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Abstract

The sterol profile of Tunisian virgin olive oils produced from Chétoui cultivar, the second main variety cultivated in the north of the
country, grown under different environmental conditions, was established by gas chromatography using a flame ionisation detector.
More than ten compounds were identified and characterised. As expected for virgin olive oil, the main sterols found in all Chétoui olive
oils were [-sitosterol, AS5-avenasterol, campesterol and stigmasterol. Cholesterol, 24-methylenecholesterol, clerosterol, campestanol,
sitostanol, A7-stigmastenol, A5,24-stigmastadienol, and A7-avenasterol were also found in all samples, but in lower amounts. Most of
these compounds are significantly affected by the geographical origin. The majority of the Chétoui virgin olive oils analysed respected
EC Regulation No. 2568, and in all cases total sterol amounts were higher than the minimum limit set by legislation, ranging from
1017 to 1522 mg/kg.

Two triterpenic dialcohols (erythrodiol and uvaol), were also detected besides the sterolic components. Their content was below the
upper legal limit of 4% in all analysed samples, with a range from 1.2% to 3.2%. These results suggest that, besides the genetic factor,

environmental conditions influence the sterolic fraction.
© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Virgin olive oil has with excellent nutritional, sensorial
and functional qualities (Matos et al., 2007), and is a prod-
uct of major economical importance in the Mediterrancan
area. Due to its fatty acid composition and content of other
functional food components, interest in olive oil as a
healthy food source has also increased outside the Mediter-
ranean region (Bandelj, Jakse, & Javornik, 2002). Since the
production of olive oil is much lower than demand, there is
a need to improve olive cultivation, both to produce more
oil and to enhance its quality, particularly with regard to
components beneficial to human health, such as natural
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antioxidants and sterols (Cercaci, Passalacqua, Poerio,
Rodriguez-Estrada, & Lercker, 2007).

Plant sterols, also called phytosterols, make up the
greatest proportion of the unsaponifiable fraction of lipids.
Research has shown that each oily fruit has a characteristic
sterol profile which makes its determination an important
tool for detecting adulteration or checking the genuineness
of an oil (Gutiérrez, Varona, & Albi, 2000; Mariani,
Bellan, Morchio, & Pellegrino, 1999; Salvador, Aranda,
& Fragapane, 1998; Vichi, Pizzale, Toffano, Bor-
tolomeazzi, & Conte, 2001). Recently, it has also been pro-
posed that these profiles could be used to classify virgin
olive oils according to their fruit variety (Bucci, Magri,
Magri, Marini, & Marini, 2002; Canabate-Diaz et al.,
2007; Ranalli et al., 2002). Additionally, it has been
suggested that phytosterols have anti-inflammatory,
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antibacterial, antifungal, antiulcerative and antitumoral
activities (Williamson, 1988). Sterols have also been recog-
nised as cancer-preventive biologically-active substances,
together with other secondary plant products. Also, they
apparently help to reduce total plasma cholesterol and
LDL cholesterol, and as a result these compounds are
being considered as ingredients of functional foods (Ostl-
und, 2002).

Several factors are known to affect the quantitative ster-
olic profiles of olive fruits. Among these factors, the ripen-
ing cycle of the fruit and the nature of the cultivar
(Gutiérrez, Jimenez, Ruiz, & Albi, 1999; Hajana, El Antari,
& Hafifi, 1998; Koutsaftakis, Kotsifaki, Stefanoudaki, &
Cert, 2000), oil extraction and refining procedures and stor-
age conditions (Gracia, 2001; Gutiérrez et al., 2000; Ko-
utsaftakis, Kotsifaki, & Stefanoudaki, 1999; Maiitta
et al., 1999; Pasqualone & Catalano, 2000; Piironen, Lind-
say, Miettinen, Toivo, & Lampi, 2000). The effects of agro-
nomic and climatic conditions have also been studied (El
Antari, Hilal, Boulouha, & El Moudni, 2000; Stefanou-
daki, Chartzoulakis, Koutsaftakis, & Kotsifaki, 2001).
However, the total effect of these variables on sterol pro-
files is ambiguous. The diversity of these factors and their
interrelationships make it very difficult to completely char-
acterise the sterol profile and erythrodiol+uvaol content of
a given product (Sanchez Casas, Osorio Bueno, Montafno
Garcia, & Martinez Cano, 2004).

