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RESUMEN

Componentes fendlicos en aceites de oliva virgenes
monovarietales de Argelia

La alta estabilidad oxidativa de los aceites de oliva virge-
nes esta relacionada con su alta relacién de acidos grasos
monoinsaturados/poliinsaturados y con la presencia de com-
ponentes antioxidantes, como tocoferoles y polifenoles. En
este trabajo se llevo acabo un aislamiento y cuantificacion de
compuestos fendlicos de aceites de oliva virgenes de varie-
dades argelinas, con el fin de conocer sus potenciales usos y
beneficios. La cuantificacion de los componentes fendlicos y
o-difendlicos se realizdé por método tradicional de Folin-Cio-
calteu y mediante la reaccidon con molibdato de sodio, res-
pectivamente. Los compuestos fendlicos individuales cualita-
tivos y cuantitativos en los extractos y en una mezcla
estandar fueron determinados por HPLC.

Los resultados experimentales muestran que el tirosol,
hidroxitirosol y el 4-HBA (acido 4-hidroxibenzoico) son los
principales compuestos fendlicos individuales identificados
en el conjunto de la poblacién de las variedades estudiadas.

Por otra parte, la poblacion de las variedades con frutos
grandes (Grosse du Hamma, Aghenfas, Azeradj, Aguenaou,
Aberkane, Bouchouk de Guergour, X-Aghenfas, Rougette de
Guelma, Sigoise) se distinguen claramente de las varieda-
des con frutos medios y pequefos. Ademas, la poblacion de
variedades con frutos pequefios (Hamra, Chemlal, Boughen-
fas, Limli, Aimel y Mekki) presenté el nivel mas alto en oleu-
ropeina.

PALABRAS CLAVE: Aceite de oliva virgen — Composi-
cion quimica — Compuestos fendlicos — Variedades argelinas.

SUMMARY

Phenolic compounds in monocultivar extra virgin
olive oils from Algeria

The high oxidative stability of virgin olive oil is related to
its high monounsaturated/polyunsaturated ratio and to the
presence of antioxidant compounds, such as tocopherols and
phenols. In this paper, the isolation of phenolic compounds
from virgin olive oil from several Algerian varieties was tested
and discussed in order to know its potential uses and benefits.
Quantification of phenolic and o-diphenolic substances was
performed using the traditional Folin-Ciocalteau method and
the sodium molybdate reaction, respectively. The qualitative
and quantitative characterizations of phenolic compounds
were carried out by HPLC.

The experimental results show that tyrosol, hydroxytyrosol
and 4-HBA (4-hydroxybenzoic acid) are the main individual
phenolic compounds identified in the varieties studied. The
varieties with large fruits (Grosse du Hamma, Aghenfas,
Azeradj, Aguenaou, Aberkane, Bouchouk de Guergour,
X-Aghenfas, Rougette de Guelma, Sigoise) are clearly
distinguished from the varieties with medium-sized and
small fruits by having the highest levels of individual phenolic
compounds. Moreover, varieties with small fruits (Hamra,
Chemlal, Boughenfas, Limli, Aimel and Mekki) presented the
highest levels of oleuropein.

KEY-WORDS: Algerian varieties — Chemical composition
— Phenolic compounds — Virgin olive oil.

1. INTRODUCTION

Olive oil is obtained from the fruit of olive trees
(Olea europaea L.) and is a genuine fruit juice
with excellent nutritional, sensorial and functional
quality. It represents a typical lipid source of the
Mediterranean diet, whose consumption has been
associated with a low incidence of cardiovascular
diseases, neurological disorders, breast and colon
cancers, as well as hipolipidemic and antioxidant
properties (Gemino et al, 2002). Some of these
effects are associated with extra virgin olive oil’s
contents of phenolic compounds and tocopherols
and high amounts of oleic acid. The amount and
composition of phenolic compounds in virgin
olive oil depend on several factors such as olive
cultivar, degree of maturation and agronomic and
technological aspects of production (Forcadell et
al., 1987; Saitta et al., 2002; Pinelli et al., 2003 and
Van der Sluis 2005). Phenolic compound content is
an important parameter for the evaluation of virgin
olive oil quality as phenols largely contribute to oil
flavor (Gutiérrez-Rosales et al. 2003) as long as it
is protected from auto oxidation (Pellegrini et al.,
2001; Mateos et al., 2005). Virgin olive oil contains
a large number of phenolic compounds including
phenyl alcohols, such as tyrosol, hydroxytyrosol,
phenolic acids, flavonoids, as well as other more
complex secoiridoid derivatives from oleuropein
and ligstroside (Montedoro et al.,, 1992, Tsimidou
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et al., 1992; Angerosa et al., 1995, Cortesi et al.,
1995, Pinelli et al., 2003, Artajo et al., 2007).

In this paper, HPLC was used to evaluate the
qualitative and quantitative composition of the
phenolic compounds in Algerian olive oils with the
aim to identify new compounds and to evaluate
differences among samples obtained from various
olive varieties (twenty one mono-cultivars).

