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Study on the composition and quality  
of several sicilian EVOOs  

(harvesting year 2015)

Extra virgin olive oil (EVOO) is one of the most representative food of the Mediterranean diet 
for its high nutritional value and beneficial effects on human health due to the presence 
of fatty acids and minor components. In this study, the content in fatty acids, sterols, 
triterpenic dialcohols and squalene was analyzed in several EVOOs of different Sicilian 
varieties, produced during harvesting year 2015. The results showed that the quantitative 
composition in fatty acids of EVOO samples was in accordance with European Union 
legislation. Instead, the total sterol content was above the limit (≥ 1000 mg/kg), except 
for seven samples belonging to Nocellara del Belice and Verdello varieties, from different 
areas of Sicily. Therefore, the control of these components is important to guarantee the 
composition and nutritional values of EVOOs and particularly to confirm the quality of 
local oleic production.
Keywords: EVOO, fatty acids, phytosterols, triterpenic dialcohols, squalene 

1. INTRODUCTION
Extra virgin olive oil (EVOO) is one of the most representative food of Mediter-
ranean diet [1,2] for its high nutritional value. The beneficial effects of EVOO 
on human health are related to its characteristic composition in fatty acids 
and minor components (1-2%), such as squalene and phytosterols, alde-
hydes, polyphenols, pigments, vitamins, minerals, etc. [3-7]. 
Fatty acids are identified as saturated (SFA), mono-unsaturated (MUFA), poly-
unsaturated (PUFA) and trans fatty acids (TFA). The predominant fatty acids 
present in vegetable oils and fats are saturated and unsaturated compounds 
with straight aliphatic chains and, generally, most of all they have an even 
number of carbon atoms, from 16 to 18, with a single carboxyl group. Among 
the latter, the unsaturated are classified as ω-9 considered not-essential for 
humans, and the ω-3 and ω−6 as essential fatty acids [8, 9]. In general, the 
composition in fatty acids and a higher degree of unsaturation of the latter 
define the characteristics of olive oils and they are important for benefic ef-
fects as the reduction of cardiovascular risk, coronary disease, etc. [10]. 
Phytosterols derived directly from squalene, are principal compounds of the 
unsaponifiable matter of vegetable oils. They are precursors of steroidal hor-
mones, structurally related to cholesterol, but differ from the latter for the side 
chain; in fact, for the chemical structure, it is possible to divide phytoster-
ols with a double bond typically between C-5 and C-6 of the sterol moiety, 
whereas phytostanols are saturated with this bond [11]. The sterol fraction of 
EVOOs is important for different biological effects such as anti-inflammatory 
and antibacterial activity, cancer prevention, reduction of plasma cholesterol 
and low-density lipoprotein (LDL) [12-15]. In this fraction, there are also the 
triterpenic dialcohols, considered within the sterol profile to characterize olive 
oils variety [16, 17]. 
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Squalene, instead, is an intermediate compound in 
the biosynthesis of sterols and triterpenoids and rep-
resents the major olive oil hydrocarbon (more than 
90%) and it accounts for more than 50% of the unsa-
ponifiable fraction of the oil [18]. Squalene is regarded 
as being partially responsible for the beneficial effects 
of olive oil, particularly chemo-preventive activity [19, 
20]. Its content depends on the olive cultivar [21], 
and the oil extraction technology [22], but it could be 
reduced dramatically during the process of refining 
[23]. 
The content of fatty acids and phytosterols repre-
sents an important parameter of oil identity [24], while 
squalene is useful to evaluate quality and stability; the 
profile of these compounds, in fact, is used to detect 
adulteration of olive oil with other edible fats and oils. 
The European Union and International Olive Oil Coun-
cil have fixed in EU Regulations 1348/2013 and 
1830/2015 [25, 26], the limits for fatty acids, total 
sterol content, some individual sterols and triterpenic 
dialcohols in olive oil and olive-pomace oil to define 
the composition of EVOOs.
In this study, the composition in fatty acids, sterols, 
triterpenic dialcohols and squalene was analyzed in 
several Sicilian EVOOs from the most important culti-
vars of this region, to guarantee the nutritional values 
and quality of olive production.