The Chétoui variety used in this study is the second
main cultivar cultivated in the north of Tunisia. This vari-
ety covers an area of 176,000 Ha and accounts for more
than 20% of the olive oil produced in Tunisia. Its growing
area is located mainly in the north of the country; in the
provinces of Amdoun, Testour, Slouguia, Chuigui, Borj
El Amri, and some areas of Siliana (Gaafour, Lakhouet,
Bou Arada) and El Kef (Sers, Elles); where the annual rain-
fall varies between 400 and 800 mm (sub-humid (600-
800 mm), semi-arid (400-600 mm)). As well as rainfall,
temperature and especially winter temperature is also
important. This is not only governed by altitude but by
proximity to the sea; inland locations have relatively hotter
summers and colder winters than areas which benefit from
the buffering effects of the sea. Moreover, Chétoui is a vig-
orous cultivar, considered late to produce and high in yield.
The fruit is medium to large with a characteristically elon-
gated and asymmetric shape, and has dual use as table
olives and for oil. The lipid yield is about 20-30% of fresh
weight and the oil has a balanced composition, with a med-
ium oxidative stability (Abaza, Taamalli, Ben Temime,
Daoud, & Zarrouk, 2005), and its sensorial characteristics
are much appreciated by consumers (Manai et al., 2007).
However, few works have characterised its sterol composi-
tion (Stiti, Msallem, Triki, & Cherif, 2002).

Despite, the economic importance of Tunisian Chétoui
olive oil, until recent years the scientific literature contained
no complete and reliable data on its chemical composition
and properties. Because of the importance of this cultivar
for oil production and the need to improve knowledge of

sterols, the aim of our present work was therefore, first
to study the sterolic fraction obtained from Chétoui virgin
olive oils, and then to determine changes due exclusively to
environmental factors. Moreover, the present work aimed
to complete the characterisation of this variety, which
was started by studying the effect of growing area on the
chemical composition and volatile compounds of Chétoui
virgin olive oils (Ben Temime et al., 2006; Ben Temime,
Campeol, Cioni, Daoud, & Zarrouk, 2006). The work
was done in order to enable these oils to become eligible
for protection under a designation of origin (DO). This
label both guarantees that the product complies with qual-
ity requirements and that its unique character is linked to
the geographical and climatic characteristics of the area,
where the product is traditionally produced.

2. Materials and methods
2.1. Sampling

Olive fruits (Olea europaea) of the Chétoui variety were
collected, at the mature stage, from ten distinct farms in the
north of Tunisia with different pedoclimatic characteristics,
during crop seasons 2003/2004 and 2004/2005. The olives
were picked by hand from three trees at each location. Only
undamaged drupes, which were fresh and healthy, were
selected. From all olive trees of each region, a representa-
tive 5 kg sample was collected. After harvesting, the olive
fruit samples were immediately transported to the labora-
tory mill where they were transformed into oil within 24 h.

2.2. Oil extraction

An Abencor analyser (Commercial Abengoa SA, Sevil-
la, Spain) was used to process the olives in a pilot extrac-
tion plant. The unit consists of three essential elements:
the mill, the thermo-mixer, and the pulp centrifuge. After
being processed in the mill, the oil was separated by decant-
ing, transferred into dark glass bottles, and stored in the
dark at 4 °C until analysis.

2.3. Analytical method

The qualitative and quantitative sterol contents of the
samples were determined according to the European Offi-
cial Analysis Methods, described in Annexes V and VI of
Regulation EEC/2568/91 of the European Union Commis-
sion. The determination gave sterols expressed in ppm total
sterols only and% individual sterols. The oil sample was
saponified with ethanolic potassium hydroxide solution.
The unsaponifiable fraction was removed with ethyl ether.
The unsaponifiable sterol fraction was separated by chro-
matography on silica gel plate. Separation and quantifica-
tion of the silanised sterol fraction was carried out by
capillary gas chromatography, on a Hewlett Packard
6890 chromatograph with autosampler and flame ionisa-
tion detector (FID) using an HP-5MS capillary column
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(30 m x 0.25 mm x 0.25 um). The working conditions of
the chromatograph were: injector 300 °C, isothermal
column 260 °C, and detector 325 °C. The injected quantity
was 0.2 pl, at a flow rate of 1.1 ml/min, using helium as car-
rier gas. Quantification was made by addition of an inter-
nal standard (o-cholestanol) and apparent [-sitosterol
was calculated as the sum of B-sitosterol, A5,23-stigmasta-
dienol, clerosterol, sitostanol and AS5,24-stigmastadienol.
Sterols peak identification was carried out according to
the reference method. Fig. 1 shows a chromatogram
obtained for one of the samples.

