
applied  
sciences

Article

Evaluation and Origin Discrimination of Two
Monocultivar Extra Virgin Olive Oils,
Cultivated in the Coastline Part of
North-Western Greece

Vasiliki Skiada 1,2,*, Sofia Agriopoulou 1 , Panagiotis Tsarouhas 3, Panagiotis Katsaris 2,
Eygenia Stamatelopoulou 1 and Theodoros Varzakas 1,*

1 Department of Food Science and Technology, University of the Peloponnese, 24100 Kalamata, Greece;
sagriopoulou@gmail.com (S.A.); estamatel@gmail.com (E.S.)

2 Department of Olive and Horticultural Plants, Hellenic Agricultural Organization-DEMETER,
24100 Kalamata, Greece; pankatsaris@yahoo.gr

3 Department of Supply Chain Management (Logistics), International Hellenic University,
60100 Katerini, Greece; ptsarouhas@ihu.gr

* Correspondence: vpskiada@yahoo.gr (V.S.); tvarzakas@us.uop.gr (T.V.)

Received: 7 September 2020; Accepted: 24 September 2020; Published: 25 September 2020 ����������
�������

Abstract: Extra virgin olive oil (EVOO) quality and authenticity are important and challenging
factors nowadays for the assurance of consumers’ protection, prevention of unfair competition,
and disruption of the national economy by a false declaration of origin. Hence, the recognition of
EVOO authenticity is of great interest in terms of commercial and quality aspects. The objective
of this study was to evaluate and discriminate monovarietal extra virgin olive oils of the two
dominant olive cultivars, Lianolia Kerkyras and Koroneiki, produced in the coastline part of Western
Greece, based on their chemical characteristics, followed by statistical and chemometric analysis
in order to profile for the first time the typical characteristics of Lianolia Kerkyras as well as to
identify possible markers for authenticity purpose. A total of 104 olive oil samples were collected.
Both cultivars had an overall high quality profile as far as their basic qualitative parameters (free
fatty acid, peroxide value, and UV spectrometric indices) are concerned. A higher concentration in
the mono-unsaturated oleic acid characterize olive oils of cv. Koroneiki compared to cv. Lianolia
Kerkyras, while a clearly higher concentration in the poly-unsaturated linoleic acid was observed in
olive oils of cv. Lianolia Kerkyras. In addition, olive oil samples of cv. Koroneiki showed a clear lower
total sterols concentration with a percentage of 40.9% not surpassing the required EU Regulatory
limit of 1000 mg/kg, an observation which strengthens previous published results of our research
group and depicts an overall “intrinsic characteristic” of cv. Koroneiki. As far as the profile of the
individual sterols is concerned, Lianolia Kerkyras samples exhibited higher mean value for the total
sterol content as well as for β-sitosterol, the major phytosterol in olive oils, compared to the relative
values of Koroneiki. Significant differences in the sterolic and fatty acid composition of the examined
olive oil samples were shown by means of statistical analysis demonstrating a strong botanical effect
and depicting that those compositional markers can be suggested as possible authenticity tools.

Keywords: oliveoil; cv. LianoliaKerkyras; cv. Koroneiki; fattyacidmethylesters; sterols; authenticity;quality

1. Introduction

Extra virgin olive oil (EVOO) is cherished as a fundamental ingredient not only in the
Mediterranean diet but also internationally due to its proven health-promoting effects and nutritional
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properties [1–3]. This worldwide olive oil reputation is the major driving force for a continuously
higher demand on the international olive oil consumption [4,5]. As a matter of fact, the exported
olive oil quantities are continuously increasing not only from the main olive-oil producing counties
(Spain, Italy and Greece) but also from non-traditional producing countries around the world such as
Argentina, Australia, and China [6].