2. EXPERIMENTAL PART
2.1 SAMPLING
This study was carried out on 43 samples of extra vir-
gin olive oil (EVOOs) obtained by olive fruits harvested 
at the optimum ripening, during the crop year 2015, 
from different areas of Sicily (Palermo, Trapani, Mes-
sina and Catania). EVOOs samples were monovari-
etal (Nocellara etnea, Nocellara messinese, Minuta, 
Nocellara del Belice, Verdello, Biancolilla, Uovo di Pic-
cione, Ogliarola messinese, Sanbenedettese) and the 
most used multivarietal oils of this area (Biancolilla/
Nocellara del Belice, Ogliarola messinese/Biancolilla 
and Nocellara del Belice/Biancolilla/Ogliarola messi-
nese) (Table I). These samples were classified to the 
“extra virgin” category, according to the physical-
chemical parameters, regulated by EU Regulation 
1348/2013 [25]. 
For each sample, 500 mL were stored in dark bottles 
without leaving space on the neck, at a temperature 
of 4°C for the analysis of fatty acids, phytosterols, trit-
erpenic dialcohols and squalene.

2.2 FATTY ACIDS ANALYSIS
Fatty acids methyl esters (FAMEs) analysis was per-
formed according to EU Regulation 1833/2015 [27]. 
It consists of the hydrolysis of triacylglycerides and 
cold transesterification with a methanol KOH solution; 
the methyl esters were prepared by vigorously shak-
ing solution of the oil in heptane (0.1 g in 2 mL) with 
0.2 mL of the methanolic KOH solution. The resulting 

solution was then injected into a gas chromatograph 
DANI MASTER GC-FID (Milan, Italy), equipped with a 
fused silica capillary column Phenomenex Zebron ZB-
WAX (polar phase in polyethylene glycol) with a length 
of 30 m, internal diameter of 0.25 mm and film thick-
ness of 0.25 µm. Helium was used as a carrier gas 
at a column flow rate of 1.2 ml/min, with a split ratio 
of 1:100. The temperature of the injector (split/split-
less) and detector was of 220°C and 240°C, respec-
tively. The oven was programmed as follows: initial 
temperature at 130°C, final temperature at 200°C (10 
min) with an increase of 3°C/min. The fatty acid meth-
yl esters were identified by comparing the retention 
times with those of standard compounds. The relative 
percentage area of the fatty acids was obtained us-
ing the following relationship: %FAX = [AX/AT] × 100, 
where FAX stands for fatty acids to quantify, AX is the 
area of the methyl-esters and AT is the total area of 
the identified peaks in the chromatogram.

2.3. PHYTOSTEROLS ANALYSIS
The EVOOs extraction for analysis of phytosterols 
and triterpenic dialcohols was conducted accord-
ing to the official method reported in EU Regulation 
1348/2013 [25].
EVOOs samples were submitted to saponification 
with an ethanol potassium hydroxide solution, previ-
ous addition of an internal standard (5α-cholestan-
3β-ol) for sterols quantification. The unsaponifiable 
matter was extracted with diethyl ether and treated 
on a silica gel plate chromatography to separate the 
fraction constituted by sterols and triterpenic dialco-
hols. This fraction was derivatized to obtain the corre-
sponding trimethylsilyl ethers and subsequently ana-

Table I - EVOO samples for different variety and zone of Sicily 

Variety Zone Samples 

Nocellara etnea Catania (n=3) 

Nocellara messinese Messina (n=3) 

Minuta Messina (n=4) 

Nocellara del  Belice 

Messina (n=1) 
Agrigento (n=1) 
Trapani (n=6) 

Palermo (n=1) 

