
La rivista italiana delle sostanze grasse - VOL. CI - GENNAIO/MARZO 2024La rivista italiana delle sostanze grasse - VOL. CI - GENNAIO/MARZO 2024

35

Sonia Moussi1

SihemTellah1

Malika Douzane2

Massinissa Faci3

AbdelKrim Abdi2

Zoe Papoutaski4

Iro kokkinou4

Abderezak Tamendjari5

1Ecole Nationale Supérieure Agronomique
Département des «Productions 

végétales»
Laboratoire “Amélioration intégrative des 

productions végétales” (AIPV)
El Harrach, Algiers, Algeria

2Agri-Food Technologies Research 
Division

National Institute of Agronomic Research 
of Algeria

El Harrach, Algiers, Algeria

3Department of Biological Sciences 
Mouloud Mammeri 

University of Tizi-Ouzou, Algeria

4Department of Pharmacognosy and 
Natural Products Chemistry

Faculty of Pharmacy
University of Athens

Panepistimiopolis Zografou, 
Athens, Greece

5Laboratory of Applied Biochemistry
Faculty of Natural and Life Sciences

University of Bejaia, Algeria

 CORRESPONDING AUTHOR: 
abderezakt@yahoo.fr

Received: February 27, 2023
Accepted: August 29, 2023

Biochemical and Pomological Variability 
of Several Autochthonous Olive Cultivars 

Grown in Algeria

This work aimed to characterise the morphological traits of olives and physico-chemical 
of oil issued from 10 endemic cultivars harvested in the north-east of Algeria. The 
pomological parameters of the fruits showed a very significant difference (p < 0.0001) 
between the studied cultivars. Quality indices indicated that olive oil varieties belong to 
the extra virgin and virgin categories. Highly significant differences (p < 0.0001) were 
noted between the 10 varieties studied for the analytical parameters examined (fatty acid 
composition, total phenol, chlorophyll, and carotenoid content). Boughenfous showed 
the highest values in oleic acid with (75.15%) and in total phenols with 435.88 (mg of 
Gallic acid/kg of olive oil). Phenolic compounds (hydroxytyrosol, tyrosol, oleocanthal, total 
phenolic compounds) have shown important differences between varieties. The principal 
component analysis carried out on the profile of total fatty acids distinguishes 5 groups, 
group 2 and 3 proved to be the most interesting in terms of nutritional characteristics, 
they include three cultivars, characterised by the highest levels of oleic acid and MUFA 
and the MUFA/PUFA ratio. These results confirm the importance of the varietal character 
in determining the chemical characteristics of the oil. To enhance the olive sector, this 
characterisation must be extended to other secondary olive cultivars that are unexplored.
Keywords: Algerian cultivars, characterisation, fatty acid profile, chemical composition, 
HPLC-UV, fruit characteristics.

1. INTRODUCTION
Olive cultivation (Olea europaea L.) is one of the oldest crops in the world [1]. 
Olive tree is grown mainly in the Mediterranean region (Spain, Italy, Greece, 
Tunisia, Turkey, Morocco, and Algeria) for climatic reasons [2], and for the 
high nutritional value of its products (oil and table olives) and its economic im-
portance [3]. Most of the olive production is intended for oil extraction and the 
other part to produce table olives [1]. It has many varieties with a significant 
phenotypic diversity [5]. The work of Hauville [6] in Algeria distinguished more 
than 150 varieties of olive trees. Although the Algerian olive growing heritage 
is rich in varieties, our traditional olive growing is dominated by two main va-
rieties, Chemlal and Sigoise. Chemlal olives are used only for oil extraction; 
this cultivar is grown mainly in Kabylie (central Algeria) and represents 40% of 
the national olive area. The Sigoise variety that represents 20% is cultivated in 
the west of the country for its dual use (the quality of its oil and table olives). 
The other Algerian cultivars have a limited implantation and distribution. The 
olive sector has experienced significant growth in recent years, from 200,000 
ha in 2011 to 401,181 ha in 2015 [7]. Several studies have focused on the 
nutritional and organoleptic properties of olive oil [8], which is a key factor in 
the healthy aspects attributed to the Mediterranean diet [9]. The benefits of 
virgin olive oil are mainly attributed both to its high oleic acid content which 
contributes to the balance of the amount of polyunsaturated fatty acids and 
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its richness in phenolic compounds, which act as nat-
ural antioxidants and can contribute to the preven-
tion of several human diseases [10]. These beneficial 
traits, usually associated with the genotype of the 
cultivar, highlight the need to identify characteristics 
of olive oil that will ensure its authenticity [11]. The 
chemical composition of extra virgin olive oil is influ-
enced by the olive cultivar, pedoclimatic conditions, 
geographical site, and stage of maturity [12]. In terms 
of genetic diversity, monovarietal olive oils, produced 
from a specific cultivar, have particular physical and 
biochemical characteristics and attributes that result 
in distinctive composition and performance [11]. Ad-
ditionally, many pre-harvest and post-harvest factors 
are involved in the quality of olive fruit and its oil com-
positions [13].
In this context, the purpose of this study concerns the 
physicochemical and pomological characterisation of 
10 Algerian endemic cultivars of olive tree (Olea L.) 
maintained at the national collection of the Takerietz 
demonstration farm (municipality of Souk Oufella, 
wilaya of Bejaïa). 

2. MATERIAL AND METHODS 

2.1. SAMPLING
This study includes 10 cultivated olive varieties of local 
population (Table I). The olives of the different cultivars 
were harvested during 2018-2019 at the experimen-
tal station of the Technical Institute of Fruit Trees and 
Vines, Sidi-Aich, Bejaia (Algeria). The geographical 
coordinates of the station area are as follows: latitude: 
36°58’19’’ North, longitude: 4°66’69’’ East. Approx-
imately 3 to 5 kg of olives were harvested manually 
from three trees for each variety. The sampling was 
done at man’s height around the tree canopy. The 
extraction of olive oil was carried out using an oleo-
dosor, a discontinuous two-phase cold centrifugation 
system. The extracted oil was decanted and stored in 
labelled opaque glass bottles, at a cold temperature 
(4°C) until analysis.