In this context, the demand of higher quality olive oils has led to the continuous appearance in the
market of olive oils elaborated with specific and unique characteristics. Hence, the European Union (EU)
has established a series of regulations for the certification, protection, and guarantee of the quality and
authenticity of olive oils arising from unapproved and fraudulent activities [7–11]. Protected Designation
of Origin (PDO) and Protected Geographical Indication (PGI) are two of the main systems created by
EU in order to promote and protect food product’s authenticity [12]. These denominations require
precise definition of several parameters such as cultivar, geographical origin, agronomic practice,
and production technology. From the above-mentioned parameters, the cultivar is of utmost importance
since the olive cultivar and its characteristics are directly related to olive oil quality [13]. Therefore,
identification of the botanical origin as well as adulteration of olive oils with lower quality or less costly
cultivars are some of the goals of authenticity research [14,15].

Nowadays, investigation of one or more constituents (major and minor components) present in
the olive oils is carried out addressing important information on olive cultivars and differentiating and
comparing their botanical origin. For example, different studies from Italy, Greece, and Spain have
been conducted to authenticate olive oils [16–19].

Although the number of Greek indigenous monocultivars is more than 40, with the most
systematically cultivated variety being cv. Koroneiki, most of other local autochthonous monocultivars
remain to be investigated in detail. In the coastline part of north-western Greece, and mainly in the
regional units of Preveza, Parga, and Thesprotia, the dominant olive cultivar, yet poorly investigated,
is a local variety named Lianolia Kerkyras. Lianolia Kekryras (referred to locally as Prevezana,
Ntopia Pargas, Lianolia) is an indigenous olive cultivar, cultivated exclusively in the above-mentioned
regions as well as in the island of Corfu (Kerkyra) in the Ionian sea [20,21]. It is a small-fruited cultivar
with its fruits having an elongated cylindro-conical shape with a small nipple. Their weight ranges
from 1.2–2.5 g and is normally harvested from late-November to late February. The oil content of
Lianolia Kerkyras ranges from 18–20% and is considered as a variety of moderate productivity [20,21].
Respectively, Koroneiki is also a small-fruited cultivar with a cylindrical shape. The weight of Koroneiki
olive fruit ranges from 0.6–1.5 g and its oil content from 22–25%. It is considered as a variety of excellent
productivity and resistance to adverse weather conditions [20,21].

According to our knowledge, monovarietal olive oils of Lianolia Kerkyras have never before
been characterized in depth. There are, in fact, a few publications concentrated on the classification
of different Greek monocultivar olive oils, among which Lianolia Kekryras was one of the examined
cultivars; however, the first study focuses on the classification of Western Greece’s monocultivar
olive oils based on their volatile profile [22] and the other two studies focused on their geographical
discrimination [23,24].

Hence, the objective of this study was to evaluate and characterize monovarietal olive oils of cv.
Lianolia Kerkyras produced in the coastline part of Western Greece and compare them with olive oils
of Koroneiki variety produced in the same area. Free fatty acid, peroxide value, and UV absorption
characteristics were analyzed as the quality parameters. Moreover, analysis of the sterolic and fatty
acid profile were performed. In addition, emphasis was given on the potential of their discrimination
for authenticity purpose in terms of their botanical origin. The identification of possible compositional
markers was examined based on their chemical parameters.
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2. Materials and Methods

2.1. Olive Oil Sampling

One hundred and four (N = 104) virgin olive oil samples were taken during the harvesting period
of 2019–2020 from the coastline part of Western Greece. In more detail, sixty (60) olive oil samples of
Lianolia Kerkyras and forty four (44) samples of Koroneiki cultivar were originated from the following
regional units: Preveza area (at 38◦57′33.35′′ N and 20◦25′06.18′′ E)Parga area (at 39◦17′07.20′′ N and
20◦24′01.80′′ E) and Thesprotia area (at 39◦29′36.60′′ N and 20◦22′42.76′′ E) according to Google Earth
version 7.0.1.8244-beta, Google, Inc., USA). Similar climatic conditions were evident at all regions,
characterized mainly by mild climate with temperatures rarely falling below freezing. Summer months
are hot, and the weather is the typical Mediterranean weather with not so much rain but lots of sunlight.
Olive fruits were derived from conventional agriculture and harvested between mid-November to
February according to specific technical details provided by the responsible agriculturists in the
framework of the project. Olive fruits were transferred to local oil mills, equipped with 2-phase
centrifugal systems (decanters) in all cases and the olive oil was extracted within 24 h by using the same
protocol for all samples and as such they were not treated as variables. This involved washing and
crushing of olive fruits followed by olive paste malaxation at 27–29 ◦C for 35–45 min and decanting.
The resulting olive oil samples were transferred to 1 L air-tight dark-green glass bottles and stored at
4 ◦C in the fridge for analysis. All examined parameters were determined in duplicate.

