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INFLUENCE OF VARIETY, GEOGRAPHICAL SITE AND EXTRACTION
SYSTEM ON VIRGIN OLIVE OIL (VOO) LINOLEIC ACID COMPOSITION AND
ITS IMPACT ON CONSUMER PREFERENCE
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ABSTRACT
Virgin olive oil (VOO) is known for its unique taste and its effects on health due to its chemical composition.
Fatty acid (FA) composition analysis is essential for the qualitative evaluation of VOO, as well as to ensure its
authenticity and detect fraud. FA composition analysis is also useful for the classification of VOO and
consequently for its commercialization. Studying the effects of the variety, climate, altitude and the degree of
olive maturity is useful for improving VOO quality. The VOO FA composition differs from one cultivar to
another depending on the region. This chapter aimed at evaluating the effect of the variety, geographical site,
and the extraction system on the linoleic acid composition, sensory attributes and consumer preferences.
Arbequina and Chemlali olives in same stage of maturity were harvested from various localities in Tunisia. The
quality, FA composition, oxidative stability, sensory profile and consumer preferences were estimated using
standardized methods. The percentage of linoleic acid ranged from 6.83% to 19.20% in Tunisian and foreign
varieties (Coratina and Arbequina). The lowest concentration of linoleic acid was observed in the Italian
Coratina variety. A significant effect of the extraction system was observed for major FFA (free fatty acids):
oleic, linoleic, palmitic acids. Analysis of the effect of interaction between the extraction system and the
geographical site on analytical parameters revealed significant statistical differences (p<0.05) in the FFA.
Peroxide index, oxidative stability and extinction index K270 showed statistically significant differences
(p<0.005) with respect to extraction system while extinction index K232 was significantly affected only by
geographical site. FA composition revealed statistically significant differences (p<0.005) with respect to the
interaction between the geographical site and the extraction system in palmitoleic, stearic and linoleic acid,
whereas palmitic and oleic acids were affected only by geographical site. Arbequina olive oils extracted by
pressure system (SP) showed defects principally musty, metallic and rancid. Other negative attributes such as
rancidness and mustiness were the principals defects found in Chemlali olive oils extracted by SP system. In
contrast, oils obtained by dual and triple-phase systems showed positive attributes of fruitiness, bitterness and
pungency without defects. The consumer preference analysis revealed that Arbequina VOO obtained by 2P
extraction system was the most preferred followed by oils obtained by 3P and SP systems respectively.
Arbequina and Chemlali oils which are rich in linoleic acid were more preferred by consumers.
Keywords: Linoleic acid; fatty acid composition; virgin olive oil; consumer preferences; pressure system; dual
and triple-phase systems; sensory profile
Abbreviations: VOO-virgin olive oil; FA-fatty acid; SP-pressure system; 2P-dual phase; 3P-triple phase; FFAfree fatty acids; PI-peroxide index
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INTRODUCTION
The Mediterranean area is the major international olive-growing area with 98% of the
world’s Olea europaea L. tree plantation [1]. In fact this tree is a typical one widely
cultivated for oil production. Tunisia accounts for 57 million of such trees covering 12623
hectares. The most abundant olive variety is O. europaea L. cv. Chemlali, which represents
more than 60% of the total olive trees [2].
Because of their natural bitterness, olives are rarely consumed as a natural fruit. They are
commonly used for the extraction of oil and often as table olives. The decreased incidence of
cardiovascular disease in the Mediterranean area is partly attributed to the consumption of
olive products principally virgin olive oil (VOO) [3].
VOO possesses a characteristic aroma, taste and colour which distinguish it from other
vegetable oils. VOO consumption is currently increasing thanks to its excellent organoleptic
and nutritive qualities such as protection from cardiovascular disease and growing consumer
preference for minimally processed foods. In fact, VOO is a valuable vegetable oil which is
produced without any preliminary refining process [4]. It is extracted from fresh and healthy
olive fruits by mechanical and other physical methods (washing, decantation, centrifugation
or filtration). These technological procedures, if correctly adopted, are able to preserve the
quality of VOO especially its delicate flavor which is highly regarded by the consumer.
The main VOO-producing countries have been particularly active in recent years at studying
the chemical composition of VOO varieties or oil produced in a specific area and how this
relates to oil quality [5]. VOO has a well-balanced composition of fatty acids (FA), mainly
because of the high content of oleic acid, the high ratio of monounsaturated and
polyunsaturated FA and the presence of minor compounds that makes it both fairly stable
against oxidation, making it very suitable for human consumption.
The FA composition analysis is essential for the qualitative evaluation of VOO. It is also one
of the ways to ensure the authenticity of VOO and detect fraud. It is of great importance for
the classification of VOO and consequently for its commercialization. However, several
studies have reported that the quality of VOO depends on many factors: olive tree cultivation,
harvesting, pedoclimatic conditions, olive cultivar and processing technique and number of
steps required for it; mainly crushing, malaxation and centrifugation [5,6,7,8]. Thus, studying
the effects of such factors on the chemical composition of VOO is of interest in order to
improve VOO quality.
This chapter aims at examining the effect of the variety, geographical site, and the extraction
system on the linoleic acid composition, sensory attributes and consumer preferences.
Samples
Arbequina olives were harvested from six localities in Tunisia (Tastour, Fendek jdid, Tela,
Grombalia, Sidi Bouzid and Zaghouan) and Chemlali olives were harvested from seven
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localities (Sawef, Moknine, Barone, Sidi Bouzid, Chaal, Chrarada and Taous) at the same
ripeness stage. Olive fruits were processed in industrial olive mill by different extraction
systems: pressure system (SP), dual-phase (2P) and triple-phase (3P) decanters. The obtained
oils were directly transferred into dark glass bottles and stored for quick analysis.
Quality Indices
Free acidity, peroxide index (PI) and UV spectrophotometric indices (at 232 and 270 nm)
were determined according to the European Communities official methods [9].
Fatty Acid Composition
Fatty acid methyl esters (FAMEs) from the oil samples were estimated as described by
Issaoui et al. [10]. Individual FAMEs were separated and quantified by gas chromatography
(Hewelett-Packard Ca Palo Alto, Calif) equipped with a flame ionisation detector, and a
fused silica capillary column CP-SIL (50m length x 0.25mm i.d. and 0.25µm of film
thickness).
Oxidative Stability
Oxidation stability was evaluated by the Rancimat apparatus (Mod. 743, Metrohm
Switzerland Ω) using an oil sample of 3g warmed to 120°C and an air flow of 20l/h. Stability
was expressed as oxidative stability index (hours).
Sensory Analysis
Sensorial evaluation of the oils was performed according to the Panel test method (COI,
1996) by a fully trained analytical taste panel recognized by the International Olive Oil
Council (IOOC). A panel test was established using a standard profile sheet method,
(COI/T.20/Doc.15/Rev1, 1996).
Hedonic study
A panel of 620 consumers (women and men) with an average age of 16 years to 60 years was
assembled for this study. A specific investigation sheet was available for the consumers. The
consumers were asked to fill out a form and give a grade ranging from 0 to 20.
Statistical Analysis
Statistical analyses were performed using the XLSTAT software v.2011 (Addinsoft). For
consumer preference analysis we used SPSS 10.0 for windows.

