated from VOO. LDA
results of FTIR data showed identical results to
those of AECN42 except for palm olein
adulterated samples. However, when VOO data
was expanded to include VOO samples from a
new variety, region, and season (Milas, Edremit
samples, and 2020-2021 Ayvalik samples), the
discrimination in LDA between VOO and
adulterated samples prepared with cottonseed oil
was diminished. Correct multivariate approach
and FTIR data selection significantly influence the
performance of FTIR spectroscopy for detecting
VOO adulteration.
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