2.2. MORPHOLOGICAL CHARACTERS
The characters were evaluated according to the 
method of the International Olive Council [14]. The 
maturity index method consists of evaluating the col-
our of the skin and the pulp of the fruit. 100 olives 
were chosen randomly, ordered into seven groups 
from 0 to 7. The average fruit and stone weight (g) 
were determined on 40 fruits for each variety. The 
other characteristics such as flesh weight and flesh 
percentage were estimated by subtraction and ratios 
between the measured characteristics. To determine 
the percentage of humidity, about 50 g of olive sam-
ples were weighed and dried at 105°C in an oven, 
until a constant mass was reached. The oil content 
of the olives was determined by the Soxhlet method 
using a quantity of 20 to 30 g of crushed and dried 
olive paste for each cultivar.

2.3. QUALITY INDICES
Free acidity, peroxide value, UV spectrophotometric 
indices (K232, K270), evaluated according to the offi-
cial methods described in Regulation EEC 2568/91 of 
the Commission of the European Union [15].

2.4. CHLOROPHYLL AND CAROTENOID 	
The pigment content was evaluated by measuring the 
absorbance at 670 nm for chlorophylls and 470 nm 
for carotenoids [16].

2.5. TOTAL PHENOLS 
The total phenol contents of the oils were determined 
by the Folin-ciocalteu reagent [17]. The absorbance 
was measured at 725 nm. Results were expressed as 
mg Gallic acid equivalent/kg of oil using a calibration 
curve (R2 = 0.9947).

2.6. CHROMATOGRAPHIC ANALYSIS OF PHENOLS BY 
HPLC-UV
To isolate the phenolic fraction of olive oils, we used 
the method described by the IOC [18]. 2 g of olive oil 
were weighed from each sample and added to1 ml of 
the internal standard solution (using syringic acid as an 
internal standard). 5 ml of methanol/water (80/20), the 
mixture was shacked for 1 minute, then centrifuged at 
4000 rpm/min for 15 minutes. The methanol/water lay-
er was separated, and the extraction repeated twice. 
After that, the extracts were evaporated to dryness un-
der vacuum in the rotavapor instrument at a low tem-
perature (less than 35°C). The residue was dissolved in 
1 mL of methanol/water (1/1, v/v) and subjected to fil-
tration with a filter for syringe. Then, analysed in a Knau-
er HPLC system with a column C18 (4,6 mm I.D. × 250 
mm length, particle size 5 µm), and Spectrophotomet-
ric UV detector at 280 nm. The mobile phase consist-
ed of a mixture of Solvent (A): water 0.2% H3PO4 (V/V) 
and Solvent (B): methanol /acetonitrile (50/50, V/V). The 
chromatograms were recorded at 280 nm using syrin-
gic acid as internal standard and identified by compar-
ison with relative retention times of pure compounds.

 
 
 
 
 
Table I - Characteristics of the plant material 
 
Cultivars Use 

Bouchouk Lafayette Dual purpose 
Souidi Oil 
Aghchren d'El Ousseur Dual purpose 
Azeradj Dual purpose 
Boughenfous Oil 
Aguenaou Dual purpose 
Aghchren de Titest Dual purpose 
Aberkane Dual purpose 
Limli Oil 

Sigoise Dual purpose 
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2.7. FATTY ACIDS 
The composition of fatty acids was determined by gas 
chromatography (GC). The fatty acids of the different 
samples were prepared according to the method de-
scribed by the European Union Commission Regula-
tion EEC No. 2568/91 (EEC, 2015) [19]. Methyl esters 
were formed by cold transesterification in a metha-
nolic solution of potassium hydroxide. The fatty acid 
esters obtained were analysed using a Chrompack 
CP 9002 device, with detector FID (T = 250°C). The 
column used was a capillary column, with a length 
of 30 m and an internal diameter of 0.32 mm × 0.25 
µm. The carrier gas was nitrogen at a flow rate of 1ml/
min and the oven temperature was 200°C, and injec-
tion temperature at 250°C, a split splitless injection 
at 250°C.

2.8. STATISTICAL ANALYSES
All experiments were performed in triplicate; all data 
are expressed as the mean ± standard deviation. The 
statistical analysis was performed with the XLSTAT 
statistical software, version 2016. An analysis of var-
iance (ANOVA) with one factor (cultivar) followed by 
the Tukey method at the level of 5% significance, to 
determine the different homogeneous groups was 
carried out. A Principal Component Analysis (PCA) of 
fatty acids was performed, with the aim of revealing 
associations and differences between the different 
cultivars.

3. RESULTS AND DISCUSSION

3.1. MORPHOLOGICAL CHARACTERS
Table II presents some agronomic parameters of 
the10 cultivars studied. The maturity index ranged 

widely from 2.26 to 6.04. The lowest maturity index 
was marked by the Azeradj variety with 2.26, while the 
highest maturity index was 6.04 for the Souidi variety. 
The fruits weight of different varieties (Table 2) ranged 
from 0.59 g (Souidi) to 4.50 g (Azeradj). Boughenfous, 
Limli, Souidi, Aguenaou have a weight fruit lower than 
2 g. Aghchren d’ElOusseur, Aghchren de Titest, Sig-
oise, have intermediate mass olives ranged from 2-4 
g. The highest fruit weight was recorded for the fol-
lowing cultivars Azeradj (4.50 g), Aberkane (4.01 g), 
Bouchouk Lafayette (4.08 g). These three cultivars 
are used for table olives or for a double purpose due 
to their size. The analysis of the variance showed a 
very highly significant difference (p ≤ 0.0001) for fruit 
weight between cultivars. The study carried out in the 
centre and the east of Algeria [20] has shown lower 
values to our results, especially for the varieties Bou-
chouk, Azeradj and Boughenfous. Abdessemed et 
al. [21] reported close results for the Sigoise variety, 
Aghchren de Titest, on the other hand, very low re-
sults for Limli. 
The water content of the different olive varieties varies 
between 46% (Azeradj) to 67% (Aghchren de Titest). 
Our results fit into the range given by Ravetti [22] 
that vary between 40 to 75%. It was reported [23] 
that a decrease in fruit moisture was proportional to 
an increase in oil concentration. high moisture con-
tent indicates both a lower oil and dry flesh content 
[24]. Regarding the oil content (table 2), the Souidi 
variety contains the lowest value (15.50%), while 
the Aghchren of el-Ousseur has the highest value 
(46.5709%). The analysis of the variance indicates a 
very highly significant difference between the cultivars 
tested (p < 0.0001). Our results are similar for those 
reported for Algerian varieties [25].