Physicochemical variations of VOO based on geographical site and extraction system
Based on the numerous parameters considered by regulation EC2568/91 for the
merceological classification of olive oils, our results showed that all the mono varietal olive
oil samples analysed were labelled as “extra virgin” (data not shown). Analysis of the effect
of interaction between the extraction system and the geographical site for the two cultivars
Chemlali and Arbequina revealed statistically significant differences (p<0.05) in few
parameters mainly the free fatty acids (FFA). PI, oxidative stability and extinction index
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K270 showed significant difference (p<0.005) with respect to extraction system while
extinction index K232 was significantly affected only by geographical site. The Principal
component analysis (PCA) in figure 1 shows that acidity from Chemlali oils extracted by SP
was higher than that from 2P and 3P systems irrespective of geographical site. A similar
result was observed for Arbequina oils (figure 2). It is important to note that there was no
significant difference between oils extracted by 2P and 3P systems.
These results corroborate those reported by Torres & Maestri [7,8]. In their study, they
explained that in SP system, oil and the vegetable water are extracted and remain together
until they are separated by decanting. This prolonged exposure of lipid phase to aqueous
phase and solid wastes favour the hydrolysis of triglycerides, resulting in an increase of free
FA level. Conjugated dienes (K232) and trienes (K270), and PI are indicators of oxidative
deterioration of oils. The highest values of these two indicators are obtained for oils extracted
with SP system.

Figure 1 : Principal Component Analysis of physicochemical parameters of virgin olive oil related to
geographical site and extraction system for Chemlali cultivar. Circles correspond to oils extracted by SP
system, squares to oils extracted by Dual-phase system and triangles to those extracted by Triple-phase
system. Colours correspond to different geographical sites: Blue for Sawef, Red for Moknine, Yellow for
Barone, Green for Sidi Bouzid, Black for Chaal, Orange for Chrarada and White for Taous.
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Figure 2 : Principal Component Analysis of physicochemical parameters of virgin olive oil related to
geographical site and extraction system for Arbequina cultivar. Circles correspond to oils extracted by SP
system, squares to oils extracted by Dual-phase system and triangles to those extracted by Triple-phase
system. Colours are correspond to different geographical sites: Blue for Tela, Red for Grombalia, Yellow
for Tastour, Green for Sidi Bouzid, Black for Fendek Jdid and Orange for Zaghouan.