2. MATERIALS AND METHODS
2.1. Plant material

The present work was carried out on mono-
varietal virgin olive oils from twenty-one Algerian
cultivars: Chemlal (Che), Azeradj (Azj) and Sigoise
(Sg) (they are main populations varieties of the
national olive-growing orchard), Mekki (Mk), Neb
djemel (Nd), Hamra (Ham), Blanquette de Guelma
(Blg), Aberkane (Abr), Aimel (Ai), Rougette de la
Mitidja (Rm), Aguenaou (Agn), Boughenfas (Bgf),
Bouichret (Bcht), Aghenfas (Agf), Bouchouk de
Guergour (Bkg), X-Aghenfas (X-Agf), Bounguergueb
(Bng), Ronde de Miliana (Rdm), Limli (Lim), Grosse
du Hamma (Grh), Rougette de Guelma (Rg) (They
are local varieties, the least cultivated).

The olive fruits used were hand-picked from
mature trees (five per variety) in two crop years.
They were obtained from the experimental farm of
the technical institute of fruit-bearing arboriculture
and the vine (TIFAV). This farm is located 30 km
from Algiers in the Birtouta district, precisely on the
Mitidja plain at the piedmont on the south side of
Sahel’s hills with a plane relief. This area presents
an arboricultural vocation, it is characterized by a
Mediterranean climate on sub-wet bioclimatic floor,
with mild, rainy winters and hot summers. It is
situated 50 m above sea level at 35°.55 latitude and
at 2°.55 longitude, east. The olivegrowing orchards
have 34 varieties, of which 9 are of foreign origin.
The soil is alluvial (clay, fine and coarse silts)
favorable for good water retention.

The samples were collected on the same day at
the black-ripe stage. At full maturity, before natural
fruit drop, the skin is black and the fruit removal
force is low.

Each sample consisted of approximately 6 kg of
olives, which were taken exclusively from the five
trees. The olives were picked at shoulder height
from all around the canopy and transferred quickly
to the laboratory in plastic crates.

2.2. Oil extraction

Oil was extracted from the whole olive fruit in
an oleodoseur Rappenelli type laboratory mill,
equipped with a centrifuge divider (3000 r.p.m.), in
the following stages: washing, grinding, kneading
and centrifugation. After the grinding of olives, the
mixture was treated with water at 28°C (60 mL for
920 g of olive paste) and centrifuged, the mixture
was then kneaded for 15 min on cold and 15 min

on hot. The oil was recovered after decantation in
order to eliminate the vegetal water. The extracted
oil was kept in a dark brown flask at 4 °C.

2.3. Analytical indices

Free acidity, peroxide value and UV
spectrophotometric indices (at 232 and 270 nm)
were determined according to the European
Community’s official methods (Official Journal of
the European Community, 1991).

2.4. Extraction of the phenolic fraction

Extraction was carried out according the
conditions described by Bendini et al. (2003), an
octyl-bonded phase cartridge, C,-Sep-Pak vac
Cs 3cc (500 mg), was placed in a vacuum elution
apparatus, washed with 6 mL of n-hexane and
then conditioned with 6 mL of acetonitrile. One
gram of oil, dissolved in 6 mL of n-hexane was
passed through the cartridge in order to remove
the non-polar fraction of the oil. The polar fraction
was consecutively eluted with 6 mL of acetonitrile,
6 mL of methanol and then with 6 mL of CH;OH-
water (1:1,v/v). The fractions were combined and
evaporated. After extraction, the residues were
dissolved in 1.0 mL of CH,OH-water (1:1,v/v) and
filtered through a 0.45-pum nylon filter.

2.5. Colorimetric determination
of total phenols

The total phenol contents of the extracts was
determined by the Folin-Ciocalteau spectrophotometric
method at 750 nm, using a gallic acid calibration
curve (Singleton and Rossi, 1965).

2.6. Colorimetric determination
of O-diphenols

0.5 mL of phenolic extract obtained from the
olive oil using the SPE method was evaporated, the
residue was then dissolved in 5 mL of methanol/
water (1:1), and the solution was filtered. A mixture
of 4 mL of the solution with 1 mL of a 5% solution
of sodium molybdate dihydrate in ethanol/water
(1:1) was shaken vigorously. After 15 min, the
absorbance was measured at 370 nm using a gallic
acid calibration curve (Mateos et al., 2001).

2.7. Preparation of reference compounds
(standard phenolic)

The following commercial products were used:
gallic acid (GalA) was from Sigma, protocatechuic
acid (PA), 83,4-di hydroxyphénylethanol acid
(3,4-DHPEA) or hydroxytyrosol, tyrosol (Tyr),
4-hydroxybenzoic acid (4-HBA), caffeic acid (CafA),
vanillic acid (VA), p-coumaric acid (p-CA), ferulic
acid (FA) or trans-4-hydroxy-3-methoxycinnamic
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acid, o-coumaric acid (0-CA), 3-methoxybenzoic
acid (3-MBA), and cinnamic acid (CinA) were
from Fluka (Sigma-Aldrich) (Buchs, Switzerland);
Taxifolin (T) was from Biochemika (Fluka); Oleuropein
(OG) was from Extrasynthése (Genay France).

The stock solutions were prepared (under the
conditions described by Bendini et al., 2003) by
dissolving about 1 mg of each standard in 1 mL of
HPLC-grade methanol. The quantitative evaluation
of individual phenolic compounds was performed
using the five points curve (from 0.05 to 0.001 mg/
ml) through the use of authentic standards.