Verdello Messina (n=3) 

Biancolilla Messina (n=3) 

Uovo di Piccione Messina (n=3) 

Ogliarola messinese Messina (n=3) 

Sanbenedettese Messina (n=3) 

* Biancolilla 75% - Nocellara del  Belice 25% Messina (n=3) 

* Ogliarola messinese 60% - Biancolilla 40% Messina (n=3) 
* Nocellara del Belice 50% - Biancolilla 25% 
- Ogliarola messinese 25% Trapani (n=3) 

(*) Blended oils in various proportions. 
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lyzed by gas chromatography, using a chromatograph 
DANI MASTER GC, equipped with a capillary column 
(ZB-1 Phenomenex: 15 m × 0.25 mm, 0.25 μm film 
thickness) and a flame ionization detector. The injec-
tor was operated in split mode (ratio 1:50) and the 
injection volume was 1 μl. The operating conditions 
were as follow: carrier gas: helium at 1 ml/min; injec-
tor and detector temperature: 290°C; column tem-
perature was programmed to 240°C for 5 min and 
then ramped up at 2°C/min to 290°C for 5 min.
The phytosterols and triterpenic dialcohols were iden-
tified by using commercial standard obtained from 
Sigma Aldrich (St Louis, Mo, USA). According to EU 
Regulation 1348/2013 [25], the apparent β-sitosterol 
was calculated as the sum of Δ-5,23-stigmastadienol, 
clerosterol, β-sitosterol, sitostanol, Δ-5-avenasterol 
and Δ-5,24-stigmastadienol. The relative amount of 
each phytosterol and triterpenic dialcohol was ex-
pressed as a percentage of total sterols, while the 
total sterols were expressed as sum of single phytos-
terols (mg/kg).

2.4 SQUALENE ANALYSIS
For the analysis of squalene, EVOOs samples (~0.12 
g) were submitted to an extraction method using a 
single-step SPE, previous dissolution in 0.6 mL of 
n-hexane and loading in Supelco Discovery DSC-Si 
Silica column (500 mg) (Supelco, Milan, Italy). For the 
chromatographic analysis, an Acquity UPLC® Waters 
liquid chromatography system was used equipped 
with a photodiode array detector ACQ-PDA and an 
Acquity UPLC® Waters BEH C18 column of 1.7 µm 
(2.1 × 50 mm), protected by 0.2 µm stainless steel In-
Line Filter with a Holder Waters. The chromatograph-
ic analysis was carried out at 40°C, using a mobile 
phase composed of acetonitrile/acetone (60:40 v/v) 
under isocratic condition, with injection volume of 2 
µL and flow rate 0.8 mL/min, at 217 nm wavelength 
[28]. 