2.4. Statistical analysis

The assays were carried out in triplicate, yielding a total
of nine samples from every location. The results are shown
as the mean values and standard deviations. Significant dif-
ferences among sites were determined by an analysis of var-
iance, which applied a Duncan’s multiple test. Differences
were considered statistically significant when probability
was greater than 99% (p <0.01). The statistical analysis
was performed using SPSS 13.0 for Windows (SPSS Inc.,
Chicago, IL, 2004).

3. Results and discussion
3.1. Sterol composition

The composition of the sterol fraction of olive oil is a
very useful parameter for detecting adulterations or to
check authenticity, since it can be considered as a finger-
print (Cert, Moreda, & Garcia-Moreno, 1997; Vichi
et al., 2001). Besides, their determination is of major inter-
est due to their health benefits, as discussed before. Table 1
lists the sterol levels obtained for the different virgin olive
oils analysed. One observes that in general they lie within
the established regulatory limits (CEE Regulation 2568,
1991). The fulfilment of the limits established for the differ-
ent types of olive oil (CEE Regulation 2568, 1991) were
checked, as well as any relationship between the sterols that
might contribute to the quality of the oil.

As shown in Table 1, the amounts of individual sterols
varied according to the production area. In the Chétoui
variety, the highest phytosterol levels were found for
B-sitosterol, followed by AS5-avenasterol, characteristic of
the virgin olive oil in the pulp of the olive (Cornforth,
2002). These two major sterols were strongly and nega-
tively correlated, and there was a clear differentiation
between sites (Table 1). The other main sterols were stig-
masterol, and campesterol. However, small amounts of
cholesterol, 24-methylenecholesterol, clerosterol, campest-
anol, sitostanol, AS5,24-stigmastadienol, A7-stigmastenol,
and A7-avenasterol were also found in all samples. These
results are in good agreement with data published else-
where (Alves, Cunha, Amaral, Pereira, & Oliveira, 2005;
Rivera del Alamo, Fregapane, Aranda, Goémez-Alonso,
& Salvador, 2004; Sanchez Casas et al., 2004). Authors
have reported that B-sitosterol, AS5-avenasterol and cam-
pesterol were the most representative sterols in virgin olive
oils from the main Spanish and Portuguese cultivars.

B-sitosterol, the most abundant phytosterol in olive oil,
its level represents more than 75% of total sterols. The
highest mean per cent value of B-sitosterol was observed
in Testour oil (84.4%), whereas Sers oil had the lowest
one (76.8%) (Table 1). These values are similar to those
reported for other olive oil varieties (Pardo, Cuesta, &
Alvarruiz, 2007; Rivera del Alamo et al., 2004). According
to Gutiérrez et al. (1999), the content of B-sitosterol gener-
ally decreases during ripening, while AS5-avenasterol
increases. Other authors reported that B-sitosterol is mini-
mal and AS5-avenasterol is maximal when olives are har-
vested at their optimum (Koutsaftakis et al., 1999). The
health aspects of B-sitosterol have recently been reported
in several studies (Awad, Chan, Downie, & Fink, 2000;
Awad, Chen, Fink, & Hennessey, 1996). They refer mainly
to the reduction of cholesterol levels by opposing its
absorption in the intestinal tract and the prevention of
many diseases and various types of cancer (colon, prostate,
and breast).