2.8. Chromatographic analysis of the standard
phenolic mixture and the virgin olive oil’s
phenolic fraction

HPLC analysis was carried out following the
method described by Bendini et al. (2003). An
HP 1100 Series (Hewlett Packard) equipped with
a quaternary pump G1311A, a UV-Vis detector
G1314A and, a C,; NUCLEODUR 100 column 5 pm
particle size, 25 cm x 4.6 mm |.D (Macherey -Nagel:
USA, Batch 34504032) was used. All solvents were
filtered through a 0.45 pm filter disk. A gradient
elution was carried out using the following solvent
system: mobile phase A: pure water-acetic acid
(98:2, v/v), mobile phase B: methanol- acetonitrile
(1:1, v/v). The linear gradient elution system was:
from 0 to 25 min, 95% to 70% A; from 25 to 35 min,
70 to 60% A; from 35 to 40 min, 60 to 52% A; from
40 to 50 min, 52 to 30% A; from 50 to 55 min, 30
to 0% A; from 55 to 65 min, 0 to 95% A; from 65 to
70 min, 95% A, as post-run. All solvents used were
of HPLC grade. The flow-rate was 0.5 mL min™".

The chromatograms were recorded at 280 and
290 nm. The injection volume was 20 pL. All the
analyses were carried out at room temperature.

2.9. Statistical analysis

All analyses were carried out in triplicate and
the results are reported as mean values. The data
were treated statistically by means of the software
Statistica version 6, for the description of factor
of unification or discrimination, using the simple
variance analysis (ANOVA) and the Test of Newman-
Keuls. The correlation between the various analytical
parameters is treated by the principal component
analysis (PCA) and the ascending hierarchical
clustering (AHC) with the aim of highlighting the
concept of biochemical markers for the structuring,
identification and characterization of the various
varieties.

On the whole of the quantitative variables
significant differences were determined between
the individuals by the influence of the medium
(climate, Crop year ...) and of the varieties on these
quantitative variables: Variety effect and year effect.

The effectiveness of the AHC depends primarily
on the choice of the distance used. Our choice
was related to the Euclidian distance to describe

the similarity between the varieties. Knowing that
the APC and the AHC are complementary, we are
generally brought to use them jointly in order to
analyze each problem.

3. RESULTS AND DISCUSSION

3.1. Free acidity, peroxide value
and UV spectrophotometric indices

The parameters considered in this work (Table 1)
of all the olive oils studied were within the estimated
limits of EEC Reg. 2568/91 (1991) and therefore
the oils could be classified into the category of extra
virgin olive oil.

The variety significantly affects (P < 0.01) free
acidity, peroxide value and UV spectrophotometric
indices (at 232 and 270 nm), whereas no significant
effect (P > 0.05) regarding the year (harvest)
was found with the exception of the indication at
270 nm where the effect was significant (P < 0.05)
(Table 2).

3.2. Total phenols and O-diphenols

Total phenol contributes to the oxidative stability
of olive oil to a large extent (Beltran et al., 2000;
Gutiérrez et al., 2001; Baccouri et al., 2008). In our
study this characterization sign was not influenced
by the year (P > 0.05) but the effect of variety effect
was clearly underlined (P < 00.001) (Table 2).

The total phenol contents in the oil in all varieties
were moderate (table 3). The phenol contents
varied from 109.45 + 0.07 to 322.18 + 0.04 mg Kg™".
This variation could be explained by the fact that the
samples were collected at full maturity, when the
skin was black and the fruit removal force was low.

Bonoli et al. (2004) and Beltran et al. (2005)
noted that oil from the last olive fruit maturation
presented a lower level of phenolic compounds.

Our results were in good agreement with those
obtained by many authors Dugo et al. (2004) in
Sicily with the varietes ‘Biancolilla’, ‘Nocellara del
Belice’, ‘Cerasuola’, ‘Tonda Iblea and ‘Crastu,
Ollivier et al. (2004) using the ‘Bouteillon’ and
‘Salonenque’ varieties, Tamendjari et al. (2009a,
2009b, 2011) with the local varieties Chemlal and
Azeradj, Boukachabine et al. (2007) in Morocco
with the Picholine variety.

Our varieties were categorized among the Greco,
Slovak and ltalian varieties according to a recent
work carried out by the COI registered laboratory
(CQl, 2009).

With regards to the total phenols, the O-diphenols
contribute effectively to the oxidative stability of olive
oil. The obtained values varied between 52.9 + 0.14
and 95.03 + 0.04 mg Kg™' (table 2).