2.2. Analysis of the Quality Parameters

Free fatty acid, peroxide value, and UV absorption characteristics (K232 and K268) were determined
as described by the analytical methods of Regulation EEC/2568/91 of the European Commission and
later amendments [25].

2.3. Analysis of the Sterolic Profile

The oils, with the addition of α-cholestanol as internal standard (Sigma, St. Louis, MO, USA),
were saponified with KOH in an ethanolic solution and the unsaponifiable matter was then extracted
with diethylether. Separation of the different alcoholic compounds fractions took place by thin-layer
chromatography (TLC) on a basic silica gel plate (Fluka, St. Louis, MO, USA). The addition of the
appropriate silylation reagent (Alfa Aesar GmbH & Co., Karlsruhe, Germany) made possible the
transformation of the recovered fractions into trimethyl-silyl-ethers. Analysis was performed by
capillary column gas chromatography as described by EEC/2568/91 regulation, Annexes V [25].

2.4. Analysis of the Fatty Acid Profile

The principle of the method is based on the conversion through trans-esterification of the fatty
acids into fatty acid methyl esters (FAME) and extraction with n-hexane. Analysis of the individual
fatty acids was carried out according to Regulation EEC/2568/91, Annex IV with later amendments.

2.5. Statistical Analysis

The findings were presented as mean values ± standard deviation (SD). The use MINITAB 18
software (MINITAB, INC. State College, PA, USA) was applied to analyze the samples. In addition,
minimum and maximum values of the samples, mean, and standard deviation (SD) were collected.
In the theory of statistics, an indication of statistical dispersion is provided by the difference between
the biggest and smallest values (range). Moreover, in this study, the statistical mean differences were
evaluated based on the statistical tool analysis of variation (ANOVA). A statistical significance level
was set at p < 0.05. The tests of normality and homogeneity for the variances were carried out, and we
found that both conditions are satisfied. The principal component analysis (PCA) was also conducted
to investigate the association of the two monocultivars with the chemical characteristics analyzed.
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3. Results and Discussion

3.1. Quality Parameters of the Examined Olive Oils

Injuries caused to the olive fruits from insect attacks and fungal diseases, improper olive harvest
practices, and extraction methods as well as poor storage conditions of the extracted olive oil are the
main factors affecting the quality characteristics of the produced olive oil [26]. Hence, categorization
of the collected monovarietal olive oils took place by means of determination of free fatty acids,
peroxide value, and spectrophotometric absorption. Table 1 shows that all analyzed samples obtained
from the two examined cultivars in the coastline part of Western Greece belong to the highest quality
category of “extra virgin olive oil” since they satisfy the specifications set by EU Regulation 2568/91 [25].
More specifically, the mean free fatty acid was 0.24% and 0.27%, respectively for Koroneiki and
Lianolia Kerkyras olive oils. Likewise, the mean peroxide value for cv. Koroneiki olive oils was
6.64 meqO2 kg−1 whereas for cv. Lianolia Kerkyras the mean peroxide value was 5.21 meqO2 kg−1.
Similarly, both monovarietal olive oils had K232 and K268 mean values quite below the limit set by the
EU Regulation 2568/91. The results depict that both cultivars had an overall high quality profile in that
crop year as far as their basic qualitative parameters is concerned.

Table 1. Quality indices for the examined Koroneiki and Lianolia Kerkyras olive oils from the coastline
region of Western Greece.