Regarding AS-avenasterol content, Sers virgin olive oil
showed the highest value (16.02%), whereas Chétoui virgin
olive oil extracted from Testour recorded the lowest one
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Fig. 1. Chromatogram of the sterol components of one of the analysed samples.
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g8e8 (6.31%) (Table 1). Significant differences were observed in
233 the AS-avenasterol content in relation to the geographical
% nE area (p <0.01). In the literature this compound has been
=< S associated with antioxidant activity (Williamson, 1988).
= Stigmasterol is related to various parameters of the
§. § § 2 quality of virgin olive oil. High levels correlate with high
HHH = acidity and low organoleptic quality (Gracia, 2001; Gut-
é;ﬁ 'é;}o g iérrez et al., 1999). The analysed samples contained low
Z°3 2 levels of this sterol, which is indicative that the oil came
f—':— from healthy fruit (Koutsaftakis et al., 1999). The stigmas-
§ g § 8 terol content is significantly affected by the geographical
HHH & origin.
233 e All the olive oil samples analysed showed low campes-
°=3 7 terol content, with a global range from 2.45% (Bou Ara-
oo e v da) to 2.84% (Testour). Campesterol content was below
223 e the threshold established by EU Regulations (4%) in all
A % of the oils studied, indicating a peculiarity of this olive
AR89 £ oil variety. Practically no statistically significant differ-
S8 7 ences were observed in the campesterol content in relation
oo — % to the geographical area. These results are in agreement
228 ?8) with others (Salvador, Aranda, Gomez-Alonso, & Frega-
HAH 2 pane, 2003). The campesterol/stigmasterol ratio has been
£ 3% g reported as a quality index of an oil (Ranalli & Angerosa,
= & Y 1996). As compared to the virgin olive oil of Cornicabra
oo 3 variety, the main cultivar grown in Castilla La-Mancha
222 f’é (Spain), the Chétoui cultivar produced oils with a low
Bl =S level of campesterol of around 3%. The sterol composition
=a% @ of Cornicabra virgin olive oil was characterised by high
s<3 oo\: campesterol content, almost always higher than the limit
Sz ‘v*/ of 4% established by EEC Regulations. This is a peculiar
S oo 3 characteristic of this variety (Rivera del Alamo et al.,
o 2 2004; Salvador et al., 1998).
aza é Stiti et al. (2002) studied the sterolic composition of
@ S seven Tunisian cultivars (Chemchali, Chemlali, Chétoui,
sss § Gerboui, Ouelati, Sayali, and Zalmati) and observed that
fl j j By B-sitosterol was the major sterol, with a percentage range
22w o3 from 74.8% to 88.7%, followed by AS5-avenasterol (4.1-
[l S § 19%) and campesterol (1.9-2.9%). The studied Tunisian
s 2 éié cultivars showed very low amounts of campesterol when
5sa@ g : compareq with those from other studied cultivars, namely
T35 £ % the Spanish ones studied by Rivera del Alamo et al. (2004)
AT e and the Portuguese ones studied by Alves et al. (2005).
PRINE § g E,)D The levels of A5,24-stigmastadienol were relatively low
& g in all studied virgin olive oils and ranged from 0.56% (Borj
888 gn & El Amri) to 0.86% (Chuigui). The highest sitostanol con-
2331 s 5 tent was found in Amdoun oil (0.67%), whereas Chétoui
3 a% ; g virgin olive oil extracted from Sers recorded the lowest
LSw| ; = (0.33%) (Table 1). A7-Stigmastenol content in Elles oil
i ﬁ ;z‘: ;ﬁ was significantly lower than in the other Chétoui virgin
=20 o olive oils. The campestanol and clerosterol contents were
Sla § g not useful for discriminating among sites. The highest A7-
P g H2Z avenasterol content was observed in Sers oil (0.49%),
E 3 é g § g while virgin olive oil produced from Borj El Amri showed
7 £a 53 s the lowest (0.23%) (Table 1).
ED 5 § f ﬁ g In the case of apparent B-sitosterol, expressed as the
a< &|522 sum of the contents of B-sitosterol and four other sterols
I IS formed by the degradation of B-sitosterol (sitostanol,
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A5,24-stigmastadienol, clerosterol and A5-avenasterol), the
majority of the samples analysed contained more than the
established limit of 93%. This is the regulatory minimum
limit, indicating that the sum of the remaining sterols does

Borj El Amri

Sers

% Elles
ot
<
= Slouguia
=
= Chuigui
£ .
%‘J Gaafour
& Lakhouet
Bou Arada
Testour
Amdoun c
0 500 1000 1500 2000
Total Sterols (mg/kg)
Fig. 2. Total sterol contents of studied olive oil samples.
Table 2
Triterpenic dialcohols amounts for studied olive oil samples
Sites of Erythrodiol Uvaol (%) Erythrodiol+Uvaol
plantation (%) (%)
Amdoun 2417 +£0.04 0.79° 4 0.00 3.20° 4+ 0.04
Testour 1.92° 4 0.01 0.63% 4+ 0.00 2.55°40.00
Bou Arada 1.65%¢ £ 0.09 0.38*+0.02  2.04°+0.07
Lakhouet 236"+£0.00  0.53*®+£0.00  2.899+0.00
Gaafour 1.739 £ 0.00 0.63% £ 0.00 2.36° 4 0.00
Chuigui 1.44°4£0.12  0.63°4+0.03  2.07°40.09
Slouguia 1.45° 4 0.03 0.43*+£0.00  1.88°+0.04
Elles 0.85* £0.02 0.37* £ 0.00 1.23* 4+ 0.01
Sers 1.59%4 +0.03 0.43*+0.09  2.02°+0.14
Borj El Amri 1.53% £ 0.07 0.43*+£0.08  1.96°+0.15

Mean £+ SD (n=9).
Values in the same columns followed by same letters are not significantly
different (p < 0.05).

not surpass 7%, thereby confirming the authenticity of the
corresponding oil (Sanchez Casas et al., 2004).