Our results were similar to those obtained by
Baccouri et al. (2008) with local Tunisian varieties.
The variance analysis showed a high significant
difference (P < 0.001) concerning the variety effect
and no significant effect for year (P > 0.05).
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Analytical characteristics of Algerian ext-:zb\ll?r;in olive oils at different years of harvest.
Population Variety Free Acidity Peroxi?e K232 K270 Siz.e of
Crop year (%) value olive
Azeradj Year 1 0.42 +0.01 10.8 £ 0.14 2.28 +0.02 0.23 + 0.01 Great
Year 2 0.57 = 0.01 10.0 £ 0.00 1.16 £ 0.05 0.21 +0.01
Chemlal Year 1 0.23 +0.01 15.05 + 0.07 2.38 +0.01 0.21 +0.01 Small
Year 2 0.34 +0.01 13.85 + 0.07 2.12+0.02 0.26 + 0.01
Limli Year 1 0.37 = 0.01 15.64 + 0.28 2.48 + 0.01 0.21 +0.01 Small
Year 2 0.47 +0.01 13.30 £+ 0.13 2.32 + 0.01 0.29 + 0.01
Aimell Year 1 0.28 +0.01 11.1 £ 0.00 2.21 +0.00 0.22 +0.00 Small
Year 2 0.39 =+ 0.01 6.08 +0.11 1.94 + 0.01 0.19 + 0.01
Aghenfas Year 1 0.41 +0.01 16.00 + 0.01 2.92 +0.01 0.25 + 0.01 Great
Year 2 0.51 £ 0.01 18.1 £ 0.14 2.43 +0.06 0.25 +0.00
Grosse du Hamma Year 1 0.40 £ 0.01 17.88 £ 0.08 2.36 = 0.01 0.13 +0.01 Great
Year 2 0.30 = 0.01 20.70 £ 0.13 3.02 £ 0.01 0.37 + 0.01
Aghenaou Year 1 0.40 £ 0.01 15.5 +0.42 2.54 +0.01 0.20 = 0.00 Great
Year 2 0.30 = 0.01 12.50 £ 0.35 1.96 + 0.01 0.18 +0.00
Hamra Year 1 0.29 £ 0.01 10.6 +0.14 1.85 + 0.01 0.23 = 0.01 Small
Year 2 0.3+0.0 6.2+0.0 1.79 £ 0.01 0.21 +0.01
Boughenfas Year 1 0.20 + 0.01 10.55 £ 0.07 1.87 £ 0.03 0.22 + 0.00 Small
Year 2 0.13 +0.01 11.45 + 0.06 2.35 +0.01 0.28 +0.00
X-Aghenfas Year 1 0.35 + 0.01 11.4+£0.14 2.49 +0.01 0.27 £ 0.01 Great
Year 2 0.29 +0.01 16.67 + 0.45 2.88 +0.01 0.22 + 0.01
Aberkane Year 1 0.32 + 0.01 12.52 + 0.04 2.86 + 0.07 0.28 + 0.00 Great
Year 2 0.42 +0.01 14.55 + 0.07 1.14 £ 0.02 0.21 +0.01
Neb djemel Year 1 0.41 +0.01 12.10 +0.13 2.21 +0.01 0.13+0.00 Middle
Year 2 0.25 +0.00 12.57 + 0.09 1.78 £ 0.02 0.18 + 0.01
Mekki Year 1 0.38 = 0.01 142 +£0.42 2.65 +0.05 0.33 + 0.01 Small
Year 2 0.30 = 0.01 20.45 + 0.08 2.33 +0.01 0.25 + 0.01
Bouchouk de Year 1 0.44 +0.01 12.09 + 0.28 3.07 £ 0.01 0.2 +0.00 Great
Guergour Year 2 0.23 +0.01 6.69 +0.14 2.02 +0.01 0.23 + 0.01
Bouichret Year 1 0.41 +0.01 19.25 + 0.07 1.69 + 0.01 0.18 + 0.01 Middle
Year 2 0.22 +0.01 15.84 + 0.07 2.00+0.0 0.20 +0.00
Rougette de la mitidja  Year 1 0.43 = 0.01 12.45 £ 0.49 2.32 £ 0.01 0.21 £ 0.00 Middle
Year 2 0.52 +0.01 20.6 + 0.28 3.32 + 0.01 0.23 + 0.01
Rougette de Guelma Year 1 0.38 = 0.01 15.48 + 0.01 2.27 +0.01 0.23 + 0.01 Great
Year 2 0.27 = 0.01 16.59 + 0.14 2.35 +0.01 0.24 + 0.01
Bounguerguerb Year 1 0.33 £ 0.01 11.47 £+ 0.13 2.09 +0.07 0.20 + 0.01 Middle
Year 2 0.51 +0.01 17.89 +0.14 2.02 +0.01 0.29 + 0.01
Ronde de miliana Year 1 0.39 + 0.01 12.72 £ 0.04 2.39 +0.02 0.17 £ 0.00 Middle
Year 2 0.25 +0.01 23.95 + 0.07 3.22 + 0.01 0.24 + 0.01
Sigoise Year 1 0.33 £ 0.01 10.94 £ 0.07 2.37 £0.02 0.2 +0.00 Great
Year 2 0.42 +0.01 14.90 + 0.01 2.50 + 0.01 0.25 + 0.01
Blanquette de Guelma Year 1 0.34 + 0.01 12.75 £ 0.35 2.36 + 0.02 0.22 + 0.01 Middle
Year 2 0.36 = 0.00 17.10 + 0.01 2.14 + 0.01 0.24 + 0.01

*meq O, Kg™'
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Table 2
Variance analysis ANOVA: Analytical characteristics
Free acidity Peroxide K232 K270 Total o-diphenols
value phenols

F(p) DDL F(p) DDL F(p) DDL F(p) DDL F(p) DDL F(p) DDL
Population variety 4.438 20 5.501 20 3.046 20 1.819 20 14.856 20 10.343 20
Effect (p < 0.001) (p <0.001) (p <0.001) (p <0.001) (p <0.001) (p <0.001)
Year Effect 0.122 1 2.787 1 1.871 1 5.684 1 0.052 1 1.670 1

(p > 0.05) (p > 0.05) (p > 0.05) (p > 0.05) (p > 0.05) (p > 0.05)

Significance level at P < 0.001 HS; P <0.01 MS; P <0.05S; P >0.05 N

3.3. HPLC analysis of phenolic compounds

The results obtained showed that the variety
population did not contain gallic acid in its profile
(table 4).