Parameter
cv. Koroneiki (N = 44) cv. Lianolia Kerkyras (N = 60) EEC Limit for Extra Virgin

Olive Oil (EVOO) CategoryMean ± SD Min–Max Mean ± SD Min–Max

Free acidity (%) 0.24 ± 0.10 0.13–0.55 0.27 ± 0.12 0.12–0.75 ≤0.80
Peroxide value

(meqO2/kg) 6.64 ± 1.26 3.81–9.66 5.21 ± 1.12 3.41–8.64 ≤20

K232 1.56 ± 0.14 1.39–2.04 1.61 ± 0.15 1.25–1.95 ≤2.50
K268 0.14 ± 0.01 0.11–0.19 0.14 ± 0.02 0.11–0.21 ≤0.22

Values are expressed as means ± standard deviation (SD). N = 104.

3.2. Fatty Acid Profile of the Two Monocultivar Olive Oils

Fatty acid profile plays an important role in the quality and characterization of an olive oil as its
composition reflects the nutritional properties of an olive oil [27]. Several researchers have reported
that among other major components, fatty acids composition seems to represent a possible tool for
varietal characterization and authentication [28–33]. Table 2 shows the mean fatty acid composition
of the analyzed monovarietal olive oils. As it is shown, all fatty acids identified were found in the
normal range expected for the extra virgin olive oil category for both monocultivars. With respect to
the mono-unsaturated oleic acid (C18:1), olive oils of cv. Koroneiki presented a higher concentration
with a mean value of 75.07% compared to cv. Lianolia Kerkyras (69.55%). Moreover, the saturated
stearic acid (C18:0) concentration was higher for cv. Koroneiki with a mean value of 2.51% compared
to the concentration of 2.04% for cv. Lianolia Kerkyras. On the other hand, olive oils of cv. Lianolia
Kerkyras presented a clearly higher concentration of the poly-unsaturated linoleic acid (C18:2) with a
mean value of 10.40% compared to the Koroneiki olive oils (6.43%) as well as a higher concentration
in palmitic acid (14.46%). Regarding the comparison of the contents of the different lipids in the two
varieties, the different flesh to stone ratio is characteristic of the olives themselves. The flesh to stone
ratio is 3–4 to 1 in cv. Lianolia Kerkyras and 5 to 1 in cv. Koroneiki, and the stone is relatively large
in the latter, according to the catalogue of “Apulian and Greek Olive Varieties”. This anatomical
characteristic combined with the fact that the olive seeds are richer in linoleic acid and beta-sitosterol
than the olive pulp [34] could explain the higher content of these components in cv. Lianolia Kerkyras.
Moreover, the discrimination of the two varieties can also be aided and explained by the 18:1/18:2 ratio
which indicates that the ratio in cv. Koroneiki is double that of cv. Lianolia Kerkyras.
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Table 2. Fatty acid profile of the examined monocultivar olive oils in the coastline region of Western Greece.

Parameter
cv. Koroneiki (N = 44) cv. Lianolia Kerkyras (N = 60) Calculated

p-Value
EEC Limit for

EVOO CategoryMean ± SD Min–Max Mean ± SD Min–Max

Myristic C14:0 (%) 0.009 ± 0.002 0.006–0.018 0.008 ± 0.004 0.003–0.04 n.s ≤0.03
Palmitic C16:0 (%) 13.17 ± 1.01 11.16–17.59 14.76 ± 0.91 12.97–16.71 0.000 7.50–20.00

Palmitoleic C16:1 (%) 1.07 ± 0.17 0.83–1.69 1.47 ± 0.19 0.97–1.91 0.000 0.30–3.50
Heptadecanoic C17:0 (%) 0.04 ± 0.01 0.02–0.06 0.04 ± 0.01 0.02–0.07 n.s ≤0.40
Heptadecenoic C17:1 (%) 0.07 ± 0.01 0.05–0.12 0.08 ± 0.01 0.05–0.13 0.003 ≤0.60

Stearic C18:0 (%) 2.51 ± 0.24 2.03–2.98 2.04 ± 0.15 1.78–2.64 0.000 0.50–5.00
Oleic C18:1 (%) 75.07 ± 1.71 69.76–77.96 69.55 ± 1.71 65.39–73.00 0.000 55.00–83.00

