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Abstract

This work presents the olive oil characterization of eleven olive varieties from Adriatic and lonian coast, grown
on the Olive Germplasm Bank of Cordoba. The cultivar selected were: ‘Frantoio, ‘Pendolino’ and ‘Razzola (Italy),
‘Amigalolia Nana’ and ‘Kerkiras’ (Greece), ‘Kalinjot’, ‘Kotruvsi’, Mixani’ and ‘Ulliri I Kuq (Albania) and
‘Lastovka’ and ‘Levantinka’ (Croatia).

The extraction of olive oil was performed using “Abencor” system. In the olive oil have been determined: fatty
acid composition, minor compounds (total poliphenols, orthodiphenols, tocopherols and pigments), oxidative
stability and sterol composition.

The olive oils showed an oleic acid content included in the range from 62 % to 73 %. ‘Levantinka’ oils present
the highest values in oleic acid while ‘Kerkiras’ oils variety showed highest value on palmitic acid content.

Most of the varieties have shown high polyphenols content around of (480-745 ppm). ‘Pendolino’, ‘Amigdalolia
Nana’, ‘Mixani’ and ‘Lastovka, cultivars have shown lower values in the range of 357- 230 ppm. Olive oils from
'Kerkiras' and 'Kalinjot' cultivars showed the highest values of tocopherols content (449 mg/kg — 594 mg/kg).
The oxidative stability of oil depends on phenols compounds and oleic acid content. The cultivars that have shown
the highest value in this compounds have shown high stability. ‘Levantinka’, ‘Ulliri I Kuq’ and ‘Frantoio’ oils
showed the higher oxidative stability.

The levels of the sterol obtained from different olive oils lie within the established Regulation limits (CEE
Regulation 2568, 1991). ‘Frantoio’, ‘Kerkiras, and ‘Kotruvsi’ olive oils have shown the highest level of total sterol
fraction than the rest of the variety in this study.
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1. Introduction

Olive growing and olive oil production are activities closely linked with the history and culture of the
Mediterranean countries. The heritage left by the Phoenician civilization, which has populated the Mediterranean
area, makes the olive oil the characteristic of the Mediterranean diet, linked to cultural and gastronomic traditions
of each country and even within each region. Adriatic and lonian coast have a long tradition of olive growing and
olive oil production.

Virgin olive oil is unique among other vegetable oils due to its high levels of monounsaturated fatty acid and the
presence of minor components, such as phenolic compounds among others. The content of phenolic compounds is
an important factor to be considered when evaluating the quality of virgin olive oil (Servili and Montedoro, 2002),
since these compounds have potent antioxidant activity (Tura et al., 2007) and contribute significantly to the
stability on virgin olive oils against oxidation (Tura et al., 2007). Although polyphenols are also responsible for the
olive oil tastes (Gutierrez et al., 1989). These compounds have shown chemoprotective properties such as
anticancer, antioxidant and anti-inflammatory in human health (Bendini et al., 2007, Cicerale, Conlan, Sinclair and
Keast, 2009).

“The phenolic fraction of virgin olive oil is heterogeneous, with at least 36 structurally distinct phenolic compounds
identified. Variation in the phenolic concentration exists between differing virgin olive oils due to numerous factors
including: variety of the olive fruit (Romero et al., 2002; Gomez-Rico et al., 2007) region in which the olive fruit
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is grown (Vinha et al., 2005), maturity of the olive fruit at harvest (Aparicio et al., 2006), and olive oil extraction,
processing, storage methods and time since harvest (Aparicio et al., 2006.)

The tocopherols in virgin olive oil are important for their nutritional value and for their antioxidant properties, in
that, they protect the fat components from autoxidation. They constitute the lipophilic antioxidant group and are
noted for their effective inhibition of lipid oxidation in all vegetable oils. a-Tocopherol, the most important
antioxidant, accounts for about 95% of the total tocopherols in virgin olive oil (Aguilera et al., 2005, Beltran et al.,
2010).

The list of minor essential compounds present in these oils includes phytosterols which are the main constituents
of the nonsaponificable fraction of lipids in olive oil. They can be present as free or esterified structures with sugar
or fatty acid, etc (Breinhdlder et al., 2002). In the last years, several studies demonstrated that phytosterols exhibit
anti-inflammatory, anti-pyretic, antibacterial, antifungal, antineoplastic activities (Perez-Jiménez et al., 2007, Jones
et al., 1997).