The variance analysis showed a high significant
effect for variety (P < 0.001) and no significant
difference for the year effect (P > 0.05) for all the
individual phenol compounds except for ferulic acid
where the year effect was moderately significant
(P £0.01) (table 5).

The phenol compound contents in all the oil
was moderate and were in the same range as
that reported by Dugo et al. (2004) in Italy with
the varieties ‘Biancolilla, ‘Nocellara del Belice’,
‘Cerasuola, ‘Tonda Iblea’ and ‘Crastu’; Tsimidou et
al. (1992) with Greece’s five local varieties; Oliveras-
Lopez et al. (2007) with Spanish and ltalian varieties
(Picual, Hojiblanca, Arbequina, Picuda, Taggiasca).

A similarity was found between our results and
those reported of Veillet et al. (2009) for vanilic acid
and p-coumaric acid for some of the varieties.

It appears from the data in Table 4 that tyrosol,
hydroxytyrosol and 4-hydroxybenzoic acid (4-HBA),
were the principal phenol compounds identified
in all varieties: the values ranged respectively
from 9.02 + 0.01 to 36.30 + 0.01 mg Kg';
1.06 + 0.01 to 14.92 + 0.01 mg Kg™' and 1.01 + 0.01
to 11.97 + 0.01 mg Kg™'.

As for caffeic acid (0.33 + 0.01 t0 4.74 + 0.01 mg
Kg™), 3-methoxybenzoic acid (0.00 to 12.19 +
+ 0.01 mg Kg') and oleuropein (0.0 to 13.07 +
+ 0.01 mg Kg™') were moderately represented and
the rest was weakly represented. Forcadell et al.
(1987); Montedoro et al. (1992); Akasbi et al. (1993);
Litridou et al. (1997); Artajo et al. (2007) have
identified the same majority phenol compound.

Visioli et al. (2002) reported that the more
dominant phenol compounds in olive oil that
contribute to its efficacy for stability and taste were
hydroxytyrosol, tyrosol and oleuropein.

The varieties of large fruits (Grosse du
Hamma, Aghenfas, Azeradj, Aguenaou, Aberkane,
Bouchouk de Guergour, X-Aghenfas, Rougette
de Guelma and Sigoise) were clearly particular
and were characterized with higher levels of the
three majority individual phenolic compounds
(tyrosol, hydroxytyrosol and 4-hydroxybenzoic acid.

Otherwise the varieties with small fruits (Hamra,
Chemlal, Boughenfas, Limli, Aimel and Mekki) have
presented the highest levels of oleuropein. This
result was in agreement with that reported by Amiot
et al. (1986) and Ryan et al. (1998).

3.4. Multi dimensional analysis

At the threshold of 5%, the correlation between
variables was significant. By using the coefficient of
Pearson, we observed positive correlations between
variables, notably the quantitative variables in the
variety Mekki with 3-methoxybenzoic acid, Chemlal
with  p-coumaric acid; Hamra with oleuropein;
Boughenfes with protocatechuic acid; Bounguergueb
with: o-coumaric acid, taxifolin and cinnamic acid;
Grosse du Hamma with hyroxytyrosol.

p-coumaric acid was strongly correlated with
ferulic acid, o-coumaric acid with cinnamic acid,
taxifolin with o-coumaric and cinnamic acids. A
correlation was also noted between vanillic acid
and oleuropein. However, certain variables were
weakly correlated.

The correlation circle (Fig. 1) corresponds to
the projection of the initial variables on a plan with
two dimensions constituted by two unique factors
(F1 and F2) and account for 32%. This projection of
points on the circle showed a middle dispersion of
the variables on the two axis, which means that the
varieties studied present a great diversity from the
point of view of physico-chemical and biochemical
aspects.

The projection was relatively far from the center
for some variables, notably vanillic acid, oleuropein,
protocatechuic acid and p-coumaric acid, and the
peroxide index which was correlated to F1. This
explains its strong dependence to this axis, but axis
2 is clearly linked for cinnamic acid, o-coumaric acid,
total phenol compounds, tyrosol, protocatechuic
acid, ferulic acid and the 3-methoxybenzoic acid.

The study of the contribution of each variable
allowed for prioritizing the responsible characters of
each axis formation. We noticed that most of the
variables contributed very little to an explanation
of each axis, except for some variables such as
protocatechuic acid, p-coumaric acid, ferulic acid
and oleuropein, which are reflected in axis 1. Vanillic
acid, Taxifolin, o-coumaric acid and cinnamic acid
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Table 3
Average value of total phenols (TP) and o-diphenols (o-diph) (mg kg™ as gallic acid)
of the phenolic fraction determined by spectrophotometry of the virgin olive oils
of several varieties at different years of harvest