 
 
 
 
 
Table II - Morphological characters of different varieties studied 
 
Cultivars     Morphological characters       

 
Maturity 

index 
Fruit 

moisture (%) 
Fruit 

weight (g) 
Stone 

weight (g) 
Flesh weight 

(g) 
Flesh 

percentage (%) 
 

Oil content % 
Bouchouk 
Lafayette 3,54± 0,08 e 0,54 ±0,01d 4,08±1.12 a 0,66±0,19 a 3,42±1,19 b 82,37±7.60 b 33,27±0,04 d 

Souidi 6,04± 0,02 a 0,54±0,01 d 0,59±0,12 e 0,18±0,03 f 0,41±0.12 f 67,45±10.52 d 15,49±0,01 j 
Aghchren d'El 
Ousseur 5,18±0,03 b 0,61±0,00 b 3,34±0.98 b 0,46± 0,11 c 2,87±0.98 c 84,91±5.92 ab 46,57±0,06 a 

Azeradj 2,26± 0,04 i 0,46 ±0,01 e 4,50±0,93 a 0,51±0,13bc 3,99±0.96 a 88,15±3.81 a 25,39±0,01 i 
Boughenfous 2,62± 0,06 h 0,47 ±0,00 e 0,85±0,16 de 0,28±0,04 de 0,57±0.16 f 65,51±9.5 d 27,93±0,03 h 
Aguenaou 3,42± 0,03 f 0,66±0,01 a 0,85±0,16 de 0,22±0,05ef 0,63±0.17 f 72,99±8.3 c 33,51±0,02 c 
Aghchren de 
Titest 4,33 ±0,03 c 0,67±0,01 a 2,60±0,72 c 0,36±0,09 d 2,24±0,76 d 84,57±6.63 ab 33,08±0,04 e 

Aberkane 3,25 ±0,07 g 0,61 ±0,00 b 4,01±1.11 a 0,56±0,11 b 3,45±1.14 b 85,13±6.56 ab 30,88±0,06 g 
Limli 4,02±0,02 d 0,48 ±0,01 e 1,18±0,27 d 0,27±0,04 e 0,92±0,27 f 76,04±7.95 c 33,91±0,02 b 

Sigoise 2,53± 0,04 h 0,57 ±0,00 c 2,16±0,28 c 0,49±0,10bc 1,66±0,30 e 76,75±5.52 c 31,67±0,04 e 

Values are shown as Mean Standard deviation (n = 3). The results are statistically analyzed by ANOVA followed Turkey’s: The mean in each 
column with different letters indicates a significant difference (P < 0.05) 
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3.2. QUALITY PARAMETERS
The quality indices of different cultivars studied were 
presented in Table III. The free acidity of the studied 
samples has shown average values that oscillate 
from 0.31% (Aberkane) to 1.58% (Azeradj), which 
distinguished two distinct categories of oil (Extra vir-
gin and virgin olive oil), according to the standards of 
the International Olive Council [26]. Almost all the oil 
samples were classified as extra virgin oils (acidity ≤ 
0.8%), except for the Azeradj cultivar, which corre-
sponded to the category of virgin oils (acidity ≤ 2%) 
with value 1.58%.Our results are very low for the oil 
obtained from Limli (0.33%) variety, compared to 
those reported [27], where the free acidity is 2.84% 
for the olive oils produced in the East of Algeria region. 
The analysis of the peroxide index revealed average 
values vary from 4.01 to 23.0 expressed in Table 3. All 
samples studied of olive oil have a peroxide index less 
than 20 meq O2/ kg, except for the oil obtained from 
Aberkane variety with a peroxide value of 23.0 meq 
O2/ kg of olive oil, which exceeds the limit (20 meq O2/ 
kg) established by the IOC [26]. The minimum value 
was recorded in the Limli cultivar with a peroxide con-
tent of 4.01 meq O2/kg. Our results are close to those 
found [28]; peroxide index values varied between 
5.19 and 18.76 meq of O2 / kg for Algerian and Italian 
varieties. Values of specific extinctions in the ultravio-
let at 232 nm and 270 nm are presented on table 3. 
The values for the specific extinction K232 of the varie-
ties studied show values that vary between 1.17 and 
3.00. The nine samples studied indicate that they do 
not exceed the limit established by IOC [26] (≤2.5) 
except for Bouchouk Lafayette cultivar with 3.00. For 
the specific extinction K270, the values vary from 0.11 
to 0.17. However, all samples do not exceed the limit 
established by the IOC (≤0.22). Our results are close 
to those reported [29, 30].

3.3. PIGMENT CONTENT
As shown in Table 4, the pigment content is strong-
ly influenced by the cultivar, showing very highly sig-
nificant differences between samples (p < 0.0001). 
For chlorophylls, the lowest value was observed in 
the Bouchouk Lafayette variety with 1.71mg/kg. The 
highest value is recorded in the oil of the Azeradj vari-
ety with a value of 7.03 mg/kg. 
Concerning carotenoids, the analysis of variance 
revealed a highly significant difference in carotenoid 
content between the different cultivars studied (P < 
0.001), which varies between 1.22 mg/kg for Bou-
chouk Lafayette variety to 3.20 mg/kg for Boughen-
fous variety. β-carotene is a major carotenoid, which 

 
 
 
 
 
Table III - Physico-chemical indices of the oil of different Algerian olive varieties 
 
     Analytical oil parameters   

 Cultivars Free acidity 
(% of oleic acid/kg) 

Peroxide value 
(meq O2/kg of oil) Specific extinction K232 Specific extinction 

K270 
Bouchouk Lafayette 0,35±0,02 cd 10,53±0,04 g 3,00±0,00 a 0,16±0,00 b 
Souidi 0,38±0,02 cd 15,51±0,02 b 2,25±0,00 c 0,13±0,00 d 
Aghchren d'El Ousseur 0,27±0,03 f 13,02±0,02 e 1,98±0,00 f 0,11±0,00 e 
Azeradj 1,58±0,00 a 11,52±0,02 f 1,94±0,01 g 0,17±0,00 a 
Boughenfous 0,41±0,00 c 6,02±0,03 i 1,42±0,01 i 0,13±0,00 d 
Aguenaou 0,35±0,04 cd 14,51±0,02 d 2,05±0,01 e 0,13±0,00 d 
Aghchren de Titest 0,48±0,01 b 15,01±0,01 c 2,37±0,00 b 0,13±0,00 d 