Fatty acid composition of VOO
Fatty acid composition revealed statistically significant differences (p<0.005) with respect to
the interaction between the geographical site and the extraction system in palmitoleic, stearic
and linoleic acids, whereas palmitic and oleic acids were affected only by geographical site.
For multivariate analysis of VOO FA composition, PCA was used to assess characterize or
classify the oils according to their geographical site and extraction system. The PCA (figures
3 and 4) revealed that VOO is classified by geographical site rather than by extraction
system. Arbequina olive oils from Sidi bouzid were characterized by higher levels of linoleic
acid whereas Arbequina olive oils from Tela were characterized by higher levels of oleic
acid.
The percentage of linoleic acid ranged from 6.83% to 19.20% in Tunisian and foreign
varieties (Coratina and Abequina). If we classify oil samples by geographical region into
North, Center and South Tunisia, the study shows that there is a noticeable difference in
palmitic acid moving from the North to the South. The lowest concentration of linoleic acid
was observed in the Italian Coratina variety, one of the most important varieties of the
Central region. The highest value of palmitic acid is observed in oils from the Southern
regions while the lowest is observed in oils from the Northern regions. Many previous studies
have shown that the higher the linoleic acid content of olive oil, the more rapid its oxidation
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occurs. This makes us conclude that the oils from the North are more resistant to oxidation
than oils from the South.

Figure 3 : Principal Component Analysis of fatty acid composition of virgin olive oil related to
geographical site and extraction system for Chemlali cultivar. Circles correspond to oils extracted by SP
system, squares to oils extracted by Dual-phase system and triangles to those extracted by Triple-phase
system. Colours correspond to different geographical sites: Blue for Sawef, Red for Moknine, Yellow for
Barone, Green for Sidi Bouzid, Black for Chaal, Orange for Chrarada and White for Taous.
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Figure 4 : Principal Component Analysis of fatty acid composition of virgin olive oil related to
geographical site and extraction system for Arbequina cultivar. Circles correspond to oils extracted by SP
system, squares to oils extracted by Dual-phase system and triangles to those extracted by Triple-phase
system. Colours correspond to different geographical sites: Blue for Tela, Red for Grombalia, Yellow for
Tastour, Green for Sidi Bouzid, Black for Fendek Jdid and Orange for Zaghouan.

Sensory profile of VOO
Statistical analysis showed that presence of defects detected by the panel was dependent
principally on extraction system in Chemlali olive oils (figure 5). Oils extracted by
continuous systems (2P and 3P) rarely showed negative attributes in Chemlali cultivar
whereas for some localities, olive oils extracted by 2P and 3P systems revealed some defects
in Arbequina cultivar (figure 6). This correlates with our statistical analysis which showed
that sensory profile for Arbequina oils was related to the interaction between extraction
system and geographical site, with a dominant effect of extraction system. We observed that
all Arbequina olive oils extracted by SP system showed defects principally musty, metallic
and rancid. Rancidness and mustiness were also the principals defects found in Chemlali
olive oils extracted by SP system. These defects are related to the prolonged exposure of oil
to aqueous phase that increase the apparition of these defects.
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Figure 5 : Principal Component Analysis of Fatty acid composition of virgin olive oil related to
geographical site and extraction system for Chemlali cultivar. Circles correspond to oils extracted by SP
system, squares to oils extracted by Dual-phase system and triangles to those extracted by Triple-phase
system. Colours correspond to different geographical sites: Blue for Sawef, Red for Moknine, Yellow for
Barone, Green for Sidi Bouzid, Black for Chaal, Orange for Chrarada and White for Taous.
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Figure 6 : Principal Component Analysis of sensory attributes of virgin olive oil related to geographical
site and extraction system for Arbequina cultivar. Circles correspond to oils extracted by SP system,
squares to oils extracted by Dual-phase system and triangles to those extracted by Triple-phase system.
Colours correspond to different geographical sites: Blue for Tela, Red for Grombalia, Yellow for Tastour,
Green for Sidi Bouzid, Black for Fendek Jdid and Orange for Zaghouan.

Consumer preferences
Consumers gave disgusted oil rating notes from 0 to 20. A Pearson test was used to determine
if locality has an effect on consumer preferences.

Figure 7 : Pearson test for consumer preferences related to geographical site of Chemlali olive oils.
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Figure 8 : Pearson test for consumer preferences related to geographical site of Arbequina olive oils.

The results showed that the geographical site of Chemlali and Arbequina olive oils had no
significant effect on the consumer preferences (figures 7 and 8). However, Arbequina olive
oils from Fendek jdid, Zaghaoun and Tastour had more frequent bad and median scores
compared to other samples. The absence of a significant effect could have been due to the
choice of statistical test.
Linoleic acid content and consumer preference related to cultivar and extraction system

Figure 9 : Pearson test for consumer preferences and Linoleic acid content in olive oils from Chemlali
and Arbequina cultivars related to extraction system

For linoleic acid content and consumer preferences, there was a significant dominant effect of
extraction system (figure 9). Arbequina cultivar presented a higher content of linoleic acid
than Chemlali cultivar. However, consumers showed a preference for oils from Chemlali
cultivar. This suggests that there’s a potential relationship between consumer preferences and
linoleic acid content.
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CONCLUSION
VOO has unique characteristics which are due to its chemical composition. Its FA
composition makes it very suitable for human consumption, and can also be used to classify it
and ascertain its authenticity. The properties of VOO are influenced by the extraction
methods as well as geographical location of the olive, and consequently affect the preferences
of consumers. .
Regardless of the extraction system, oils from Arbequina showed higher content of linoleic
acid. The extraction system also had a dominant effect on the sensory profile of Arbequina
oil. Consumers showed a greater preference for oils from Chemlali cultivar.
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