Population Variety

290

Crop year Total phenols o-diphenols
Azeradj Year 1 217.68 + 0.11 91.00 + 0.00
Year 2 270.11 £ 0.16 77.26 + 0.01
Chemlal Year 1 233.05 + 0.07 73.05 + 0.07
Year 2 235.78 + 0.04 87.04 £ 0.06
Limli Year 1 125.95 + 0.08 64.53 + 0.04
Year 2 128.55 + 0.1 52.90 £ 0.14
Aimell Year 1 143.8 £ 0.07 60.5 +0.71
Year 2 185.53 £ 0.10 53.9+0.14
Aghenfas Year 1 210.33 + 0.04 95.03 + 0.04
Year 2 228.69 + 0.02 80.8 + 0.28
Grosse du Hamma Year 1 285.12 + 0.02 90.25 + 0.35
Year 2 322.18 + 0.04 85.15 + 0.21
Aghenaou Year 1 203.27 + 0.09 64.15 £ 0.21
Year 2 191.5+0.71 86.25 + 0.35
Hamra Year 1 116.76 + 0.01 64.23 £ 0.04
Year 2 166 + 0.00 53.29 + 0.08
Boughenfas Year 1 299.45 + 0.07 62.25 £ 0.35
Year 2 167.63 + 0.04 58.85 + 0.21
X-Aghenfas Year 1 232.58 + 0.01 75.50 + 0.71
Year 2 185.48 + 0.03 80.15 + 0.21
Aberkane Year 1 150.17 + 0.08 63.9+0.14
Year 2 137.18 £ 0.22 55.05 + 0.07
Neb djemel Year 1 196.78 + 0.03 79.05 + 0.07
Year 2 194.00 + 0.00 55.04 £ 0.05
Mekki Year 1 195.49 + 0.01 56.82 + 0.02
Year 2 122.29 + 0.02 70.04 £ 0.06
Bouchouk de Guergour Year 1 122.35 + 0.01 68.5 + 0.71
Year 2 199.39 + 0.01 61.13+£0.18
Bouichret Year 1 201.6 = 0.00 66.16 + 0.06
Year 2 194.11 £ 0.06 58.18 + 0.04
Rougette de la mitidja Year 1 109.45 + 0.07 75.05 + 0.07
Year 2 113.4 £ 0.14 68.5 +0.71
Rougette de Guelma Year 1 122.37 + 0.04 68.04 + 0.05
Year 2 119.58 + 0.04 74.25 £ 0.35
Bounguerguerb Year 1 149.35 + 0.01 84.5+0.71
Year 2 145.38 + 0.01 80 + 0.00
Ronde de miliana Year 1 217.63 + 0.04 91.25+0.35
Year 2 253.09 + 0.02 77.12 £ 0.03
Sigoise Year 1 263.15 + 0.07 73.55 + 0.01
Year 2 234.25 + 0.01 87.25+0.35
Blanquette de Guelma Year 1 275.90 + 0.01 60.25 + 0.35
Year 2 218.89 + 0.02 52.9 +0.14

GRASAS Y ACEITES, 64 (3), ABRIL-JUNIO, 285-294, 2013, 1ssN: 0017-3495, poi: 10.3989/gya.072212



PHENOLIC COMPOUNDS IN MONO-CULTIVAR EXTRA VIRGIN OLIVE OILS FROM ALGERIA

Table 4
Phenolic compound composition (mg kg™) in different Algerian mono-cultivar extra virgin olive oils at
different years of harvest

Phenolic Proto- . ! . . - p- . ] ) y -

e ke Mt LGSV o twn T o S, S
Azeradj 1 00£00 284+001 2628+007 737+008 474+001 081£001 00£00 112£001 040£001 007£00 121£001 0000 0.02£00
Azeradj2 0000 300£000 1327£001 1136001 300£00 066£001 00£00 075£001 003+001 011£001 205007 00400 0.11£00
Mekki 1 00£00 106£001 1116£001 405:001 072:001 039£001 0000 075£007 010:00 000£00 00000 1219£001 00:00
Mekki 2 00£00  143£001 902:001 447001 116+001 033£001 00£00 027£001 003+001 000£00 0.00£00 2054007 0000
Neb djemel 1 0000 727£001 1515:001 608001 200£00 016:001 0000 047£001 00:00 004£001 00000 138:001 003001
Neb djemel 2 0000 4441001 17142001 325:001 156+001 026:001 00:00 034£001 00:00 009£001 000£00 1054005 004001
Chemlal 1 403£004 328001 1360£001 1.92+001 165£007 155+007 1.92:001 036001 075:007 002:001 436:001 0000  0.0£00
Chemlal 2 00£00  421£001 1916:001 466001 225:001 056:001 011001 143001 00:00 012£001 000£00 2312001 005001
Hamra 1 00£00  114£001 1003:004 405:007 033+001 065:001 021001 046£001 055+007 000£00 824001 042£008 0100
Hamra 2 0000  411£001 2069:001 490001 235+001 167:001 0212001 024£001 047£001 053£001 1307001 258+001 024001
Blanquette 0000 476£001 1952+001 579006 231+001 067£001 0000 099£001 013+001 023£001 207009 1.14£001 009001
de Guelma 1

Blanquette 0000 896+001 2155£007 424:001 396+001 056£001 00:00 142£001 026+001 057£001 1.35£0.07 076£001 005001
de Guelma 2