Aberkane 0,31±0,01 ef 23,01±0,02 a 2,08±0,00 d 0,14±0,00 c 

Limli 0,33±0,00 de 4,02±0,03 j 1,76±0,01 h 0,13±0,00 d 

Sigoise 0,35±0,00 cd 7,00±0,01 h 1,17±0,01 j 0,11±0,00 e 

Values are reported as Mean (n = 3). The results are statistically analyzed by ANOVA followed by Turkey’s: The mean in each column with 
different letters indicates a significant difference (P < 0.05) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Table IV: Pigments and total phenols content of olive oil 
varieties 
 

Cultivars 
Chlorophyll Caroténoïds Total phenols  
(mg/kg)  (mg/kg) (mg /kg of oil) 

Bouchouk 
Lafayette 1,71±0,23 g 1,22±0,03 h 168,83±0,01 g 

Souidi 2,64±0,19 f 1,45±0,03 g 198,32±0,01 f 
Aghchren d'El 
Ousseur 2,06±0,17 g 1,30±0,02 h 92,17±0,01 i 

Azeradj 7,03±0,13 a 2,82±0,01 b 258,97 ±0,01 c 
Boughenfous 4,48±0,08 c 3,20±0,06 a  435,88±0,01 a 
Aguenaou 3,67±0,06 d 2,11±0,07 d 258,12±0,01 d 
Aghchren de 
Titest 3,08±0,12 f 1,80±0,01 e 122,50±0,01 h 

Aberkane 3,24±0,13 e 1,60±0,03 f 56,79± 0,01 j 
Limli 5,75±0,08 b 2,61±0,05 c 205,90±0,01 e 
Sigoise 2,88±0,01ef 2,56±0,04 c 357,53±0,01 b 

Values are reported as Mean (n = 3). The results are statistically 
analyzed by ANOVA followed by Turkey’s: The mean in each column 
with different letters indicates a significant difference (P < 0.05) 
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gives carotenoids a protective effect against degrada-
tion [31]. It has been noted that the content of chlo-
rophyll and carotenoid pigments varies significantly 
with the variety [30]. Lower levels of chlorophylls and 
carotenoids was noted for Algerian varieties [32].

3.4. TOTAL PHENOLS
The results obtained (table IV) showed a very highly 
significant difference (p < 0.0001) between the stud-
ied varieties. The richest varieties are Boughenfous 
and Sigoise, with contents of 435.88 and 357.53 
mg/kg, respectively. The poorest are Aberkane and 
Aghchren d’El Ousseur varieties, with 56.79 and 
92.17 (mg of gallic acid/kg) respectively. Phenolic 
compounds contribute to the taste characteristics 
and high stability of virgin olive oil against oxidation 
[10]. Our results agree with those reported [33] for 

the Algerian varieties and those for varieties from Ar-
gentina [28]. On the other hand, our results are very 
high compared to those reported [28]; lower levels of 
polyphenols (from 27 to 184 mg/kg) have been noted 
for Algerian and Italian olive oils. 

3.5. PHENOLIC PROFILES
Table V shows the quantitative composition 
(mg/kg) of the phenols determined by HPLC 
analysis. 3 phenolic compounds were identified and 
quantified: Hydroxytyrosol, Tyrosol and Oleocanthal 
(fig.1). Hydroxytyrosol and tyrosol, represent hydrol-
ysis products of secoridoid compounds, like oleuro-
pein and ligstroside aglycons [28]. The hydroxytyro-
sol content was higher in Sigoise, Azeradj and Souidi 
cultivars, while this compound was lower in other 
cultivars. Hydroxytyrosol is one of the major phenolic 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1 - HPLC chromatograms at 280 nm of phenolic extracts from olive oil and external standard peaks 

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Table V - HPLC phenolic composition of olive oil varieties. 
 

Cultivars  
Hydroxytyrosol (mg/kg 

VOO) 
Tyrosol (mg/kg VOO) Oleocanthal (mg/kg 

VOO) 
Phenols (mg T/kg VOO) 

Bouchouk Lafayette 4,98±0,11 c 27,98±0,06 d nd 173,25±0,35g 
Souidi 16,71±0,17 b 48,58±0,12 a 22,93±0,08 c 218,15±0,21c 
Aghchren d'El Ousseur nd 3,7±0,28 i nd 105,17±0,23j 
Azeradj 16,31±0,13 b 24,68±0,13 f 40,63±0,09 b 216,13±0,18d 
Boughenfous 3,31±0,27 e 37,77±0,08 b 67,93±0,03 a 263,01±0,01a 
Aguenaou 5,01±0,06 c 25,83±0,19 e nd 205,01±0,01e 
Aghchren de Titest nd 8,62±0,11 g nd 112,03±0,04i 
Aberkane nd 6,84±0,12 h nd 148,01±0,01h 
Limli 4,31±0,03 d 36,27±0,38 c nd 181,05±0,07f 
Sigoise 33,74±0,05 a 35,96±0,01 c nd 253,02±0,03b 

Values are reported as Mean (n = 2). The results are statistically analyzed by ANOVA followed by Tukey's: The mean in each column with 
different letters indicates a significant difference (P < 0.05), nd: not detected, T: Tyrosol. 
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compounds in olive oil that exerts antioxidant, anti-in-
flammatory, anti-platelet aggregation and anti-ather-
ogenic activities in in vitro and animal models [34]. 
Recently, the European Food Safety Authority (EFSA) 
has recognised protective effects of the olive oil phe-
nolic compounds on LDL oxidation, in particular of 
HT (Commission Regulation, 2012) [35]. The claim 
may be used only for olive oil, containing at least 5 mg 
of hydroxytyrosol and its derivatives (e.g., oleuropein 
complex and tyrosol) per 20 g of olive oil.
The concentration of tyrosol was significantly high in 
all oils which are in accordance with the recent results 
on Algerian varieties. Similar results were noted for 
these two compounds in the Algerian varieties [32]. 
The oleocanthal content was found higher in Bough-
enfous, Azeradj and Souidi cultivars, for other varie-
ties has not been detected. Besides, very significant 
differences were observed in the concentration of 
phenolic compounds (p ≤ 0.0001) between the va-
rieties studied. It was reported [36] that the phenolic 
profile differs between varieties of plants of the same 
species. Phenols are recognised as important antiox-
idant compounds that protect the oil against auto-ox-
idation, at the cellular level, against oxygen radicals 
[37], and contribute to its pungent and bitter taste. 
Hydroxytyrosol (HTyr), tyrosol (Tyr), oleacein and oleo-
canthal are the main compounds responsible for the 
beneficial effects of EVOO as part of the Mediterrane-
an diet [38, 39].