The present work has studied the oil composition of eleven olive varieties selected from the Adriatic and lonian
coast, cultivated on the germplasm bank IFAPA Centre “Alameda de Obispo” of Cordoba. The countries selected
in this work are: Italy (‘Frantoio’ ‘Pendolino’ and ‘Razzola’), Greece (‘Amigdalolia Nana’ and ‘Kerkiras’, Albania
(‘Kalinjot’, ‘Mixani’ ‘Kotruvsi’ and ‘Ulliri [ Kuq’) and Croatia (‘Levantinka, and ‘Lastovka’).

2. Material and Methods

The study was carried out on 11 olive varieties from Germplasm Bank IFAPA Centre “Alameda de Obispo” of
Cordoba (Table 1). From each cultivar were selected two trees with a crop load index is 3 or 4. The olive tree was
spaced 7 x 7 m and grown using the traditional practices.

Tablel. Country of 11 olive cultivars.

Cultivar Origin

‘Amigdalolia Nana”  Greece

‘Frantoio’ Italy
‘Kalinjot’ Albania
‘Kerkiras’ Greece
‘Kotruvsi’ Albania
‘Lastovka’ Croatia
‘Levantinka’ Croatia
‘Mixani’ Albania
‘Pendolino’ Italy
‘Razzola’ Italy
“Ulliri i Kug’ Albania

2.1. Olive sample.

For each cultivar, two samples (3 kg) per trees was harvested when the most abundant ripening stage in the tree
was 3, according to fruit classification based on skin and fresh colour described in the ripening index method Uceda
etal., 1975

2.2. Oil extraction

Oil extraction was performed using an Abencor laboratory oil mill (Abengoa, Seville), kneading the olive paste at
28 °C for 30 min. The oil was filtered and stored at -24 °C prior to analysis

2.3. Oil analysis
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Fatty acid methyl ester (FAME’s) composition was determined according the EU Regulation 2568/91 (European
Union Commission, 1991). The chromatographic separation was performed in a Perkin—Elmer Autosystem gas
chromatograph with a split/splittless injector and a FID detector, equipped with a BPX 70 capillary column of 50
m of length, 0.22 mm and 0.25 um film thicknesses (SGE, Australia). The oven temperature was held at 198 °C
and helium was used as carrier gas. The results were expressed as peak area (relative) percent.

Polyphenols content was analysed as described by Véazquez et al., (1973) using the Folin—Ciocalteau reagent and
absorbance measurement at 726 nm, the results were expressed as mg/kg of caffeic acid.

Tocopherol composition was analysed by HPLC, applying the ITUPAC method 2432 (1992). Detection and
quantification were carried out in a Perkin—Elmer HPLC equipped with a isocratic pump Lc 200 and a UV-Vis
detector, Lc295, set at 295 nm, the tocopherol concentration was expressed as milligram’s per kilogram of oil.
Bitterness index (K225) was determined by solid phase extraction and absorbance measurement at 225 nm
(Gutierrez al., 1992).

Oxidative stability was measured as the induction time in the Rancimat equipment (Metrohm, Basel, Switzerland)
at 98 °C and air flow of 10-12 L/h (Gutierrez, 1989), the measurements were determined in duplicate for each
sample and the results given as induction time (h).

The qualitative and quantitative sterol contents were determined according to the European Official Method
Analysis described in Annexes V and VI of Regulation EEC/2568/91 of the European Union Commission. 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 Silicagel plate chromatography. Separation and
quantification of the silanised sterol fraction was carried out by capillary column gas chromatography, on a Hewlett
Packard 6890 chromatograph equipped with a 30 m TRB-5 column of 0.32 mm internal diameter and 0.25 pm film
thicknesses. The working conditions were: injector temperature 280 °C, isothermal column temperature 265 °C,
and detector temperature 290 °C. The injected quantity was 0.5 uL at a flow rate 1.1 mL/min, using helium as
carrier gas. Sterols peak identification was carried out according to the reference method. Quantification was
achieved by addition of an internal standard (o-cholestanol).

3. Results and Discussion

Table 1 shows the fatty acid profile of olive oils from all the cultivars. The monounsaturated fatty acids have great
importance because of their nutritional implication and affect on oxidative stability of oils. Oleic acid (C18:1) is
the main monounsaturated fatty acid. The mean of oleic acid is about 69.4 %, with an exception for ‘Levantinka’
variety that had present the high level of oleic acid than the rest of the variety in this study, this results are similar
with those described from Zanetic et al., 2007, (74.11 %). The level of palmitic acid (C16:0), the main saturated
fatty acid in olive oil, was 14.1 %, it ranged between 9, 6% (‘Kalinjot’) and 18.35% (‘Kerkiras’). The results of
palmitic acid from ‘Kalinjot’ oils are different than ones described for Tedeschini et al., 2001.
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Table 1. Fatty acid composition of virgin olive from 11 cultivar of the Germplasm bank IFAPA Centre “Alameda de Obispo” of Cordoba.