Limli 1 00£00 314:001 1309£001 623001 135:001 018:001 0000 032£001 009:00  00:00 000£00 205007 0000
Limli2 00£00 289£001 1819£001 921001 256+001 021£001 00+00 053:£001 005:001 00£00 0.00£00 1542001 0000
Aberkanet 00£00 110£001 1669£001 1191001 042:001 019£001 00£00 046£001 045:001 006£001 000£00 00000 007001
Aberkane 2 00£00 122:001 1845:001 9.39:001  13:014 037:001 0000 090£001 008+001 018:001 000£00 00000  0.04+001
Aimell 1 202:00 223£001 1805:001 1.19£001 0842001 030£001 00£00 032:001 006£001 005:001 000£00 029001 0.0£00
Aimell 2 1331001 631£001 1830£001 591£001 208:001 032:001 00£00 075:007 014:001 003£001 000:00 1.02:001 00£00
Rougette 00£00 410£001 1456+001 101001 094+001 022:001 016001 056£001 003+000 023£001 145001 00000 00900
de la mitidja 1

Rougette 0000  456+001 1958+001 420001 182+001 021£001 030001 066£001 013+001 029£001 116001 2154007 0.12+001
de la mitidja 2

Aghenaou 1 0000  166£001 1403:001 334001 198+001 026:001 0000 0112001 00£00 000£00 0.00£00 1074001 004001
Aghenaou 2 00£00 239£001 1806:001 479001 204:006 037:001 0000 028+001 008+001 000£00 000£00 202:002 00:00
Boughenfas 1 544£001 256001 1664001 766£001 2204001 053:001 00£00 057+001 009:001 007£001 251£001 269001 0.0£00
Boughenfas 2 1342001 277£001 2634:001 1137£001 1.04:001 020001 00£00 093:001 0000 0.08:001 165:001 376:001 00:00
Bouichret 1 00£00 310£001 1455£001 1.01£001 097£001 042:001 022001 076£001 007£001 013£001 000£00 1142001 021001
Bouichret 2 0000  416£001 1352+001 320£001 102+001 021£001 0.13£001 046£001 011£001 019£001 0.00£00 2054007 012001
Aghenfas 1 00£00 319:001 1836+001 11.97+001 084:001 053:001 0000 063:001 002:001 000£00 514001 00000 002000
Aghenfas 2 00£00 391:001 2507:001 626+001 285:007 033:001 0000 047£001 005:001 000:00 081001 0852001 0.00£00
Bouchouk 0000 381£001 2014:001 451001 220£001 04:000 00+00 060£001 005:001 004£001 053001 21£00 008001
de Guergour 1

Bouchouk 0000  421£001 1454£001 215£001 111£001 035:001 00+00 033£001 002:001 005£001 033001 155401 005001
de Guergour 2

X-Aghenfast 0000 871£001 3630£001 11.78£001 147£001 103£001 00+00 086£001 009+00 006+001 0.00£00 0004000 0.06+001
X-Aghenfas? 00£00  354:001 13942001 650001 094:001 054:001 0000 009:001 006+001 004£001 000£00 00000 0092000
Bounguerqueb 1 00£00 1842001 13942006 445:0.02 099:001 067:001 0000 157001 00:00 052:001 000£00 086001 0.34+001
Bounguergueb 2 0000 346£001 1413:004 325:001 106+001 103:004 00:00 282:001 00:00 062:001 000£00 1154007 066+001

Ronde de miliana 1 00+00 144:002 1658003 403+001 114001 1224001 00£00 066+001 014:001 00000 1054001 099001 0.04+0.01
Ronde de miliana 2 00£00  00£00 2015+001 451001 082+001 073£001 0000 091£001 009£001 008£001 151001 21£000 012001
Sigoise 1 00£00 257:001 2245:001 331£001 063001 026+001 00+00 033:001 027001 000£00 034£001 077002 0.00+£0.00
Sigoise 2 0000 138£001 27.85+001 202:001 048+001 0152001 0000 029£001 003+001 000£00 021001 0.11£0.01 0.00+0.00
Grosse du Hamma 1 00£00 967£001 2814£001 313001 403+004 057001 0000 089£001 034+001 031£001 090001 1.06£0.08 000000
GrosseduHamma2 ~ 0.0+00 1492+001 3298+001 222+001 300£00 024001  00£00 025+001 022001 023001 043+001 023+00 000000

Rougette 00£00 333:004 1851001 405:001 234001 0342001 00£00 1.07£001 011001 00000 135+001 0.76£001 0.08+0.01
de Guelma 1
Rougette 00£00 365:0.01 1402:001 1040£001 152:001 054£001 0000 081001 0092001 00000 071£001 217£001 0022001
de Guelma 2

1: Crop year 1 2: Crop year 2
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Table 5
Variance analysis ANOVA: Phenolic compounds

PA 34DHPEA  Tyr 4-HBA CafA VA

p-CA T FA o-CA 0G 3-MBA CinA

FpDDL  Fp)DDL F(p)DDL F(pDDL  F(p)DDL  F(p)DDL

Fp)DOL  Fp)DDL F(p)DDL F(pDDL F(p)DDL  F(p)DDL  F(p)DOL

Population 59820 138520 4520 88920 79120 73720

39220 85520 43320 127620 215120 45620 194520

variety Effect  (p<0001) (p<000) (p<0001) (p<000T) (p<0001) (p<0001) (p<OO0T) (p<000) p<0OOT) (p<000T) (p<0001) (p<0001) (p<0001)

YearEfect 3251 1031 0461 0421 0691 0861
(>005 (p>005) (p>005) (p>005 (p>005) (p>005)

1671 0221 5931 3321 0261 00031 0861
(p>005) (p>005) (p<00) (p>005 (p>005 (p>005) (p>005)

Significance level at P < 0.001 HS; P <0.01 MS; P <0.05 S; P > 0.05 NS.