3.6. FATTY ACIDS
The fatty acids identified and quantified are shown 
in table VI. In all cultivars, the main fatty acids were 
oleic, linoleic, palmitic, and stearic acids. Oleic acid 
has always been the most abundant compound, 
accounting for more than 60% of the total fatty ac-
ids. We note that the level of oleic acid, the major 
fatty acid of olive oil, is very low in Bouchouk Lafay-
ette cultivar with concentration of 61.86%, although 
Boughenfous proved to be the best performing vari-
ety with the highest rate (75.15%); followed by Sigo-
ise (73.48%) and Aberkane (73.38%).The analysis of 
variance showed a very highly significant difference 
for oleic acid between the different varieties studied (p 
< 0.0001).The fatty acid composition varies relatively 
due to genetic and environmental factors [40]. Our 
results were close to those obtained [41] on six olive 
oils from six cultivars of Tunisian origin. Similar results 
were reported for different Algerian varieties namely 
Azeradj, Blanquette, Bouricha, Chemlal, Limli, Sigoise 
[42].
Concerning the linoleic fatty acid (C18:2ω6), Bou-
chouk Lafayette cultivar has maximum with 17.70% 
against 4-15% for the other cultivars, hence the dif-
ference is very highly significant between the varieties 
(p < 0.0001). Palmitic acid was the major saturated 
fatty acids; it varies between 11.18% (Sigoise) to 
15.79% (Limli). The analysis of the variance showed a 
very highly significant difference between the cultivars 
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tested (p < 0.0001). Another saturated acid is stearic 
acid that varies between 2.08% (Aghchren d’ElOus-
seur) to 3.06% (Azeradj).
The two ratios between (MUFA/PUFA) and Oleic/
Linoleic are strongly influenced by the cultivar (p < 
0.0001). Boughenfous recorded the highest ratio with 
13.82 and followed by Aberkane with 9.06 against 
the other cultivars which vary between 3.50-8%. 
Furthermore, the Oleic/Linoleic ratio varies between 
3.50% (Bouchouk Lafayette) to 15.59% (Boughen-
fous). The content of this ratio is five times more for 
the cultivar Boughenfous compared to Bouchouk 
and Lafayette. According to [29, 33] the MUFA/PUFA 
ratio is of great importance because of the nutritional 
properties and oxidative stability of olive oils. The high 
proportions of monounsaturated fatty acids (∑MUFA) 
represent one of the most important technological 
and nutritional characteristics of olive oils [44]. Our 
results are higher than those reported [45] for Tuni-
sian varieties at different altitudes. Authors [43, 46] 
noted that varietal character strongly influenced fatty 
acid composition. The variability in our study could 
be explained by the genetic characters of cultivars 
since the culture conditions and oil extraction condi-
tions were the same.

 
3.7. PRINCIPAL COMPONENTS ANALYSIS (PCA) 
The principal component analysis was applied to the 
fatty acid profile of the different varieties, to evaluate 
their correlation (Figure 2a 2b, Table 6). The projec-
tion of the parameters on the factor plane F1-F2 of 
the PCA (Figure 2) evaluates the variability between 
the parameters, by their dispersion on the two axes 
which explain about 64.59% of the total variance. The 
axes 1 and 2 explain 40.33 and 24.27% of the vari-
ance, respectively. 
The projection of the points on the circle indicates 

a good dispersion of the variables on the two axes. 
All the variables are well represented in this factorial 
plane since their correlation with the axes are relative-
ly important, which means that the samples studied 
show a great chemical diversity. The projection is rel-
atively far from the centre for some parameters. The 
axis 1 in the positive direction associates the following 
fatty acids: 22:0, C18: 1, C20: 0, C18: 3w3, C18: 
1w9, Oleic acid / Linoleic acid ratio, ∑MUFA, MUFA / 
PUFA ratio, C20: 1w9, while the negative direction of 
the same axis is associates the following fatty acids: 
C16: 1w7, ∑SFA, C18: 0, C16: 0, ∑PUFA, C18: 2w6, 
C17: 0, C22:1. However, the axis 2 on the positive 
side is defined by saturated fatty acids (∑SFA), C16: 
0, C18: 0, C16: 1w7, C20:0, C17:0, C22:0, Oleic/
Linoleic, MUFA / PUFA and in the negative sense it is 
defined by the following fatty acids: C20: 1w9, C18: 
2w6, C22:1, C18:3w3, C18:1w9, ∑MUFA, ∑PUFA.
The projection of the individual elements showed a 
good dispersion on the factorial plane and reveals the 
grouping of individual elements (figure 3). According 
to the F1 axis we can distinguish 5 groups or each 
group’s varieties that have similar coordinates. In 
comparison between figure 2 and 3, axis 1 shows 
that the group1 associates the following cultivars: Si-
goise, Aghchren d’el- Ousseur are on the positive side 
of the F1 axis indicating that they have the highest 
percentages in C18:1, and approximate contents in 
Oleic acid / Linoleic acid ratio, ∑MUFA, MUFA / PUFA 
ratio. According to the axis F2, group1 is located on 
the negative side which indicates that they have high 
values in C20:1w9, C18: 3w3. Group 2 represented 
by two varieties: Aberkane, Aguenaou according to 
F1 axis are located on the positive side and close to 
the centre of the axis and are characterised by a more 
homogeneous grouping according to their high oleic 
acid content: (C18:1w9) and the ratio (C18:1/C18:2) 
and MUFA/PUFA ratio and ∑MUFA, C20:0. G3 is rep-