Cultivar C16:0? C16:1 C17:0 Ci7:1 C18:0 C18:1 C18:2 C18:3 C20:0 C20:1 C22:0 MUFA/PUFA
Kalinjot 9.6+0.2° 04+0.1 0.04£0.0 2.5+0.06 0.06 £0.0 71.8+1.0 13.6+04 09+0.1 0.44 +£0.04 0.37 £0.04 0.11+0.01 5.0
Mixani 143+0.1 0.7+0.0 0.14+0.0 2.8+0.08 0.2+0.0 66.7+£0.4 135+04 0.6+0.0 0.52 +£0.01 0.32+0.01 0.16 +0.0 4.8
Ulliri | Kuq 16.3+0.2 1.3+01 05+0.01 25+0.0 0.2+0.02 66.1+0.6 120+04 0.6 £0.03 05+0.01 0.24 +£0.01 0.12+0.0 5.4
Kotruvsi 13.9+03 1+0.04 0.03+0.0 2.1+0.06 0.05+0.01 69.7+0.8 11.6+04 0.6 £0.03 05+0.01 0.35+0.01 0.16 £0.01 5.8
Amigdalolia Nana 13.8+0.1 1.2+0.0 0.2+0.03 32+04 0.3+0.03 69.8+0.5 9.8+0.8 0.6 £0.03 0.6 £0.02 0.22+0.0 0.15+0.01 6.8
Kerkiras 18.4+0.3 3+0.07 0.02+0.0 1.7+0.03 0.06 £0.0 69.7+0.8 131+04 0.9+0.07 0.42 +£0.03 0.23+0.01 0.13+0.01 5.2
Lastovka 13.8+0.1 0.6+0.0 0.1+0.01 24+0.1 0.2+0.01 655+0.1 154+0.2 0.6 £0.04 0.6 £0.01 0.3+0.01 0.15+0.0 4.2
Levantinka 135+1.3 1.0+0.4 0.04+£0.0 26+0.3 0.06 £0.01 73.0+3.4 83+14 0.7 £0.06 0.52 £0.01 0.31+£0.01 0.15+0.01 8.3
Frantoio 141+0.3 1.3+0.1 0.03+0.0 2.2+0.04 0.08 £0.0 71.1+£0.9 9.7+0.6 0.6 £0.02 0.4+£0.01 0.27 £0.0 0.11+0.01 7.1
Pendolino 153+0.1 1+0.02 0.02+0.0 1300 0.06 £0.0 69.3+£0.6 11.2+05 1.0+0.0 0.3+£0.01 0.32+0.01 0.09£0.0 5.8
Razzola 12229 1.0+0.4 0.04+£0.0 25+0.7 0.07£0.01 71.0£0.02 119+24 0.6 £0.05 0.43 £0.05 0.33+£0.08 0.1+£0.01 5.8

a- Fatty acid of olive oil, b- Mean £SD
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With respected to the content of linoleic acid (C18:2), that is more susceptible to oxidation than monounsaturated
fatty acid, the highest percentage was observed in ‘Lastovka’ oils (15.37%), value higher than those described for
Zanetic et al., 2007.

The olive oils studied correspond to two different olive cultivars categories: medium- high palmitic and linoleic acid
content and medium of oleic acid, and cultivars with high palmitic acid content and high — higher of linoleic acid.
Regarding with the rest of fatty acids, the tested olive oils no showed significant differences between their
composition, presenting values of the fatty acid very closed to the EEC established limits (EEC, 2003).

The ratio of MUFA and PUFA is around 5.8 % for all the olive oils analysed, being Levantinka the variety that
presented the higher value than the rest.

The natural antioxidants of olive oils of cultivars study are shown in the Table 3. Polyphenols compound are natural
antioxidants present in olive oil, they are responsible to flavour and stability of olive oil. In this study, all varieties
showed high polyphenol. Attention should be paid on ‘Ulliri I Kuq’ oils phenol content 745 ppm since it showed the
highest phenolic concentration. Other cultivars as ‘Frantoio’, ‘Levantinka’, ‘Kerkiras’ and ‘Razzola, showed very
high phenol content as established by Uceda et al., (2005). ‘Kalinjot” and ‘Kotruvsi’ had high phenol content whereas
the rest of cultivars present medium phenol concentration.

The level of total phenols from Frantoio variety are higher than those described for Uceda, 2004 y Uceda et al., 2005
and similar from those described from Ranalli et al 1997.