Projection of variables of the factorial plan ( 1x 2)
Active and additional Variables
* Additional Variable

10

05

115,37%

00

Fact. 2

-05

-1,0 -05 0,0 05 10
Fact1 :16,60%

Figure 1
Circle of correlation between the quantitative variables on the
factorial planes 1-2
GalA: Gallic acid ; PA: Protocatechuic acid ; 3,4-DHPEA: 3,4-di
hydroxyphénylethanol acid or hydroxytyrosol ; Tyr: Tyrosol;
4-HBA: 4-hydroxybenzoic acid ;CafA: Caffeic acid; VA: Vanillic
acid; p-CA: p-coumaric acid; FA: Ferulic acid or
trans-4-hydroxy-3-methoxycinnamic acid, o-CA: o-coumaric
acid; 3-MBA: 3-methoxybenzoic acid; CinA: Cinnamic acid;
T: Taxifolin ;OG: Oleuropein; IP: peroxide value.
Chemlal (Che); Azeradj (Azj) and Sigoise (Sg): Mekki (Mk); Neb
djemel (Nd); Hamra (Ham); Blanquette de Guelma (Blg);
Aberkane (Abr); Aimel (Ai); Rougette de la Mitidja (Rm);
Aguenaou (Agn); Boughenfas (Bgf); Bouichret (Bcht); Aghenfas
(Agf); Bouchouk de Guergour (Bkg), X-Aghenfas (X-Agf),
Bounguergueb (Bng), Ronde de Miliana (Rdm), Limli (Lim),
Grosse du Hamma (Grh), Rougette de Guelma (Rg).

are reflected in axis 2Tyrosol, taxifolin, ferulic acid
and cinnamic acid are reflected in axis 3.

The confrontation between the correlations’
circle of variables and the individual projections
(Fig. 2) allowed for determining the characteristics
of individuals according to their characteristics
whether physico-chemical or biochemical, in
relation with the plane axis. Thus, axis 2 allowed
for pointing out that the individuals with large
fruits (Grosse du Hamma, Aghenfas, Aberkane,
Rougette de Guelma...) were clearly distinct

Projection of the ind. on the factorial plan ( 1 x 2)
Observations with the sum of the cosine squares >= 0,00
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Figure 2
Projection of the individuals according to the different principal
components as plane of projection of the axis 1-2.

from the others, with the highest rates of tyrosol,
hydroxytyrosol, 4-HBA and total phenols. The
individuals with medium-sized fruits were very
close to the individuals with large fruits, with
high rates of hydroxytyrosol, cinnamic acid and
taxifolin (Ronde de Miliana, Rougette de la Mitidja,
Bounguergueb...). The individuals with small fruits
(Chemlal, Hamra, Mekki ...) have the highest levels
of oleuropein, vanillic acid, protocatechuic acid,
p-coumaric acid and ferulic acid.

With regards to the representation (Fig. 3), the
most important was group V which has the majority
of the studied varieties with the exception of three
lower groups which were clearly distinguishable
in relation to the whole, particularly Chemlal,
Boughenfas and Hamra (variety with large fruits);
probably due to parental relation. These three
lower groups took positive values in relation to
group |, group I, group Ill and group IV. They were
the varieties with large fruits (Grosse du Hamma)
from year 1 and year 2, Rougette de Guelma from
year 1, Sigoise from year 1; and with medium-sized
fruits (Ronde de Miliana from year 2 and Blanquette
de Guelma from year 1). The results found by AHC
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Dendrogramme of 84 Obs.
Minimum jump
Euclidian Dist

Groun V

Group 1V I_‘—l

Group 111

Dist. Agregation

Figure 3
Dendrogram of classification of oil of the different
varieties studied.

had the same structure in all varieties as those
revealed by APC and the Test of Newman-Keuls
for homogenization.

4. CONCLUSIONS

The variety effect exerted an important influence
while the year effect was negligible, knowing that the
Olivier's collection was taken as reference to confirm
our hypotheses (the varieties were in the same
climatic and pedological conditions). It seemed that
the phenolic compounds could be considered as the
biochemical marker of varieties’ characteristics.

In Algerian traditional oleoculture, the varieties
with large and medium-sied fruits are often devoted
to canning and the small fruits are destined for
oil production. The first could serve for eventual
blending in order to correct the chemical composition
of the oil from varieties with small fruits and weak
content in phenolic compounds.

Consequently, in order to improve the quality of
our oil and to enhance the value of the phytogenetic
resources, these local population varieties which
could be considered secondary (Grosse du
Hamma, Aghenfas, Azeradj, Aguenaou, Aberkane,
Bouchouk de Guergour, X-Aghenfas, Rougette
de Guelma, Sigoise) could be given more priority
for the new olive plantations included in a project
which is underway for the plantation of one million
hectare (MADR. 2010) and to use them instead of
the old olive varieties.
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