3. RESULTS AND DISCUSSIONS
The results obtained showed the quantitative compo-
sition of EVOO samples.
Relating to fatty acids, in the EVOOs analyzed the 
most representative were oleic, linoleic, palmitic and 
stearic. Instead, palmitoleic, margaric, margaroleic, 
linolenic, arachidic and gadoleic acids were found 
in small quantities; miristic acid was 0.01% in all 
samples, while behenic and lignoceric were less than 
0.07% (Table II). All fatty acids detected were within 
the limits established by EU Regulation 1830/2015 
[25]: miristic ≤ 0.03%; linolenic ≤ 1.00%; arachidic 
≤ 0.60%; gadoleic ≤ 0.40%; behenic ≤ 0.20%; ligno-
ceric ≤ 0.20%; palmitic: 7.50-20.00%; palmitoleic: 
0.30-3.50%; margaric and margaroleic ≤ 0.30%; 
stearic: 0.50-5.00%; oleic: 55.00-83.00%; linoleic: 
2.50-21.00%.
From this analysis, some varietal differences can be Ta
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observed according to the fatty acids profile. The 
Minuta variety, particularly, presented the lower con-
tent of oleic acid (66.61%) and the higher of linoleic 
acid (12.00%); on the contrary, Nocellara del Belice 
and Ogliarola messinese varieties showed higher per-
centages of oleic acid (75.28% and 76.31% respec-
tively) and lowest of linoleic acid (7.22% and 7.00% 
respectively). Uovo di Piccione variety had the lowest 
amount of palmitic, palmitoleic, margaric, margaro-
leic, linolenic, arachidic and gadoleic and the highest 
amount of behenic and lignoceric acids, while Bian-
colilla contained the lowest stearic level. From the 
multivarieties, instead, Ogliarola messinese/Bianco-
lilla presented the higher values of oleic acid (74.02%) 
and the lowest of linoleic (6.26%). 
Considering the ratio oleic/linoleic acids, the param-
eter used to evaluate the stability of oils, characterize 
cultivar and oil mixture, samples of monovarietal oils 
Ogliarola messinese and Nocellara del Belice and mul-
tivarietal oil of Ogliarola messinese/Biancolilla showed 
the higher values corresponding to the greatest oxi-
dative stability (10.90, 10.43 and 11.82 respectively). 
Instead, the lowest oleic/linoleic ratio found in Minuta 
oils (5.55) indicated a less oxidative stability, as previ-
ously described by other authors for this variety [29]. 
These data were confirmed also by MUFA/SFA and  
MUFA/PUFA ratios: monovarietal Ogliarola messinese 
and Nocellara del Belice and multivarietal oil Ogliarola 
messinese/Biancolilla showed the higher value, while 
Minuta the lowest, confirming their different oxidative 
stability (Table II). Most in general, the multivariety, 
Ogliarola messinese/Biancolilla showed the highest 
ratio oleic/linoleic acids and MUFA/PUFA among of 
all samples analyzed.
Also, these parameters, however, are affected also by 
environmental factors such as rainfall and geographi-
cal origin [17]. 
In Table III the main phytosterols and triterpenic di-
alcohols are reported. The values of single sterols 
were within the limit established by the EU Regulation 
1348/2013 [25]: cholesterol (≤ 0.5%), brassicasterol (≤ 
0.1%), campesterol (≤ 4.0%), stigmasterol (< camp.), 
apparent β-sitosterol (≥ 93.0%), Δ-7-stigmastenol (≤ 
0.5%). Instead, the total sterol content was above the 
limit (≥ 1000 mg/kg), except for samples belonging 
to Nocellara del Belice and Verdello varieties, com-
ing from different areas of Sicily (Table III). However, 
to better understand these data, the values of single 
sterols were compared among them and the only sig-
nificant difference was the highest concentration of 
cholesterol and lower β-sitosterol in the Nocellara del 
Belice and Verdello EVOO samples (Table IV). These 
differences were particularly due to the intrinsic fea-
ture correlated to the variety, as documented by other 
authors for the Benizal and Cornicabra varieties from 
Spain [30] and Khashabi variety from Syria [31]. How-
ever, it could be influenced also by climatic changes 
and different pedoclimatic conditions.
The triterpenic dialcohols, expressed as sum of uvaol Ta
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and erythrodiol, were found within the limit estab-
lished by EU (≤ 4.5%), with a range of 0.37-2.35%. 
From all samples analyzed, the higher levels of triter-
penic dialcohols were observed in multivarietal Ogli-
arola messinese/Biancolilla and Nocellara del Belice/
Biancolilla/Ogliarola messinese, followed by monova-
rietal EVOOs Nocellara del Belice and Verdello with a 
lower total sterol content (Table III).
Lastly, considering the analysis of squalene, analyzed 
EVOO samples showed a similar content, with a range 
of 1525-3461 mg/kg (Table V). For squalene, there 
is no specific limit; however, the International Olive 
Council reported values in EVOOs among 150-800 
mg/kg [32], but higher concentrations of squalene in 
EVVOs were reported, for example, 4240 mg/kg [33] 
and 3900-9600 mg/kg [34].