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 - a) Correlation circle of fatty acid composition and the F1 and F2 axes of the PCA  
            b) Representation of the results of the principal component analysis carried out for the different varieties studied. 
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resented by a single variety Boughenfous on the end 
of the positive portion of the F1 axis; it has the best 
characteristics with high value in the ∑MUFA, MUFA 
/ PUFA ratio and oleic acid. Group 4 contains Limli, 
Aghchren de Titest, Azeradj, Souidi, located on the 
negative side of the F1 axis to their high-grade grad-
ers in saturated fatty acids (∑SFA) and C16:0, C18:0, 
C16:1. G5 is represented by Bouchouk Lafayette 
which is located on the negative side of the F2 axis 
having high levels of polyunsaturated fatty acids and 
C18: 2w6. This variety is more sensitive to oxidation. 
G5 is represented by Bouchouk Lafayette which is lo-
cated on the negative side of the F2 axis having high 
levels of polyunsaturated fatty acids and C18: 2w6. 
This variety is more sensitive to oxidation. 
4. CONCLUSION 
The olive tree is one of the most important crops in Al-
geria. The local genetic resources of olive trees have 
features and performances that deserve to be valued. 
According to the results obtained, the varietal charac-
ter influences significantly the physico-chemical pa-
rameters of virgin olive oil, including the total phenol 
content and fatty acids. Thus, the major fatty acids 
of olive oil in particular oleic acid, palmitic, stearic, 
and linoleic, were significantly influenced by the cul-
tivar (p < 0.0001). The best result in terms of total 
polyphenols and oleic acid of olive oil was obtained 
with the Boughenfous variety that presented a low 
maturity index 2.623. The varieties with a maturity in-
dex between 2.5 and 3.5 presented the best features 
in minor compounds of olive oil. Globally, the results 
showed that the cultivar plays an important role in 
the quantitative and qualitative characteristics of olive 
oils. This characterisation must be extended to other 
secondary olive cultivars that remain unexplored.
Olive growers must be encouraged to promote the 
local olive-growing heritage by cultivating varieties 
approved by the National Centre for seeds and plants 
Control and Certification (CNCC). 

Acknowledgements 

The authors acknowledge their funding agency in the 
public sector: The Directorate-General for Scientific 
Research and Technological Development (La DGRS-
DT) for the financial support they gave us during the 
whole realisation period of this research as part of the 
International Project Research of PRIMA S2: FRUIT 
CROPS RESILIENCE TO CLIMATE CHANGE IN THE 
MEDITERRANEAN BASIN: « FREECLIMB ». Also, our 
acknowledgments are for the Members of Research 
Group 02 of the laboratory of Integrated Improve-
ment of Vegetable Productions (AIPV-CP2711100) 
(El Harrach, Algiers) and also to the members of Agri-
Food Technologies Research Division, National Insti-
tute of  Agronomic Research of Algeria, El Harrach, 
Algiers, 16004, Algeria for providing us the technical 
assistance.
Data availability The datasets generated and ana-

lysed for this study are available from the correspond-
ing author upon reasonable request.

Declaration

Conflict of interest  The authors declare that they 
have no conflicts of interest.

References	

[1]	 A. Ben Ghorbal, S. Leventdurur, B. Agirman, C. 
Pelinboyaci-gunduz , H. Kelebek , E. Carsan-
ba, M. Darici, H. Erten, Influence of geographic 
origin on agronomic traits and phenolic con-
tent of cv. Gemlik olive fruits. J Food Compost 
Anal, 74, 1-9 (2018). https://doi.org/10.1016/j.
jfca.2018.08.004

[2]	 A. Bakhouche, J. Lozano-Sanchez, R. Bel-
tran-Debon, J. Joven, A. Segura-Carretero, A. 
Fernandez-Gutierrez, Phenolic characteriza-
tion, and geographical classification of com-
mercial Arbequina extra-virgin olive oils pro-
duced in southern Catalonia. Food Inter, 50 
(1),401-408 (2013) https://doi.org/10.1016/j.
foodres.2012.11.001

[3]	 M. Ahmed, M.Z Okasha, Olive oil: quality in-
dices. LAP LAMBERT, Academic Publishing, 
(2016). 

[4]	 M. Kafkaletou., G. Ouzounidou, E. Tsantili, Fruit 
Ripening, Antioxidants and Oil Composition in 
Koroneiki Olives (Olea europea L.) at Different 
Maturity Indices, Agronomy, 11, 122 (2021). 
https://doi.org/10.3390/agronomy11010122

[5]	 M. Sidhoum, S.B.S. Gaouar, Diversité oliéco-
le au niveau de la wilaya de Tlemcen. Editions 
universitaires européennes. ISBN 978-3-639-
60770-3 (2017).

[6]	 A. Hauville, La répartition des variétés d’olives 
en Algérie et ses Conséquences pratiques. Bul-
letin de la société des Agriculteurs d’Algérie, 
580, 8, (1953).

[7]	 L. Medjkouh, A. Costa, A. Tamendjari F. Bekdou-
che, K. Bouarroudj, M.B.P.P. Oliveira, Suscepti-
bility of eight Algerian olive cultivars to Bactrocera 
oleae infestation – a pomological and nutritional 
quality perspective. Phytoparasitica,  46, 595–
605 (2018). https://doi.org/10.1007/s12600-
018-0697-z (2018). https://doi.org/10.1007/
s12600-018-0697-z

[8]	 E. Trentacoste, A.Banco, P.Piccolib, R.P., Mo-
nasterio 2019. Olive oil characterization of cv. 
‘Arauco’ harvested at different times in areas 
with early frost in Mendoza, Argentina, J Sci 
Food Agric, 100(3), 1-9 (2019). https://doi.
org/10.1002/jsfa.10029

[9]	 L. Serra-Majem, J. Ngo de la Cruz, L. Ribas, 
J.A. Tur, Olive oil and the Mediterranean diet: 
Beyond the rhetoric. Sep; 57 Suppl 1: S2-7 
(2003). 10.1038/sj.ejcn.1601801. https://doi.