Linoleic C18:2 (%) 6.43 ± 1.27 4.21–9.55 10.40 ± 0.91 8.30–12.80 0.000 2.50–21.00
Linolenic C18:3 (%) 0.72 ± 0.07 0.63–0.88 0.79 ± 0.08 0.60–0.99 0.000 ≤1.00
Arachidic C20:0 (%) 0.45 ± 0.03 0.34–0.53 0.40 ± 0.02 0.30–0.49 0.000 ≤0.60
Eicosenoic C20:1 (%) 0.29 ± 0.04 0.23–0.37 0.28 ± 0.03 0.20–0.33 n.s ≤0.50

Behenic C22:0 (%) 0.13 ± 0.02 0.09–0.18 0.13 ± 0.02 0.09–0.18 n.s ≤0.20
Lignoceric C24:0 (%) 0.05 ± 0.02 0.01–0.10 0.05 ± 0.01 0.03–0.09 0.009 ≤0.20

Values are expressed as means ± standard deviation (SD). n.s = not-significant. The p < 0.05 was set at the level of
statistical significance.

Variability in fatty acid composition between the two monocultivar olive oil samples led to the
performance of an analysis of variance (ANOVA) in order to assess their differences. Table 2 shows
substantial statistical differences between Lianolia Kerkyras and Koroneiki samples in almost all the
analyzed fatty acids (p < 0.05). The analysis of variance applied to the 13 GC analyzed variables allowed
the variables with the highest discriminant power to be determined. The more discriminant variables
are C18:2 (F = 343.19), C18:1 (F = 264.70), C18:0 (F = 149.88), C16:1 (F = 125.54), C16:0 (F = 71.21),
C20:0 (F = 65.71), and C18:3 (F = 22.28).

The effect of cultivar in the fatty acid profile of the two monocultivar olive oils originating from
the coastline region of north-western Greece is depicted from the results of this work proving the
usefulness of fatty acid composition for this varietal discrimination. Those results are in agreement
with our previously published data as well as other relevant studies, demonstrating that fatty acid
profile plays a crucial role in the classification of virgin olive oils according to their cultivar [28–33].
Finally, according to our findings, this local Greek olive variety has the tendency of exhibiting
higher concentrations in the poly-unsaturated omega-6 linoleic acid and lower concentration in the
mono-unsaturated omega-9 oleic acid compared to the most systematically cultivated variety of cv.
Koroneiki. Of course, further in-depth research for more crop years is necessary for the adequate
characterization of the fatty acid profile of Lianolia Kerkyras olive oils.

3.3. Sterolic Profile of the Two Monocultivar Olive Oils

Phytosterols and triterpenic dialcohols belong to the unsaponifiable fraction of olive oil
and constitute one of its minor components with an important health beneficial impact [35–37].
Many researchers have shown that each variety has a characteristic sterol “fingerprint”, revealing that
the sterolic profile can be used as a reliable indicator with a high discrimination potential for olive oil
classification [38–43].

Taking into account the unexplored chemical characteristics of Lianolia Kerkyras, we employed
the present study to determine and compare the sterolic profile of the Koroneiki and Lianolia Kekryras
olive oils obtained from the coastline region of north-western Greece. The percentage of individual
sterols as well as the concentrations of total sterols for the examined monovarietal olive oil samples
are presented in Table 3. In general, total sterols concentration and individual sterols content of
cv. Lianolia Kerkyras olive oil samples comply with the up to date EU legislation [18]. In contrast,
olive oil samples of cv. Koroneiki showed lower concentration in total sterols with a mean value of
1020.8 mg/kg compared to olive oils of cv. Lianolia Kerkyras (1343.7 mg/kg). More precisely, 40.9% of
the analyzed samples of cv. Koroneiki did not exceed the defined limit of 1000 mg/kg for total sterols
(EEC Regulation 2568/91) as illustrated in Figure 1. This observation is in agreement with results of our
previous publication regarding the tendency of low total sterol concentration in Koroneiki olive oils of
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the southern Peloponnese, enhancing and clearly depicting an “intrinsic characteristic” for Koroneiki
cultivar [44].