All of the olive oil samples studied contained more than
1000 mg/kg of total sterols, the minimum value established
by EU Regulations (EEC, 2003), for the category “‘extra
virgin” olive oil. There were, however, major differences
between sites, from the lowest level in Chuigui (1017 mg/
kg) to the highest in Bou Arada (1522 mg/kg) (Fig. 2). This
is undoubtedly a good characteristic of olive oils, due to the
great benefits of these compounds for health, as referred
before. These findings are in good agreement with those
of other authors working on Tunisian olive oil varieties
(Stiti et al., 2002). They reported that the content of total
sterols in seven monovarietal Tunisian oils (Chemchali,
Chemlali, Chétoui, Gerboui, Ouelati, sayali, and Zalmati)
varied between 1082 and 2017 mg/kg; these values were
low compared with those from Portuguese oils studied by
Alves et al. (2005) who found values ranging from 2003
to 2682 mg/kg.

As regards other authenticity indices established by the
current legislation (EEC, 2003), cholesterol percentages
were below the established limits of 0.5% and the percent-
ages of stigmasterol were lower than those of campesterol
in about 50% of the samples analysed (Table 1).

3.2. Erythrodiol and uvaol content

The triterpenic dialcohols (erythrodiol and uvaol),
which are also part of the unsaponifiable fraction of the
olive oil, are usually analysed together with the sterol frac-
tion. With respect to the levels of erythrodiol+uvaol, there
were clear differences between analysed oils (Table 2). The
sum of erythrodiol and uvaol in all studied samples was
below the established limit of 4.5% for the “extra virgin”
olive oil category. These results are consistent with the
findings of other authors (Pardo et al., 2007; Sanchez
Casas et al., 2004; Stiti et al., 2002). Among the studied
samples, Amdoun virgin olive oil had the highest values

Dendrogram using Average Linkage (Within Group)

Rescaled Distance Cluster Combine

CALS3E u]
Label I

Chétoui Amdoun
Chétoul Gaafour
Chétoui Elles

Chétoui Testour

W M o W
I

Chétoui 3louguia
Chétoui Borj El Amri 10
Chétoui Lakouet 5 —

Chétoui Bou Arada

Chétoui Chuigui
Chétoui Sers =

Fig. 3. Cluster analysis of sterolic fraction for studied olive oils.
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of erythrodiol and uvaol (2.41% and 0.79%, respectively),
whereas virgin olive oil extracted from Elles recorded the
lowest (0.85% and 0.37%, respectively); (Table 2). These
dialcohols are generally located in the exocarp of the olive
(Christopoulou, Lazaraki, Alexiou, Synouri, & Frangis-
Cos, 1996). Several workers have described the use of an
olive oil’s sterol profile to detect possible fraudulent admix-
tures with lower value fats. The presence of olive pomace
in virgin oil can be detected from the levels of erythro-
diolt+uvaol (Reina, White, & Jahngen, 1997). Total ery-
throdiol and uvaol have been proposed as applicable to
the characterisation of olive oils, since the sterol profile dif-
fers from one variety to another.

3.3. Statistical analysis

All collected data were submitted to a classification test
using a cluster analysis. The associations obtained based on
the similarity in Euclidian distances are shown as a dendro-
gram in Fig. 3. The dendrogram indicates that, at rescaled
distance of twentyfour, the samples are distributed in two
major clusters. While, at rescaled distance of seven, there
are three groups; the first is constituted by four oil samples
which are Amdoun, Gaafour, Testour and Elles. The sec-
ond group is formed by four oil samples: Slouguia, Borj
El Amri, Lakhouet and Bou Arada. Finally, the third
group contained the remaining samples, which are Chuigui
and Sers.

4. Conclusion

As was demonstrated, the growing area had a significant
effect on the percent composition of the sterols present in
the olive oils produced from Chétoui cultivar with the same
processing technology. Among the studied samples, Tes-
tour oil stands out, due to its high B-sitosterol and campes-
terol contents, and low A5-avenasterol content; and Sers oil,
due to its low B-sitosterol and high A5-avenasterol contents.

The results show that total sterols, B-sitosterol, AS-ave-
nasterol, stigmasterol, and the sum of erythrodiol and
uvaol are the most important variables for characterising
the Chétoui olive oils, according to their geographical ori-
gin. As the harvesting period and extraction conditions
were similar for all studied samples, the results indicate that
besides genetic factors, environmental conditions influence
the sterolic fraction. The study of a large number of sam-
ples from various years of production would hopefully cor-
roborate the results obtained by this first screening.
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