La rivista italiana delle sostanze grasse - VOL. CI - GENNAIO/MARZO 2024La rivista italiana delle sostanze grasse - VOL. CI - GENNAIO/MARZO 2024

43

org/10.1038/sj.ejcn.1601801
[10]	 A. Bendini, L. Cerretani, A. Carrasco-Pancorbo, 

A.M.Gómez-Caravaca, A. Segura-Carretero, A. 
Fernández-Gutiérrez, G.Lercker, Phenolic mole-
cules in virgin olive oils: a survey of their senso-
ry properties, health effects, antioxidant activi-
ty and analytical methods, an overview of the 
last decade. Molecules, 12, 1679-1719 (2007). 
https://doi.org/10.3390/12081679

[11]	 P.K., Revelou, M. Xagoraris, A. Alexandropou-
lou, C.D. Kanakis, G.K. Papadopoulos, C.S. 
Pappas, P.A. Tarantilis, Chemometric Study of 
Fatty Acid Composition of Virgin Olive Oil from 
Four Widespread Greek Cultivars, Molecules, 
26, 4151(2021). https://doi.org/10.3390/mole-
cules26144151

[12]	 A.C. Ellis, A. Gámbaro, Characterization of Ar-
bequina Extra Virgin Olive Oil from Uruguay. 
J. Food Res, 7(6), 79-90 (2018). https://doi.
org/10.5539/jfr.v7n6p79

[13]	 M.A. Mele, M.Z. Islam, H.M. Kang, A.M Giuffré, 
Pre-and post-harvest factors and their impact 
on oil composition and quality of olive fruit. Emir 
J Food Agric, 30(7), 592-603 (2018). https://doi.
org/10.9755/ejfa.2018.v30.i7.1742

[14]	 International Olive Council, The guide for the 
determination of oil-olives (COI/OH/doc. No 1) 
(2011).

[15]	 European Commission Regulation, 1991 Euro-
pean Commission Regulation 2568/91 on the 
characteristics of olive oil and olive-residue oil 
and on the relevant methods of analysis, and 
subsequent amendments. Official Journal of Eu-
ropean Community 1991, July 11, L248, 1–102.

[16]	 M. Isabel Minguez‐Mosquera, L. Rejano‐Na-
varro, B. Gandul‐Rojas, A.H. Sanchez Gomez, 
J. Garrido‐Fernandez, Color‐pigment corre-
lation in virgin olive oil. J Am Oil Chem Soc, 
68(5), 332-336 (1991). https://doi.org/10.1007/
BF02657688

[17]	 T. Gutfinger, Polyphénols on oils. Journal of the 
American Oil Chemist’s Society, 58(11), 966-968 
(1981). https://doi.org/10.1007/BF02659771

[18]	 IOC, Determination of biophenols in olive oils by 
HPLC. International Olive Oil Council, Madrid. 
Document COI/T.20/Doc No 29/Rev1. (2017).

[19]	 CEE. (2015). Règlement d’exécution no 
2015/1833modifiant le règlement (CEE) no 
2568/91 relatif aux caractéristiques des hui-
les d’olive et des huiles de grignons d’olive 
ainsi qu’aux méthodes d’analyse y afférentes. 
Journal officiel de l’union européenne. p. 1-24.

[20]	 N. Benrachou, C. Henchiri, Z. Djeghaba, Ca-
ractérisation de trois huiles d’olive issues de 
trois cultivars de l’Est algérien. Synthèse, 22, 
12-22 (2010).

[21]	 S. Abdessemed, A. Abdessemed, R.H. 
Boudchicha, H. Benbouza H. Caractérisation 
et identification de quelques écotypes d’olivier 

Oleaeuropaea L. en Algérie. Agriculture Journal. 
8(2),26-43(2018). http://revue -agro.univ-setif.
dz/

[22]	 L. Ravetti, Guide to efficient olive harvesting. 
RIRDC Pub.No. 08/157. A Report Prepared for 
the Rural Industries Research and Development 
Corporation, Canberra, Australia (2008). Web: 
http://www.rirdc.gov.au. Published in October 
2008 Printed by Union Offset Printing, Canber-
ra, Australia

[23]	 A.P. Banco, C.M. Puertas, V.A. Lucero, M.C. 
González., E.R. Trentacoste, Fruit Characte-
ristics and Simple Estimate of Oil Content in 
Twenty-Six Olive Genotypes in Argentina, J. Agr. 
Sci. Tech, 23(3), 617-629 (2021). http://jast.mo-
dares.ac.ir/article-23-35670-en.html

[24]	 A. M Giuffrè, Biometric Evaluation of Twelve Oli-
ve Cultivars under Rainfed Conditions in the Re-
gion of Calabria, South Italy, Emir. J. Food Agric, 
29, 696–709 (2017).

[25]	 A. Benaziza, D. Semad, Oléiculture: Caractéri-
sation De Six Variétés D’olives Introduites Dans 
Le Sud – Est Algérien. Eur. Sci. J. 12 (33), 537-
553 (2016). https://doi.org/10.19044/esj.2016.
v12n33p537

[26]	 Conseil Oléicole International, Norme commer-
ciale applicable aux huiles d’olives et aux huiles 
de grignons d’olives. COI/T. 15/NC. N°3 Rev. 16 
Juin 2021. https://www.internationaloliveoil.org 

[27]	 R. Boukhari, AA Ameur, H. Innal, SBS Gaouar, 
First morphological characterisation of autoch-
thonous olive (Olea europaea L.) denomina-
tions from central and eastern of Algeria. Acta 
Agric. Slov 116(2), 311-325 (2020). https://doi.
org/10.14720/aas.2020.116.2.1923

[28]	 L. Louadj, A.M. Giuffrè, Analytical characteri-
stics of olive oil produced with three different 
processes in Algeria. Riv. Ital. Sostanze Grasse, 
87(3), 186-195 (2010).

[29]	 E.B Büyükgök, A.S Gümüşkesen, Influence of 
olive ripeness degree and harvest year on che-
mical and sensory properties of kilisyağlik and 
memecik olive oil. GIDA, 42 (6), 799-806 (2017). 
https://doi.org/10.15237/gida.GD17077

[30]	 K. Ben-Hassine, A. Taamalli, M.B. Slama., T. 
Khouloud, A. Kiristakis, C. Benincasa, E. Perri, 
D. Malouche, M. Hammami, S. Bornaz and N. 
Grati-Kammoun, Characterization and prefe-
rence mapping of autochthonous and introdu-
ced olive oil cultivars in Tunisia. Eur J Lipid Sci 
Technol, 117(1), 112-121 (2015). https://doi.
org/10.1002/ejlt.201400049

[31]	 M. C. Murillo-Cruz, M. Chova, R. Bermejo-
Román (2021) Effect of adding fungal β-carotene 
to picual extra virgin olive oils on their physi-
cal and chemical properties. J Food Process 
Preserv 45:e15186.  https://doi.org/10.1111/
jfpp.15186