The European Commission Regulation (EEC 2568/91) imposes limits or ranges for each type of
sterol and total sterols based on the natural levels found in traditional olive oil types [25]. Sterol profiles
outside these limits, in combination with other chemical parameters, could theoretically suggest that
the oil is not authentic. However, a number of cases have found olive oils which naturally exceed or
subceed the limits for sterols [45,46]. Analysis of virgin olive oils from cv Koroneiki in completely
different geographical regions such as Crete and Australia has also shown a tendency of low total
sterol concentration [47,48]. Thus, low mean value in the concentration of total sterols may depict a
“special and intrinsic characteristic” for Koroneiki cultivar in general, which has to do with the cultivar
itself [44].
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Figure 1. Diagram illustrating total sterols parameter (40.9% of Koroneiki olive oil samples are
below the set limit of 1000 mg/kg). Dotted line represents the limit according to EEC/2568/91 for the
EVOO category.

Table 3. Sterol profile of the examined monocultivar olive oils in the coastline region of Western Greece.

cv. Koroneiki
(N = 44)

cv. Lianolia
Kerkyras (N = 60)

Calculating
p-Value

EEC Limit for
EVOO Category

Sterols and Triterpene Diols Mean ± SD Mean ± SD

Cholesterol (%) 0.10 ± 0.08 0.12 ± 0.06 n.s ≤0.5
24-methylene-cholesterol % 0.23 ± 0.09 0.08 ± 0.04 0.000

Campesterol % 3.82 ± 0.35 3.42 ± 0.17 0.000 ≤4.0
Campestanol % 0.07 ± 0.03 0.04 ± 0.02 0.000 <campesterol
Stigmasterol % 0.63 ± 0.18 0.49 ± 0.15 0.000
Chlerosterol % 0.81 ± 0.20 0.81 ± 0.16 n.s
β-Sitosterol % 85.95 ± 2.68 89.21 ± 1.27 0.000
Sitostanol % 0.48 ± 0.24 0.69 ± 0.17 0.000

∆-5-avenasterol % 6.93 ± 2.38 4.31 ± 1.27 0.001
∆-5, 24-stigm/dienol % 0.29 ± 0.14 0.22 ± 0.11 0.002

∆-7-stigmastenol % 0.32 ± 0.15 0.29 ± 0.11 n.s ≤0.5
∆-7-avenasterol % 0.25 ± 0.16 0.26 ± 0.11 n.s

Apparent b-Sitosterol % 94.63 ± 0.70 95.28 ± 0.35 0.000 ≥93.0
Total Erythrodiol % 2.76 ± 1.07 1.43 ± 0.45 0.000 ≤4.5
Total sterols (mg/kg) 1020.8 ± 120.7 1343.7 ± 115.1 0.000 ≥1000

Values are expressed as means ± standard deviation (SD). n.s = not-significant. The p < 0.05 was set at the level of
statistical significance.

With respect to the profile of the individual sterols, Lianolia Kerkyras olive oils samples showed a
higher mean value for the major phytosterol β-sitosterol (89.21%) and for sitostanol (0.69%) compared
to the relative values of Koroneiki olive oil samples (Table 3). Moreover, Lianolia Kerkyras exhibited
lower mean values for the most abundant sterols, namely ∆-5-avenasterol (4.31%), campesterol (3.48%),
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stigmasterol (0.49%), as well as for total erythodiol content (1.43%). Although no previous reported
data for the sterolic profile of cv. Lianolia Kerkyras is available, to the best of our knowledge, our results
depict that this local Greek olive variety presents higher percentage mean values in β-sitosterol and total
sterols compared to the most-known and exploited Koroneiki variety. The health-promoting aspects of
β-sitosterol have been reported in several studies, recognizing its great hypocholesterolemic function
in opposing the intestinal absorption of cholesterol and therefore contributing to the prevention of
many diseases, including various types of cancer (colon, prostate, and breast) [49,50].

Comparison of the two monocultivar olive oils according to their sterolic profile, as shown in
Table 3, by means of the calculated p-value, shows it to be in most cases close to 0.00 (p ≈ 0.00),
indicating a strong botanical effect. Thus, the dataset of individual and total sterols can enable the
classification of the examined olive oils according to their cultivar and indicate them as a possible
compositional marker for olive oil authentication. Future in-depth research by comparing the sterolic
profile of olive oils derived from more olive cultivars would be advisable.