The tocopherols are components with great interest because of its high antioxidant activity. In olive oils there are
present three different tocopherols, a, f and y-Tocopherol. In the present work the 'Kerkiras' and 'Kalinjot' cultivars
are those that showed the higher average values of this compound, the other cultivar presents an averages from a 255
— 316 ppm, while ‘Mixani’ and ‘Amigdalolia Nana’ variety present the lower value than the rest of other cultivars.

Table 3. Minor components (total phenols, tocopherols) bitterness index and oxidative stability of 11 cultivars
from Germplasm Bank IFAPA Centre

Cultivar Tocopherols Total Bitterness Oxidative
(mg/kg) phenols Kazs stability (h)
(mglkg)
Kalinjot 449 +103.22 482 £ 36.1 0.37£0.01 50.5%5.6
Mixani 138 +29.6 253 +56.5 0.19£0.04 453+2.2
Ulliri | 305 +122.3 749 +20.5 0.43+£0.01 74.4+0.7
Kug
Kotruvsi 301+134 493 +38.2 0.42 £0.04 49.1+0.4
Amigdalol 185+19.1 290+ 0.7 0.23+£0.01 59.1+0.1
ia Nana
Kerkiras 594 +29.0 592 +76.3 0.42 £0.04 53.3+4.6
Lastovka 316 +25.5 230+ 85 0.14£0.01 36.3+3.9
Levantink 258 +77.1 649 +177.5 0.41+0.07 749126
a
Frantoio 301+134 670 +96.8 0.45 £ 0.05 74.3+1.06
Pendolino 305+ 17.0 357 +175.4 0.19 £ 0.09 50.1+13.3
Razzola 303+11.3 566 + 108.2 0.36 £ 0.06 57.8+15.6
Mean = SD
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The bitterness index is related with sensorial valuation (Gutiérrez, et al., 1992) and the polyphenols content.
Table 2 shows the value of the bitterness of the oil from the cultivars in this study, ‘Frantoio’, ‘Ulliri I Kuq’ and
‘Levantinka’ oil present higher bitterness than the rest of oils.

The oxidative stability of oil expressed in Rancimat hour depends from phenols compounds and oleic acid. The
cultivars that have shown high value in those compounds have shown high stability of olive oil. Cultivars as
‘Levantinka’, ‘Ulliri I Kuq’ and ‘Frantoio’ presented oils with high stability.

The composition of the sterol fraction of olive oil has great importance by health benefits. As shown in the Table
4 the levels of the sterol obtained from different olive oils lay within the established Regulation limits (CEE
Regulation 2568, 1991).

The major sterols present in olive oils are B-sitosterol, A5- Avenasterol, campesterol and estigmasterol. [3-
sitosterol, represent more than 84 % of total sterols.

All the olive oils studied contained more than 1000 mg/kg of total sterols, the minimum value established by
EU Regulation (EEC, 2003). ‘Frantoio’ (2089 mg/kg), ‘Kerkiras’ (1857 mg/kg) and ‘Kotruvsi’ (1828 mg/kg)
cultivars present higher level of total sterol respect to lower one in ‘Lastovka’ oils (1156 mg/kg). However, this
is definitely a good characteristic of olive oils, due to the great benefits of these compounds for the health.

The highest mean value of B-sitosterol was observed on ‘Kerkiras’ cultivar (89.3 %), whereas ‘Mixani’ oils had
the lowest one (78 %).

Regarding AS5- Avenasterol content, Levantinka oils present the highest value (11.1 %), whereas Kalinjot,
Amigdalolia Nana and Kerkiras oils showed the lowest one (2.7 %).

The content of campesterol from the olive oils variety showed a range about (3.4 %). Pendolino oils present the
lowest value (1.5 %) than the rest of olive oils.
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Table 4. Sterols composition of the 11 cultivars of 11 cultivars from Germplasm Bank IFAPA Centre “Alameda de Obispo” of Cordoba