The analysis of all these components studied in Sicil-
ian EVOOs, and particularly in samples with a lower 
total sterols content, showed no significant correla-
tions among them. Although squalene is the precur-
sor in biosynthesis of steroids and triterpenoids, an 
increase of this compound was not observed in sam-
ples with a decreased total content of sterols. Instead, 
the higher content of cholesterol observed in these 
Nocellara del Belice and Verdello EVOO samples was 
not correlated to the composition in fatty acids, al-
though it is characteristic of each olive oil variety [35] 
and specific for cultivars grown within a well-limited 
geographical region [36].

4. CONCLUSIONS
Data of this study on fatty acid composition, sterol 
profile and squalene content were particularly corre-
lated to variety, but could be affected also by several 
factors in addition to variety [37-39], like the ripening 
cycle of the fruit, cultivar, oil extraction, refining pro-
cedures and storage conditions [40-42] and by ag-
ronomic and climatic conditions [43, 44, 37]. In fact, 
these differences in Sicilian Nocellara del Belice and 
Verdello samples were observed for the first time in 
EVOOs of the 2015 harvesting period, and, to verify 
the influence of the different pedoclimatic conditions 
and climatic changes of these last years, further anal-
ysis shall be carried out on samples from the next 
olive production.
The monitoring on the content of these components 
is indeed important to characterize EVOOs of differ-
ent variety, sustain and increase the local production 
in the oleic sector, defining the optimal harvest time 
for olive oils [40] and guaranteeing the nutritional val-
ue of oils against the risk of adulteration.
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W. Moreda, Comparative Study of Phytosterol 
Derivatives in Monovarietal Olive Oils, Journal of 
Agricultural and Food Chemistry 62, 5669-5674 
(2014)

[25]	 European Union Commission. Off. Regulation 
EU n°1348/2013 on the characteristics of oli-
ve oil and olive-residue oil and on the relevant 
methods of analysis. Off. J. Eur. Comm. L338, 
31-67 (2013).

[26]	 European Union Commission. Off. Delegated 
Regulation EU n°1830/2015 on the characteri-
stics of olive oil and olive-residue oil and on the 
relevant methods of analysis. Off. J. Eur. Comm. 
L266, 9-13 (2015).

[27]	 European Union Commission. Off. Regulation 
EU n°1833/2015 on the characteristics of oli-
ve oil and olive-residue oil and on the relevant 
methods of analysis. Off. J. Eur. Comm. L266, 
29-52 (2015).

[28]	 A. Salvo, G.L. La Torre, A. Rotondo, V. Mangano, 
K.E. Casale, V. Pellizzeri, M.L. Clodoveo, F. Cor-
bo, N. Cicero, G. Dugo, Determination of squa-
lene in organic extra virgin olive oils (EVOOs) 
by UPLC/PDA using a single-step SPE sample 
preparation, Food Anal Met. 10(5), 1377-1385 
(2017).

[29]	 M. D’Imperio, G. Dugo, M. Alfa, L. Mannina, 
A.L. Segre, Statistical analysis on Sicilian olive 
oils, Food Chemistry 102, 956–965 (2007).

[30]	 A. Alvarruiz, M. Álvarez-Ortí, B. Mateos, E. Sena, 
JE. Pardo, Quality and Composition of Virgin Ol-
ive Oil from Varieties Grown in Castilla-La Man-
cha (Spain), J. Oleo Sci. 64(10), 1075-82 (2015)

[31]	 O. Kyçyk, M. Paz Aguilera, J.J. Gaforio, A. Jimé-



La rivista italiana delle sostanze grasse - VOL. XCIV - OTTOBRE/DICEMBRE 2017

237

nez, G. Beltrán, Sterol composition of virgin oli-
ve oil of forty-three olive cultivars from the World 
Collection Olive Germplasm Bank of Cordoba, 
J. Sci. Food Agric. 96(12), 4143-4150 (2016).