3.4. Chemometric Analysis

Principal component analysis (PCA) was carried out for the confirmation and strengthening of
the classification of the examined monovarietal olive oils according to the cultivar. In order to restrict
initial variables to a small number of new variables (known as principal components), the principal
component analysis (PCA) is used to describe most of the original variations. The main goal of the
key factor analysis is to identify the associated variables. The PCA score plot of Koroneiki versus
Lianolia Kerkyras olive oils, according to their fatty acid and sterolic data set, is shown in Figure 2a,b
respectively. In more detail, as shown in Figure 2a, the majority of K-points (corresponding to cv.
Koroneiki) point to the left part of PC1, indicating that K has significant negative loads on component 2.
Moreover, it can be observed that L-points (corresponding to cv. Lianolia Kerkyras) are shown on the
right part of PC1, meaning that L has significant positive loads on component 1. Therefore, both K and
L regions are independent and the data collection on fatty acids is not similar, impacting the two main
regions. In accordance, the PCA score plot of Koroneiki vs. Lianolia Kerkyras olive oils’ sterolic profile
resulted in the creation of two separate clusters as shown in Figure 2b. In that case, we noted that L
points are grouped very close to each other, depicting that the variability among Lianolia Kerkyras
olive oils is very small compared to that of Koroneiki samples. A low variability for L points reveals
that the samples appear to be very similar to the mean for the Lianolia Kerkyras, and therefore are not
affected by any external factors.
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Figure 2. Score plot of principal component analysis (PCA) analysis based (a) on fatty acid (b) on the
sterolic profiles of the examined monovarietal olive oils. K corresponds to Koroneiki olive oils (red
spots) and L to Lianolia Kerkyras olive oils (blue spots).
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In general, a discrete separation between the two cultivars was detected by applying the PCA
algorithm to the data set of fatty acids and sterols. The obtained results are in accordance with
other relevant studies concentrating on olive oil major and minor compounds as effective tools
for studying olive oil authentication. For example, fatty acid and triglyceride composition data
have shown significant potential for olive oil classification according to cultivar [29–32]. Likewise,
clear differences have been observed in the content of the fatty acid as well as phenolic content of
Tunisian olive varieties [33]. In addition, according to Lorenzo et al., botanical discrimination of olive
oils can be achieved by examining the variables of stearic acid, campesterol, total sterols, and oxidative
stability [42]. Another research group has recently used both sterol and phenolic fingerprints to
discriminate Tunisian and Italian EVOOs, outlining their potential for authenticity evaluations [43].

Finally, a combined PCA was performed using the variables of the fatty acid compositional and
sterolic data (a total of 28 variables in 104 observations). As shown in the score plot of Figure 3,
a complete separation according to the cultivar was achieved. Hence, it can be concluded that the
discrimination of cv. Koroneiki and Lianolia Kerkyras samples in terms of cultivar could occur based
on both fatty acid and sterolic profile data.
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data set) of the examined monovarietal olive oils. K corresponds to Koroneiki olive oils (red spots) and
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4. Conclusions

In the present study, we evaluated and profiled for the first time the chemical characteristics of
Lianolia Kerkyras olive oils, a local Greek olive cultivar cultivated exclusively in the north-western
coastline part of Greece as well as compared its chemical properties with those of the most well-known
Greek olive cultivar, cv. Koroneiki. The high differentiation potential of sterols and fatty acid
compositional data, as efficient authenticity tools for origin discrimination, was confirmed by
employment of statistical analysis tools. The study and discrimination among local olive varieties is
particularly important in order to preserve biodiversity and maintain the advantages of local varieties
so as to promote and strengthen Greek olive sector. The obtained results not only lead to valuable
information about the studied monocultivar olive oils, but can also contribute in the future to the
establishment of a continuously enriched “Greek Authentic Olive Network” of indigenous, local,
and less known and exploited monovarietal olive oils produced in Greece. Further in-depth research in
combination with more examined parameters (e.g., sensory analysis, phenolic profile) and pioneering
chemometric tools could secure the authenticity, traceability, and therefore higher commercial presence
of Greek local olive varieties.
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