Agricultural University of Tirana

Sterols Amigdalolia Nana Frantoio Kalinjot Kerkiras Kotruvsi Lastovka Levantinka ~ Mixani Pendolino Razzola Ulliri i Kuq
Cholesterols (%) 0.45 + 0.06° 0.07+0.05 0.0+0.0 0.27+0.1 0.14+0.09 0.19+0.01 0.15+0.1 0.04+0.7 0.1+0.8 0.25+0.09 0.0+0.0
Brasticasterol (%) 0.0+0.0 0.0+£0.0 0.01+£0.01 0.0%£0.0 0.03+0.04 0.0+0.0 0.0+0.0 0.02+0.03 0.04+0.05 0.02+0.02 0.0+0.0
24- Methylenecholesterol (%) 0.0+0.0 0.0£0.0 0.02+0.02 0.0%£0.0 0.02 £0.02 0.0+0.0 0.03+0.03 0.09+0.09 0.02+0.02 0.09+0.01 0.0+0.0
Campesterol (%) 44+16 3.0+0.1 4300 3.6+0.0 3.4+03 3.610.2 3.2+0.1 3.2+0.1 16+15 43+0.0 35+03
Campestanol (%) 0.1+01 0.5+0.6 03104 0.2+0.1 0.1+0.1 0.3+0.0 0.3+0.01 0.3+0.1 02+0.2 0.2+0.2 0.2+£0.0
Stigmasterol (%) 14+04 05+0.1 20+18 04+0.1 11+01 1904 0.8 £0.02 15+04 0.7+0.2 0.7+0.1 0.6+0.0
A-7 Campesterol (%) 2.1+05 0.0+0.0 41+19 1.7+04 1.3+0.3 0.7+0.6 0.6+0.3 3.2+10 3.7+36 2.1+0.6 0.0+0.0
Clerosterol (%) 1.8+£05 0.9+0.0 1.0x£0.2 0.5+0.6 0.8+0.3 11+0.1 09+11 16x0.1 11+0.1 1.3+0.2 0.9+0.0
B- sitosterol (%) 86.9+27 86.9+04 839+01 85.4+06 81.0%3.7 82.4+4.1 78.0+0.8 83.6+3.1 81.9+18 88.5+0.4 84.3+3.7
B- sitosterol (%) 0.04 £0.05 0.06+0.04 0.02+0.03 0.1+0.1 0.0£0.0 0.01+0.01 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.1+0.0
A-5 Avenasterol (%) 2804 6.5+04 26+0.0 28+0.1 6.4+12 5.9+0.7 11.2+£25 10.0+£1.0 7.4+0.8 7.6+0.7 52+28
A-5,24 Stigmastadienol (%) 0.2+£0.3 1.0+£0.1 0.6+0.4 05+0.3 1.0+£0.1 0.8+0.2 0.3+0.02 05+05 0.7+0.3 1.1+£0.0 0.3+0.3
A-7 Stigmastenol (%) 0.1+01 0.310.1 0.310.1 0.4+0.3 0.2+0.0 04+04 0.2+0.0 05+05 02+0.1 02+0.1 0.5+0.5
A-7 Avenasterol (%) 0.2+0.0 05%0.1 0.31+0.0 0.31+0.0 0.3+0.0 0.3+0.1 02+0.1 04+0.1 0.3+0.1 05+0.1 04+0.1
Totals (mg/kg) 1346 + 474 2089 +486 1662 + 58 1857 +299 1828 + 64 1156 +128 1355+298 1655+106 1272+106 1444 +298 1698 + 26
Uvaol (%) 0.0+0.0 0.0£0.0 0.05+0.07 05%0.3 0.2+0.0 0.1+0.1 0.05+0.07 0.05+0.07 0.05+0.07 0.3+0.07 0.0+0.0
Erythrodiol (%) 0.65+0.7 0.4+0.3 0.6+0.6 0.7+0.1 22+03 1.0+04 02+0.2 1.1+£03 0.2+0.0 04+0.1 0.7+0.0
% Uvaol + erythoridiol 0.7+0.1 0.4+0.3 1.0+£0.0 1.2+0.2 24102 1.1+05 0.4+0.0 12101 0.3+0.1 0.7+0.2 0.7+0.0

Mean + SD
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Erythrodiol and uvaol (Triterpenic dioalcohols) are part of sapunification fraction and usually analysed together
with the sterol fraction. Table 4 showed the level of erythrodiol and uvaol of the 11 olive oils, the level of
erythrodiol for the Kotruvsi oil (2.2 %) were higher than the rest. The continent of uvaol for the Amigdalolia
Nana, Frantoio and Ulliri I Kug oil are absent, the Kerkiras one presents the highest value around 0.5 %.

The level of erythrodiol + uvaol is used to detect the pormace olive oils (Reina et al., 1997). The level (Table 4)
of this parameter was under the limits established from CEE Regulation 2568, 1991.

4. Conclusions

The virgin olive oils from the cultivars analyses showed a fatty acid composition characterised by an oleic acid
content medium or medium-high that a provides besides to the phenol content a high oxidative stability.

Natural antioxidant content was in general medium high that provides nutritional properties and strong sensory.
The presence of phytosterols at high content provides very interesting health benefits that may be considered.
These preliminary results may be used as a basis for studies in situ to consider the autochthonous varieties in new
orchards in the area
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