[32]	 International Olive Oil Council, Trade standard 
applying to olive oils and olive-pomace oils, 
COI/T.15/NC No 3/Rev. 9 (2015).

[33]	 R.W. Owen, W. Mier, A. Giacosa, W.E. Hull, B. 
Spiegelhalder, H. Bartsch, Phenolic compoun-
ds and squalene in olive oils: the concentration 
and antioxidant potential of total phenols, sim-
ple phenols, secoiridoids, lignans and squalene. 
Food and Chemical Toxicology 38, 647-659 
(2000)

[34]	 M. Murkovica, S. Lechner, A. Pietzka, M. Bra-
tacosb , E. Katzogiannos, Analysis of minor 
components in olive oil, J. Biochem. Biophys. 
Methods 61, 155-160 (2004)

[35]	 G. Di Bella, R. Maisano, L. La Pera, V. Lo Turco, 
F. Salvo, G. Dugo, Statistical Characterization of 
Sicilian Olive Oils from the Peloritana and Magh-
rebian Zones According to the Fatty Acid Profile, 
J. Agric. Food Chem. 55, 6568−6574 (2007)

[36]	 L. Mannina, G. Dugo, F. Salvo, L. Cicero, G. An-
sanelli, C. Calcagni, A. Segre, Study of the culti-
var-composition relationship in Sicilian olive oils 
by GC, NMR, and statistical methods, J Agric 
Food Chem 51(1), 120-127 (2003)

[37]	 F. Mansouri, A. Ben Moumen, G. Richard, M.L. 
Fauconnier, M. Sindic, H. Serghini-Caid, A. 
Elamrani, Phytosterols composition of virgin oli-
ve oils from cultivars introduced in eastern Mo-
rocco in comparison to Picholine Marocaine, J. 
Mater. Environ. Sci. 6(8), 2322-2329 (2015)

[38]	 J.-R. Morelló, M.J. Motilva, M.J. Tovar, M.P. Ro-
mero, Changes in commercial virgin olive oil (cv. 

Arbequina) during storage, with special empha-
sis on the phenolic fraction, Food Chem. 85, 
357 (2004)

[39]	 P. Reboredo-Rodríguez, C. González-Barreiro, 
B. Cancho-Grande, J. Simal-Gándara, Quality 
of extra virgin olive oils produced in an emerging 
olive growing area in north-western Spain. Food 
Chem. 164, 418-426 (2014)

[40]	 A. Fernández-Cuesta, L. León, L. Velasco, R. 
De la Rosa, Changes in squalene and sterols 
associated with olive maturation, Food Rese-
arch International 54, 1885-1889 (2013)

[41]	 M.J. Lerma-García, V. Concha-Herrera, J.M. 
Herrero-Martínez, E.F. Simó-Alfonso, Classifi-
cation of extra virgin olive oils produced at La 
Comunitat Valenciana according to their genetic 
variety using sterol profiles established by high-
performance liquid chromatography with mass 
spectrometry detection. J. Agric. Food Chem. 
57, 10512-10517 (2009)

[42]	 R. Aparicio, G. Luna, Characterisation of mo-
novarietal virgin olive oils, European Journal of 
Lipid Science and Technology 104, 614-627 
(2002)

[43]	 E. Stefanoudaki, K. Chartzoulakis, A. Koutsafta-
kis, F. Kotsifaki, Effect of drought stress on qua-
litative characteristics of olive oil cv Koroneiki, 
Grasas Aceites 52, 202-206 (2001).

[44]	 D. Mallamace, S. Vasi, C. Corsaro, C. Naccari, 
M.L. Clodoveo, G.mo Dugo, N. Cicero.  Calori-
metric analysis points out the physical-chemistry 
of organic olive oils and reveals the geographical 
origin. Physica A 486, 925–932, (2017)

Received: August 5, 2016
Accepted: September 7, 2016