[32]	 F. Laincer, N. Laccarino, J. Amato, B. Pagano, 



La rivista italiana delle sostanze grasse - VOL. CI - GENNAIO/MARZO 2024

44

A. Pagano, G. Tenore, A. Tamendjari, P. Rovel-
lini, S. Venturini, G. Bellan, A. Ritieni, L. Manni-
na, E. Novellino, A. Randazzo, Characterization 
of monovarietal extra virgin olive oils from the 
province of Béjaia (Algeria). Food Res. Int., 11, 
1-11(2016). https://dx.doi.org/10.1016/j.foo-
dres.2016.04.024

[33]	 M. Douzane, A. Tamendjari, A.K. Abdi, M.S. 
Daas, F. Mehdid, M.M. Bellal, Phenolic com-
pound in mono-cultivar extra virgin olive oils from 
Algeria. Grasas y Aceites, 64 (3), 285-294(2013). 
https://doi.org/10.3989/gya.072212

[34]	 S Tejada, S Pinya, M Del Mar Bibiloni, JA Tur, A 
Pons, A. Sureda, Cardioprotective Effects of the 
Polyphenol Hydroxytyrosol from Olive Oil. Curr 
Drug Targets. 18(13),1477-1486 (2017). doi: 10
.2174/1389450117666161005150650. PMID: 
27719659.

[35]	 European Commission. Regulation EC No. 
432/2012 Establishing a List of Permitted He-
alth Claims Made on Foods, Other Than Tho-
se Referring to the Reduction of Disease Risk 
and to Children’s Development and Health. Off. 
J. Eur. Union  2012,  L136, 1. Available on-li-
ne: https://eur-lex.europa.eu/legal- content/EN/
ALL/?uri=celex%3A32012R0432  (accessed on 
3 February 2022).

[36]	 J-R Morello, M-P Romero, M-J.Motilva, Effect of 
the maturation process of olive fruit on the phe-
nolic fraction of drupes and oils from Arbequina, 
Farga, and Morrut cultivars. Agric. Food Chem, 
52, 6002-6009 (2004). http://doi.org/10.1021/
jf035300p

[37]	 N. Ben Youssef., W. Zarrouk., A. Carrasco-
Pancorbo, Y. Ouni., A. Segura-Carretero, A. 
Fernandez-Gutiérrez., D. Daouda and M. Zar-
rouk., 2010. Effect of olive ripeness on chemical 
properties and phenolic composition of chetoui 
virgin olive oil, J Sci Food Agric,90: 199–204 
(2010). http://doi.org/10.1002/jsfa.3784

[38]	 J. Lozano-Castellón, A. López-Yerena, J.F.R. de 
Alvarenga, J.R. del Castillo-Alba, A. Vallverdú-
Queralt, E. Escribano-Ferrer, R.M. Lamuela-
Raventós, Health-promoting properties of ole-
ocanthal and oleacein: Two secoiridoids from 
extra-virgin olive oil. Crit Rev Food Sci Nutr, 
60(15), 2532–2548. https://doi.org/10.1080/10
408398.2019.1650715 

[39]	 A.K. Marković, J. Torić, M. Barbarić, C.J. Bra-
la, Hydroxytyrosol, tyrosol and derivatives and 

their potential effects on human health. Molecu-
les, 24 (10), 2001, (2019). doi: 10.3390/molecu-
les24102001

[40]	 A. Ben Mansour, B. Gargouri, G. Flamini, M. 
Bouaziz, Effect of Agricultural Sites on Differen-
tiation between Chemlali and Neb Jmel Olive 
Oils. J Oleo Sci, 64(4), 381-92 (2015). https://
doi.org/10.5650/jos.ess14204

[41]	 M.C. Murillo-Cruz, M. Chova, R. Bermejo-
Román Effect of adding fungal β-carotene to 
picual extra virgin olive oils on their physical and 
chemical properties. J Food Process Preserv. 
2021; 00:e15186. https:// doi.org/10.1111/
jfpp.15186

[42]	 S. Laroussi-Mezghani, P. Vanloot, J. Molinet, 
N Dupuy, M. Hammami, N. Grati-Kamoun, J. 
Artaud, Authentification of Tunisian virgin olive 
oils by chemometric analysis of fatty acid com-
position and NIR spectra. Comparison with 
Maghrebian and French virgin olive oils. Food 
chem., 173, 122-132 (2015). https://dx.doi.
org/10.1016/j.foodchem.2014.10.002

[43]	 M. Issaoui, K. Ben Hassine, G. Flamini, F. 
Brahmi, H. Chehab, Y. Aouni, Discrimination 
of some monovarietal olive oils according to 
their oxidative stability, volatiles compounds 
and sensory analysis. J. Food Lipids, 16, 164-
186 (2009). https://doi.org/10.1111/j.1745-
4522.2009.01139.x

[44]	 N. Rodrigues, S. Casal, T. Pinho, R. Cruz, A.M 
Peres., P. Baptista, J.A. Pereira, Fatty Acids 
Composition from Olive Oils of Portuguese Cen-
tenarian Trees Is Highly Dependent of Olive Culti-
var and Crop Year. MDPI, Foods, 10, 496 (2021). 
https://doi.org/10.3390/foods10030496

[45]	 M. Noorali, M. Barzegar, M. A. Sahari, Sterol 
and Fatty Acid Compositions of Olive Oil as an 
Indicator of Cultivar and Growing Area. J Am Oil 
Chem Soc, 91 (9), 1571-1581 (2014). https://
doi.org/10.1007/s11746-014-2497-z

[46]	 V. Sicari, M. Leporini, A.M Giuffré, F. Aiello, T. 
Falco, M.T. Pagliuso, A. Ruffolo, A. Reitano, R. 
Romeo, R. Tundis, M.R. Loizzo, Quality parame-
ters, chemical compositions and antioxidant ac-
tivities of calabrian (Italy) monovarietal extra vir-
gin olive oils from autochthounous (Ottobrattica) 
and allochthonous (Coratina, Leccino, and No-
cellara Del Belice) varieties. J. Food Meas. Cha-
ract. 15 (1), 363-375 (2021).  DOI:10.1007/
s11694-020-00640-9




